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DESCRI PTI ON  *@0002* | NFLUENZA VI RUSES ABLE TO

| NFECT CANI DS, USES THEREOF CROSS- REFERENCE TO

APPLI CATI ON This application is a ‘WMIWM| N\"l\““l
continuation-in-part of application U S. Serial No., g so

11/ 409, 416, filed April 21, 2006; and this appl
clains priority to U.S. Serial Nos. 60/728, 449, llﬂl@mwﬁﬂlmmmmm
Cct ober 19, 2005; 60/754,881, filed Decenber 29

60/ 759, 162, filed Janu®FSARIPTION6; 10 60/ 761,451, *G0o0o2*

filed January 23, 2006; and 60/779, 080, filed Mar ch 3,
2006, the disclosure of each of which is hereby
incorporated by reference herein inits entirety,
i NnENGHUENZh Y IBUISES AR INDEC R AN e dév kil Q¥
the invention, exanples, clainms, abstract, figures,
t abl es, nucIeic aci d sequences, am no acid sequences,
and drawi ngs. 15BACKGROUND OF THE | NVENTI ON
"Kennel cepgiys REFERERRIE QUSRELAGHED APPNEOATION( | TB)
is an acute, contagious respiratory infection in
cffamsampéucatzcadlsnaipmtyml@yomgmt 10§ apPlosationtU St Sefldddy “Tra09.416,

e SFELEE HTE RO B AR B SRR S Bz g,

OctoREt br BRKS 66884, eeaqhe@wedeﬂb@r :wr opor 1600759 W?elﬁleibgasmawem 2006;
housed in hi gh 20 densi t%ﬂ/]z%{ﬁu ation_envi ron&r&g ﬁ' 1 £
60/7634&h, ledilenvesy $3, RBAY aodt 430 e arely 3Py the disclosure o
d ! t brief
cc QLR RIER D RSyt R0l AR 0, O [SSPHEP! AN oy
summaay] Siethileg deorfrqﬂtomormf whd hn@n’eomrexarrmsbpham;,mbsmct figures, tables,
bactqerl al and viral. ents that .col.onize the
nucleiAcidaRefeHRIMIAR ¢ ﬁgﬁlueéfﬁﬁs’lmd PY88%iratory tract..

Cani ne parai nfluenza virus (CPi V) and Bordetella
bronchi septica bacteria are the nost commobn organi sns

i sol at ed from BGHEERAEIDIGIHHIYVERNEPHN ot her
VI‘ gé’%\’/’?r%ﬁ Slglgécglggg dt?&c?%\ﬂiﬂy&@gg\a gpgarcute contagious.

respu‘étotrtﬂ nlﬂa@ttcﬁf infd&ddcdhattcpizee phanycey sosghing Basdezurael 1998). Canine
mul ti coda_and Escherichia co

?nlnfluenceth £ 4
ITB & icapgdgred ovics ef Jhe %?%@ﬁ@akqﬂorld EHOUT TeSPYGEYTY &ﬁrﬁsss of dogs

world%HH@rﬁﬂk&tg&ﬁkg AP sdacRfdpi ddn@Btdrypend amkflldvgh Are housed in high-
hi gh-density popul ations with high nmorbidity,

densu}omnulzﬁ@ne@lvnempﬁmatsocly a$ fitwld. oNesaAutbeals readus wodirect dog-to-

i fe-threatenin con
dos BREET Ao ORI o CR R o ROt RETTe G 1y Syt TPipgiical igns
are cARE@ Sy afifects@! fvithiofik tor AGoRitinAtEmod fteacwdriah et vmaﬂyaoents that colonize

treatment (Ford et al, 1998) d n . July g .
the epigighupaeiothy uppPeand Weﬁrre%wmtfba%e i R iR rili Virus (CPiV)
and Egical% 4 EBLIHSE t?c]av\g |l ar @Y NRHAA S hAEK SodgAnibiew 1solated from
M da Irginia, Wsconsin, I%ansas

affec@dlcnrge,dbut erbxah other ammhsdkr suehns. caﬁmﬁoddteng)et oirus (CDV) and canine

adengigrar-1 st olGhYah, Chnl 2 oRbhe il paa8Se bk Bonitiacoceus s
PastédSAE] %ﬁr%oaa A8 %sezza%m %Bl%gbéh Hﬂﬁiéﬁ@@t}@ élﬁhéawwdrs@md outcome

rapli d death (G eyhound Daily News, 1999 In late 1998
(Fordt et eér1%98199@/h119em§bmlak&)omnemhst officidusiynand cmriyd in high-density

curre racin enneI acr.o
popuBfG gt i PG R RO BRSPS agdy dentr =
uncoﬂ]ﬂﬂfnamAlﬂﬁ) Efehhfs%fdnﬁ% gs@viaeynBactemalt fecuhonia foah develop, the
several wee (G eyhound Dai l ws, 1999). At one

maJonnmﬂdTiBmaEewp delfH{limiting Bedirsiso emgroucambbt)reat@gqtg(ﬁpr@er al, 1998).

C ed in.nearl 0% of the d Q

o1 g B B ¥ oesPuBRRY bl SR RORE T, Bofhe cpidemic
at se@igggf eyhoddTirkéls InONEREERLRd ERllsridn, KRYL Vidghda, CWighin@@, Kansas,

resolved in nost greyhounds, but 10 10 dogs in Florida

di ed froma henorrhagi ¢ pneunoni a syndrone

uncharacteristic of "kennel cough" (Put nam 1999).

In March-April 2003, another outbreak of "kennel

cough occurred at greyhound tracks |n the eastern

— T
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The subject invention pertains to isolated influenza
virus that is capable of infecting canids and causing
respiratory disease in the canid. The subject

i nvention al so pertains to conpositions and net hods
for inducing an i nmmune responge agai nst an influenza
virus of the 20 present invention. The subject
invention also pertains to conpositions and nethods

Colordd®, Oxiigtdaf ddirizond] MSofling Revdteruemiahgmahdf the affected dogs had
di agnosi ng i nfection of an animal with a virus of

t he
a mlld ne@ighi raf I@Fév%ds p@st mgre tthan 4 eren dreyheraisedeygloped an acute
cCi hes and [ 0
oA ESL OBy RSB My fenb e haonon,
mat Neelg96®to 'é@ﬂlyﬂg9994 Gaverat outhesmks 25 “Kenrsel pmag}é’ccchm'red in racing

i ncl udes preventing, reducing.the risk_ of % K d
ereyhowel GABRAIS RO cHIACHHETDR e HBR AT I RENY Sl Hacks an
quarartHRPS P H&g'lg( ?ﬂ%gﬂcglgﬁdf ERRHCBIY. T8r biRrd Wdek € (@ RyADEHPDaily News,

one or nore y two or nore) of its synptons.
1999)] tAti enebtedcken éﬂmdmaa?am Beadc Kienae, Cllib), soughing yres rasardedfin nearly
i_nvention are ally ui tahl e for

U
40% ggmenggb PeRRiaHeR ony |s Persgnd (é)ﬁrgngrgﬁ%hsotnv\%gm Dr. William
Duggé}?nSﬂﬁﬁar SUrdo@Brea ity €592, Qﬁ’é’@&@un &xXBSmostanéydands, but 10
so 1 nclude dogs, part|cularly 30 domestic dogs, such,
dogs msFlohdahcbwhﬁptrea hpwpﬁrhmlegman@pﬁxa sgm@@d u@félﬁnﬁﬁh frisHe of “kennel
) ogs, wor ki ng dogs, herding dogs, huntin

‘mughég@h gg%ﬂdggs pollcg dogs raC|nggdogg and/ or )

| %li)QﬂQﬂcﬁprlﬁdg}iB aﬂother outbpéak o Viertneboough”adworred at greyhound

di rected, a nmethod far protectin
tacks iofeaspsient Lo 7o piieisak it GebFise tet haye, oginhin ﬁame‘fs at four
tracks. ﬁ%gﬁ@aﬁ$&u§éc§{ﬁe ?egﬁl)ﬁ‘)b? P&lﬁ@%ld)ﬁ‘&%ntﬁ% of dogs for almost three

ressin or eralcatlng an i nfluenza
weeka/i Naaly Ei%aifthmdoos'ﬁln ﬁlelmdmd w@m?railrs&a@luwpm @fe@teidng'hde almost

t hera tlcaII ctive ne that
so% ST PEUS AR BoSh! T5he Y8 SRRl BsGRGE PRuARL Agsin, o
dogs ?&g)'&%ﬁ bf'i’tt sdvE@P HoQBavd3dieafhiigES r&dp[rdﬁ)rﬁﬁﬁfb@ﬁm The estimated
or at | east oné H7 influenza virus anti

econoﬁmc smpactef theowspirasary ioytbaeaket thaiDerby Lage track 08'3 Wies fogpillion.

r otect|

rgRl 555, b PLAE bbb R patglony of
“ken&!‘%@&gl@’f epi &R &5 Fdch, grammmlr ladninaly, mdr99@; HHI8eEdOngr 2003. The

re ratory | esion caused ca enza r
s o STt o e PP AL sk KD e, e o
most cgl%me&guls&a!ﬂ{ VerBEf &fulch Y QumBsahitifta @oxﬁﬁﬁlﬁicﬁﬁoﬁshﬁkh as web sites

rses at east on equl ne | nfl uenza virus anti gen,
have aﬁnblﬁaﬁ ttheofutal Hnionhb gie pnaumbnias reperieden somn d)/f @he equghing dogs to
l.east. 0o H7 i nfluenza virus a
infectiof, it BrICHIOLE SV ev@Erisyed nS“ﬁ}éﬁ’%CleS GospifiRh ygrefer o the

syndIBﬁféta%@“’chrﬂﬁe ﬁlﬁﬁé&b&@t&ﬁ@md&ﬁw ng canine influenza
virus in nasal or oral secretion (i.e preventin

r eﬁansmgsmh epf riiske fodm on§ hase[spgdieryia Aeothgrsista 61fl101a? feature of the

,sup ess .0 at|n g [ :

g R

mteréf)@ﬁ'eQ &aﬁs!hﬁﬂséi@:ﬂ 3Rinflubiis Jiftlsagd p@mbla"wfeaateﬂmdzz C 0D9T; IIspanv et al.,
adm nistering to the canine a therapeutical

2004bf@mlth%dla¢n§ trensferf ofanveseanitially tnaltered Msps Serope spesiss to another.

ne i.nfluenz us ant|

Exaniile G PO RE e ¢ SrBRob i ptetREREnE K1 subiype of

aviarl Hflueasz @irds (Ssbhaniol geq., PBIreifiaeenlj 0004| Guan &t al., 2004) and
directed, in part, to a canine |nflue a vac

poss1bbhﬂleeﬁmsi@nn@ 9 51918 ok ) Spanisho 1y JBeich e’ egng&?@esTHe second
mec { h%?nﬁﬁe ué% su ue}{ce oif thtségcrﬁef*nqgﬁj ﬁ?’% éﬁ tﬂ& n{fﬁﬁﬁia 'E_%h%me. Co-infection

e nza' Vvirus east one

i nfl uenza virus antigen, and/or at | east one H7

i nfluenza virus antigen. This invention also is
directed, in part, to a kit for protecting a cani ne
fron1|nfluenza 25 V|rus |nfect|on The k|t conprlses

o, o o g, Y Y e o o " Y 4
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boot strap anal ysis val ues >80% are shown. The bar
denotes the nunber of am no acid changes per unit
| ength of the horizontal tree branches. Figure 5
shows Influenza virus H3 protein in epithelial cells
of bronchi and bronchial glands in |ungs of dogs that
~di ed of pneunonia associated with influenza virus
i nfection. 5 Upper panels: Erosion of ciliated )
of a HBLORER s tdrh AlffebntGpbdiss ¢ah lesnhieassbitasuEs the segmented viral

stained with H&E. Lower panels: |nfluenza vi.rus H3 .
genespad ¢hen gpmeratinn of Rojsrersbingnt withnthsi egphtm tor p)fecgr?&her species. For

bronchi.al. gl and (ri ght ' ' i nfl
T s
vims&eP&ﬁﬁ&ﬂ D huhiAuRApata Xpadeeioseiact $55h afd rl8om (Webster et al., 1992;

precipitate) and counterstai ned with hematoxylin.
Lipatd0Bi gfur2884sfasmiaes @/ a1 i cation plots of H3 and

L Xs: . & Fh8n8a YBhsaitah BeOndtii@lhost species
?’ﬁ\éogﬁ%ﬁpﬁ%&s |%%&%f0%??%?cdl 1%%%{ a?l y Séli luted in vitro . .
to 2 diffeRaEspdoid aR\knaimh dumtsbecsusemahatained fransmisston pgtuery individuals

Matri x gepes_(Figure 6C .H gure t
o i et S r i oSS, ST B R FRARIE! 8 by o

replic%%]@h%ﬁ HBohfl BaRehidsieY Ghe pr&¥ille @bloamivablef barivremcperpetuation of
ITutiron. 15Figure 7 shows sensitivity_ of tjé] rect#ﬁﬁgn t of new

influtiiza Viruses it dst peiv iosh(Webio et ake290) yIRATPIGI% F51¢ en

st ocks..i ncl udi.ng,A/ Wom na/ n din d ti
bost 525, HRFHEET 24203005 A B APSTAnR o oy, cogured im domesti
poulng%?é%si, ?ﬁ%rsﬁ%%hlihpnﬁﬁﬂ avewl 2 (kaP,T 1999; WpaTﬁE?t@E@Jm@E. S

! . is a nucl eo e sequence .0

i nBeerusy af e sRIOURINGRITE o ATS‘J}‘E?E)Z& éfﬂ'b‘fﬁd?‘%&““’él’ %@%98%‘%1?&5 @ need for

t hat. C r di ; tRIESEiflubiPasitusON.
met@ab%qréﬁl{%ggﬂgf@g}/ﬁgﬁgmgﬁg% ggﬁﬁqﬁ%uéﬁ%}g er?coded gy SEQ

ID NO 1. SEQ ID NO 3 is a nucleotide sequence

of a canine in I g@f‘ﬂéﬁ neéncoding a

PB1 protein thé%ﬁ%@cggp I ng tgﬂ% he present _

| NYEBL{Bet iAPSHERn! RN 14 iiciatet énfininas viras thas éguapable of infecting
encoded "by SEQ I D NO 3. D

; ) . . SEQ |
canidrahd otusitg rspinaiaedistasy ie dhg FEILN NG

e%'x%fcg iri,v%gt?on also pertains to
Qi dali43L 8 | i Ok6idhst Beding @R ikRucnsLdirus of the

compu B A T Pelop s Ruee o I ealhst bRl 30 1R

preséitein@@itim. adind sbjpoenoenton eiedptyaiSEQ IcpmRgsitigns and methods for

" SEQID NO 7 .is a nucleqtjde sequepce of i e - ofth
idenfisheieryas of fhssiny sy 488 Ao B3 REligR af Ay TR th o virus of the
inveH{i&tL.ei n that can be used according to the present

Invention. SEQID NGO 8 is the am no acid eance . .
encudeatpbyt &EBelipventon aelates to vVagenes @nq&h@letgocgs oy protecting canines

nucl.eotide sequence of. a ine.: i nf s 'fYSusine such vaccines.
from eRYRe “fg?%i()‘tsé:ﬂg{?&SW§ Sg‘;rqi‘ N 806#1%1, Léﬂlf (ﬁ t? gﬁa can b _
Thjy,g,%gecaeﬁ ARG Jrévenhige Preasang thenisnof, delaying tBEQiseDoR@educing the
10 is the am no acid sequence encoded g%%% | D I\@or%.ne of mOTe
spre8E©f] Bokidprating, sIPATEFEEEe 34/ g U FEAR dnGANLEIEH 2R
Lnf.l uenza Vi LFlari 48/ 0831: 828 Qstit Mgk PHdciNBs, itef fidmethods of
(typfcl?zll?'lﬁvcvgr?r%Ordgifdgsaégg{grt%?‘éﬁgﬁtlg the present invention.
thigéiﬁ%ﬂtian% gbﬁeﬂaﬂ}é kgﬁafﬂmlfgou@g’WﬁthHEﬁf @@md daelugg wild, zoo, and
EQID NO 11. 5SEQ ID NO 13 i.s a nucl eoti ; 1
domgstie CaHRTSn 8Gh S| WRIKSSa COYLeRs ApEFeF o QF&’?FM‘?" Enﬁi%ed%ﬁﬁgg’%am"“‘a‘ 4
an,. | 1564 MafR bl @nipagion dogs, show dogs,
do%eg%‘g/]eaﬁgg’?h@%ﬁﬁ’ﬁon.x%’?’%ﬂﬁ% 14 is thr([?am' ngaglci d
wolkBd86gse lerdingeldghynBiEQs| ®dsOguad. dogs, poligEdogs meng 1dpgs, and/or
is a nucleotide sequence of a canine influenza virus
labgrosy FO& 43/ 04) encoding an HA protein that can be
used according to the present invention. 10SEQ I D NG
16 is the am no aci d sequence encoded by SEQ I D NG
15. SEQ ID NGO 17 is a nucl eotide sequence of a
cani ne influenza virus (FL/242/03) encoding a PB2
protein that can be used according to the present
invention. SEQID NO 18 is the amino acid sequence

N~ 1
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SEQID NO 34 is the mature formof the HA protein

shown in SEQ ID NO 32 5 wherein the N-termnal 16

am no acid signal sequence has been renoved. SEQ ID

NO 35 is an oligonucleotide that can be used

according to the present invemtion. SEQID NO 36 is

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

present invention. 10SEQ ID NGO 37 is an

oThig envtalieatis Gisol disdcteiain part,us edmetodrfdi [pg)ttatirlgtaecanine from an

present invention. SEQID NO . 38 isg an oI| cle
influengayirehAnisetion e(é}ead?;féY?ﬂtlﬁ% edugiRg PeeBshofi oS e TBnset of,

U t B8)USethe method
suppregg% gn{ggb{a%l Fo Ig:e%%gdﬁtgﬂg 5%}3%1{1?%% bads (h?‘%c I\IO) e metho
compriges @kin@meuenhg of thabea;tehatallyansffdaevm sethuat oﬁ radvangmts cshatmpmpnses at

present jnvention. SEQ 42 |Ig?én oli onucl eotid

least qq@a&que&nm@@eﬂeaewra% é’étl‘%ﬁnn@t gSt e %%‘%ﬁnz AR EPRpen nd/or at
@ﬁ‘ ol i gonucl eotide that can be used
leaStogllgcor g.hﬁaﬂtgowftﬁ esent invention. SEQID NO 44 is
alfhis| ingention ebolldedltelqmi tapatbetoys suethed derd pipiectigg thganine from

eSSt BT By RSl 95 AuRbd SRUBAER: v

ameliotathd, DiNEtadft@iihg RBpiedtbgoRrkichgotduded tHifaI:arﬁﬂcﬂ nlﬁhleuzzednrus The
according to the present invention.

D NO

method pohwsiseRimiEdtierktothe §atinmh? H@ra}mmlfﬁélﬂzeéfeﬂlv%moum of a vaccine
O I t 3 @Iﬁl

hat clipfils & Joat ope, SFEREOHNGA (IS BIRLE R a8 qu T Afjgenca vins

antigehBadort 4 geastbmoHAch Muses ugncatigacoded by SEQ JD NO

47. SEQ ID NO 49 s a nucleotide s nce o cani ne &
! ApisueREN RS oMo H0BY  cCb B R G BT P e ine from
havm%t&%mg ARz 98 8s AEERLOONGal Relelibn BF eeslﬁﬁt'eﬂtﬁh‘gefgdu&ﬁg the risk of,

D NO 50 is the am no acid sequence encoded by .
delayﬁ@(ﬂld skt 4®ppre$}smg, ameh@@tylg, Or N@dlc@yng saning idluenzd yris in nasal

se ce o] ni ne . enza Miru m 0]
or or }ng H’é‘) calglg‘e% ot 8?’?1‘“? h‘g ue@ﬁ?\ Pe's uine]‘c(g Iwac\’gcorr@ﬂ(g I%%h()d comprises
admitiferiRy es@Blcahiheaniheftipeutila@y eBedie H2ouws of Iaefaadimn thadicomprises at
sequence _encoded by SEQ ID NGO 51. Sgg I D NO &
least gee pguine mﬂi-le@é% vitass et gen @b lgst enec R infusnye YjBiy Axtgen, and/or at
ncodi ng an NS protein that can be
1ea3t?.1% gg:d(\:% | ng ioﬂt{%%g present invention. SEQ ID NO 54
i Srtﬁshen\&mlm Axi ¢ daguedca pargoded daymSE@ﬂEEthO/aCB@le In some
D NO 55 is a nucleotide sequence o
embCRAFY e 1oR CHHRBIS: TSROSO R ARG H R STa g Cpmount of a
GAD 1085 8 i AS CREHEN Gt 1 Qist bfe PRERENEnda MRt drdigen, and/or at
leaStEE@teq NIO 56 |slthe alrgn no ac:lsd sequence encoded b)%
least Sﬁﬁvmfh@nz:smru&ag@u D I\IO 57 is a nucl eotide

Zﬁ@g%ﬁygntgqp Cgsp @?gﬁtl tnh ﬁ%r? égn { H)% Q%flegtgﬂg)ggﬁéﬂe from influénza
virust fR€cBb®S €The KRV EsthpAses aSlﬁQrAﬂEuﬁ@llySSffe@wéhanamtmf mozladcme that

sequence encoded by SEQ I D NO SEQ. I D NGO
compirisenatrienst evq PEHInG EtflrsnzRVipss @tlg%na iaheaptimeddh 5311\?11%%“'“5 antigen,

m /20 codin an prgt
andidzst 3 15 16 G Qe e yE o QU Piopo Bl P Rorkiadg i cast one of
hefémﬁvﬂgn no acid sequence encoded by SEQ I D NO 59.
SEQ ID NO 61 is_a nucleotid % sequence, of a cani ne
i nf | uerAleRPPRTARSS fonpawministonts the FaEHRGhY tgﬁcmnepr otein

that c a‘i‘gj%%lgtguct%ﬁg %'égép%let & 1EntREASAN in zﬂﬁ’lﬁﬂfs{eﬁﬂg the vaccine

SEQ I D antno aci d sequence encoded by
to th&&Ridd) NO 61. SEQ IDNG 63 is a

nucl eoti de sequence, of a n| ne. i an Vi rut?l une
( Jacks ohPRAYRACSH lye?ﬁf’%t? § excipgent &H @ﬁﬁ“‘f%a e&ﬁﬂmﬁé Imm
g to the present invention. SEQ ID NO 64
reSp?@g?[nﬁggrgr‘lgcﬁ%@am d sequence encoded by SEQ I D NO 63.
SEQ ID NGO 65 is a nucl eotide sequence of a canine

i nfluenza virus (Jacksonvill e/ 2005) encoding a PBl
protein that can be used according to the present
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25invention. SEQ ID NO 66 is the am no acid sequence

encoded by SEQ I D NO 65. SEQID NO 67 is a

nucl eoti de sequence of a canine influenza virus

(Jacksonvi | | e/ 2005) encoding a PA protein that can be

used according to the present 3 nvention. 30SEQ | D NO

68 is the am no acid sequence encoded by SEQ I D NO

67. SEQ ID NGO 69 is a nucleotide sequence of a

cani ne 4 Rbli 4&pE Bonsutied Hythe kammysiubARO0Sly vettc tigi viageing and/or

NS protein that can be used accor.di to.th sent.

i nvent i oteat to be egmeumed iy the paniae %‘W&R OH%lyggl th{h% V%Qéme'.

seguenc 0 Q t ESAd JRilNG infHe art

[ gﬁgﬁ] ﬁﬂg?ngegigsl %:fg%tg%cﬁgﬁcggg?ﬁ@ ‘ggﬁ?en%ppiaﬁ‘nl uenza virus
from(rdakikshivpEtific2005) encoding an NP protein that can be

used according to the present invention. 5SEQ | D NO

72 is the am no acid sequence encoded by SEQ I D NO

71 SEQURESESERPBION UIctRBIDREVARGSNCe of a

cani ne influenza virus (Jacksonvill e/ 2005) encodi ng an.

NAFigmneése L A- 1B showaphylegenstid rslationdinsgameng e Wésa&%{utmm genes.

. inyention. SE NO 74.is i ¥ ) d
v Gy S B EAIR g SRR Su, s,
equittEbark) HeuaRGUEBRIgefi g@/Iekalt/ 1/77 (Hénzsaougrous. Figure 1B shows

(Jacksonvi 'l /2005) encoding an MA protein tr(g?% Canian—IA senes
a trepoBthesenior dfhgnza vimeHdy seneh VIl ROBITMRGEATY SREH 45T A ng §1A genes,

s, e, am i e &heod tr&2sN¥erd Sinferred from
u51n%£¢%kﬁ@r9$ﬁsﬁg§ﬁg%l gg{g%@?seg%%’%@g@ a cani ne -
nuclédifdte lé@cﬁl?e?ﬁééitb"me hg{gﬂlbﬁkjé@min'g Irrle@i_(cﬁ()mtﬁ)boteﬁﬁeﬁ ianglyal? vejaes 290% are

rotein at can be used_accordin 0 e prese .
showmyEhe bayrdenstzs) thpnwgmberyaf p%c??q%@‘e S RET 4 z%ft% gf the horizontal
“eeg%age%d by SEQ ID NO 77. SEQID NGO 79 is an :

14 gonucl eotide that invention. 20SEQ ID NO_ 80 is_an .

ol iFpirectAdB deow immunobistichemical detectioprd influgiza 183 apgen in the

an gl i gonucl eotide that inventi.Qn, dv to H3
langp Dy RenEaEois S BORUAT R AT ool measpiopal Hibody 1o )
i bErlihS walh delec@anicinaftndgerdxidike reaedon i(lmown precipitate).
hemé%t:ngn% 841ig2 an olei gonmgﬁl eotide that _invention.

Fig®0 SEQshavNonglsal spigelight Forue icsobowd Pht sHORERPSoffiscase: Viral
s 5o 8 Bl SPUTAEEHL SRt sl pptaces in ey
JumbkeshdamCAV bl Atgspadest hBigure 2B shaws/erontlgal cpgthgling fiom ggog 5 days

e S L5, B PR o o
bror#c’é\%{ﬁggiglg\ﬂ?ln%e[ll cytopesn? WilaROHar] gbv@ht | on concerns

uénza virus that is capable of inf ectli_ng hound
c arfigsreah chaveutierajarastayistia thistglogicalegheages| ig g dronchu of greyhounds

epbodi nent, an inft+uenza viruy . ' - . .
o e LR R b S BH ton. The e
are BANLA %AW, NOp@ipAndld KoM bromthunodhriliatéd epjtetial clls, mucous

vari ant thereof 1n a specific enbodi

nt,.th .
cellpaing hasal eells deovess MIRFls d2ronARISHIRIL 8TV %&%‘5:1%98“%8%? influenza.

in any of S I.D : . 5 .. .11 W 100 um.
Thei@l,s nﬁgr,os% g{l(? %,sm?%%?ﬁoﬁl,uagg,lgtzg ,%plg%_e:hals%tfﬂs.sgalsez , . um

59, Fighres @A-4B3ho®d phPBgerlctic réRtioddhipsimang th¥ Hiosemagglutinin genes.

fragnment or variant thereof. |Ipfluenza.yrus of thﬁA enes with
Figpre déntshpyiy ehtibyloeeasin s gh h @Bey peligpean? g

conE%QeolE%Xﬁb?lﬁg‘lg ine TBA I\%ﬁ‘és."@igﬂe%B"% Islzl'!?-%ll\%i’dkﬁﬁetic tree of the

or an subtype of Ni, _ , )

canl¥®, inBenARrNEIA GRotddn with eorpreporbicanshblddi newing iy, Phylogenetic

i nfluenza virus of . the present inventjon is.a,subt.
trocsvery i ree B BRSO PLATBRIORSBHSAFSE? B LIS {4 Ot method and

cultured in cells or eggs according to nethods

descri bed 20 herein. In an exenplified enbodi nent, the

i nfluenza virus is an influenza A virus. The

subj ect invention al so concerns pol ynucl eoti des that

conprise all or part of a gene or genes or a genomc

segnent of an influenza virus of the present

L Y I
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enbodi nent, the HA gene conprises a nucleotide
sequence shown in SEQ ID NGs: 15, 31, 61, or 77.

In one enbodi nent, a pol ynucl eoti de of the invention
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, 524, 26, 28, 30, 32, 33, 34, 48, 50, :
52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, or

bOOtStI%.g’ aflysts VMO&d b0 adnéioRvn. | MTRYNKag Q1Rhétek Ntiag Mafibepiof amino acid
variant thereof. In a specific enbodinent, the

changgsgiey mut lewpth dithe hoodinigl trasdranghfd aci d sequence shown

izﬁiglslgg?slsg%'\a\/%g’lu%géad' V%\% Hg ?r&%ﬁx igi %gith%%l c%%’ofé)goncég and bronchial
glandsfr 10@s o@%og@‘ihat Gfied 08, pné@morfid, asdkiatatbwithr inflBenza virus infection.
conprises the nucl eotide sequence shown in SE@,I D NOs: .
Upperipangls: Srogion of ciliptedjigonchialygpsthelial celjgin érf,nclzls, 1ssBes weore stained
i biwet fancl: i D% th8 LytofRsm@Tbrébhial (left) and
with HégE i_i?}”%%?nf‘#s,mg‘}!‘e“f%e‘“?“gsﬁ? e@_tglte\lllg?lyt', o’_rm_)g grgque rﬁ % ec a (.e ) an
bronctgAC gldhd grigntj H;ﬁidteifh@hedllsa riisaes werastaiged withf @ apmeslongrantibody to
t SEQ ED NOs: 2, 4, 6, 8 .1 12.. 14 .
inﬂuel\;i%,r ﬁ%&etegwg%g'%m?@g}opg@’m@g? reggtion éarogg préﬂpl%ﬁ@ angd:’ouhterstamed

. , . 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, or
Wlthh%l.atasf%rsl] t he subject invention concerns

pBigures I6866D dbowerupliesiooqriptsi ofi iy and Mg &Hes §Bigure 6A and
Figuréeffi}'ﬁ f:taeq}%? %\%n%x h%ggnnxéliﬁéaégg%‘éﬁ-é% Q%allyé«ilhﬁ%%% XZSTO Branscribed
RNA 2Uendadis. 5f§tan§a7rd cePvesOdf }1_@3anc55/_latﬁ>|7 ,ggﬁ& (ﬁggre? 8C #hd Rigure 6D)
consn;;ﬁedgﬁ Slogi[naggqgg qtgg %&E\é?{ilgga %E&Alcggce\%}rlaggns%gag‘%? ri]l%r a‘%gs’hold cycle

/ 230 25, 27, 29, 31, 47, 49, 51, 53,

(CY op@inifrork factfdineipd: £ E7 0 v 20 75 o 77.In

a Figileh B rshewe alehditivieyrnd dDirentigen aFlp ob ywar kst withofO-féld serially
e 3 SE STPAAS s ALY SSE ARG B O

: | | dsRRfitof SEQ ID NO 7; Nucleotides 1- 1494

tnangg%ﬁ‘ﬁgg%{éﬁ %Sﬁlté@e Rt

9; Nucl eotides 1-1410 of SEQ ID NO 11;
Nucl eotides 1-756 of SEQ ED NO 13; Nucl eotides 1-1695

Nucl oot | des HRBT4BESF FBH I AS SEQUEREES des 1 657
ofs K@D ROVQ is23hudietstideaichg@se bf h4dinefinSiizh RN (FRIida/43/04)

Nucl eotides 1-756 of SEQ I'D NO 29; Nucleotides 1-1695
encodpiig 2 SBRETptED they cas be uspd peotdipnte the presentapvegieny p NO

a7, I eat Lde - -of : t hdes
S QUPIROLLE R A R IR el s
NQEGID Nael Biztd gdededtidb4Rquaice SEQ HBin¥Onf18&za virus (Florida/43/04)
Nucl eoti des. 1- 1410 . of g(g | D,.NO, tg?' Nuctl.eoti.des 1- 756
encodipg &PB 1| motkis tharan Qg used #Gaqeding to g Bresetdlsuiiping 61
N y S i ; Eeqb ®es 3.
Lo ors i it aR Bt fon, |
NGEQADbRO:Mutd @ ouéldetidelsegoencefof SE@nim® infnergy; virus (Florida/43/04)

Nucl eoti d - 1494 of SEQ | .71 Nucl eot.i d
encodig 400 B TS Uepd AosarTingck ML= iEBEOEE S | o
NQEATD 13@1 6N Ble8@tihd ﬁ&d%éix@s%@e elcodEddby BENAD XO: 5.
Nucl eoti de and am no acid sequences of viral ) .
poSBQUED &8 Ués anuclpotidepeuente d@q@?@lﬁ!ﬁe@%_@m@msﬁ@dﬂ%@@
encodfpbahAL NS5 00T b oS R BB
DR A NOBAY @ dhe 4418 keqitthcORAHADBy SEREIINER 70s ur e

of which is incorporated herein by reference. | The
SUBEECED iNGrefis &muelesiide srquenaesofporapirepiniteazacyisusddorida/43/04)

y pol.ynhucl eot.i des .of an _influe V]

encog%ésa&ﬁ{ﬁ PiaR %}}ag R b?%‘éseg G6F & g’t“g:%é \{;/h & trlgéoé?lit g‘lgg%tbglé ncer ns
functional 5 and/or inmmunogenic fragnents and variants
of the subject polypeptides. Pol ypeptides contenpl at ed
include HA protein, NA protein, NS protein,
nucl eoprotei n, polynerase basic protein, polynerase

.
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72, 74, 76, or 78.Thus, the 25 subject invention

concerns expression constructs conprising a

pol ynucl eoti de sequence conpri sing the nucl eoti de

sequence shown 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, 61, 63, 65, 67, 69, 71, 73, 75, or

77, or a fragment or variant, including a degenerate

V&EQ@ID,NOt 1amythe amFdidsdyiencelgncadeddyy IEQIP N@; 913,

15, 17, 19, 21, 23, 25, 27, 29’f31’ 47, . , 51,. 5 - da/43/04

sSEQID ¥Y: 131is aguicleghde gepuepas ofpCanyag inflgend vigps (lpr )
encoc{i 0, 8, RICHBTE tha BROGH ﬁg%ﬁtacccg‘@ing)ﬁ@ fRSbRRA GRBRfdIICT Of

e présent 1 nvention provides for overexpressi on of

arsRp@DalOy 12iinthe dryind 3aidiséqmendedimcoded breSERUENN Do L

Ex [ St .Qf the i ti | |. .
QD Ny e arpelspae rabSnos e ARRERALY His (Flaridaias/0)
encod;ilgé t%g Q/E& plRRSh (64 chn bB u¥dl £BoAdy ©XRE fRSEMANGANGAT UCt

e expressed. 14 Thus, a person of ordine*X
sISEQ IDNOhd44s theeming atid sequenea gnerded by PERL WO &3-

USE . 3P | i 4).
55 53R 05 o L IR st
enco%if?ﬁ tn G ﬁ)tteiﬁ gt lféh@B& ilé'tﬁsabc&ﬁidg&o ttllrl]a’lpmmt endeodenrent
€ regulatory elenents are ones a r ]
| SEQADROs S §.thmgm0é€@r§?q%%ﬁgmgfeﬂ?pgﬁﬁj@5555\58@-
Prargifs Not 1915 G dRidotibe ts@%d@ni?@b!f ARk AIRBAASvirus (FL/242/03)

transl‘ation term nation Se(q aneS, enhancers,.and
encodinf w@Bnyoatin tat edreneuses acotsding éalthearedent invRRliGier m

"expressjion canstruct” refers to a combi ' i

nooPRD ML 3 Bscttote st acape ooy By SELBIN 47, on

of SO BPNOPY ik iankedeonide seigenae ioff aseaign fluchsn vsed(FL/242/03)
herein, the term"operably linked" refers. to a

encofling rdifHsprotein thet carhee wserpersding tQ s EEBH " WRRY® n t he
CO el .a rel ati [ I Mot 0
£ UvER RND st fyhg Bl PAFALE e BRLa BTG o HeaTo
opSEALIY NOAkeds coppiagide sequance PIcopanigrmfbiensd s (FL/242/03)

An expression construct, of the invention.can.conprise
encogingadifb PERCIBAkteAE e B B9RNE WEBGPTeeH] ivention

POt RO | HEis SROURME BeRINEQEHNRE cAodiet YR EEQ UB NI: 21he
i nverition. Pronoters can be incorporated into a

POSEQUED E¥0L A3 issd nacledtisteciendence cifrg quane RMBGHZE NItk £FL/242/03)
rt. tiple pies of .pr ter i . .
enoglaphh bHBER 8T PR B R gk RS
t hSELPID NE@N24 Rithe dfind apldedequdred erodatedibyeSHQ 1A NO: 23.
pronot er can be positioned about the sanme .djstance FL/242/03)
f r SBQ HR NParScs priusieotde paqusnieeol A capme dutpqnza Vs ( -
onst r % : L BLdsoht isteRlibnSi t e
encoff RN by tBinythar i b QPR BoldiliBie oo iatablibn® 1 2
t hEBQIIB NDCES Isshamnitot dcatsegi¢ive ehcoddddtya$EQ 4P NO: 25.

ST, BT, SheRobl e S ARG s
encogl)%%,fa{x{ Nﬁi}yro@ﬁrﬂhﬁf 2 B6 uskd ﬁcd%fd—’iﬂ@?&ﬂle%)}&‘éﬁt mletion t h an

e€ssl on construct of the 20 Tnvention rovi des for
ov SECX PP Q1 29 iscthe amimpsiddsiqyenderdaeedgsidtyy WERIIBPN P/ -of

the_| ngion, . Pronpters for use_ W .
ex Sl‘ijég iﬁoﬁb:o?’% 5% &‘PC%PE%W geqiumc@n?f o) nca?rlﬁrﬁl b g ngernfg e (FL/242/03)
enco%l?ﬁoén%l l@ﬁﬁppfb@eiﬁfthéf lchidbe 9§edca@bérlvﬂn%rto @kd BifeBent Viveation.

ters include, but are not lNmted to

cySE@ERINO: B0ss therminasidsguems:ancedediBEQLP JOu29-

| a I rs, .or Rous..sarcoma ViFys 4 :

or ST ISR, 31t e ATRHPAGERFIPR<5f HarohliR thIHERR yimys (°L/242/09)
encdiifSe APHA rdtdi thak Gan BESIFH Ac@RBRg R6 Gresen?mvaniibract i n

gene pronoter Pronoters suitable for use with an

expression construct of the invention in yeast cells

i nclude, but are not limted to, 3-phosphoglycerate

ki nase pronoter, glyceral dehyde-3-phosphate

dehydr ogenase pronoter, netall othionein pronoter,

o ”~ .
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10 contenplated within the scope of the invention. In
one enbodi nent, probes and priners are any of 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, or 30 nucleotides in |ength.
Probes and priners of the invention can have conplete
(100% nucl eoti de sequence identity with the

pol ynucl eoti de sequence, or the sequence identity can
ber Qe NOa32 i50R9Amine acidsegitnge etcded by SEQEDNQ:B1.

bet ween a probe or priner and a sequence 5 can
9SBQ DR O9 Ak, isgbegnatsg,fommaf thsHA gpokeing iR ID NO: 16

ST e

CSRO HANO: 133 B thelGhAatifoen ﬁthemm podtem shown in SEQ ID NO: 32
pol ynucl eoti de of the_invention. npllfled robes
whereprihie PH-fomminal d6 anHeo AGd Si8RRlGATYGRED !}?ﬁe {HIEROKi ng t he

PUERERD 0SSR RPIAR P Ry bR Soren

inventd®h. SEQ I D NO 40, SEQ 20 ID NO 41, SEQIDNO 42,

Sggm?DAf 0: 436 éSElehll[g)Plaq%eotx?lp éE?E!e é(]nDB[F\'C\)\?S(f %c%%‘%g%%e present

inventpdn.t e SEQ I D NGs: 35-46. As used hereln t he

ternB "“nucleic acid," "polynucl eotide,"

" SEQdPubNQs037 de'an radigenudieptide dhatxgar b6 rﬂ§§‘li %@qré@g to the present

ri bonucl eotide, or a m Xed deoxyribonucl eotide and
Inventiothnucl eoti de pol ymer in either single- or

deple) aDs NGrNRds faardligonndedtide ehat cirhdewissé a2&orting toedhe present

woul d enconpass known anal ogs of natural nucl eoti des
inveniofat can function in a simlar manner as

C ' Qiiddesat ol veuskelctsifing to the resent
Segﬂ%ﬁ%téﬁfng$1§aHQHBH%%% strang sequence t hat cgh be P
invenfier@anscri bed into RNA and the RNA strand that can be

tr t Q_protein e C nta c f
Al S 2P i e B o8 281 it SERUERT G e prosent
invenfbnt he present invention is also contenplated wthin
the scope of the 30 invention. Polynucleotide
sé@@d@e@m 42 is reo| dtonpdedtideutbpt cam Genussd seprdiig fpsthe present
as shorter sequences derived fromthe full-Ilength
mva@E uences. The subject invention al so enconpasses
t lE@ 1o INOLUEB detandelizonbeltotadeethap oph drEwsedracconding to the present
sequence to the 18 pol ynucl eoti des di scl osed herein.
H“@npenynucleotldes and pol ypepti des of the invention can
Ff?ol\ﬁ AR9: 149 U élﬁ@%u&@othﬁao Hat @dn fRl #8ed accordBRCAMSR present
of the degeneracy o e genetic code, a variety of :
invendibfif er ent polynucleotlde sequences can encode a

pol [ of. the Lese % i on 0
SREQIRLNG: 35 o Riinaei Faha iner ol Peli I fhe prosent
48k T) and the am no acid encoded by each codon |s

inverntion.

escribed in Lewin (1985). In addition, it is

wi SEQNID A¥Os 46| is af okigqpaelseide that 1wan benuftqdeaoamdntao to the present
Kﬁreate alternative pol yrlucl eoti de sequences encodi ng

inve same, or essentially the same, polypeptides of the
SUbEQAD NUEH 0N mudibRER @eeRBeblhecandid afluer@ad/irus (Miami/2005)
alternative pol ynucl eoti de sequences are within the

encoding p& B protein ubpasche ysad aprordipg tohie peesguhiayention- 10

88 S

t o EOIERR: R ip ARG Bl Voo GRS ERSELER K0 1.

de$ Qi INNO '34‘91 llsI h @leotitle defaict iod mScamiﬁecimﬂdenzamuus (Miami/2005)
materially alter the functional and/or |nnun09en|c

encogdiogia BB hpiotetn Hat pt Bajeset perording Byl PEgsephi@vention
0 f ct
VO Rk, S838 o o R SBtRhec SBRL P SEQD REPl:
pol ynucl eoti des of the present 15 invention that
encode pol ypeptides of the invention. Variant
sequences i nclude those sequences wherein one or nore
nucleotldes of the sequence have been substltuted

N | Y 1 L I e
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The subject invention also contenpl ates those
pol ynucl eoti de nol ecul es having 10 sequences which are
sufficiently honol ogous with the pol ynucl eoti de
sequences exenplified herein so as to permt
hybri di zati on with that sequerfte under standard
stringent conditions and standard nethods (Maniatis et
al ., 1982). As used herein, "stringent" conditions for .
hYSEQdiDz B0:081 fsef audedtalecequtinct ofie ehimednfuenza virus (Miami/2005)
hybri di zation is typicall arried out overnight at
encodie 2BAPIINB Ha Fen BoYER AerERBA? TeaPeeptily MM he DA
hy&ibdp 2%31(;6%, o ReAbafdheSerkbd&DbWSEQMD NO154.
S(@Qgﬂlﬂ(r?g;sm er?at u?ged Dﬁx The nelting tenper.at u&\/?,, 12005
TISEQSIDI BT $hisda byclootelef sshhawe g of el B ilpergarirust (Miami/2005)
al ., 1983): . Tn=81. 5 C+16.6 . :
encodipgRAN RGICH (VLSS CORA CoR T QPRI QR SEOBY TR n of
dupt &0 RO2&AGs BRI dufino Wéia ReguentCerpitd By BEQCAY NCed3out
as follows: 20(1)Twice at roomtenperature for 15 Miami/2005)
m SO INO1 %5 SsPRuclgotids, SpEeee S A¢3niRiiisI4RagRys, (Miam
2)nce, at T | BHERS tdhrBsehkinSSiton. 0. 1%
mmoéﬁga?ﬁ@ﬁ%?&?ghégP%%%%%%%éﬁggﬁ§%théﬁgd%ject i nvent i on

al SPQCINNEY:TB% 1V kHeadmipb atidiseguennd epeded Up SEENEDHEY Sby
the genes 2

5 of an influenza virus of th res S
| AER HONOT 87 g TrOR S Erenae A poupe B Rl QUiami2009
enco@%%ﬁg\lx}_:ﬁr&éﬁttﬁéﬂan b8 yBeSREEIdh LtoR PPk ErR Miventibe.

protein conprises one or nore of the
f OSEQAIDNNO :258sis therrmiab apidsseqiange gzeodgd by GEQHE AO: 57.

it 1. a threonjne at position.327: L
P oSk oG 59 3 b MERBESs AR Bhié it BRA! P (Miomi/2005)
enco@ iR Mﬁ"ﬁrﬁtehhﬁ;aﬂ@igéﬂéﬁlégﬂ\ﬁgoﬂggg o ﬁﬂ?preuéntaim'mioaci d
segquence snown I n ) A or . a
S0SEQHE NERo0 iaifey SRI0ARIA ISGRAIE RSORBR ST A )
g‘;gggﬁd) Q‘I&QS% 33 aQ{ucﬁ'éﬁ?dEE% 345 2 LiniadatMRhza virgs (Miami/2005)

nent, e viral proteln i1s an NA protein,

encollr@t 8l MA prBepr thtieian, beRbedacbaling toothe presprignesniiony r al

proteins _and peptides of.fhe inventi to

e SEQ I NG R tmodeid gy e T B 10 ke

pr g&;q]nmf NPt éFeis M riclddiat ebdtmendtd qfept | @mmeofinflivenza virus

present 1nvention can also be used as inununogens and
(Jacksonvleti0ns) conpbeg ta BB, protein thears b Byl AFOENRE JR the present
. al.so concerns conpositions and nethods for inducing an
mvepiidfine response against an influenza virus that is

cagi) EpNOt 64 &aht ﬁ@lgﬁ) aﬁtﬁmpeﬂrl]del eachixsitbysSSEQ imaﬁoaw

causi ng respiratory di sease.. The invention can.be .u .

t o SEQUER AN¥O; nfRinks ﬁés@ﬁ%§@dﬁgé?ﬂg?c%n°'ﬁ?lﬁgW§%lnﬁnga varus

| )/ ] c@it ickh echasdd atdondihg toOthe present

(”mgﬁéﬁgF%%X?ﬂé”?ﬁ?ﬁ%gﬁ§§ﬂv Fﬁ%ﬁcgﬁ be an HA subtypegof P
invepfion.H2, H3, H4, H5, H6, H7, H8, HO, H10, H11l, H12,

H13, H14, H15, .or H16, and an NA sub '

N3, SEHQ IDNNO: R 1s 1y amupp ac S?@?nﬁenengﬂéydgbﬁb%)%(lz#\ig nlﬁejzt6 Pie

HA t ype N&: Hg70ks Hp- midlectideurst@shcenbpda neatine t influenza virus

NA subtype 10 is N7 or N8. In a specific enmbodi nent,
(Jachsorivittai2405) esivoding & sPA npreteirl thefaP#s (beahsednpeqoading to the present
. virus of subtype H3N8. In one enbodi ment, the host
vepHPRal is a canid. Canines include wild, zoo, and

dorg@shiID ReRie8esStheStiiio asd vejueass eroyat ey SEQED N6k 63.

Cani nes al so i nclude dogs, particular[yﬂgonesth dqgﬁi trus

sud¥EQs IDr gNOsx Sfiplit, 2 punelediidey SSAYMGF  Abngr &fine 1itlvenza v

0 ' 04ds.,. 4310 0gs, I, i the present
ity o SR aEch A8 Dol Ml 6 usRf dbqlingDa5 ihe »
invafiehor | aboratory dogs. In a specific enbodinent, the
. host animal is a donesticated dog, such as a

greyhound. I n one enbodi nent, an animal is

adm ni stered an effective anount of an inmunogenic

conposition of the present invention sufficient to

i nduce an i nmrmune response agai nst an influenza virus

o a1
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25 A col d-adapted virus has an advant age of

replicating only at the tenperature found in upper

respiratory tract. A nmethod of generation of a

col d- adapt ed equi ne influenza virus has been descri bed

in US. Patent No. 6,177,082.10A desired resulting

col d-adapted virus confers one or nore of the

fol |l owi ng phenotypes: cold adaptation, tenperature

S8EE) 1D WO y70 Hake saiHo deit &xhefce Raeadeddy/IBQ ID NO: 69.

attenuation. 30l n sone enbodi nents, the live . ) )

aBEUR e XN Q5 1Tl i§t 2aimiclegtife o prauERre\PInG fing, influenza virus

S;: poi_nt I d (e} of .l ty]

(ack TP R085T nBRURE B NP, bR g BLP b Dl hocoBHAE b Mo prosent
invenfi®sS- pat hogeni ¢ virus conpared to the original virus,

whil e preserving the protective properti €
oSS HANG; 7215 e sming acid sepensBoira oo S L2 NORE-
| 5¥%) B CNG! O Vis" U5 ARIRKAPALEfoe. O NnkRE inf i
cgﬁg%dg?e 0 'Sg%eg of]%rg?gctiJgﬁgntigens into.a1 nehza VIS
(Yackspenide2006) ancmiimganhiNde prateior that ssu fwt heegeateording e the present
ot her organi sm Inactivated (i.e., "killed")
U?Fus vaccines may be prepared by inactivating the
VISEE IONOI7F RN RhirdNiRid §8hbadencdisaiby@EQ IDIWONT3. _,
vaccl nes include excipients that may enhance an i nmune .
r SEONER, NR: Wi | isa orusdgotidr cpgsiuendes afhat ganane influenza virus

con jQnal L y..used i Vv in For, e I Jn_the
rackGRRBMIS] Ryl B MAGRFE B 5y e B nfeordfle BOthe present
inventi®WLOGEN(r) . I nactivation of the virus can be

acconmplished by treating the virus with | iLyat ion

c ﬁ&ﬁn@ﬂ‘@( 6 15 the prypiepgichSeqyeRcy eﬁ%ﬁd&ﬁﬁ@ ﬁ‘é I{fﬁslb‘ﬁ" ),

brsgigyerpy gl 97 (iBEA dycidfide Pkafeycel Ot Ny | EminE Nigfl i

(ﬁgg?"§9 Sﬁﬁﬁy@ﬁoﬁ-gﬁgﬁ¥%a| ﬁetﬁgﬁsc(e. ., heat, tenza VIS
(Jack§anedleélQ0h R wncating ani Bzt ipostpint thatlicemdiee usdie a¢aopding atoi the present
i caﬁacity of the virus. In the exanpl es that
mvenigyy ow, ~ equi ne/ Chi o/ 03 was used as a chal | enge virus.

| tSEHQ IBMNON78 & tHAURIRPRN s RIBORAbWEED ID NO: 77.
Fl orida/ 43/ 04 i sol ates, and has been shown to i nduce

syWHR I NO: 7Hhfieeni digoandeaiideotshvat b gised meaergyng to the present
iIWengi)é?nple 18 illustrates the 15 efficacy of equine

I'nfluenza vacci ne in dogs, show ng hemaggl uti nati on

i IFEQIID NOA( 80 i lh"olontiitlédtide thiat ears benusddgecording to the present
) vacci nated with inactivated Chio 03 antigen in a
mvenfigici ne conposi tion conprising CARBI GENTM adj uvant.

Tafil@ 3P NEBOYP it lah 1ioRl 8 RECIARCAPBe used according to the present

post -vaccl nation, and post-second vacci nation, as well
inven@isnpost - chal | enge. The results.indicate H titers at

e t.-vacgi natioon.fo he vaccinat ed do

i i o B i 6 bRl @i Fush SR et YeEpalfgEy the present
inventihustrates the clinical signs, virus isolation, and

hi st opat hol ogy results fromthe sanme study. Although

cr&EQ%&Qagg nélag ¢ligpnneleokdrothat cpm ib@aﬂseéi 3gRarding ?m&he present
. heddi ng, or positive histopathology, the positive H
1nvm$PPers (Table 29) indicate significant antibody titers

| ISEQMININGJ 8211k 8! Sligonucleotide tHat SO Wetuded dtob®ithd fRthe present
~other H3 influenza virus antigen vaccines are
mvengieponpassed by 25this invention as well. Those

d [ AN LS.sheci ficalio t I ¥a

o S0 HE RO 85 s AR EBE el i el AcRBdME 1o the prosent
inveritiog. preferred enbodi nents, and not to limt the scope

the i nvention cl ai ned It should further

of . be

notie@ IANO; 86| isen eligonurisetide hah&an hsapsedceardng iy the present
invenfiohUs antigens may be used in accordance with this

I'nvention. Such antigens include, for exanple, 30

t hose from equi ne/ PAL63, which is an equine Al subtype

(H7’7N7). It is contenplated that one or nore of such

antigens may be used with or without one or nore H3

i nfl uenza anti gens. In general, the vaccine is

- . o Y Y e re

inven
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about 3 to about 4 weeks after the first dose. In sone
enbodi nents, the second dose is adm ni stered about 4
weeks after the first dose. In the above enbodi nents,
the first and 30 subsequent dosages may vary, such as,
for exanple, in anobunt and/orl1¥orm O ten, however,
the dosages are the sane as to anount and form Wen
only a single dose is adm nistered, the anount of
VEEQD N® NO:t $hts dm&ﬂlgahmdeotgienétaabﬁry be owpd iaseqydimg to the present
therapeutically effective 27 anpbunt of the vaccine.
inventd@@n, however, nore than one dose is admi nistered, the
@t?tﬁ) NOVEE G ag dlfgtohﬁ‘(g§@t1&0§ﬁ§ chipgetiRed 4edtding to the present
constitute a therapeutically effective anount.
inventinnsone enbodi nents, the vaccine is adm nistered
bef ore the cani ne recipient is infected with
i nfluenza. In such enbodi nents, the vaccine nay, for

exanpl e, beOBHPANED $IISCEDSURP OFVERE INVENIION he ri sk
of, .or delay the onset of influenza or ongl ol nor

(tW fdjact invgplion cermca)s ;sg}apq@ewﬁgewrgﬁ{% at 15,Capg ﬁlg of infecting
canidg a%%ﬂ'ga{{lﬁg}gsrespeﬂﬁo&aﬁ%é & 1§, 200 ﬁb c%lrn@x‘?t aht glfukha v1rus of the

s 1N ected Wt uehza. I'n such
mvenﬁﬁboebmi&me§ a pbBmueleciide wikyh e‘noodcexampbe;n draminigopmt @nino acid

s S O 5D FRGoL I RULYEIER B B053%0. 3815, 26,25, 50,

32, 35"’5‘31 ezfsf EY: mg@rﬁo%btﬁ@%@fézt B8, §AwRi ne, BEPRINTGS, eN78.f&ra functional

hér the vaccine is an inactivated
and/ov atrmmaogelmw fragmeahuat echnzat chereof or ot hspecifiG| ggbodiment,  the

on the neth f adm t
R e
11, 180MRNI7SH, QNE2NNSNDT @xenvﬂmMDOﬂaISBpmﬁmtﬁlt 6345 67, 69, 71,73,
accept abl'e carriers, adj uvant.s, other i mune-

75, 01 E?e@mﬁi@n@ﬁ Raedans theserfl dpflyenta ors of His resant feytion can have
c HIE 13, H14, H15,

o ASHECRERS 0,82 S EIE R L RO CRL ey

or Hl@gﬁeﬁhl Blm étﬂo)typmof hd, \I\éZ:cNBLeN4UM oo, éihlEBe@RsN% In a specific

neral |y known to t e skil the ar
embO%b‘Hﬁ’i‘tnﬁB dOtHegR 1 Wrus e dHF%anlt ngve& 84 128 ¢ i’t YRy gﬁ ?y {,mls can be
isolat®8 &orh NAfecled 1020 dinkii ﬁﬂturecﬂ R BelisSoraPtis ORC bl 0 Enem?cﬁls described
I'n a pharmaceut’ical product. When it is used, for
heremx Mﬂl exenpdifed dadodinpantathe eaéé}ep%wwsl ify ap influenza A virus.

l of a
AR P bR BB Dy o o

gene“o@"ﬁéﬁ@d b1 9 Berdtic ROFmetsEataingeaUdius Gfahetpe&fsenn,mvemlon In one
the intended recipient canine. The, vacci.

n
embosieERt, §tl@llﬁé’(§‘0}6’9t1‘é"oﬂf/8ﬁ’t mgﬁg}onn%glsee AR pgfgi]leﬁxéa ¥LP6]P.g glutinin (HA)
gene, eff ﬁnd se 2%%116 gAY RIERLINEY - gchS UaRri&Sprotein (MA or M) gene,

nasa I'ntratrachea and ocul ar), and
polymaWaemtbamal(PB",é q:aiasteml gteatriotymerhtecasidic @dei priotein gEN® NNgusstructural

often parti cul ant ageous fo ive en ted
NS bl e g5 peftetospt Hamratioth rrghol efef LS YBIET m a specifc
emb %Ehtc ld'p%[ﬁﬁcl@@t‘(@é“@%@@h‘@enﬁ@ﬁ cbﬁh@ﬁ&és\/tﬂé ﬁgm‘d%lﬁtlﬂﬁf(HA) gene, or a

cosa vaccCl nes I’mgg@ for exarrp e, dosage
functi@ratreyagsienh on yagdrt efit ile &l fuyther @r@b@eme@t ethmféf?xcﬁ@ee encodes a

sol uti.ons, spensi ons [ X]
hem R G RLe S AP B PBe Po oty eh o ftintn aseffl pt ppgitiqngs: a leweine
at pRIFAAPLE; d Medonil AU tRonCIIBTRALAGT UStEkoninet dtepaaition 433G Iversus the
as, water, saline, dextrose, glycerol, |actose
mmwmcbsmuemea@ﬁmmﬁérconé@sum Femenest by engemppdigsl dhe HA gene
cel lul.ose S I
encoﬁgsg?]gg]iyamtbcf élapsﬂnfgaan%lélﬁ eaél 55 uérﬁ %hoé’hgfi’ghﬁaﬁf Nbs: 16, 32, 62, or
78, 6@' £ifidtablt sn@br phosplugehec &IﬁnghIﬂ fourvatiaatitdaegof. In a specific
gel atin, acacia gum sodium al gi nate, 28
ponV|nyIpyrroI|done and/ or pol yvi nyl al cohol.
Exci pients al so can conprise various wetting,
enul si fying, suspending, flavoring (e.g., sweetening),
and/or perfuntng agents. CXaI nucosal vaCC|nes

o o o o T T T

o - s o, o
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30 adjuvants, and/or MDP), plant conponents (e.g.,
Quil A, and/or one or nore substances that have a
carrier effect (e.g., bentonite, latex particles,
| i posonmes, and/or Quil A, 1SCOM. As noted above,
adj uvants al so include, for ewanple, CARBI GENTm and
carbopol . It should be 29 recognized that this
i nvention enconpasses both vaccines that conprise an
embodi@baty @Y [3) gerSconfirisefd nvalesiidesequbade showndh SEQIIDiNGs: 15, 31,
any adj uvant. It is contenplated that the
61, 0r\75<:0| ne rmy be freeze-dried (or otherw se reduced in
UI d Vo for
ain PO ool I ERRp, T 26 HRERIGEGRASES & hBfichlc having
the anﬁﬁwa&idrseqme skt Qﬂaﬂ;ag‘f@EQanN@eeﬁ, 48i R0, flBy 14, 16, 18, 20, 22,

d T
24,26, Ao BBr 5 s forS 0 it 365 00552k Oar B S0k LaBe o 78 or
ﬁmctl&’?‘a? ahlfl/oR Bbaflc tf%%rﬂr‘lﬁﬁ{ BP9 3 A $h&rbbe dmdp Qp/e%lﬁcTé}ﬁbedlhent the

nprises a doSage conprising a vaccine describ
polynlaﬂmmle eﬁhedmguhammomrmseqs@scemhomtsm ED As:t2> dn éJ 8 10, 12,

QPRS0 302 P52 oy LIS HEULO08 SOE0US) B4 450, 0. 72

74, 7628678 | QR riseOMRARLIRbEE] s mcel&omrmm NOsb@, DK 799, 11, 13,

fror e ‘addi't i onal ingredien ésuch as, ngle, one
15, 17or19n2)1' él3o?-5,t27@ 28x31, gilef?, 351d|5 ciﬁs§€d5%kﬁivé3 Gf5®é , 69,71,73, 75, or

h .
77, rf:ﬁg?célrvglyo ror d% e %llbetngg :ﬁnc acﬂfl% a:at %nc%g) %ﬂjﬁr&ﬁﬁféeﬁﬁ fragment or

vmarﬁ@ﬂ@W@ﬁS:EQ)IDTN@sal t4esn&t110\/ejz,yl4§ a6, mjamnmm I(y)zs 30, 32, 33, 34,
onprise one or_ nore _ap ar at use

f
48, 50, 3¢ ﬁf‘\aesﬁ o8 AR &arkringo ptgi Bnt2 HBadfl 9 9ng§ n‘&é&?t invention
conceRf pol FPO f‘e}&ﬁﬁpg eﬁce%%ﬁh@gﬁmg' tﬂ@ﬁﬁ&éotld&%@é}ﬁéné@ §hown in any of SEQ

orcep or any 15 nedically acceptable
D)N(delll \366,y7 \Bth:l?elSl t7,50n81 1 34i l‘ﬁ‘ar?t9$31,t47e43,pﬁal5&1iﬁs 57, 59, 61,

o5, 4 SrE IS, 8T P SpL et SATLAL B0 Rl varian, o

any o?%(}% ﬁdsof 3,13t © aagal3 admini gt paf2nnsof7 tzbe31vaacaq1c51 53, 55,
O hér exci pi'’ents and nodes of adni ni stration known

57, Sﬂhélprﬁésr@ee@ﬂ,l@aﬂbﬂ%lﬁogﬁ‘ Jd- adsa drgkerngpechic E%’éﬂdlmem a
va N 0%k co t
oGO O ST B BRLLAED T 8 g o v

Nuclesgideo1-20a8 ed SEQED NE:t 5 Niddotiday 1€6ﬂ7‘p0‘f S§) IDAX¥O: 7; Nucleotides 1-
nes encodi ng HA prote

exanpl e
1494 @ §mﬁ§>E? MM Nygdeafider dslé 1B |SCE% PBtI"é}@ Pl ;t%\pg}?péxpggé 756 of SEQ
D N@C'lg' ﬁu@é& £k 1 ABYUHEGRO NS: P, qtz&dlébtfafes a7l geay e NO: 19;
e present iInvention. Any suitable viral
Nuclaoeldbmft 2A1H&tof SEQ B N3edl ; tNugleaylas é -G 7r oD ilRaN®: 23; Nucleotldes

15! S RSk B RA F N  hgpHB 195 of

SEQ fseft ; MRBoadeNP b 11SE SEBBITDONO: hel Nesavdtides 1- 2271 ofSEQ ID NO:
vaCC|n|a canar ypox, entonD oX, S\I\IlﬂﬁféE igV\éSt
e

49; Nugleasidgndl al4fero§ &E@mﬂbulﬁm h5é aNucleed %cpfmﬁﬂ FHeNO 53;

L L

1- 75@698?@@@"@059@&015(?[&693 F@SséfLSEQeﬂ) DED: I'@ lendmdeb 1-2277 of
enetl C engl neer |l ecnn ues nown art

SEQ IRN@; o ngcﬂ@tldai’r el gﬁ%@é& N S8myEdeetidsnd 2148 o SEQ ID NO:

67; lgg%{it ﬁ% e:%t” g P%B O][\Ik:)z gagg{é&ésqua% & SEQ ID NO: 71;

Nuclédﬂﬂé@lllallo)fbi SEQaID NOME3; fl‘w:létﬁﬂleﬁ eptbﬁﬁnldfaSBEQ ID NO: 75; and
vect or ~based constructs, havjng si ngle or, mult

| .
Nucleqtidep ri- &@%peﬁm IDINDT e Mg ToeRee daar g6 dsics gpees of viral
polynu%?e%'tlﬂg ﬁ;e&a’tﬂ@ g&{mgé Fﬁgn{pf'aﬂ&i 'Mﬁ%lg q}g’ 's&#y% 8f the present

I nact |va I nes

|nnun|zat|on protocols with the vacci ne conpositions
of the invention are apparent to persons skilled in
the art and are contenplated within the scope of the
present i nvention. The subject |nvent|on also

T oy



10

15

20

25

30

25 viral polypeptides and peptides can be synthesi zed

usi ng solid-phase synthesis nethods (Merrifield,

1963). Viral polypeptides and peptides can al so be

produced using reconbi nant DNA techni ques wherein a

pol ynucl eoti de nol ecul e encodithg an viral protein or

peptide is expressed in a host cell, such as bacteri a,

yeast, or mammalian cell lines, and the expressed
invenHbRtRVE aler bédredepsitady vthatdaBanlt et lan¢agsien Nofs. (IMR124d¢7 through

o TS RTTRS Bt o B B o
eridi BRRY in nfite b GoftGerfs ;I@Dypeﬁmysi&eo@dwb@@mawides of an

sequence encoding an HA and/ of an NA protein of an )
infludnih | wiee 7 thier presant inveatipn.e SEe subioetpimyention\alse, gacerpyy functional

nucl ei ¢ acj d_.vaccinati,on are kno k.t a :
and g S ipgar GREBRY. Vi IS Bk RoRail. @PBlypepides
contefypftad mm6?$?én,ﬂﬁ-prﬂ&ﬁl, INE lpgdt€ing Girclegiastelng pblymerase basic

the formof a plasmd or a gene expression cassettfhl. .
proteim pohyenesasscaidie proteinhandygate rrotean gf A3 IsF¥gHs of the nvention.

encapsul ated | I - Whi i N3 U8 Bind Qe
i SR i ARl SN e s
showQh ¥R¢ B SHESITANGshRCA, & 8, EXil1ds]4,t16al 8520 48, e 26s2% 30n32, 33, 34,

48, b 08, Shphtr BBt (o ondBe iPube Bare i 76, S yfipnat andior
im&@ﬁglﬂﬁnﬁﬂgoﬁwﬂﬁh@&ﬁs useful in the subject
can be fo I

I nventio rmul at ed accordiag to known nethods . .
f oFhepsubpat imeEnpbmalsacontdrsapolynudedtide GPM5HON CPBHICE comprising

ornul ati ons are cribed in detail in a f ;
« polBHRERE ARG 81 BT Prertwi ST et (i SHUTREPE ap cxpression
cons%lri]’(QS@f el idv%ﬂtlibrg cbﬁﬁ)riaésta ﬁémyv?/zmll\;uémiﬂb eseqiléhcRemicodingra polypeptide
armaceut i cal Science by E. rt| t Qn
comypisiEs Y1 YaHIcaacid BRI ER; lﬁg'mwm,miﬁsﬁt%’ 4y6: 8. 10, 12, 14,16,

18, 2@22%’240'5% Cjd %53{,%2[‘3‘1 alsi oS Bl Chy BANGME2UEL8%6, B3, 70, 72, 74, 76,

ection Wth subj éct’ T nvention. I'n general, the ]
or 780BPOs filriceibRalofind/bre immbhegnid Miragntendmrwidrianpghereof. In a specific
fornul ated _such that an.effective agount . .9
ey e PO BN B R ERC 1S SRS A S sp Sy 2 n SEQ P NOs:2,
4,6,1801H201 hit 84 qgebd oot by @ecade v, Sby 38,i3a0480f50 b, 54, 56, 58, 60, 62, 64,
conposition.” The conposi tions 15 used in the pres%S&D Os: 1.3
66, (R THCHS Téait,arstd danpiriseathgaicleolide sequspersshopiedeQ ID NOs: 1, 3,
ionel ude, of oy 1gxayD),€ hg.3 57 2§%1! 93, $1497] 44181 &3, 65, 67, 69,
=F 7%:?0@&5@’987 ﬁ%,l%sggﬁﬁags’?jb@’t%,ﬁ%} ???1 powdérs’,” Tiquid .
71, 91 78, @K, QbspRUsRENSH0a sequeppo shtaling s, funnfieet abd/er amgunogenic

i nfusi bl e solutions, and _sprays. The. prefer f
FragmepenasTien. 2 o iR dH Nate-oh Calnf G0 g (68l p P2, 24, 26,28,
30 §i1re3¥3382“&é Cs@ppl isgaks ok 6GhE2 CRITRESIGR] 90S7AI A0 76, or 78. Thus, the

? p e

érabl'y 1 nclude’ conventional pharnaceutically )
subjédt CaptEhine conrarhe esprasribiR Gonlitiugtsn comphisisl  arnolynesliatide sequence

thaose skilled.jn the art. Exanple , hersS,0
compp B MY otile el e ShAE PR o SE s 70k 79 1113, 15
17, [910h usie 2sbuy, 25 81n@y, doi Bt 55057,v88, 61, 6Bas| 6B,690171,573, 75, or 77,

I'Acl Udi'ng m neral oil, ethanol, dinethyl sulfoxide
or ageatenhor ariEng decludiag @ degengrate vanamh of an of $EQ ID NOs: 1,3, 5,7, 9,
extr . [l ul,Qs ugar s, ci b e
11, By aePBie. ARt a8 Tl Rt e AR T R 63 R T T
75, OF I79entis o Sefdiedt nBGIiRbnARY @fpréssamecorsanobiitticopesat invention
an i mmunogen of the 25 invention_can aLao gg@prise
proidesfeneyasexnapwsinsof gpraperablyalinked nohgiiclests of g apvsplon.
preservativ L dnfi QM| lements that are
TSP P B oL R B Fop P AU ol lem
fundidasipRetiel itdndedthoentell fhamiohe thet &xqatsseonpasiriétondodfe expressed.
the invention wi |l advantageously conprise between
about 0.1% and 45% and especially, 1-and 15% by
wei ght of the inmunogen or inmunogens based on the
wei ght of the total conposition including carrier or
di luent. 30 The vaccine and i mrunogeni ¢ conpositions

o " s -
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20 influenza virus, such as changes in nucleic acid
sequence, that may result fromthe environnent, drug
treatment, genetic nmanipul ations or mutations, injury,
change in diet, aging, or any other characteristic(s)
of an animal. Miutations nmay al4so cause canine
i nfluenza A to become resistant to a drug that was
formerly effective, or to enable the virus to infect

Thus, @r&rﬂﬁpﬂﬂgﬁhﬁaﬂyﬂsl@ll dinf therentard @ﬂéctte:%gﬁlbtoﬁtylldllahentsﬂfor use in, for
human. For exanple, avian influenza A 25 virus ha

examplys GHMSAdRAt ¢edlsi ﬁmal@ﬂﬁ@ﬁt i riapast B Rlisrafast host cells, bacterial

ot o, AFRPRL AL Qe ISEeh bR, A0 EMRDAERA I, bl ot
functicifal i gdinﬁwaéllst yngaﬂabfgeﬂsmemth emdludeamodlotera,rtmcmpttom tarmination

testing facilit and appropriate stora
sequenca@df@g@#lyntt@m1¥lﬁfgon TAGUECSR SEAREETS g c}t"iﬂa ﬂylatlon clements. As

used ﬁ&gﬂ EFEQZLE:&Q m‘éyppésgﬁn' Q&Eﬁ‘%&d ﬁzﬁérg St A ARGIEHIPRE - nildleic acid
nment, “speci mens for irect detection
sequeruks what piroddes Mamnﬂpm 6Han npmablyclndmddglcm@l/aglﬂ sequence. As
rus, isolation,n.cel Itures éake durin

used hplyqlgtth%teaxgyé)pgfap h tre £S tglaijm( BPSI gxﬁ,scom %nenr%s described

whereHERRbmPbnéMP afe B a SAREIREPIhA RSt ttl@éihll € hithcHbR@N ARG intended -
virus infections of the upper respiratory tract,

manngrn g@nenaj7 oprreblpdinked pompenents, arg HseANtigRUS, relation.
mggoeg(hheaglgg éo?%txl;umgtof gheaia\g 1t1?)¥1¥:g gg{npﬁ§g %Iﬁotgpge%ﬁlance operably

1mkedStal'£R$(ﬂ§mmﬂeohldS%H®dﬁbe &ﬁcrddmgmyollyﬁeﬁtaﬂéeff thaindenifta sProenoters can
procedures can al so be perforne

) I.n one. .
be inceprowRPdrEHP 2 Pfégwa%ﬁt@ﬁwsg}s&%%tea%%%ﬁ ey Bt Multiple
r I
coped SERRIRILA o il rlcld A g gogs pldon b of
inventddn. alnvd preferfedvambetiyent, apromctescanr iz mnmmmaabwhe same distance
vai | abl e. i ni.cal eci nens are, a ded t re . .
from (he a0 ERRR oo 2B AR eSS dulh Tt g Bbbrption start
site mt ft@ﬂﬁ%ﬁ oegkticNedvi¥®nilent! SSéhaRaRMdn iﬁetﬂlsl«km;taﬁ&els eafifled without
a transport nmediumis 10 gm of veal infusion _broth
Substaalﬁdl decrpasoin Provioter astibiiyr A transerintion siart sitede dyrieplly included in the
steril st o) tpi ot |
L e A T R
invenfidn ﬂﬁpfﬁ@ﬁ 661 SierexBrdsgiof of g Bﬁérabl@ﬂlrﬂih& polifludleotatdtaddhe invention.
The mediumis preferably SterI|IZ%g filtratio 1
NEsanotREsdABESe Witk AN FEPISEUOT $RSTUGH; éhe{ VEERPNG e ary pligcells can
be of Qirg‘l%rl%@llﬁ!lﬁlegnéﬁ G\,QH] Ey%m@t@%cihaﬁ@é vat afe%%@hﬁﬁ‘ttea rtd/ ty’(omegalovnrus
nmbodi nent, sera is col
(C\/I\f)ngeama mmnatﬁrs c8V4G eanlyl ob 1am¢ pm‘xnovvhlzsl er Blog@dalﬁmmvaws (RSV) gene

prom@t%%; gtsée Cﬁﬁgkﬁ roglg}?gm él% gxsr:"e Ifoﬁietlt?ﬁ %e'srrr]lk{% gene promoter
and a@ﬁﬁ“@h@%?&ﬁbteph??&n%fsuéﬁlﬁ’@%cfdﬁﬁﬁeGﬁiﬂ) ahS&pb&sion construct of the
col I'ected, for exanple 15 at about 14 days after onset
inventibn iy Hersbeells iselude ane reinkmited th S-phasphpglyesrate kmase promoter,
glyceﬁiciﬁ%yéef-?% F%]r?tt)()dci nydro%grllars]g tq}rm%%?érr %ag%or’]cfé é)h&?legrdn?otgr alcohol
dehydiByendse- E?fdﬁ@tbﬁdnﬁ hexalifdde prathetbr. ani mal s over a perl od
of tinme (e.g., once a da once a, week, ance
buléﬂmplrw@m @@ﬁwtlly)to opreyiatchi %W@u%eds% F‘é’éam cell, then
% al . a e
plant i BBt ¢ bitH0 s O Bl GulBb B el e JRAMV) 358
(inchaiivy e dxﬁmhdﬂ:drttal\ﬂy 35S proincte0(set, e skanple W.S. Ratent No. 5,106,739
specific treatpent, e.g., a sel eqt ﬂttherapeutl c dru

and Arh d 9WD) RpaLaMVI9S mpg@éﬁmcam B Wil GtHER RIOpRP gis dhptican De used for
0 r I
exprel b ShrstiiBisBh EARY rcBlac BT RhnfR) BrARRIRALED AFFRRinprer heat
pat hol ogi cal agent. Any nethod for detecting the
pat hol ogi cal agent can be used, including, but not 25
limted to, antibody assays including enzyne-1|inked
|nnunosorbent _assays (ELISAs) |ndirect fl uorescent

.
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30Primer sets specific for the hemagglutinin (HA) gene

of many of the circulating influenza viruses are

known, and are continually being devel oped. The

i nfluenza virus genone is single-stranded RNA, and a

DNA copy (cDNA) nust be nmade d@8ing a reverse

transcri ptase (RT) polynerase. The anplification of

t he RNA genone, for exanple using 39 RT-PCR, requires
shock@pididter®f THNAANUEH BPromieteprof vk renefhyipis; golygatbeBirghsg promoter,

on the basis of the known HA seguence of influen

[

za L
chalcouesypbascahdCoIS-Ae prampifa iR RERIy 100 fR fifbotey, ubiquitin

r
be. sekg ' bofd: ¢8Rkl & cAUDHH )y maize Wipl

proro G BHaTeA R LR Pg e EP i

prom8e} Hezes ppAi fére primuetes (Ee$ BetefituNoneh62mblG)z atpipy CDPK gene

nmol ecul ar 5 genetic techni S enci T _
prompiest s FRBI) BLVPTPERH LI B S0 ot digy be ffed. Roo
specifib ciﬂﬂgﬁxgﬁersa reicit Q8 fdnky "B Y pRRHENEdqlen Rl @eS@itRar insULS. Patent No.
Wt nowl sequencés. The absence of the_target

PCR. .

6,450760 wetY.S( iPaent ANO.N6$R6i628; or egupelished (hSy BefAng appfication Nos.
th t '

20040 5a R0 s 0o KW L B A0 ORps R 0040123545

can EVGRA With hiERGtRhrcaldstrat diUthe SnveRGRh.aMbnRTuRGRpr@sotsrs (such as
for influenza A virus are describe? b quchie{ t ters. and
the GAMY, JDROOD. ARG NeEcNOSIORAm e levelopgipptally regulafi promoters

ndus R S5k otV &N l &t BOdRIuES b BegEMighg hormones,
mdu‘flgfé %8%{0615% gé}brgygl%ggrcﬁﬂ%%{ﬁtg\% ant i vi.rual agt i Vi tf/;l:l
or chRgiatitara aléd comstemblatdiefopruse svith paiymisiaobde ekpresen constructs of the
. enbodj nment, cells infected with a.virus. he ES
invertiRrend oK e EAPHEIEH T (Heplety iR P Sy ers; guch o he
SR Vds{dASmBhbM: 1aH518984:VGbod Eokl. (R99¥)) can also be used.
Inon%%%iactHﬁ%)?%gnsdet%rnined. Those conpounds, or 15&ru%s le. of
Seedtdpatifiexpriobioterastély ias ghe aweinpter \frammp Bephagqodpy @Hes gpr cxample, o

. further eval uation. T %HQL Clad t i QMisd B&used.
kldn@bﬁf?é‘s A52 gg’&“é’? e 2 %E’ ? &% Wi It%ha%dn&i‘ﬁ%?i uenza e '
Vi FYS c@redshtn BrmsRAYoiin¥gsitmanan ¢xprenienamwbsaioeithe pieention can

cell is a canine cell, such as.canine. kjdne
compri$e prommiokérs seh as. fop @X%Bfee alkaific DhpSPBALeST SromgigEelfypiohan (trp)

l f it ' e . ro . T3
prorrgcseells zanr{ﬂ;o%rl?)_ eﬁ{nﬁt‘x‘g%n\gg-ﬁcﬁn&@é PRIAEI Q0 TdcHR Qforhdilﬁr 2hoA promoter.

I'n codi ng a pol ypeptide of the

_promdte Mipemoter, ef excaivbmoterifde Botyaigél EB).de sequence is

provi ded in an expression construc : i | gn. inti
NbﬁépﬁﬁgP%r%%F??agH@§z§ H@ggﬂgﬁ'8g%é?£ﬁ%ﬁﬁ'rg§?§ggq#$?mgxélon
termOYRIBX RgBSte0R irfhslfARnC Bdrmigdtioanscgpertcapbysdquakued encoding 2 signal
polynucl'eotide of the inventiagn. In one enbodinent cally be
peptidee meldr éxhanceanelfBensd irERSCHPYRN JRTHPAON el (¥ fgPically
conprising, a se CO] B9 Ak defRAYENTRmsCription
obtaGiggront g Snf e Py kel R B\ P8 R e oo
termkBatiokBseqdéhce? 2an B4, podfiion2d,dod@istréln 033, cBUNg 4&JueBos to provide for
52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72. 74..7 .
efficiot Grninanamedt SRl Rekigheisagioe Jo it e cid SRauegbe typically
spegif i I : i i fesbdRibié RrRelrelddaio of an operably
I““%@ﬁ%ﬁ%%%&ﬁ?ﬁ%@“@ﬁ%%ﬁﬁ%g ?%Zh%ﬁ$ngéaciq séquence shown .
linkk® nSEQe Ipolyiestide2to awid raBge v postaranglationgd celigar destingons, ranging
24, 2 2 2 4, 4 . .
frorah sgacifip ArsgBle SIS, to7 atessB Rifeipy Aghl and e oxtacelluar
e UERGS af hehdddreBiiQr hhdl/diCsktratellBar destination
en"’;’g‘%?%gtg%%ﬁg%g 1@@17, 19, 21, 23, 25, 27, 29, 31, 0
throfigh tHOnsesdf arb@peraty liked stenab peptily, seguence s cgly’empy_a’ted for use wit

73, 75, or .77,.respectivel or eng. ' increase
the paEEPUARRICIYEREoTor Cfipicahpitgflodf oA BBl Bejgigsmat ine
gen§ gaﬂgc%'ﬁ)tioﬁ’ana Qan hBo Bedinchfiled §8 the2xprédionXbns@éct. ABlassical enhancer

, , 33, 34, 48, 50, 52, 54, 56, 58, 60, 62, 64,

66, 68, 70, 72, 40 74, 76, or 78. Thus, the subject

i nvention concerns cells transformed with a

pol ynucl eoti de sequence conprising the nucl eotide

sequence shown in any of SEQ 1D NGs: 1, 3, 5, 7, 9,

A - A~
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avai lability to the public of the subject culture
deposit will be irrevocably renoved upon the granting
of a patent disclosing it. 42 Tabl e 57
illustrates the simlarities anong the am no acid
sequences encoded by the hemaggl utinin (or "HA"),
neur am ni dase (or "NA"), and nucl eoprotein (NP) genes
of the canine influenza virus identified as
elemerfts GROKAGHT P el 4303004 aé, Gt aﬂﬂ@t“lﬁﬁﬁé@ to)ithd CHI®INB 35S enhancer
equi ne isolates, as well as the
elementanytoateghlovirda(CMD) X003 Hremoter snhaey clemenkand dhe SH¢0 enhancer
cl.osed herein.can .be conbi ne

od
clemery (BTN G RGN [ Y S B pLrhob et D fnown i

the artCOMBkfAtIeMBAts ahst Heeprichdnt abithin G trangelidt® degibth And ahh @rientation
scope of the present invention. Al patents, patent

dependgmb! i cati ons, provisional applications, and
P C r r 0 L& KA NrAdb&ibed th
[ #ﬁﬁ* p%b‘é HQ% b‘gﬁgféf g{gee('ltncg01 adetnﬁfatl(r(‘Sh eﬁftdl rety, d nc‘fh 5 [ ng o e
expresidn donghict sardaldo babiotsdedlifittie éipecssiohenhsttuveyandrecindg, but are not

i nconsistent with the explicit teac |ngs of this
hmlte%e@pnc@ameosamthmmomﬁg%m thgse - FOR EXAMPLES 1-6
Bg%@%sﬁ&gccg@ﬁﬁéts g%ﬁs%dl%d&%r%&%%%@é@éﬁable marker genes,
te and conval escent bl ood sanples were collected
including, jfor a*aamplv,egnnp& motadieg aniptd resistaice wndzfosé)&da@hdweswtance for

nor mal e aci n kennel s e erif
select g HRRRRE e o o bt BEUE AT ebE R e Areeait Misigreedo one or
more ¥EHR f@Hb\lvﬁ%t&ﬁbfbtﬁsé) ia?gt\bﬁﬁ}@ﬁl &b Bh ydiklbleghydin SGATE, 8treptomycin,
Serum was harvested and stored at -80C. Nasal swabs
ParomABTYSITG Ol0BLE ik aaﬁospspwam anaméa%geﬂ%wﬁ p%*fltbe prowded by
0 C
neomf, D0 BB NE 296, L RASE B SIS provice o
resistaﬁlesttmphqumxlmmm at:étghranﬁfega’sey)h cglmxihssat@o iphet markers used for cell
post portem exam nati ons were perforned b
transfmmnoweesg}a/ms@%& B ar<Upt, Bidied o et gl igironidase
f e 5 Ricdp Itransf
Uy RELAIA DL en RSO, S Redt eyt
(CATFI gncam@ldrcaclkce Pots iR morsthanerdt GIoh (Hingai of-h 8996 og
By SePEH o P U ook Rt Gellbh comprising o
polyntit18éRRAhMNRE bE thidiiAeRish Ihat Ehssiee s g‘d&iﬁ)@ptﬁd@(@ﬁhe ihvkBfon. Unique
neutral buffered formalin, enbedde araffin, and
resmcswpmrgmuséﬁ% caiebe s edrelr it Sha e & e Rt BRRYASFIRD ggstruct or
P i
pom R 0 1SRG LR 9oPRERER o pYRRTEAR o s

hereid, i the uers \mcfoeoxﬁ ubferd t@dny Qrenbtic Ekemeat indlutimgefoaretampleo plasmids,
stored at - 80 Ser.ol ogi ¢a st %: cani

cosmidgs PRPHOSIHES, g cLus, and t{'xe It bsdcaé)@EF g%%llication when

v 8 d
assocﬁ% @Ptﬁi%@?@rhc%ﬁgggg?%ﬁﬁn rlgct:}g E%&%ﬁr) balt)‘nP@leotl e sequences

_ betwe@n ran$ | Vertorseogiaitya Gotleetide seijusnse éhat perpitdihgi vscioe tcf mphcate in a

oG OSHL I AR 503955 5 PR P BB bR Loning,

includ¥) I BR0SY hdtl BdtedOlo8 PRIPIBS SAIC aserichleM 1BS keills] YEPM 6éries, and
sérumthat 5 inhibited virfal infection of cell

- pBLUKBGRIPsvecses Wﬂ@»l Ienjollde€Arpad Premaga, Madisap, WI).

ea n_an titer between ﬁﬂid .
cgﬁ\?af“a’é‘?%n{lve Sil ajgo R 8&391(}‘1:"53]0“ %fpg(g'%el%on Rgmers, such as
polyrS&@hRC OHAIE 18406 (P@H)hp'ﬁxﬁeﬂ@ it daathegiane weheoding or non-coding
detected. Mcrobial tests for canine bacterial

sequenes pifr atmﬂwup@ph@@ sthe 1oPeant daveniionl  Spesuglpefide probes of the
ost nor emt S mtte h t
invenfipn Gan o 3y %gr Lgegﬁtl&go 51 1z i & E‘lgﬁz hdd sequences.

cro ol ogy erV|ce a
the LTF CVM'for bacterlal |solat|on and
identification. The sanples were cultured on
nonsel ective nedia as well as nedia selective for
Bordetella speC|es (Regan Lome Renel) and Nycoplasna

s - o ~—~
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25 were anal yzed using the GCG Package, Version 10.0

(Accelyrs) (Wonbl e, 2000). The Phyl ogeny | nference

Package(c) Version 3.5 was used to estinmate

phyl ogeni es and cal cul ate bootstrap values fromthe

nucl eoti de sequences (Fel senst&in, 1989). Phyl ogenetic

trees were conpared to those generated by

nei ghbor -j oi ning analysis with the Tamura-Nei ganmma
Oligofiisledtidenpfigemndfethe iinvdnien Matecyseprio RGiRnndbods argi ot@gr methods

2004) and confirmed by the 30. P Beta
invol(igg @3&9‘@& reid gepifisatjon. Ekbérﬂr‘?ﬁéﬁ?(g@(q%ﬂg’@%ﬁn&t? Bipt{ot briffer of the

mvenﬁ&?h 88 elﬁ%{xdlze 0 Eg;?’dl{]gt E@B@i Hb o t‘ﬂesxﬁeéﬁtfdncunder stringent conditions.

ree mal es and 2 femal es (Liberty
ProbeR%ldaprﬁhér]s ofehe insmtdon I@hlys)ptxamalle'x@mmgﬂe. pfetgeigble label or reporter

basel i ne ood test cludin e bl 00 I
molecgify g FBPEAETE IOl EHBI SURy B O fr e the lke. Probes
and p#[ﬁle?@[)yﬁfesl é‘x{t{%reaﬁ% Al sftgola e Forvae endilesl sMyssay in which
ey were ouse ?et her 'in a BSL 2-enhanced facjlit

they ae bmglmedom ST ypicallxsRrobeaandorimers oAshscayainn wiibe fd'to 500 or
di t fLabor at
rore 5SS BRSS9 .41 050,

51 to®RY %1 tghﬂ) deas e8¢ tarvesbhes IID&dmbM)ll ot frﬂ‘v’@l’lﬂnlSOtldes in length are
i njection of pr opof ol (D| pr.i vane,

contepipdatedh wathin g@|s§op@oﬁthﬁw@n%d§n %cf Eﬂqg c? gegts fpé%}fe)s af'lg rpnme:rs are
any qf%o'iBai{ %’WI E 4 edqgr g@ahgt%{beﬁ 2Eag]) MoasWes 27, 28, 29, or 30

cul a ’a fota de of '106.6 nmedi an tissue .
nucledtidiésuire léngtle ctFrobiss dmi;@gn(e‘fﬂo@ﬂb? ipyention can have complete (100%)

nucleé{q(i:% géq?a%{lcf? 7 ng 6)1/{ \?{éﬁ Oegé'o ¥ nr%élgc%{c%,f' I t?xﬁ%&lﬁ.?en e den’uty can
be lesfsrtﬁ&hﬁﬁ)% hgep C#]S seREtakE ﬁﬁhﬁ@l betutbeh apidbt loe pﬁtdeeand a sequence

adm nistered into the deep nasal }Jassage t hr ohlgr
can ta: %%%h%%s 97 70095 % x APPon &9 /°®|§Q Yand e li’gjor any other percentage

sequef&mg%&r,@yu%oe{ong O'il%i nr%ﬁe%‘? ﬁ‘m& §aﬁﬁgﬁ§'ﬁ Wrig Qcﬁh%éhtfc&;idltlons to a

BPron san'p
nuclé&ﬁﬂ@ s&@bh@léﬁﬁp@mmagﬂi(h fof v}mmpemmm r}?e(ampld'myls)r@besgmd primers of
7, and 14 p. and oro eal
the injsatpmEnldehesclving PEBraaoGY IB01 SEPRR 10 gEbe! SEQ ID NO: 35,
SEQ f@ ﬁbeg6 Eg'ﬁj Kie i 7f se0 BRNO: @@?SEQ BRK©: B9, SEB) IIYNO: 40, SEQ

The swabs were aced in viral
ID NO @ sPBQUDRS I o $FEQABINOand SéicgﬂédNQt 44, 6FQ) I (g gnd SEQ ID

mal femal e h nous
NO: Bt SPF b BB A AG B DAL B 1 S (1 LTS e body
wehghised Behan, the- ity g‘hua‘}ﬂb naid, HepblyhuGeotide, dand dpliSonucleotide”
p.i. and the remai ning 2 dogs.on day 14 f
referes@nt rdgoxgribonmctentids, frinongleqtifiepgpic A %ﬁ&ygg Y‘Z'goﬁ}b@(j%)tlde and
ssu S | t €oth
nborlgutc%‘ragéé }%lﬁaﬁr ?rrc‘%thple gmg&'y (\)/srva goc’uat{g% ?té%/ﬁecfglibi;/o%;ﬁ ea!ﬂﬁeuﬂl’@sfs otherwise
limitel)iwand ehgorapask kaowd andlogs of nﬂtmrahallCIMMﬁalhaCQ@TEﬁJ@ﬂ@OH in a similar

Use Committee. Virus sheddi ng.from experimentall
manges oy PaiuEd! ydwgmlgeppalpo gsut Fghaugleot ?efh je‘mfﬁﬁ o é:tlude the DNA

stranﬂrég%t? WRD it LhABE S Cf.xl@(frgﬁarlﬁt@ TOMACAAI thE RO isAn®tha? Bar B@ translated

transport me centrlfugatlon were set up
into NEEMesuppTage nomplenicntery . SYNBSA ahnannielicist jaeis, mlw&otlde, or

ohgo%;lgl%;éu@é\eq%gt pert ogge }%é{a%} %ﬁ/%g%s e??r{tg ﬁiageﬁo ﬁﬁr% %e sgope of the

inveftithd. urp'eo L@i&%delsréaﬁéﬂcéé atsoCRIcludayh aﬁﬁﬂfléng/kﬁrs@quences as well as
overl ai g' enment ed MEM cont ai ni ng 0. 8% agar ose

shor@n dsequéicay himved egKthey ful-lengtBerqasiengsie  diet ﬁHbé?PtleVeﬂtlon also

hour g, at 37 a
encoW%ﬁsC%iosﬁrl%(} I%tlglg% i %h an% s{ al ﬁlieﬁ%h%:fh%ryb/&tueﬁce to the

violet. Virus concentration was expressed as pl aque

formng units (PFU) per gram of tissue or per swab.

| rnnmunohi stochem stry. 46 Deparaffini zed and
rehydrated 5-grn lung tissue sections fromthe

greyhounds and beagl es were nounted on BondRiteTM

sI | des (R| chard All an SC| entlfl c, Kal amazoo, M) and

T 1 .
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EXAMPLE 3 To determ ne invol venent of a

Canine/ FL/ 04-like virus in the etiology of the

respiratory di sease out break, we anal yzed paired acute

and conval escent sera from 11 sick dogs and 16

asynptomatic contacts by henaggl uti nati on inhibition

(HI') and 30 mcroneutralization (MN). Seroconversion,

defined as a > 4-fold rise in antibody titer to
polynueRotined HistRded hewin. MBolgautldvtides andpalypestitet oftiesmvention can be

~occurred in 8 of 11(73% sick dogs in both assays

providedrghpwsified ordeelaiedAv@tr-si on occurred in 6 of 16 (38%

to i c,cont Sel . S . Whik e .
R
sequerBeY OH0BN&IdI DPolypeMiddaItans praaemdniaftioat | Artaldé shéveingagkpossible
i a Canine/ FL/ 04-1i ke virus_ which coi rbg?jd

. with e .
triplet ceoqnsr@nd Whwre H dlsrestanisdpr &1 apd s 4ang Ayt rgdegkby fach codon is
descriﬂgasifl 130 gés 5). addi?ﬁi, el %ve‘ﬂ%ﬂgﬂnéﬂé@hﬁ SfWeefion trained in the art

coll'écte nths aftér the outbreak from an _
to creatd ditbimaniat pbbymsieohidosetuescadogsofingghe sainthot pesestially the same,
dogs. hese,. 43 .(93% wereg,seropositive in hot,h :
po}Ype@Qﬂ%ﬂ/sg F‘%‘P tSH@efto_t’éYer’fﬁ?Bul a&ihSW d eg?%efratggs}' a_f%‘g(t gyd’ alternative
polynR RGBT q8&IRP AR Lithn ik RAHB SFShigabjcen alvesiiet) 82%sed herein,
(9/11) of the sick dogs and 95% (59/62) of the heal thy, )
refereentadessentilly tiegams? sepieasaradeis do ispausages Wiich engode amino acid
JNi.st or f respiratory. di sease.i ndj :
subsiat dilonty RS Rl PR ROATAS ORASRl ARt funciona
and/oralifimatiggesd aefifiteicfnthe spipegticé dnbededi byustharmignudizgtides of the
It is not known if subclinical infections contribute
presenf yICABORpr ead of the virus. 10 EXAVPLE 4 To
betd %ﬁbj@&dﬂ‘ff'v%hﬁl&g alsD & RBRAS vhMaRs drNBe g@%@fegﬁé&%f the present
virus t'o infect dogs, four 6- nonth ol d purpose-bred
inventiea dfiae senverle mAypeptidec of dhe dnwintionl 08B riaptisequeness nelude those

cul ture .infectious dose T 0) by the intratra
sequefiy THET BHAEAT PO BSOS Bo0S Wavkeb B Bogb  RB6aal cotered
and/od €&t TIRMMRNIAHAES hat ca3 sufbSfitutddefof hhtstal Audidyiedes of DNA have
postinoculation (p.i.), but none exhibited respiratory .
a basesyoprty ixat can inely q;chygns oot lhpkded togjivqshss éeﬂw@lpragl,litbromouracﬂ,
day. ob i on_.per i i ak :
o AP Pl G R T iy o
the nsolefikle fnhyseduerdcet b 4lsddgs nldéibdd edd dnabdes, dobuhnst dimited to,
_virus. One dogﬁshed virus on days 1 and 2,%.“. ) . d
arabinose, (v uIgss, GG heppes- plt 2&diiey), hAEFERS IR RuRnIgHHymine, an
i b OBREHH YRR NAIR ARl HicthNOGHA/BE 1B groups.
uraml?%?%— é%“‘?é‘g‘gfeﬁéﬁ&pg‘% gﬂ/a . 1Post.tm)r(_t:ez;’_m exearr)lFl nation of SIoTpe
Sequedcebogmtainingayudeqiide . substitetadred deletiows, ianfliog imgsdtions can be prepared

hyperpl astic fracheitis, bropchitis, and bronchiolitis
and teéeé 'ulsgllg S?@%@%ﬂl‘f?& ki“ﬂwflﬁ‘éﬁ?r%ﬁlt aneous di sease in
IREYARHAGE of Rithinb NRIG ¥@S Han PUbER BFdcYi AN DEthplific@lor naturally

bronchopneunoni a. Viral H3 antigen was detected in the
presemyinop|pedyneptide mift the linedntien| arg 2o penserplatedppéinths gope of the

and bronchial gl ands by | Fiqur e i Llnfect| .
presaf iy B8' pRRGUEr WU PR B EPL b GRtRY Ty the amino
acids b8 pdOEeptifs) SoNBhE eMmeXRNpeptili©navhg tHiesubetittedi An@ing acids retains

dogs on day 14 p.i. showed m ni mal hjstol ogical )
substaytiaHy dke pame Sanstiontloacivity §8 thespolypentidedn vigeh Apingeprighyhave not

nogrecovery of wvir . s
been &Y o BFSAPIER o HBnatie e bR plAE A E et fimited to
ornitHAe, assayise biyyd#ayypfolnd, homobkdrthed phetiylflgting; taaride,fiolotyrosine, 2,4-
_ increase jn antjbody titers by day, 14.. These results . .
diamigg Ui apids 0taRING | bﬂCbﬁCﬂ%M?ﬂOEE@@Ctaﬁlf Rrairipp Wtysis acid, v-
W . i | EL. ) . eyl.den . f [ - . .

amind bl 1L €5 bl i Ui O SR Morelcic | ERL 22 fnino dsobutyric acd,

virus in the lung parenchyma, histopathol ogica

findings typical for influenza, and seroconversion.

The failure to reproduce severe di sease and death in

the experinmentally 50 inocul ated beagles is not

- - 1 . o a1 L,
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30 and 482 of the am no acid sequence shown in SEQ ID
NO 33 and SEQ ID NO 34. The substitution of serine
for asparagi ne at consensus sequence position 83 is a
change of unknown functional significance since
various polar residues are fotthd in H3 nol ecul es from
ot her species. The strictly conserved isol euci ne at
consensus sequence position 328 near the 52 cleavage

3- amf?x' f/@' g{onfch il nbReltase, BRpVMIEPk@eesnyhdhocunilne, cifdteic acid, -

rol e of HA cleavage by host proteases.in
butylglatihagarieslalasingg elsheslytgmnq, i clelies iR | Pealamips  fporo-amino

study. The subst I Had aditls, N-methyl
acids S A LG S5 PO S S ietigh BRIAD o8, N-methy
amtnggl‘aﬁ‘lgsﬁld EmiRPRE8 %bﬁ,gaemmngmmierl\{anmamr:dmgg amds also include
Jacent to the sialic acid bi nd| ng pock fth acids in the

amine aulds hmvithg derevatised sider erpuifet FERIPTRATS %ty gf the T@gt?)

prote{nggzgngﬁg’ :?nggfgw&ﬁ%t&%y?tf omP Skt PBvddtary)Sforel WMeld @ariants of a

since I's typically found in the

proteliBseqtiBaceadtth w@pew@mmpws@mwm #¢ ajgo, encemipgssed within the
Kovacova et al., 2002).. The |eucine substitution may

scopbef theinveatipat i bl e with virus specificity for

R%}f@d 3idd oS pe! g},ﬁ@rahgf Efddopnsd Gh Gl followind) c$a$b¢sypelon-polar

arasin et and humans and swi

unchaighil pplar,Hs{cPend asidist (é¢nserv3}gg@§ub_§gtqﬂqn§ g@grtﬁ)g\,aep%lggq«pﬂde of the

presetrng prg/(r;%ﬁg]% hg{f}gg glﬁgazrhlgégt oy O e ASRAL IGHALIW AR another amino acid of

guence position 483 resulted
the siuﬂe th8s Foswitdh tRe Soye 0% Yﬂeailbmt ﬁ)lvélﬁtormot long p\theqpibypeptide having

I's conserved in al] HA subt ne
the sabﬂ@ttowtﬂhmg@.ns ptﬁzé;tarnﬁl}ggy f}éﬁ’nqjéneo %rgax\a gtrwlgyoas th% o’lypepttde that
doess 821 S tr%:rhugg {_@é f 95 dapdides %ﬁc&fm@ﬁ PUepedy hwsg fone or more

rntned simlar amno acid )

amirfoN21@ ebdtiambonkdarthe ksscme\med argr mntemgl]a;ed, withiasthe ssepopl the presen

wi th interspecies 15 trapsfer e 908;.1 to cach
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conval escent sera. 54 Table 2. Amino acid differences
bet ween the cani ne and equi neoH3 hemaggl uti ni ns.
Equi ne 113 consensus Can/ FL/ 03 Can/ FL/ 04 Can/ TX/ 04
Potential functional significance G7* D _t - D also

of twd 9&@%&&1 UL e ABLMHERANUR: s ARBrithrMJ¥ Karlia fdnagtsokadl (1990),
I n “HAs fromall species N83 S S Various pol ar )
modifiedi asoinaiadén pnésiltschak (19983 pHht o algoptha 1pABCsporated into the

[ S92 - N - ' '
NBLAYL 5 TREEAST, Bt if eiduPieh 0y [ VBB 05 hep cam be
perfordfiet Swiae RRENBEA SN pippdm Heok\s 10, aldrdisnghi-es?, foosibiackequences

~near the receptor binding site A272 V A V-V is present .
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purposes, Gapped BLAST can be used as described in Altschul ez al. (1997). When utilizing
BLAST and Gapped BLAST programs, the default parameters of the respective programs
(NBLAST and XBLAST) can be used. See NCBYNIH website. -

The subject invention aléo contemplates those polynucleotide molecules having
sequences which are sufficiently homologous with the polynucleotide sequences exemplified
herein so as to permit hybridization with that sequence under standard stringent conditions
and standard methods (Maniatis et al., 1982). As used herein, “stringent” conditions for
hybridization refers to cohditions 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
solution, 0.1% SDS, 0.1 mg/ml denatured DNA. The melting terﬁperature, Tm, is described
by the following formula (Beltz et al., 1983):

Tm=81.5 C+16.6 Log[Na+]+0.41(%G+C)-0.61(% formamide)-600/length of duplex
in base pairs.

Washes are typically carried out as follows:

€9 Twice at room temperature for 15 minutes in 1x SSPE, 0.1% SDS (low
stringency wash).

2) Once at Tm-20 C for 15 minutes in 0.2x SSPE, 0.1% SDS (moderate
stringency wash).

The subject invention also concerns viral proteins and peptides encoded by the genes
of an influenza virus of the present invention. In one embodiment, the viral protein is a
mature HA protein. Ina speciﬁc embodiment, the mature HA protein comprises one or more
of the following: a serine at position 82; a leuciné at position 221; a threonine at position
327: and/or a threonine at position 482. In an exemplified embodiment, .the mature HA
protein has an amino acid sequence shown in SEQ ID NO: 33 or SEQ ID NO: 34, or a
functional and/or immunogenic fragment or variant of SEQ ID NO: 33 or SEQ ID NO: 34.
In another embodiment, the viral protein is an NA protein, NS protein, PB protein, PA

protein, or MA protein. Viral proteins and peptides of the invention can be used to generate
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prese%iﬁh{'ﬂérﬁ’@fﬁlcme a}ts?]/by abddrs, imvimogpogiddan vacaeheararosHipns.
ange from< he consensus equi ne HAs. . 55 I :
HEFhEgEHMIRct HBYIGAT | HER IPRPSRS GOMRORIPEY 3¢ oﬁ“%‘théaiy‘& faducing an
imﬂ&?}frg%"%%@ Ji SEanhehAl Jihar @t is-éapabiet oidsectifg facssoepeible host
t'i'sera pecificity H titer' Puerto Rico/8/ 34 HL

animdl D cevkingwediraB0y HdiseBssi Ahaporeron GR hpused to induce an immune
oS S bt o3 UM B R, gy o
the infREKEWINRTEREH e SBY buirfife ¢16: B, HEDH3, Bl G 1B, FTWHE7HY, H10, HIL,
H12, H13, H14, H15, or H16, and an NA subtype of N1, N2, N3, N4, N5, N6, N7, N8, or N9.
In one embodiment, the HA subtype is H3 or H5. In a further embodiment, the NA subtype
is N7 or N8. In a specific embodiment, an immune response is induced against an influenza
virus of subtype H3NS. In one embodiment, the 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
dog, such as a greyhound. In one embodiment, an animal is administered an effective amount
of an immunogenic composition of the present invention sufficient to induce an Immune
response against an influenza virus of the invention. The immune response can be a humoral
and/or cellular immune response. In a specific embodiment, the immune response is a
protective immune response that is capable of preventing or minimizing viral infection in the
immunized host animal for some period of time subsequent to the immunization. Thus, the
subject invention also concerns’ vaccine compositions and methods that can provide a
vaccinated animal with a protective immune response to a virus of the present invention.
| As described herein, the vaccine or immunogenic compositions of the subject
invention may comprise cell-free whole virus, including attenmated or inactivated virus, or
portions of the virus, including subvirion particles (including “split vaccine” wherein a virion
is treated to remove some or all viral lipids), viral proteins (including individual proteins and
macromolecular complexes of multiple proteins), polypeptides, and peptides, as well as virus-
infected cell lines, or a combination of any of these. Vaccine or immunogenic compositions
comprising virus-infected cell lines may comprise multiple cell lines, each infected with a
different viral strain.

In one embodiment of the invention, a canine may be immunized with one or more

inactivated (i.e., killed) and/or live attenuated influenza virus vaccines or vaccines
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H10 5. Duck/Engl and/56 H11 5 Gul |/ Maryl and/ 704/ 77 H13
5 Normal sheep serum- 5 Normal ferret serum- 5 a
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fromdog # 43. b Pol ycl onal antisera were
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produced in 5 sheép or goats. le 4. Sequence
In onehamipidugynio theAhGuenzacyirs as a@ammsmﬂl&mza MEN8 ) Inganegher tenbodiment,

the inf{ A S A ol AP A T 53 -Don SIS G P peptide tha
has at (&8t aboat Bavdenhiuesst ¥balt §5M 39 2bleast about 96%, or 97%, or 98%, or 99%
or more amino acid sequence identity with a canine influenza virus polypeptide. In one
embodiment, an influenza antigen used in a vaccine of the present invention has at least about
96% sequence identity with an HA antigen and/or NA antigen of a canine influenza virus.

An example of an inactivated vaccine is EQUICINE II™, which has been marketed
by Intervet Inc. (Millsboro, DE, USA) as a liquid vaccine. EQUICINE ™ contains
inactivated A/Pennsylvania/63 influenza virus ("A/Pa/63") and A/equine/Kentucky/93
influenza virus ("A/KY/93") with carbopol (i.e., HAVLOGEN® (Intervet Inc.)). More
specifically, a dose of EQUICINE I™ contains: inactivated A/Pa/63 at 10%° EIDsy,
inactivated A/KY/93 at 10%” EIDsp, 0.25% by volume carbopol, and sufficient PBS to create
a total volume of 1 ml. .

Another example of an inactivated vaccine is equine flu virus A/equine/Ohio/03
("Ohio 03"). In some embodiments, such a vaccine contains CARBIGEN™ which is an
emulsified polymer-based adjuvant commercially available from MVP Laboratories, Inc.
(Ralston, NE). In such vaccines, a dosage unit typically comprises at least about 250 HA
units of the virus, from about 250 to about 12,500 HA units of the virus, or from about 1000
to about 6200 HA units of the virus. The recommended concentration of CARBIGEN™ is
from about 5 to about 30% (by mass). _

An examplé of a live attenuated vaccine is modified live equine/Kentucky/91
("A/KY/91") influenza in the form of a freeze-dried vaccine that may be reconstituted with
water. In some embodiments, this reconstitution is conducted using vaccine-grade water
sufficient to bring the vaccine dosage to a total volume of 1 ml. Aspects of such vaccines are
discussed in, for example, U.S. Patent Nos. 6,436,408; 6,398,774; and 6,177,082, which are
incorporated by reference in their entirety into this patent. When reconstituted, a dose of
such a vaccine may, for example, contain A/KY/91 at 1072 TCIDsg per ml, 0.015 grams N-Z
AMINE AS™ per ml, 0.0025 grams gelatin per ml, and 0.04 grams D lactose per ml. N-Z
AMINE AS™ is a refined source of amino acids and peptides produced by enzymatic
hydrolysis of casein. N-Z AMINE AS™ is marketed by Kerry Bio-Science (Norwich, NY,
USA).
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Ck/BritishCol unbia/04 (Gull/ M3 704/ 77) AY61675

(M25933). 83.9 (97.1) Sw Korea/ S109/ 04 (Sw Saskat ch/

18789/ 02) AY790287 (AY619955) 83.9 (97.1) WBN 33
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ol S SO0 Byt st 59
as, foPAAABOHS ZqdineAMadip/ 179 Eid d(u9B:/3881086/8861Ang 8N Gie examples that
follow, the equine/Kentucky/ 91, equine-2/Kentucky/93, equine-1/Pennsylvania/63, and
equine Ohio/03 influenza antigens were incorporated into vaccines. Preferred vaccines also
include vaccines comprising equine/Wisconsin/03, equine/Kentucky/02, equine/Kentucky/93,
and equine/New Market 2/93. In the examples that follow, H3N8 viruses were used. It is
believed, however, that other H3 influenza viruses can be used in accordance with this
invention. .

Live attenuated vaccines can be prepared by conventional means. Such means
generally include, for example, modifying pathogenic strains by in vitro pas\éaging, cold
adaptation, modifying the pathogenicity of the organism by genetic manipulation, preparation
of chimeras, insertion of antigens into viral vectors, selecting non-virulent wild type strains,
efc. |

In some embodiments, the live attenuated virus strain is derived by serial passage of
the wild-type virus through cell culture, laboratory animals, non-host animals, or eggs. The
accumulation of genetic mutation during such passage(s) typically leads to progressive loss of
virulence of the otganism to the original host.

In some embodiments, the live attenuated virus strain is prepared by co-infection of
permissible cells with an attenuated mutant virus and pathogenic virus. The desired resultant
recombinant virus has the safety of the attenuated virus with genes coding for protective
antigens from the pathogenic virus.

In some embodiments, the live attenuated virus strain is prepared by cold adaptation.
A cold-adapted virus has an advantage of replicating only at the temperature found in upper
respiratory tract. A method of generation of a cold-adapted equine influenza virus has been
described in U.S. Patent No. 6,177,082. A desired resulting cold-adapted virus confers one or
more of the following phenotypes: cold adaptation, temperature sensitivity, dominant
interference, and/or attenuation.

In some embodiments, the live attenuated virus strain is prepared by molecular means,
such as point mutation, deletion, or insertion to convert a pathogenic virus to a non-
pathogenic or less-pathogenic virus compared to the original virus, whi.le preserving the

protective properties of the original virus.
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Inactivated (i.e., "killed") virus vaccines may be prepared by inactivating the virus
using conventional methods. Typically, such vaccines mclude excipients that may enhance
an immune response, as well as other éxcipients that are conventionally used in vaccines. For
example, in the examples that follow, EQUICINE II™ comprises HAVLOGEN®.
Inactivation of the virus can be accomplished by treating the virus with inactivation
chemicals (e.g., formalin, beta propiolactone ("BPL"), bromoethylamine ("BEA"), and binary
ethylenimine ("BEI")) or by non-chemical methods (e.g., heat, freeze/thaw, or sonication) to
disable the replication capacity of the virus. |

In the examples that follow, equine/Ohio/03 was used as a challenge virus. It is
known to have about 99% homology with Florida/43/04 isolates, and has been shown to
induce symptoms of infection and seroconversion in dogs. Example 18 illustrates the
efficacy of equine influenza vaccine in dogs, showing hemagglutination inhibition (or "HI" or
"HAI") titers in dogs vaccinated with inactivated Ohio 03 antigen in a vaccine composition
comprising CARBIGEN™ adjuvant. Table 29 shows titers pre-vaccination, post-
vaccination, and post-second vaccination, as well as post-challenge. The results indicate HI
titers at each stage post-vaccination for the vaccinated dogs, with little or no increase for
controls. Table 30 illustrates the clinical signs, virus isolation, |
and histopathology results from the same study. Although challenged animals did not show
clinical signs, virus shedding, or positive histopathology, the positive HI titers (Table 29)
indicate significant antibody titers in immunized animals.

Tt should be noted that other H3 influenza virus antigen vaccines are encompassed by
this invention as well. Those described in this specification and the following examples are
provided to illustrate the invention and its preferred embodiments, and not to limit the scope
of the invention claimed.

It should further be noted that influenza antigens other than H3 influenza virus
antigens may be used in accordance with this invention. Such antigens include, for example,
those from equine/PA/63, which is an equine Al subtype (H7N7). It is contemplated that one
or more of such antigens may be used with or without one or more H3 influenza antigens.

In general, the vaccine is administered in a therapeutically effective amount. A

"therapeutically effective amount" is an amount sufficient to induce a protective response in
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am no acid (in parentheses) sequence identity of
the cadiapitiat st da/ 43P 0kds. (Faldilygedesge & thesaprusically effective” if
honol ogous gene of influenza virus virus j.sol at es Ipron%-
Pssegﬁ of, ameliorates,
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symplomhsls EBypicad Anfladrize symphorns bhudyde, i for example, fever (for dogs, typically
=10345F G0diChy onegBeranaobsoppalspiel J6uat gg) Bl ofharee, nasal
dischaP0 voRtngZ MR, dQreARAS WeB: a6ks8 ghglih, hefopfsis, and/or audible
rales. Other often more severe symptoms may include, for example, hemorrhage in the lungs,
mediastanum, or pleural cavity; tracheitis; bronchitis; bronchiolitis; supportive
bronchopneumonia; and/or infiltration of the epithelial lining and airway lumens of the lungs
with neutrophils and/or macrophages.

The vaccine may be administered as part of a combination therapy, i.e., a therapy that
includes, in addition to the vaccine itself, administering one or more additional active agents,
adjuvants, therapies, etc. In that instance, it should be recognized the amount of vaccine that
constitutes a "therapeutically effective” amount may be less than the amount of vaccine that
would constitute a "therapeutically effective” amount if the vaccine were to be administered
alone. Other therapies may include those known in the art, such as, for example, anti-viral
medications, analgesics, fever-reducing medications, expectorants, anti-inflammation
medications, antihistamines, antibiotics to treat bacterial infection that results from the
influenza virus infection, rest, _and/or administration of fluids. In some embodiments, the
vaccine of this invention is administered in combination with a bordetella vaccine,
adenovirus vaccine, and/or parainfluenza virus vaccine.

In some embodiments, for example, a typical dose for a live attenuated vaccine is at
least about 10° pfu/canine; and more typically from about 10° to about 10° pfu/canine. In this
patent, "pfu" means "plaque forming units”. In some embodiments, a typical dose for a live
attenuated vaccine is at least about 10° TCIDsp/canine, and more typically from about 10° to
about 10° TCIDsg/canine. In some embodiments, a typical dose for a live attenuated vaccine
is at least about 10° EIDs¢/canine, and more typically from about 10 to about 10°
ElDso/canine. In some embodiments, a typical dose for a killed vaccine is at least about 40
HA units, typically from about 40 to about 10,000 HA units, and more typically from about
500 to about 6200 HA units. In some embodiments, the dose is from about 6100 to about
6200 HA units.

In some preferred embodiments, the vaccine comprises a live attenuated vaccine at a

concentration which is at least about 10%° pfu/canine greater than the immunogenicity level.
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conva
titration study techniques generally known in the art.  Such techniques typically include

vaccinating a number of canines with the vaccine at different dosages, and then challenging
the canines with the virulent virus to determine the minimum protective dose.

Factors affecting the preferred dosage regimen may include, for example, the type
(e.g., species and breed), age, weight, sex, diet, activity, lung size, and condition of the
subject; the route of administration; the efficacy, safety, and duration-of-immunity profiles of
the particular vaccine used; whether a delivery system is used; and whether the vaccine is
administered as part of a drug and/or vaccine combination. Thus, the dosage actually
employed can vary for specific animals, and, therefore, can deviate from the typical dosages
set forth above. Determining such dosage adjustments is generally within the skill of those in
the art using conventional means. It should further be noted that live attenuated viruses are
generally self-propagating; thus, the specific amount of such a virus administered is not
necessarily critical.

It is contemplated that the vaccine may be administered to the canine patient a single
time; or, alternatively, two or more times over days, weeks, months, or years. In some
embodiments, the vaccine is administered at least two times. In some such embodiments, for
example, the vaccine is administered twice, with the second dose (e.g., the booster) being
administered at least about 2 weeks after the first. In some embodiments, the vaccine is
administered twice, with the second dose being administered no greater than 8 weeks after
the first. In some embodiments, the second dose is administered at from about 2 weeks to
about 4 years ai}’ter the first dose, from about 2 to about 8 weeks after the first dose, or from
about 3 to about 4 weeks after the first dose. In some embodiments, the second dose is
administered about 4 weeks after the first dose. In the above embodiments, the first and
subsequent dosages may vary, such as, for example, in amount and/or form. Often, however,
the dosages are the same as to amount and form. When only a single dose is administered,

the amount of vaccine in that dose alone generally comprises a therapeutically effective
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suppx%% galladidakd @hd gﬁld\é%,@'é q)al ofe6r m&RNbIVallyChyo drotrke) influenza

was extracted using a comercial kit 10 (RNeasy(r)
symptbmis. Kit, QAGEN Inc., Valencia, CA) according to

manuf act urer' s i nst.ruct s. and g her th
volkgr@reer Cﬁimpoﬁ)]’%loﬁlﬁf 121; vaggine Ji%tﬁg\&is oH ‘i’? éﬂﬁillple whether the
vaccfrélit 3t 1tﬁgctwaﬂi@ VddBthe! gﬁé ldﬂ(;:rﬁﬂkddg?{cemef Dnmthogls afgiot fﬁp@nds on the
respiratory disease. Real -tine e-s
CE L SO s SR -
one @I\I%%?Elcré)?x?et: d nfglr 8%&%@&%2119 € cldpisHIE cRRIER, 8djiahRY otHée jmmune-

t” contai ni ng ROX as a
resp@iss ehishces{ aidfacehibes (@Qld&iﬁmylrnftrredVap% eriients).. Such excipients

are %gfah:uy?/séé?grthn@g&%éﬁeg HIS i Jhe ﬁc %\lgsiggreégfﬁg% et% .v%(%_l]rée. Use of
exmﬁg}rlrtg% %8{ 988/ SRWBih&elsRifeli V€ tHedit. cani ne

Ini'n (1-13) gene sequences. The qther dified
pr mh(elterpr ‘tihersateuicallyacgentakle alsmsgch p@ge@t{yﬁgg e Bgap gat ths modifie

nourgg%%q?g&%%: %\g% %CEﬁarg‘rac%&/tﬂ:%l ﬁgddﬂéﬂ ?Wﬁ iVid tsed, B example, to

reac of extracted
desch%adn Rpieer B aggethiceutical eactinenit mhmtameezcmmeamlmgnt as being
12.5 fit 'of 2X Quanti Tech(r). Probe RT- PCR%lfﬁ e dhéaé\/anta cously
com@atitgle pwitho theQesier | Metgys KT fiex COPBPSIATY &d Py &

i nat cappneentration for each), probe
deleF oi[?'ioﬁ%?nén dc'\:{]g%1 ent?atl on) and RNase-free water

a fITh&a'l'ac\zmleSl migayolbe Q&mpuster'fﬂ Y28 rraBiE mears, btgglgﬁgéqb, Iilor example,
RNA Co I R
oo Q%Tgltgl{ Sg@g einea E%)tr %}j aﬁ’a?ﬂ%l‘ %é%%acﬂ‘ém EQP togﬁlaﬁ' b¥d parenteral

er s’ instructions

admn%trgt e%h@&apgdrﬁt%ﬁt{aﬁm%%ﬂ@ﬂp@ﬁaﬂw ﬁ)dj\&ntagbmsr@t live attenuated
control for the presence of RNA extracted frd f activated

vacaags. neParestsre @thmplsé!@tlon is oftemmarticilare agrn %36885 or in
real -time RT-PCR was perforned on the reaction

VaceiStures in a Mk3000P(r) QPCR System (Stratagene,
Jol{@cosafVaccies Hﬂ%ecﬁii}@kﬁmpnshqmdldud@& fmmmks@ p;@rmaceutlcally
transcription step at 50C for 30 mn

ccemaid@ @ms) siens, selwiiong SWEENSIAS, PEURS, g]émf 31%§ 8u1table for such

VaC?IBFS %iu%t & oL & %%nj éle Q@h}éﬁ@ rc@ﬁl%loﬂ‘gse@rm T M%hb]ﬁ) Bs, water, saline,

I cation cycle included

dex%ﬁ@tgl @éﬂoDnla@t0594§i1<fr6§e Jﬂarsbcmvdd;ari cElldnesad esigrs ®F alkanoic acids,
anneal i ng/ ext ensi on at Cfor m _nut d

cellplmf: @&yé restREsy dlengeanics gt rmﬁg%?ﬁ‘&“\/f‘ genf‘%fl%sﬁ“rw oxide, sodium an

calc] ﬁ&gtotf' Ig'&%gﬁﬁ% fahd %u?ﬁﬁ%nﬁcﬁé gg@h@n Wefatial @aay, ddium alginate,

Re end cycle. The threghol d cycle (Ct) was
determ ned by setting the threshold fluorescence (dR)
at 1000 in each individual experinment. The M3000136
version 2.0 software program (Stratagene, La 5 Jolla,
CA) was used for data acqw Sltl on and anaI yS| S.

D o N o=
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60 described bel ow. Two additional passages in
enbryonat ed eggs were perforned for sanples that did
not show evi dence of influenza virus after the initial
i nocul ati on. RT-PCR, nucl eotide sequencing, and

phyl ogenetic anal yses 5Viral,gRNA was extracted from
MDCK supernatant or allantoic fluid using the

Q Aamp(r) Viral RNA Mni Kit (QAGEN Inc., Valencia,

r:di. ng urer,. g instructions. The . .
N M TR A —
wettQgAGaM sTigmg! syspBiIdiRgRldioting @ AEMedidifing), Mﬁ/g ?érﬁbmi%hgents.

acgording to manufacturer's instructions. P
an‘ér?lf PRigPsd nvaseinep ealevanay foegixemplt, hendatfetedf druemepsulated for

wehichl ARERwhiod e % f d 10 as.
B gvi ougrfi y Je@?ﬁri bgg a}q@fﬁo%s?% .t%{ée “al”™ Cfélgaé?))? gfrpyjed-release
formukitivar dalthgeas shepistlies, tpblepindspills, thprdos@ic HEHAYARGEAN comprise
avai |l abl e on request), The resulting DNA anplicons

buffifinEsA85018 Ul 35HINUIR GUiTae O MASHAMINEPT SRlfiA GRTRgnAts o fhécarbonate.
TabléBlan®BlIEMddo3AAP ﬁ%@?&?%ﬁ% e?ﬁél%e%%ﬁ{l using cycle
sequenci ng dye termnator chemstry (App $ed
Bi Bsipseamigmplptedt that The wacoi® maubd edministeselquianthescanine patient's

. nal vzed. usi t.he Laser gene Package(r
dri FARndfeR 399 1B ﬁ?n'\#}@?ﬁ%ﬂ?@a ek rasych administered
in thdfamsefd stedt @r pgygr am was used to estinmate phyl ogenies
and cal cul at e hootstrap val ues fromthe nucl eotide

sedusriea! plmingraion wncludes subggyncophynjegimet subnucesa injections,
intra¥8iofis v : e ; nei ghbor.- | oi ni
L R L T R —
injechBEGAGD] irgnsign.ainjédeibiaprepSrations @l g., st@ile49jeerablcaqiédus B8 leaginous
bﬁ.the PAUF. 4.0 Beta P(gogr am (S nauer Associ ates, .
suspyyiens) g e formiy ,tef/ﬁf)c.o B 191 dgPvRiaratsinghsyitshlcorscindents, such as

hidi#d, boREH@Ydispersing SHEHTLSAIR b g i

v 1r ece_(p))t or _%elgrt)errgmigng eﬁ?i%e %%Emﬁﬂkﬁg%gg dggﬁl,gbendmg agents.
These ttypicaliy kydude) dpnrexapplep avaters ealime, d8x{paset $IROE)], £thandI6 corn oil,

.1a 7 rior to. heat .inactjvation for. 30 m nutes _.
couo QMR et B Sl B R 7 BBt Ao, riners
solutioinf UsotdmicWaslighowhloifle MoGiio6 e Ibiahdl Bked 2il3" B At s%ﬁei.i@ mono- or

diel 5% C(? Virus cul ture supernatants were harvesteéd, o
iglyeerigest i fady gyide dkieri 9gigatcidn diresthylsacstaatidat surRo@ntsAfelg., ionic and

_athe e re gro ..

ron G MabSE 00 D ol RARIIRAE AN, s o may
includ¢ sraall emouits wif dtheasudiihdyasabashaandush ef g1 batferi80 Geenlhe

HI assay . was erformed as descri bed previously ) L

( KEFQEFs Mgy peludeenerpr mgre eppipiens fhairergpinei haening patient'
immiiel feSp&fse Viwhish inth i n :

vol, urr% of seriall )yz gll%}ul?% e%pglg}t%%gﬁﬁs%%sakﬁmg@a%et ? Qse, or both),
therepy #nceeasmgcth wéfgbtinandssaef the oavdiempElsabfiswch @cidnts (or "adjuvants")

j e5, equal, vol une of 0.5% turkey. erythrocytes
may BRI T WErHBOREr HEER VAT FHAGInE. Wpeadsvan(s) may be a
substexsdei thiatt kab ¥ idireexl (e)e. A¢Jt6%ing Or Baﬁﬂk@alm@ﬂ@—(ﬁ%ﬁ%ﬁtdﬂ?) or indirect
titer was defined as the last dilution of serumtha
effectipppanes) pnicghs of the ¢anisemaiigntls immunosystens 1 BEXAMRE Bf often suitable

A L . [ ril...and. May 2005, .a .
adjuvélrltegbf!nglhls eyoﬁ?%%,brélale(aé %\?\ﬁ)’o ’tall.y_: éaltg?(e.gr,_ ’al%%@lgy hydroxide or
alummespiphatphaye)di ireasial otrisRRlits O ¢4 bl I 6dtdrial ARESsaRAHASIRES, Freund’s

. in as eltﬁ{?fam lity in northeast Florida.” 5 The
adjuvapisndier YIRFos Riaet epmnoasets (68, QgsA) andfongné ar mgee substances that

. inctud br ed, dogs.
v LGP0 MR RSB SRR oo,

notedvaboge, pudjwlaetstalswinaludd) foe brdrgisle OARBIGENIM dndrcarbdp8l. 2 should be
days. O the 43 dogs that had clinical disease for 27
days, 41 had H antibody theirs to cani ne/ FL/ 04 ( H3N8)
ranging from32 to >1024. At |east 10 dogs progressed
to pneunonia, of which 6 were euthanized. These 6
m xed breed dogs 10 included 3 nales and 3 fenal es
ranging in age from4 nonths to 3 years. The duration

. A~ - o, I
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10 EXAMPLE 11- ANTI GENI C ANALYSES OF THE CANI NE
I NFLUENZA A H3N8 | SOLATES Hemaggl uti nati on
inhibition (H) tests were perforned using an antigen
panel of ol der and contenporary equine influenza
viruses and the canine influeaa viruses, and serum
collected in 2005 from horses and dogs that had been
infected with influenza virus (Table 15 10). Serum
recoghiZRMNthATthBt mvédionnékethpages B6th vaoines/tkrit/ s @l ajuvani(s), as
Included in the anal yses. The H antibody titers in
well @q@itcﬁee&stélﬂtlﬂﬂ PECONPrise AW A Lhi gher when tested with
c e ra e : ; in liqui
" JDis PR ik B JHE Ry BRRRLEALP (R Hiise reduced in liquid
voluthb)t fBr btbige adnidniery tecusaiuted hrea tquidriefere ronmt testime of administration.
nonreactive with the ol derﬁoerq%i ne. vi ruses
=

SuchapROEGAGOR e bé APHEYELABRE ST PP rE R R A

C O SHRRN | fiethelcdrSiisl BSs dRfareanitisic ifsalse i@ ferforming th
Thi se%s a sg 0 s@?tvglgcfn?r}ist@he serum from ?errests performing e

methbdsdstrted dgaendheddneoreprisas pulopss formsemprisigea vaccine described

TR
for uSBPUEIPR Y wRH thd18adiNbh4l RBAPoMdrt(éy e Thandidvwial component(s) may,

coﬁ§| stent with the phyl ogenetic anal yses. Th?

for em;tiplb,dd%prtei qranetej addisturhingredigntsrEuchai TPrragPlg g of giore of the
.t ani ne am ' t L. 4

e SRS BR8N Al asasote ot o

duridgl h@hBiseatien2 The Adiitiotal owapofiant(s) heay altemetigely/ @5 additionally)

i sol ate. This suggestf[sD tEat .cani ne/ Jax/ 05 i s . : Such
commggé@r@arﬁ grpratisriclor eARRIT RIS TfCELi R NS SB1 A eI v
& RATdxakBid, o t bnglzer, apibate, afoicdps,
an e B R e B e oo o ™
medﬁallgmphgblat de?lweryemhltlbnén RemRCRIkadiments o the) apprEgtysol suitable for
erfor .on _l.ung tissues fr S - diedqfr . ‘o e
s R SR TSP, AT B s s
for 1RBhiL bdAREstMBRIOE AR YacBinkni ¢ in Florida. Dog 1D

Location Duration of clinical diseas -t -
Vi Pther | exsipagnts rand nmd(:ﬁc)f @.q}gpi(@x)agon ekn%%%ll i1t1I t%‘g ﬁxzngg:c%utical or

biok%%&%{g&gﬁ/ﬁﬁﬁi%&%ﬁposi tive control 28.15 27.36 1079

el'ter _ days 29.81 28.84 none 1078 Shelter

( NEh& khcceday Bn@fnSeenR9catipduidonis ¥ dhp sukjagleingegion also encompass

Shelter. (NE FL) 9 ddaa/s 1 3?{. %9 . .

recombinant viral vector’based constructs That may comprise, for example, genes encoding
HA protein, NA protein, nucleoprotein, polymerase basic protein, polymerase acidic protein,
and/or matrix protein of an influenza virus of the present invention. Any suitable viral vector
that can be used to prepare a recombinant vector/virus construct is contemplated for use with
the subject invention. For example, viral vectors derived from adenovirus, avipoXx,
herpesvirus, vaccinia, canarypox, entomopox, SwWinepox, West Nile virus and others known in,
the art can be used with the compositions and methods of the present invention.
Recombinant polynucleotide vectors that encode and express components can be constructed
using standard genetic engineering 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.



10

15

20

25

30

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 374 Veterinary
clinic (SE FL) 3 days 24.05 22.65 Egg d 211 passage

66 67 Table 10. Antibody t3cters in equine, canine,
and ferret serumto ol der and contenporary equi ne

i nfl uenza viruses and cani ne i nfluenza viruses.

Other R8FMABALSPPENSINLWRD RV ARBRCoRPEIIBnS aNthRGnVetibA ake apparent to
personiqsllgllre]:?l/ir'yl thae% Snezl :fg ccfx%tce)m%)?ateedqvld{tﬁi%/ﬂ}fg éc%%e Lc‘;cf) the present invention.

The subject invention a’1s0 concerns reassortant virus comprising at least one gene or
genomic segment of an influenza virus of the present invention and the remainder of viral
genes or genomic segments from a different influenza virus of the invention or from an
influenza virus other than a virus of the present invention. Reassortant virus can be produced
by genetic reassortant of nucleic acid of a donor influenza virus of the present inventio.n with
nucleic acid of a recipient influenza virus and then selecting for reassortant virus that
comprises the nucleic acid of the donor virus. Methods to produce and isolate reassortant
virus are well known in the art (Fields er al., 1996). In one embodiment, a reassortant virus
of the invention comprises ‘genes or genomic segments of a human, avian, swine, or equine
influenza virus. A reassortant virus of the present invention can include any combination of
nucleic acid from donor and recipient influenza virus so long as the reassortant virus
comprises at least one gene or genomic segment from a donor influenza virus of the present
invention. In one embodiment, a recipient influenza virus can be an equine influenza virus.

Natural, recombinant or synthetié polypeptides of viral proteins, and peptide
fragments thereof, can also be used as vaccine compositions according to the subject
methods. In one embodiment, a vaccine composition comprises a polynucleotide or a
polypeptide of a canine influenza virus. In one embodiment, a vaccine composition
comprises a polynucleotide encoding a polypeptide having the 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 polynucleotide encoding the
amino acid sequence shown in 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, comprises the
nucleotide sequence shown in 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, 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. In a further specific embodiment, a polynucleotide of
the invention can comprise: Nucleotides 1-2271 of SEQ ID NO: 3; Nucleotides 1-2148 of
SEQ ID NO: 5; Nucleotides 1-657 of SEQ ID NO: 7; Nucleotides 1-1494 of SEQ ID NO: 9;
Nucleotides 1-1410 of SEQ ID NO: 11; Nucleotides 1-756 of SEQ ID NO: 13; Nucleotides
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40 32 equi ne/ KY/ 92 40 <10 32 equi ne/ NY/ 99 320 40 128
equi ne/ KY/ 05/ 02 320 160 256 equi ne/ M/ 213/03 640 160
512 equi ne/ OH 01/ 03 640 160 512 cani ne/ FL/ 03 160 160
512 canine/ FL/ 04 160 80 512 cani ne/ Tx/ 04 160 160 512
cani ne/ M am /05 160 80 256 cami ne/Jax/05 40 40 128

a Antibody titers were determned in a

hemaggl uti nati on i nhibition assay 25perforned with

1-1®él‘d)ﬁ:l$EQi IIDJNICDrlsl thlegtidle%el-ﬁzan b?SEQ)IDfPf(D I Qﬁ Iﬁlﬁ%éﬁﬁdes 1-2148 of
t ntl gen col um. er um

SEQ I3 Q21 Vi 55 b SER B MO Nispolir 1454 of SEQ ID NO:

25; 3QMNIFRLA ﬂsﬁ’é\[&f@@(yphﬁ%&ygmuﬁg&w 165 olfzséé ID NO: 31;

Cani ne i nfluenza vifus inocu
Nucleotides 112202 FEQUEAY NO: BY; Nuokeuhaésl bA20f oﬂ\@EQﬂDD&IObx@ Nucleotides

R R S s D oD RO 11494 o
SEQ ID NO: 55; Nucleotides 1-1410 of SEQ ID NO: 57; Nucleotides 1-756 of SEQ ID NO:
59; Nucleotides 1-1695 of SEQ ID NO: 61; Nucleotides 1-2277 of SEQ ID NO: 63;
Nucleotides 1-2271 of SEQ ID NQO: 65; Nucleotides 1-2148 of SEQ ID NO: 67; Nucleotides
1-690 of SEQ ID NO: 69; Nucleotides 1-1494 of SEQ ID NO: 71; Nucleotides 1-1410 of
SEQ ID NO: 73; Nucleotides 1-756 of SEQ ID NO: 75; and Nucleotides 1-1695 of SEQ ID
NO: 77. In another embodiment, a vaccine composition comprises a polypeptide having the
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 further embodiment, a
vaccine composition comprises a polynucleotide or a polypeptide of an equine influenza virus.
wherein the polynucleotide or polypeptide has at least about 90%, or at least about 95%, or at
least. aboﬁt 96%, or 97%, or 98%, or 99% or more sequence identity with a canine influenza
polynucleotide or polypeptide. In one embodiment, viral polypeptides derived from multiple
strains can be combined in a vaccine composition and are used to vaccinate a host animal.
For example, polypeptides based on the viral HA protein from at least two different strains of
influenza virus of the invention can be combined in the vaccine. The polypeptides may be
homologous to oné strain or may comprise “hybrid” or “chimeric” polypeptides whose amino
acid sequence is derived from joining or linking polypeptides from at least two distinct
strains. Procedures for preparing viral polypeptides are well known in the art. For example,
viral polypeptides and peptides can be synthesized using solid-phase synthesis methods
(Merrifield, 1963). Viral polypeptides and peptides can also be produced using recombinant
DNA techniques wherein a polynucleotide molecule encoding an viral protein or peptide is
expressed in a host cell, such as bacteria, yeast, or mammalian cell lines, and the expressed
protein purified using standard techniques of the art.

Vaccine compositions of the present invention also include maked nucleic acid
compositions. In one embodiment, a nucleic acid may compﬁse a nuclec;tide sequence
encoding an HA and/or an NA protein of an influenza virus of the present invention.

Methods for nucleic acid vaccination are known in the art and are described, for example, in
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68 the original isolate previously described (Crawford
et al., 2005). The inoculated MDCK cells in Dul becco's
M ni mal Essential Media (DVEM supplenented with 1
[tg/mL TPCK-treated trypsin (Sigma-Aldrich Corp., St.
Louis, MD and antibiotics (ggntanycin and
ci profloxacin) were grown in 250 cnR flasks at 37C in
a hum dified at nosphere containing 5% CO2. The 5
[
us. P%féa*ﬁ; TOBLISRREE NS The bl G R (RORRSE « plasmnid
or a gdhRlexPedseidn Cakdette.e n vy embd;dameﬁt ek imycleie atidi it pyatidedrencapsulated
and the supernatants were stqored at -80C pending
in a ligosemg MHFIbe @ml%@ﬁf’d fagndritflot of supernatant was
u@%’c @50? %ﬁ'lﬁﬁlmﬂfo ¥1‘15r %&:H e 1?(51 11188 aiRe L1848 Acids, that
hetlter 07 median tissue culture
can blenfueedl ﬂUSachﬁieﬁce( TaitD5the @ﬁ*eséﬁtr: anvergioBl can db¢ 431!02@@4 with a

caru n [FLIO er .nmL. msnt | inocul =\ .
pharmpe A B HOI] SR O oG CABTGPBI: A SSTREP UG, yooful in the
subjec® ﬁﬁ%ﬁﬁéﬂ Ce&m BDOrfoinRasd d¥ordid nBl esond Methedsalfos) preparing

were used for the experinental inoculation study

phannagcrpmoadésd ubsful tmnmﬂwellssﬁoymg.’fatlpn@ areqdeserikad mu@qtzghg} a number of

source\ﬁe\ylgﬁf are \g%lé g.aoxﬁys 8 Co 3 %%l?a&)le-r %ﬂ?@%n@%ﬂ%’ tg% Enga Foﬁ example,

Remin@asied Bhlawﬁuﬁcaﬂl S&Qamenaiy ansyy. dsein| nEash)d)moHemleﬂtvsma Mack

and recordin body tenperatures. for 2 weeks pri or
Publishine GrompI (195 S0A I AGEETRSH SrFGRIons GG T beclig Spmection

with ’&18 g@i%bﬁ gwjeﬂt%ﬁjeqﬁ e}{éx{apsthg%ﬁﬁxgoﬁﬂoﬁ Pltlﬁ%gyul{]&:?tlﬁventlon will be
on pali re serum sanpl es CO l'ected at the
formulatems sadh rat mma«bffachtl@ atrhaemf af ianj mymomeged wecokebinegt with a suitable

t et| Jnt nous i.nj.ec
cariey RO 119 DAL 200 SEN Bt o s eatpruipE” 158 ofpositons
used 1m{1g?r&9§ym%bg§‘€aﬁ Qs@foé e ta)vakiefy d)ﬂ"fdﬂllih@t ITRsMrictude, for example,
endotracheal tubes. Six dogs (3 males and 3 femn Ies

solid, mnes@ab rand rhldmsﬂ dasege formp, Lol ay Gl 1iHs. eRdsEy bawdzﬁolutwns or
suspelaqu%l} grxp?orsg:gﬁg% llil_]ﬁ&%.belrl | & 1r§ﬁg ?){éesg?\gtgge ez?ﬁ {Fg%' ' PR ﬂr@i%rred form

FOUgH
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compesgie® Yob arﬁéereblygp%w? cowsiifes PHAETasaHFT oRssPRiaelg cogicrs and
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Vi rus-inocu ted ogs and cared for by different

with qhe rsslogactqieptlﬁ?buynmwia:ls 1eolads, bat arsmot dimdteddot ‘e{kater Sahne 0115 including
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e A e R e T
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sher .Scientific

mvengx,fne F%EIF% ﬁomgﬂfe SUFpension - leﬂ‘%l\eél%?etc? i ééuﬂrfbﬁjitsh%uff?s preservatives,

and s@abRizelse Tp@plRtier th'éfaﬁﬂﬁlﬁdtraaim cff&u(:lE’BSéageQ ﬁirahendefsged therapeutic
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I §L ajqofi r
becw g Aboft b1 28 aq R0 B8 RO (SOl 478 PRl B e munogen o
immuEoRENsDEEERGH theasei gie Sif @ totarecinpoetign nohuding dameerza dffuent.
virus nucl eoprotein using the DrectigenTM. conper Ci a{e d
i ASNGAS8E Pk iMUBPEEngs %HPI?,‘?SWPDLQE %ﬁct S8R Y poprepare
by prggé?iu%%glf"ﬁﬁdwg Eré%l e RS Tl Ce'khﬁ’i?ﬁ th-l::r\?‘acﬁﬁ%'r R RRmEXdns 84 typically
was stored at C pen I ng othér virol ogi ca assays.
prepafaibisinjecablosxagi, iqtideokitions or susp@siaiay The yagcine grignmunogens are
sham j nocul at ed dog and one v S cul at.ed d%q
Wllthcdéﬁ?% ogﬁug}lon and=in such amount as
Beut hanasi a-D(r) solution (1 nL/5 kg body wei ght; 10
Scheri ng- Pl ough Animal Health Corp). One
Vi rus-inocul at ed dog was simlarly euthanatized each
dayfromdaysZto p.i. Onday6p|., t he remai ni ng

o,

o N |
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to activate the HotStarTaq(r) DNA pol ynerase, and
anplification for 40 cycles. Each anplification cycle

i ncl uded denaturation at 94C for 15 seconds fol | owed

by 71 annealing/extension at 60C for 1 mnute. The

FAM (em ssi on wavel ength 518 &%) and VIC (em ssion

wavel engt h 554 nmu) fluorescent signals were recorded

at the end of each cycle. The threshold cycle (C) was

will sbetherapeutiedl 1 pifeetive ang itrmunogens o i Ifebllptﬂﬂés Thmeptipgirjosages and

at 1000 in each individual eri nent.
adml%?@i%p@@@%@h%%@cb#aba?%‘{ R 5 Splhathof f"%{} be readily
detemed eﬁ’é&ﬂlgﬂlﬁe&jﬂttﬁegﬁqu's'“on and anal ysis. The
C

osItrv ontrol consisted of anplification of RNA
em@ademwmmwwadem@ﬂtmp@aw @B/ SHGIGIN 3159 B8 Promed in the form

of a m@ul %?apégﬂ%)gch ggﬁg&é&@%&) é g dl’I?lg rprgar%ﬁoga%% F%Uﬂe cB¥structs has
been li@é@rﬁn%ﬁ i TainSQb88). oA edfistrh&S WllEze a core mafrixoxfdpsiheiragidues onto

and trachea tlssues from virus-i nocul ed dogs
which raviBleataPi9sorio gl APEIOBH 15 PEfifTEed al,1988). Multiple

d 0 d and
AR A s Rt o
adminBfefed ﬁh%uioatr@bcﬁmdmtm ace@’dsnaeumlm nmdhods dbNE\present invention.

In on?equl eln%n ; fzg Mprﬁstg]%{ g‘é)r }ﬂfﬁ d%xﬁlblstered with one or more

15 pRRpRE6EEd drat abeNen Gol e{1§o vep@dgeaiand dindhistered as
adju@ms %ggis At B?q?: in a h%m di flned at rmspﬁere

macrommieau]ar meotEiy SORIUER @omnsmg eanengy B105p Pekxpentidps; | Jublished U.S.

e A S SRS 2 FEBRL K PR e ot s

vacci@Hby influghiviisand t he supernatants inocul ated onto
fresh MDCK cells as described faor the initial

i ndeerrdine da; theisethads of é‘PFaFubé%Fésla‘g"églo%ent Bty gy immunogenic

com%o%{tm%@'ﬁ%g(ﬁr:b h?E{Tel% ol éélrrﬂﬁltste?elﬁow ?\}ébéiﬁﬂﬁ@ h@gts fblddBHZanids, and
utination or RT- maggl uti-nati on

mo1éi%hoallywomsmm¢ Hagd, fih @ad effepeva amanmtsamdamamretp rihgesg protective

mﬁ%&%gagggg{%tt@g rl%?% Péﬁ&ngégro lqlf%glﬁg)of ﬂﬁ.ll?%gﬁy L YIn one embodiment,

the HOSF R AEE ad3nke SCidiRedinbiRbiowildRdod Rl dﬁmbtﬁotarﬂi&s such as wolves,
sequenci ng, and phyl ogenetic anal yses 25V| ral

coyogost rand tfexesf r Ganiveckalsou pstudat dogs, nattisylaryed @%‘&&P@% Sich as, for |

ex mrgoé%gptge J[\/I god/or r%x%rgﬁ% e z!n[;'& do ér"l S%BW ﬂoosﬁ&forkm% dogs, herding

man instrucétions vVira
dogsRNANMES db gy enaed tdogaspalideedbgsp ravighdags, regdfdrelaboratory dogs. In a

AGEN(r) OneStep RT-PCR Kit al en
specli CRBRUMEThGIE M ALIE et (58 spdt spltyhound.  The
vacc:"f}rggI I fi fnﬁﬂfn‘ogéhsoérett 1c§ﬂ’}d LB 868 DHafintdrhBy, 803} Rfjéoti®nZ for example,
ITal genes”in the"cDNA was perforned as previ ousl
e1thé%031d:@stancdww (Dtaptmiodeally, adr, itooBsculgdyng Qhey éﬂg%hle modes of

oL Bl R RS 3 P oo e

admgrgﬁptleétt@ sn hiin AUt RIBE 6 R84 NS AintdrvAlng cﬁ& orRbr8Mdeks between
aut omat ed DNA sequencer usi tg cycl e
§

eachsmtpuisistation. d e wereniotkar aesiolgeaiyt up%lpqmdeaooster administrations of

Bi osystems, Foster_ Cit N q
the ReREES e iR % b el SO0, SRBR R Bygment of the
practifi6ner aly@ eleSticiiy hosﬂ_ﬁlﬁrﬂwBélﬁQh‘eﬂed sequences for
viruses recovered frominfected dogs were conpar% to . d
thé/xg:éqmcve@sanfepwé g¢llsudn jan vesrang deetilatier gnay be mactivated or
atte g%lrur& emla{hoaméfx AN9e%: HRdrgCSldnd, ;f%l W1 R}ﬁus and infected cells can
plication In eresplratorytr
be inZtiGhieMNoCAttelSEABE exposure to pAkforfaldehyds, |fumallnaﬁ>eta propiolactone
dogs devel oped a transient fever (rectal tenperature
>39C) for the first 2 days p.i., but none exhibited
respiratory signs such as cough or nasal discharge 10
over the 6-day observation period. The shami nocul at ed
dogs rerral ned cI | n| cal Iy heal t hy EXAI\/PLE 13 VI RUS

~T1 Irr<r<i K

o - . I T Y 1
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1.30 8.25E+02 120 1.23 1.47E+03 894 a -r,

J 1 , 108 1.17 1.17E+02 120 1.41 1. 37E+02 132 *.
1.27 3. 74E+02 or opnar yngeal swabs
were collected fromthe dogs follow ng inocul ati on
10w th A/ canine/ FL/ 43/ 04 (H3NE) virus. b Normalization
rati os were calculated by dividing the M (C) by the.
GAPDH (Ct) for each svvab extract. The absol ute numnber

@PLY, pEnaesBEE (BN opfagn: B RalRacigh PioheCY G, clovates

tempEfaﬂfrB Efec2f ﬂlalvsHﬁg, s@fncﬁﬁ&g (iatludRgilRaeH caied, Md te ¢Gi&B] Me amount
| uenza virus by quantitative real-tinme RT-PCR Do

of celllﬁree(WbQipsz)ms T ra:evapcme dlms@@ljw rrathecralmt ﬁ@m apenie0.1 mg to about 5

%“‘g gwgg’ Q/ilf:a %mg Lf%&ﬁ £ gb\g 82 qgfgou 7917h éosage qor vaccine

formulations comprising virus-infected cell lines will usually contain from about 10° to about
108 celis per dose, and more usually from about 5 x 10° to about 7.5 x 10 cells per dose. The
amount of protein or peptide immunogen in a dose for an animal can vary from about 0.1 pg
to 10000 pg, or about 1 pg to 5000 pg, or about 10 pg to 1000 pg, or about 25 pg to 750 ug,
or about 50 pg to 500 pg, or 100 ug to 250 ug, depending upon the size, age, etc., of the
animal receiving the dose.

An immunogenic or vaccine composition of the invention, such as virus or virus-
infected cells or viral proteins or peptides, can be combined with an adjuvant, typically just °
prior to administration. Adjuvants contemplated for use in the vaccine formulations include
threonyl muramyl dipeptide (MDP) (Byars et al., 1987), saponin, Cornebacterium parvum,
Freund’s complete and Fruend’s incomplete adjuvants, aluminum, or a mixture of any of
these. A variety of other adjuvants suitable for use with the methods and vaccines of the
subject invention, such as alum, are well known in the art and are contemplated for use with
the subject invention.

The subject invention also concerns antibodies that bind specifically to a protein or a
peptide of the present invention. Antibodies of the subject invention include monoclonal and
polyclonal antibody compositions. Preferably, the antibodies of the subject invention are
monoclonal antibodies. Whole antibodies and antigen binding fragments thereof are
contemplated in the present invention. Thus, for example, suitable antigen binding fragments
include Fab,, Fab and Fv antibody fragments. Antibodies of the invention can be labeled
with a detectable moiety, such as a fluorescent molecule (e.g., fluorescein or an enzyme).

The subject invention also concerns methods and compositions for detection and
identification of an influenza virus of the invention and for diagnosis of infection of an
animal with an influenza virus of the present invention. The methods of the invention include
detection of the presence of canine influenza, in a biological sample from an animal. The
detection of canine influenza in a sample, is useful to diagnose canine influenza in an animal.
In turn, this information can provide the ability to determine the prognosis of an animal based
on distinguishing levels of canine influenza present over time, and can assist in selection of

therapeutic agents and treatments for the animal, and assist in monitoring therapy. The
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.99 1. 15E+05 6.52E+06 789 72 1.44 1.12 2. 39E+04
.56E+05 819 96 1.40 1.27 3.19E+04 1.43E+05 860 120
.59 1.04 3.48E+03 1.17E+06 894 a ir: _41....4... 144
_1.70 ". 1.15 _ 4.78E+02 1.50E+03 collected trom
t he dogs follow ng inocul ati oBw th A/ cani ne/ FL/ 43/ 04
(H3N8) virus. b Normalization ratios were cal cul ated
by dividing the M(Ct) by the GAPDH (Ct) for each
method alse grovidee tirt abilithhe abbiishittee absEhes op tarihé influedfNén an animal
copi es per uL of tissue honogenate. MATERI ALS AND
testedy AMPLES METHODS FOR EXAMPLE 16 10 Virus strains

Cani "y . i ps . a _
o €828 M5 50 oL o AR o oworaks o

canme rieflpenzp agadifidrenn geograptooat ledateggs This NEROKmeedd alsanpkrmits early
their infectivity. was tijrated by endpoint dilufj.on in

a5 e L S TSt 2o SSP el 400 o

earl§l YR ehii 6@ ForOiea@EntP&Ytiont Mae AYitRR8MRSEhS ki i foBRatfstS Mailable can
using turkey red blood cell erythrocytes. D apostic

provide ditagfing to medicl mryserinebforgErepatienty gedtuargettiugghers of ill animals,

. I ted..from.suspect. cases..of .viral respiratory

inct ik SEEAHhE R RpBlict 2RO bl ure Rt ot o e
pr s eneenBodiBeitNe rhéthbdlenZike Bidsést: invdiRioRNAVEXES Bfet éddRction of a
from canine tissue sanpl es Bl.ocks of lung tissu

blolggirdhiaAy o 8eed fPsbaniad SN Mg W@%oﬁb@bwl%wismleemay be any
biol8kiEAGRARL A, HcARME, 9Eid) ﬁ?&eéﬁﬁﬂﬁ?ﬁ%l&k&%ﬁaée&ﬁﬁlﬁﬂ%?% nipple aspirate,

extracted Using & conmerci asy
lhuingQraggencertlaospivaldluiCAplivn dwebtinddedra a fi nal vol une of

ZE O E PR X T - —

influenza virus, whether or not the animal exhibits symptoms of the disease. Control samples

N =)

can also be provided or collected from animals known to be free of canine influenza.
Additional controls may be provided, e.g., to reduce false positive and false negative results,
and verify that the reagents in the assay are actively detecting canine influenza A virus.

In addition to detecting the presence or absence of canine influenza in a biological
sample, the methods of detection used in the invention can detect mutations in canine
influenza virus, such as changes in nucleic acid sequence, that may result from the
environment, drug treatment, genetic manipulations or mutations, injury, change in diet,
aging, or any other characteristic(s) of an animal. Mutations may also cause canine influenza
A to become resistant to a drug that was formerly effective, or to enable the virus to infect
and propagate in a different species of animal, or human. For example, avian influenza A
virus has been shown to infect other animals and humans. |

In one embodiment for detecting an influenza virus in an animal,. diagnosis i1s
facilitated by the collection of high-quality specimens, their rapid transport to a testing
facility, and appropriate. storage, before laboratory testing. Virus is best detected in
specimens containing infected cells and secretions. In one embodiment, specimens for the
direct detection of viral antigens and/or for nucleic acids and/or virus isolation in cell cultures
are taken during the first 3 days after onset of clinical symptoms. A number 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
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Mul tipl e sequence alignnments of the H3 and M genes
fromvarious subtypes and from di verse species were
performed using the CLUSTAL X program (Version 1.8).
Matrix (M 10 prinmers and probe were selected fromthe
conserved regions of over theggknown sequences
corresponding to different subtypes of influenza A
virus, whereas the H3 hemaggl utinin gene- speC|f|c
throd3/sivaBE S ed to eC|f
e can LROATE S8 bs MRS LT lol Rl Hier b Pk and imvasive

prOC%@m@mlsmleemﬁmmegous avi an and hunan genes (Tabl e
n software (OLI GOS Versj on 9. 1) and

L5k off B0
t he Qdipenf, dpspiratory w%mﬁi%w geHeqsed ams! tEaaspored in 1-5 mi of
virus( frdrisport/ thedih OAl murgMorMasa e £0% at}gﬁc‘ffg}b'cttég?li ?q%ogery of a wide

redi ¢ction of secondary structure as
Vaﬂe&/@ f ivdijuses Pgnconmmensindlyr aveadlablegi Olinichl gpecih®ms AdEEN & transport

enous i nternal control for the
medl%:sg%gl g? E!R?%% WOBHE t BEROF  Gh UsthiPReTasRAtRs gnhs wirus transport

meditine Gneempleoﬁeldtrﬂfﬂ%%%ﬂefrd?&ulﬂﬁ§ Y /@g 6? Zé}fl ?iii)lgiron broth and 2 gm of

b .q%gégwéot .C 18S rRNA
ovi Bhitpgion; Yieadded to sterits ﬁemlﬁdtwa!nr wf 40D35. rﬂfﬂl‘bnbtibs such as 0.8

P ndi t{on
ot o5 500594, 30 A B T S FSRLELED B g o o
be addgd. Q"jmqmpdlgm 1sR;refe:mbﬂ§TsteHﬁE%d<by fueaic NNAG REhas s@ch as sterile

0 ere ce dye (Qa Val encia, CA). In each
Sah“eo@s§% g ?‘H@ &40 plogpoF é%?é‘ttp&ﬁ eaf’ qu_méns Fhuespivay eimese
ugatbrSerabd BB LErat cti 500
3 CGH&Q w@ant | % E—% F GbemRP prigle blood

f m xture containi ng 10 iL
om ¥EAcEic-rage apingaly $®no$ﬁeQ1hmon§'a§df dHinicl ¥ymproirsEesd pfSférably not

for ene or 0.6 iiMfjinal conc. for
later tﬁwg;%%}é ﬁ? ggﬂ;va %Ceflt-}l_)% SSRYR spegimen can alsg bgé:,q)ge@pd (fop example
at abdutlM ﬁamhﬁm t b0BybBARE) S f g
tib & final vol ume gf 20 yrh%)L me&g%ep r gg nSt(l'ra?nlgb %@Rkor detecting
anti elgé%s zﬁ@}rpgﬁs‘@aatpw VREe\IRIOmRa igation Teste QPCR SySt em
34 ot ment e, DL e OB B T S o

transcri ptl on Ste
time (g1 joare deda, e i Dwesk.epnat a Ya6ntho b1a3n5uamyn51t %ﬁnﬁ:ﬂy) Obtaining

tlvateth t St ar Taq DNA pol yrer ase
m‘mel%ug esa?nup gt (g ’\Rdgd‘ﬁéﬁ‘flgbﬂw Lavier rﬁigpfmdcq%tureg dancheudiedigo verify
resultﬂ&i’c&hueahbloﬂet@&ﬁﬁ fahdbp ®e
anneal i ng/ ext ensi on (60C t%%&Hﬁg) %ggs&gﬁ §§'stanite 1 Avspecific
treatmeg riess ¥elestsddhepetticsitég.r i m for H3 and M det ect i on)

a on wavel ength 555 nm for 18S rR _NA
dg?geéb%&fs%fuorpégsg%{mﬂ’ Harg g%rué“{)li?( 5 tpe the peesepner of one or
more p3thdlogitl advatsand it sahPlERbRNS AAmSL GRd tIQaite%e:\g of eaclil pathological

agent &€ U|S|t$%£ 3&1 anal ysis of the real-tine P
g fiﬁ%‘iﬂﬁg the é’aﬁh@@m@ agoht omr be wsedi mnluﬂm@Z but not

1 r [ ci r.i mers/ probe s

imitef 3o ﬁﬁ?ﬁ@ﬁ?aﬁﬁ@u OB B itk Spraerapne (LISAS)

indireqfr | flaerssqenbbensisidyf o(IFAY peteds] Nhéd RinakihpS and énhlinﬂion of
pri ner s/ probe

rto st the s ificity of eac
hemaggh Lﬁ aﬁﬂﬁ\(féli)t FS5eReand VB EPh Kpawwreeluitypemetifods can also be
d. ipekiti r AR cdnd
use i NEE Pﬁrrlgur@s (}’dn B@ﬁggﬁ@géﬂ ;ﬁe%qisﬁlsgllgamm%ogelsg%ﬁg Pg cgl] gultures or

real
HI aSS%DéPeﬂlanﬁpukblrreMedtme (supainatanger  RT- PCR per f or mance

es_0 n flue zaAV|rus
(RRSR rilingF B tesfing 511 ey (DAL ex B arproten can be used.
Such rgethemmehide et $o.f n
-276 by usi n%%@g iﬁ&m‘{%a& ‘%ﬁ%&ﬁ‘Faﬁtad\M il reverse
transcr(pl‘tg;ﬂ HPCR wstsrandrrealtime ft&SGB;J alCRuanpdtiveanisleaée idtR08n assays.
M genes were used as tenplates for in vitro
transcription by using R boprobe in vitro
Transcription System T7 (Pronega) follow ng the
manuf acturer's recomendati ons. The concentrati on of

the transcri bed RNAs was cal cul ated by neasuring
absor bance at 260 urn. The RNAs were then serl aIIy

] AN £ 1 Y . Y- A~ .
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20 sensitivity of Mpriners/probe set as conpared to
H3 prinmers/probe set to the N-fold degeneracy of M
primer sequences required to ensure broad coverage of
M gene sequences variability across viruses of
mul ti pl e subtypes, hosts and BVneages. The sensitivity
of real-tine RT- PCR assay was al so conpared with the
commercial rapid antigen detection assay (D rectigen
Thery areAsomrge@mi vt 4waileblditésttkito nsaitdhl b AérranttRgd 3430 3For example,

QIA@nglINf;Z g%ﬂgla s?l iz{ %&E'ﬁﬁﬁ%ﬁ?ﬁaﬁg%&ﬁgﬁ \Af;rgtractlon kit.
RT IRGhhe dBodiateut,t the Ghethbd %ﬁl VI ! aa}n'db?dyS Qﬁ%ﬁc H0A% virus or viral

the sensitivities agai nst bot s are
pmtﬁﬁ‘p?fdk? HeBlgn. 110e spshificdinthedioentf aroantitoey spasfic MiruIes protein of

a Vlk{éur ofe Q lﬁJéﬁgi?? ?g(gtelré%egega @E]Fﬁ gmgg%pélt Cq%r%lgl 23;, Sspec1ﬁc for an NP
protéuy caaivives f ahé (ﬂx@/eﬂﬁgﬁ 20Qs6d. 1865niRb61d ;@Iﬁnplé aMRhER M6ihShe nasal or

?ker than 30 those found in Vi rus
nasc?p%’awgﬁa[ rfﬁg@PZ(lﬁ)SbtaW‘ﬁ frorpray mﬂ)nallamdagr@enm\riral/\ptdtem is isolated
theréfiiém| OMﬁrvd'é!l iy Sﬁ’aﬁ@ﬂertﬁ&} Qr?eérfédtfgxe §1éld n(?iaé'h%rgmggmsaemﬁc to a

Al ternatively, omer Si or cani

protgig, pechaast Hidbat &%, tod at hmsmmf geunaéntpeCir htdthet Qfibodiment, a serum
a i .e. poor

| gnal t i bodi es ai nst_the NP;
samffiSXoE MG, aibogy t"ﬂ%tagwi‘%%éafa@iebés fbtaried froa NPa@matlcﬂ@é the serum
screﬁfeddﬁﬂth&@rbd&ﬁb@@ﬂirﬂ bOAY M DEE
the M gene yi el ded %t val ues. d or?/tgﬁ?ﬁlt eswaﬁ[}e ivention. For

exarwlf,,u an - 13Adassay PR kegpériernedt wherer the qdatei wallohave HA and/or NP

Prote:ﬂé %Fe%?é@kﬁrﬁ%éz%%ﬁ%g%s band @%/ g%e\y%lﬂg/é@‘/ é’g%tml isHhen contacted

withsemsi oF arittbpdy dionrea afst Zniitial. aThéf)ﬁe@éﬂ&é ol ﬁﬁt%b%@l 11&'?1?\3 ammal that binds
H3 ge

in the original viral titers. The
specﬂic?{é% g}?e‘g ggﬁ PEERCS Andigati visethalnidie Hestanimal is mfected or has

beeniiffeb @R M MASES aWARis 3P heq)%;e %P%Cause the H3
primers/probe in our rea ti'me assay amplifies

ex®) o gmbgdiman, e plnrﬁtt]nae i & ﬁhtl«@lb%&%al @&P@R}jéﬁ&ﬁecﬂ-@? determining
the B R e S B e BEr P i AR o e RaoPaRmpe Tt can take
some timA geg0 Nt €N BA animh s §REStW Helfbr@%lﬂhﬁo('hgss Bér{ BL Aedected in a

ol (g sease, sjxty canine lung tissue sanples su
ooqy {fst- né)r’tcﬁ opaéd: afibodies ugialky passistefor froanyt lﬂearqgree&ﬂmfel successful

|
treatrRént Qﬁﬂ%ﬁ?@ljs-%ﬁg u?ﬁﬂﬁf’i‘% ﬂéﬂgﬁ%% tg %ﬁé{e}g@mt@{ﬁn@a éogl?.y PQE‘WCI&FF whether

.t ot al
the indestioniyasndedd qyemmstimbén drspathie renai ni ng 48 sanpl es

/ETt 0% nte(i;(atlve res;LIt for both M and H3 gene. Virus
Pn “TE Eat1eAlse Sudine e dbidekd Asyibedy aasays NDAKde enzyme-
llnke@ ehimllﬂd)@@ﬂbbﬁt h&Bys t(ELB"}@J) Uﬁ{d?reEP ﬂuﬁf%g@énft 'a%ltlgé/%)? ({Pt\fg assays, and

|tinme assay; 2 out at wer
West@‘grBleta mBreferahiv. angihody twytuEgT}sR’fﬁﬁe ylsmgdmdnplamsﬁa@s for example ELISA

t hown, cr n
or EATESREE B W A4 0 B B0 o S0k B et proces,using

eithercal ERES & drfIFamsdag sfobivBd %yhal Wé%fe\fn RiotSKY TE%ISdA is considered a
r at ory di sease, nost of he sarrp? I e

more EQ}ﬁ%:LFear}%?qCH&ﬁfz assay ihan BA. diut IiEA menbe |u5mi HERLISA is not available.
The W@EﬂéﬁPBlo‘?r}%t «{ {:@Hé %n 0 5@%@19%? | ng%n g&og& Iél{o]?ulaqg nacne animals,

of ot her resptratory “paf
particladpchossebitilmare teseed Iﬁtﬁltﬁlesdrﬁmi’@érhﬁé pBatifd [ h%@%l? in an ELISA or
IFAaV' rus. The single step real-time RT-PCR assay hef ei n

Provi des a rapid, sensitive and cost-effective

AP ambibbPy- b&%g 'tlﬁft g %églsﬁi Yo éfgte%}oncl\g%%n]ﬁlgenza virus include

det ecti on. Borat ory diagnosi s
hemagghytinaéinn @nhd‘bmon lassaQHSH):mla pilathitnsactivity Bgh Baldctsd BPEbiolo gical

of the disease can yield |nfor mation relevant to

clinical patient and facility 25 managenent. 80

(3) 1-1-4-. 1 7,, r=4 '"2)OPA R1Invitro

transcription In vitro transcription

5! -tatgcatcgctccgatccat 3 (SEQ I D NO 79)

P~ T~ ~ ~\

oy o S ~1

0 s
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M (nt 151-174) M (nt 276-253) M (nt 218-235) (VI-1 |u)

EH T7 / H3 (nt 487- 467) M (nt 1-15) .101-1.111
p. reAU0d Reverse priner LNA TagMan p robe _Tanp
ALl Od Reverse priner Forward prinmer 1 ? 151 d

9LTU JAI - Vi a ST al -1Al-VnfgA ,--? en Z 06t711
-EH/ LI 1.T74 T7/ 1WR276 81 Table 14: Interpretation
of the real-tine RT-PCR assay Interpretation Results

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
of the invention is contacted with a test sample containing serum or antibody. Red blood
cells (RBC) from an animal, such as a bird, are then added. If antibody to HA is present, then
the RBC will not agglutinate. If antibody to HA is not present, the RBC will agglutinate in
the presence of HA. Variations and modifications to standard hemagglutination inhibition
assays are known in the art and contemplated within the scope of the present invention.
Infection of an animal can also be determined by isolation of the virus from a sample,
such as a nasal or nasopharyngeal swab. Viral isolation can be performed using standard
methods, including cell culture and egg inoculation.
| In a further embodiment, a nucleic acid-based assay can be used for detection of a
virus of the present invention. In one embodiment, a nucleic acid sample is obtained from an
animal and the nucleic acid subjected to PCR using primers that will generate an
amplification product if the nucleic acid contains a sequence specific to an influenza virus of
the present invention. In a specific embodiment, RT-PCR is used in an assay for the subject

virus. In an exemplified embodiment, real-time RT-PCR is used to assay for an influenza

. virus of the invention. PCR, RT-PCR and real-time PCR methods are known in the art and

have been described in U.S. Patent Nos.. 4,683,202; 4,683,195; 4,800,159; 4,965,188;
5,994,056; 6,814,934; and in Saiki et al. (1985); Sambrook et al. (1989); Lee et al. (1993);
and Livak et al. (1995). In one embodiment, the PCR assay uses oligonucleotides specific for
an influenza matrix (MA) gene and/or HA gene. The amplification product can also be
sequenced to determine if the ‘product has a sequence of an influenza virus of the present
invention. Other nucleic acid-based assays can be used for detection and diagnosis of viral
infection by a virus of the invention and such assays are contemplatéd within the scope of the
present invention. In one embodiment, a sample containing a nucleic acid is subjected to a
PCR-based amplification using forward and reverse primers where the primers are specific

for a viral polynucleotide or gene sequence. If the nucleic acid in the sample is RNA, then

RT-PCR can be performed. For real-time PCR, a detectable probe is utilized with the

primers.

Primer sets specific for the hemagglutinin (HA) gene of many of the circulating
influenza viruses are known, and are continually being developed. The influenza virus
genome is single-stranded RNA, and a DNA copy (cDNA) must be made using a reverse

transcriptase (RT) polymerase. The amplification of the RNA genome, for example using
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M 113 18S rRNA Positive for canine influenza A virus

(113N8) + + + Positive for influenza A virus (unknown

subtype) + - + Negative for influenza Avirus - - +

Error in RNA extraction or presence of PCR inhibitor -

- - 82 Table 15: Specificity3test of canine H3

primers/probe set and universality test of M

primers/probe set with several subtypes of influenza A
RT-PUR, re§léb;§édp6§ oBp6raicleoNde®riniess, thsiadlly dewgiRl- GCRe basis of the

hlow%a:lgﬁsegggr@p ofgnﬂ@gngi/z\s\g " gene p%ouﬁgr]i@é/ ml@\g\ﬁgi3 The primers
can be élg{ectec{] guc%/ &gp ?he@“%i‘ s{%&ﬁgall‘?f ngghfy RNA of only one virus subtype.
DNAs generated by using subtype-specific primers can be further analyzed by molecular
genetic techniques such as sequencing. The test is preferably run with a positive control, or
products are confirmed by sequencing and comparison with known sequences. The absence
of the target PCR products (i.e, a “negative” result) may not rule out the presence of the virus.
Results can then be made available within a few hours from either clinical swabs or infected
cell cultures. PCR and RT-PCR tests for influenza A virus are described by Fouchier ez al,
2000 and Maertzdorf et al., 2004. o

The subject invention also concems methods for screening for compounds or drugs
that have antiviral activity against a virus of the present invention. In one embodiment, cells
infected with a virus of the invention are contacted with a test compound or drug. The
amount of virus or viral activity following contact is then determined. Those compounds or
drugs that exhibit antiviral activity can be selected for further evaluation.

The subject invention also concems isolated cells infected with an influenza virus of
the present invention. In one embodiment, the cell is a canine cell, such as canine kidney
epithelial cells.

The subject invention also concerns cells transformed with a polynucleotide of the
present invention encoding a polypeptide of the invention. Preferably, the polynucleotide
sequence is provided in an expression construct of the invention. More prefefably, the
expression construct provides for overexpression in the cell of an operably linked
polynucleotide of the invention. In one embodiment, the cell is transformed with a
polynucleotide sequence comprising a sequenée encoding the 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 fragment or variant
thereof. In a specific embodiment, the cell is transformed with a polynucleotide encoding the
amino acid sequence shown in 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,or78<xxnpﬁsesthe
nucleotide sequence shown in 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, 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,
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74, 76N\8r B 84the gl@@ét%berﬁm&cerﬁél cals NhsfIrmtQ vath h pblyhucleotide

Qinical sanple* Avian
sequence comprising the nucleotide sequence shown inany of SEQID 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 a fragment or variant, i_ncluding a degenerate variant, of 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, 75,0r 77.

The transformed cell can be a eukaryotic cell, for example, a plant cell, including
protoplasts, or the transformed cell can be a prokaryotic cell, for example, a bacterial cell
such as E. coli or B. subtilis. Animal cells include human cells, mamrnalian cells, partially
canine cells, avian cells, and insect cells. Plant cells include, but are not limited to,
dicotyledonous, monocotyledonous, and conifer cells.

The subject invention also concerns plants, including transgenic plants that express
and produce a viral protein or polypeptide of the present invention. Plants, plant tissues, and
plant cells transformed with or bred to contain a polynucleotide of the invention are
contemplated by the present invention. Preferably, the polynucleotide of the invention is
overexpressed in the plant, plant tissue, or plant cell. Plants can be used to produce influenza
vaccine compositions of the present invention and the vaccines can be administered through
consumption of the plant (see, for example, U.S. Patent Nos. 5,484,719 and 6,136,320).

The subject invention also concerns kits for detecting a virus or diagnosing an
infection by a virus of the present invention. In one embodiment, a kit comprises an antibody
of the invention that speciﬁcall.y binds to an influenza virus of the present invention, or an
antigenic portion thereof. In another embodiment, a kit comprises one or more polypeptides
or peptides of the present invention. In a specific embodiment, the polypeptides have an
amino acid sequence shown in any of SEQ ID NOs. 2, 4, 6, §, 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 inﬁnunogenic fragment or variant thereof. In a further embodiment, a kit
comprises one or more polynucleotides or oligonucleotides of the present invention. In a
specific embodiment, the polynucleotides have a 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, or a fragment or variant thereof. A kit may optionally
comprise 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.
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b_etvve_en rea! -tine RT- PCR and ®irectigen Flu A Virus

dilutions Directigen Flu A Real-time RT-PCR of M (Ct)

Al cani ne/ 242/ 03 A/ Wonmi ng/ 3/ 03 A/ cani ne/ 242/ 03

AR BOApH1iéEEh dlf dontems thetus2 D Aonpeel 4823 & Pmedel for infection

25.85 22.66 10-3 - - 29.27 25.76 10-4 Not gon%. .
and patfiogencs . Efan BgneE Virys. Sngse cEBREING: HBKEESE %! Hppted with an
mﬂuenzg v?rué\,b stuc Ag c%ﬁe gl%@nz?él?vﬂ of the present mvention. Optionally, the dog
can be administered therapeutic agents subsequent to inoculation. The dog can also have
been administered a composition for generating an immune response against an influenza
virus prior to inoculation with virus. Tissue, blood, serum, and other biological samples can
be obtained before and/or after inoculation and examined for the presence of virus and
pathogenesis of tissue using methods known in the art including, but not limited to, PCR, RT-
PCR, nucleic acid sequencing, and immunohistochemistry.

Canine influenza virus strains (designated as “A/canine/Florida/43/2004” and
« A/canine/Florida/242/2003”) were deposited with American Type Culture Collection
(ATCC), P.O. Box 1549, Manassas, VA 20108, on October 9, 2006. Canine influenza virus
strains (designated as- “canine/Jax/05” and ““canine/Miami/05”), were deposited with
American Type Culture Collection (ATCC), P.O. Box 1549, Manassas, VA 20108, on
October 17, 2006. The subject virus strains have been deposited under conditions that assure
that access to the cultures will be available during the pendency of this patent application to
one determined by the Commissioner of Patents and Trademarks to be entitled thereto under
37 CFR 1.14 and 35 U.S.C. 122. The deposit will be available as required by foreign patent

laws in countries wherein counterparts of the subject application, or its progeny, are filed.

However, it should be understood that the availability of a deposit does not constitute a

license to practice the subject invention in derogation of paterit rights granted by
governmental action. .-
Further, the subject virus deposits will be stored and made available to the public in
accord with the provisions of the Budapest Treaty for the Deposit of Microorganisms, 1e., it
will be stored with all the care necessary to keep it viable and uncontaminated for a period of
at least five years after the most recent request for the furnishing of a sample of the deposit,
and in any case, for a period of at least thirty (30) years after the date of deposit or for the
enforceable life of any patent which may issue disclosing the culture. The depositor
acknowledges the duty to replace the deposit should the depository be unable to furnish a
sample when requested, due to the ‘condition of the deposit. All restrictions on the
availability to the public of the subject culture deposit will be irrevocably removed upon the

granting of a patent disclosing it.
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Not done No & 38.93 Table 17. O ass of Am no

Aci dExanpl es of Ami no Aci ds Nonpol ar Al a, Val, Leu,
Ile, Pro, Met, Phe, Trp Uncharged Polardy, Ser,

Thr, Cys, Tyr, Asn, Gn Acigi cAsp, Qu Basiclys,
Arg, H's 84 Table 18. Letter Synbol Amino Acid
Letter Synbol Amino Acid A Alanine M I\/bt h| oni ne B

g? g??ﬁ;ﬁDﬂnggﬁﬁﬁ%é@gug @b@%ﬁ;@g g%?ric%i\gpca)ded by the

emgglpféquﬁl (98 ' Hﬁpﬂenwramgmiase (& "NA™), and nucleoprotem (NP) genes of the
canine influenza virus identified as A/canine/Florida/43/2004 (Ca/ Fla/43/04) with H3NS
equine isolates, as well as the canine/Florida/242/2003 isolate.

Any element of any embodiment disclosed herein can be combined with any other
element or embodiment disclosed herein and such combinations are specifically contemplated
within the scope of the present invention.

All patents, patent applications, provisional applications, and publications referred to

or cited herein are incorporated by reference in their entirety, including all figures and tables,

to the extent they are not inconsistent with the explicit teachings of this specification.
MATERIALS AND METHODS FOR EXAMPLES 1-6

Blood and Nasal Swab Collection from Greyvhounds.

Acute and convalescent blood samples were collected by jugular venipuncture from
clinically diseased or normal greyhounds in racing kennels experiencing outbreaks of
respiratory disease. Convalescent samples were collected 4 to 12 weeks after the acute
sample. Serum was harvested and stored at -80°C. Nasal swabs were collected and placed in
Amies transport medium with charcoal (Becton Dickinson Biosciences) pending submission

for bacterial isolation.

Postmortem examination of greyvhounds.

Complete postmortem examinations were performed by the Anatomic Pathology
Service at the University of Florida College of Veterinary Medicine (UF CVM) on 5 of the 8
greyhounds that died in the January 2004 outbreak at a Florida track. Postmortem
examination of another dog was performed at a private veterinary clinic with submission of
tissues to the UF CVM for histopathologic diagnosis. Tissues were fixed in 10% neutral
buffered formalin, embedded ir paraffin, and 5-um sections were either stained with
hematoxylin and eosin for histopathologic diagnosis or processed for immunohistochemistry
as described below. Unfixed tissues were submitted for bacterial culture and also stored at -
80°C.

Serological tests for canine viral respiratory pathogens.
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Paired acute and convalescent serum samples were submitted to the Animal Health
Diagnostic Laboratory (AHDL) at the Comell University College of Veterinary Medicine for
serum neutralization assays against canine distemper virus, adenovirus type 2, and
parainfluenza virus. Antibody titers were expressed as the last dilution of serum that
inhibited viral infection of cell cultures. Seroconversion, defined as a > 4-fold increase in
antibody titer between the acute and convalescent sarhple, indicated viral infection. No

seroconversions to these viral pathogens were detected.

Microbial tests for canine bacterial respiratory pathogens.

Paired nasal swabs and postmortem tissues were submitted to the Diagnostic Clinical

Microbiology/Parasitology/Serology Qervice at the UF CVM for bacterial isolation and

~identification. The samples were cultured on nonselective media as well as media selective

for Bordetella species (Regan-Lowe; Remel) and Mycoplasma species (Remel). All cultures
were held for 21 days before reporting no growth. Nasal swabs from some of the greyhounds
were also submitted to the Department of Diagnostic Medicine/Pathobiology at the Kansas
State University College of Veterinary Medicine for bacterial culture. Of 70 clinically
diseased dogs tested, Bordetella bronchiseptica was isolated from the nasal cavity of 1 dog,
while Mycoplasma spp. Were recovered from the nasal cavity of 33 dogs. Pasteurella
multocida was commonly recovered from the nasal cavity of dogs with purulenf nasal
discharges. Two of the dogs that died in the January 2004 outbreak had scant growth of
Escherichia coli in the lungs postmortem, one dog had scant growth of E. coli and

Streptococcus canis, and another had scant growth of Pseudomonas aeruginosa and a yeast.

. Neither Bordetella bronchiseptica nor Mycoplasma was isolated from the trachea or lungs of

dogs that died.

Virus isolation from postmortem tissues.

Frozen tissues were thawed and homogenized in 10 volumes of minimum essential
medinm (MEM) supplemented with 0.5% bovine serum albumin (BSA) and antibiotics.
Solid debris was removed by centrifugation and supernatants were inoculated onto cultured
cells or into 10-day old embryonated chicken eggs. Tissue homogenates from greyhounds
that died were inoculated into diverse cell cultures that supported the replication of a broad
range of viral pathogens. The cell cultures included Vero (African green monkey kidney
epithelial cells, ATCC No. CCL-81), A-72 (canine tumor fibroblasts, CRL-1542), HRT-18
(human rectal epithelial cells, CRL-11663), MDCK (canine kidney epithelial cells, CCL-34),
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primafsP BSERS Wiiney hBBAIFEIR3(ARDILN €/ drhéIPbmdverty), primary canine lung
epithelial cells (AHDL), and primary bovine testicular cells (AHDL). MDCK and HRT cells
were cultured m MEM suppiemented with 2.5 ug/mL TPCK-treated trypsin (Sigma); the
remaining cell lines were cultured in MEM supplemented with 10% fetal calf serum and
antibiotics. Cells were grown in 25 cm” flasks at 37°C in a humidified atmosphere containing
5% CO,. A control culture was inoculated with the supplemented MEM. The cultures were
observed daily for morphologic changes and harvested at 5 days post inoculation. The
harvested fluids and cells were clarified by centrifugation and inoculated onto fresh cells as

described for the initial inoculation; two blind passages were performed. Hemagglutination

‘activity in the clarified supernatants was determined using chicken or turkey red blood cells

'as described (Burleson e al., 1992; Kendal et al., 1982). For virus isolation in chicken

embryos, 0.1 mL of tissue homogenate was inoculated into the allantoic sac and incubated for
48 hours at 35°C. After two blind passages, the hemagglutination activity in the allantoic
fluids was determined as described (Burleson et al., 1992; Kendal ef al., 1982).

RT-PCR, nucleotide sequencing, and phylogenetic analyses.

Total RNA was extracted from tissue culture supernatant or allantoic fluid using the
RNeasy kit (Qiagen, Valencia, CA) according to manufacturer’s instructions. The total RNA
(10 ng) was reverse transcribed to cDNA using a one-step RT-PCR Kit (Qiagen, Valencia,
CA) according to manufacturer’s instructions. PCR amplification of the coding region 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 chémjstry (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
bootstraph values from the nucleotide sequences (Felsenstein, 1989). Phylogenetic trees were
compared to those generated by neighbor-joining analysis with the Tamura-Nei gamma
model implemented in the MEGA® program (Kumar et al., 2004) and confirmed by the
PAUP® 4.0 Beta program (Sinauer Associates).

Experimental inoculation of dogs.
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~ Four 6-month old specific pathogen-free beagles [(2 males and 2 females (Liberty
Research)] were used. Physical examination and baseline blood tests including complete
blood cell count/differential, serum chemistry panel, and urinalysis determined that the
animals were healthy. They were housed together in a BSL 2-enhanced facility accredited by
the Association for Assessment and Accreditation of Laboratory Animal Care. Baseline
rectal temperatures were recorded twice daily for 7 days. 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. Each dog Was inoculated with a total
dose of 10%% median tissue culture infectious doses (TCIDsg) of A/Canine/Florida/43/2004
(Canine/F1./04) (H3N8) virus with half the dose administered into the distal trachea through
the endotracheal tube and the other half administered into the deep nasal passage through a
catheter. Physical examinations and rectal temperature recordings were performed twice
daily for 14 days post inoculation (p.i.). Blood samples (4 mL) were collected by jugular
venipuncture on days 0, 3, 5, 7, 10, and 14 p.i. Nasal and oropharyngeal specimens were
collected with polyester swabs (Fisher Scientific) from each dog on days 0 to 5, 7, 10, and 14
pi. The swabs were placed in viral transport medium (Remel) and stored at -80°C. Two
dogs (1 male and 1 female) were euthanatized by intravenous inoculation of Beuthanasia-D®
solution (1 mL/5 kg body weight; Schering-Plough Animal Health Corp) on day 5 p.i. and the
remaining 2 dogs on day 14 for postmortem examination. Tissues for histological analysis
were processed as described. Tissues for virus culture were stored at -80°C. This study was

approved by the University of Florida Institutional Animal Care and Use Committee.

Virus shedding from experimentally inoculated dogs.

Serial dilutions of lung homogenates and swab extracts, prepared by clarification 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 ef 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%

.CO, prior to fixation and staining with crystal violet. Virus concentration was expressed as

plaque forming units (PFU) per gram of tissue or per swab.

Immunohistochemistry.
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Deparaffinized and rehydrated 5-pm lung tissue sections from the greyhounds and
beagles were mounted on Bond-Rite™ slides (Richard-Allan Scientific, Kalamazoo, MI) and
subsequently treated with proteinase K (DakoCytomation, Carpenteria, CA) followed by
peroxidase blocking reagent (Dako® EnVision™ Peroxidase Kit, Dako Corp.). The sections
were mcubated with 1:500 dilutions of monoclonal antibodies to canine distemper virus
(VMRD, Inc.), canine adenovirus type 2 (VMRD, Inc.), canine parainfluenza virus (VMRD,
Inc.), or influenza A H3 (Chemicon International, Inc.) for 2 hours at room temperature.
Controls included incubation of the same sections with mouse IgG (1 mg/mL, Serotec, Inc.),
and incubation of the monoclonal antibodies with normal canine lung sections. Following
treatment with the primary antibodies, the sections were incubated with secondary
immunoperoxidase and peroxidase substrate reagents (Dako® EnVision™ Peroxidase Kit,
Dako Corp.) according to the manufacturer’s instructions. The sections were counterstained
with hematoxylin, treated with Clarifier #2 and Bluing Reagent (Richard-Allan Scientific,
Kalamazoo, MI), dehydrated, and coverslips applied with Permount (ProSciTech).

Hemagglutination inhibition (HI) assay.

Serum samples were incubated with receptor destroying enzyme (RDE, Denka) (1
part serum: 3 parts RDE) for 16 hours at 37°C prior to heat inactivation for 60 minutes at
56°C. Influenza A/Canine/FL/04 (H3N8) virus was grown in MDCK cells for 36-48 hr at
37°C. Virus culture supernatants were harvested, clarified by centrifugation, and stored at -
80°C. The HI assay was performed as described previously (Kendal et al., 1982). Briefly, 4
hemagglutinating units of virus in 25pl were added to an equal volume of serially diluted
serum in microtiter wells and incubated at room temperature for 30 minutes. An 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.

Microneutralization (MN) assay.

{

Neutralizing serum antibody responses to A/Canine/FL/04 (H3N8) were detected bya
MN assay as described previously (Rowe et al., 1999) except that canine sera were RDE-
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treated as described above prior to the assay. The endpoint titer was defined as the highest
dilution of serum that gave 50% neutralization of 100 TCIDs of virus. Seroconversion was
defined as > 4-fold increase in MN titer between paired acute and convalescent samples.
Seropositivity of a single sample was defined as a MIN titer >1:80.

Following are examples which illustrate procedures for practicing the invention.
These examples should not be construed as limiting. All percentages are by weight and all

solvent mixture proportions are by volume unless otherwise noted.

EXAMPLE 1

In January 2004, an outbreak of respiratory disease occurred in 22 racing greyhounds
housed in 2 kennels at a Florida track and the local farm that supplied dogs to these kennels.
There were approximately 60 dogs in each kennel building and 300 dogs at the farm. The
outbreak occurred over a 6-day period after which no new cases were identified. Fourteen of
the 22 dogs had fevers of 39.5 to 41.5°C, a soft, gagging cough for 10 to 14 days, and
eventual recovery. Of the remaining 8 dogs, 6 apparently healthy dogs died unexpectedly
with hemorrhage from the mouth and nose. Two other dogs were euthanatized within 24
hours of onset of hemorrhage from the mouth and nose due to rapid deterioration. Both of
these dogs had fevers of 41°C. Four of the 8 deaths occurred in the kennel buildings and 4
occurred at the farm. Fifty percent of the deaths occurred on day 3 of the outbreak. The 22
dogs ranged in age from 17 months to 4 years, but 73% were 17 to 33 months old.

Two clinical syndromes were evident: a milder illness characterized by initial fever
and then cough for 10-14 days (14 dogs) with subsequent recovery, or a peracute death
associated with hemorrhage in the respiratory tract (8 dogs for a mortality rate of 36%).
Postmortem examinations were performed on 6 of the 8 fatal cases. All dogs had extensive
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, é.nd 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,
bovine, and canine cell lines for virus culture. The lung homogenate from one dog caused
cytopathic effects in Madin-Darby canine kidney epithelial cells (MDCK) cultured in the
presence of trypsin, and the cell culture supernatant agglutinated chicken red blood cells.

Preliminary evidence of an influenza type A virus was provided by a commercial ELISA for
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primers specific for the matrix gene of influenza A viruses. In addition, the hemagglutinating
activity was inhibited by reference antisera to the equine influenza A H3 subtype, but not by
antisera specific for human influenza A subtypes H1-H11 and H13 (Table 3). To
characterize the molecular properties of the virus, we determined the nucleotide sequences of
the 8 RNA segments of the viral genome. Sequence comparisons with known influenza virus
genes and phylogenetic analyses indicated that the 8 genes of the canine isolate were most
similar to those from contemporary equine influenza A (H3N8) viruses, with which they
shared 296-97% sequence identity (Figure 1A, Table 4). In contrast, representative genes
from avian, swine, and human influenza A isolates had <94% identity with the canine isolate
(Table 4). These data identified the canine isolate A/Canine/Florida/43/2004 (Canine/F1./04)
as an influenza A H3N8 virus closely related to contemporary lineages of equine influenza
viruses. Since all genes of the canine isolate were of equine influenza virus origin, we
concluded that the entire genome of an equine influenza virus had been transinitted to the

dog.

EXAMPLE 2

To investigate the role of the Canine/FL/04 virus in the clinical and pathological
observations in the greyhounds, we performed immunohistochemical staining (IHC) on lung
tissues using a monoclonal antibody to influenza A H3. Viral H3 antigen was consistently
detected in the cytoplasm of bronchial and bronchiolar epithelial cells, bronchial gland
epithelial cells, and macrophages in airway lumens and alveolar spaces (Figure 2A). These
data support a diagnosis of pulmonary infection with influenza virus of the H3 subtype in

multiple dogs.

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
microneutralization (MN). Seroconversion, defined as a > 4-fold rise in antibody titer td
Canine/FL/04 from the acute to convalescent phase, occurred in 8 of 11 (73%) sick dogs in

both assays (Table 1). Seroconversion occurred in 6 of 16 (38%) asymptomatic contacts in

~ the HI assay, while 8 of 16 (50%) seroconverted in the MN assay (Table 1). The
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EXAMPLE 4

To better understand the capacity of the Canine/FL/O4 virus to infect dogs, four 6-
month old purpose-bred beagles were each inoculated with 105 median tissue culture
infectious doses (TCIDso) by the intratracheal and intranasal routes. All dogs developed a
fever (rectal temperature =39°C) for the first 2 days postinoculation (p.1.), but none exhibited
respiratory symptoms such as cough or nasal discharge over a 14 day observation period.
Virus shedding was examined by quantification of virus in nasal and oropharyngeal swabs.
Only 2 of the 4 dogs shed detectable amounts of virus. One dog shed virus on days 1 and 2
p.. (1.0-2.5 logo PFU per swab), whereas the other dog shed virus for 4 consecutive days
after inoculation (1.4-4.5 logyo PFU per swab). Postmortem examination of 2 dogs on day 5
p.i. revealed necrotizing and hyperplastic tracheitis, bronchitis, and bronchiolitis similar to
that found in the spontaneous disease in greyhounds, but there was no pulmonary hemorrhage
or bronchopneumonia. Viral H3 antigen was detected in the cytoplasm of epithelial cells of
bronchi, bronchioles, and bronchial glands by IHC (Figure 2B). Infectious virus was
recovered from the lung tissue of one of the dogs. Postmortem examination of the remaining
2 dogs on day 14 p.i. showed minimal histological changes in respiratory tissues, no viral H3
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 infec£ion
with Canine/FL/04, as evidenced by the febrile response, presence of viral antigen and
infectious virus in the lung parenchyma, histopathological findings typical for influenza, and

seroconversion. The failure to reproduce severe disease and death in the experimentally
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From June to August 2004, respiratory disease outbreaks occurred in thousands of
racing greyhounds at 14 tracks in Florida, Texas, Alabama, Arkansas, West Virginia, and
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/F1./04, and 100%
were seropositive (Table 6). Convalescent sera from 29 dogs in West Virginia and Kansas
also had antibodies to Canine/FL/04. We isolated influenza A (H3N8) virus from the lungs

of a greyhound that died of hemorrhagic bronchopneumonia at a track in Texas. Sequence
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analysis of the entire genome of this isolate, named A/Canine/Texas/1/2004 (Canine/TX/04),

revealed 299% identity to Canine/FL/04 (Table 4). The isolation of three closely related
influenza viruses from fatal canine cases over a 13-month period and from different
geographic locations, together with the substantial serological evidence of widespread
infection among racing greyhounds, suggested sustained circulation of a Canine/FL/04-like
virus in the dog population.

Phylogenetic analysis of the HA genes of Canine/FL/03, Canine/FL/04, and
Canine/TX/04 showed that they constitute a monophyletic group with robust bootstrap
support that was clearly distinct from contemporary H3 genes of equine viruses isolated in
2002 and 2003 (Figure 1B). Phylogentic analysis. and pairwise nucleotide sequence
comparisons of the other 7 genomic segments supported the segregation of the canine genes
as a distinct sub-lineage most closely related to the equiné virus lineage (data not shown, and
Table 4). The clustering of the canine influenza genes as a monophyletic group separate from
equine influenza is also supported by the presence of 4 signature amino acid changes in the
HA (Table 2). Together with the serological results from 2003 and 2004, these data are
consistent with a single virus transmission event from horses to dogs with subsequent
horizontal spread of the virus in the greyhound population. However, repeated introductions
of this unique lineage of influenza virus from an unidentified reservoir species can not be
formally excluded, unlikely as it may be.

The viral HA is a critical determinant of host species specificity of influenza virus
(Suzuki et al., 2000). To identify residues within HA that may be associated with adaptation
to the canine host, we compared the deduced amino acid sequence of canine HAs to those of
contemporary equine viruses. Four amino acid changes differentiate the equine and canine
mature HA consensus amino acid sequences: N83S, W222L, 1328T, and N483T (see Table
2). The canine viruses have an amino acid deletion when compared to the consensus equine
sequences. Therefore, amino acid position 7 in the HA equine sequence is position 6 in the
HA canine sequence, amino acid position 29 in the HA equine sequence is position 28 in the
HA canine sequence, amino aci;i 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
substitution of serine for asparagine at consensus sequence position 83 is a change of
unknown functional significance since various polar residues are found in H3 molecules from

other species. The strictly conserved isoleucine at consensus sequence position 328 near the
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by host proteases in pathogenesis suggests that this change merits further study. The
substitution of leucine for tryptophan at consensus sequence position 222 is quite remarkable

because it represents a non-conservative change adjacent to the sialic acid binding pocket

which could modulate receptor function (Weis et al., 1988). Interestingly, leucine at position

222 is not unique to canine H3 HA since it is typically found in the H4, H8, H9, and H12 HA

subtypes (Nobusawa et al., 1991; Kovacova et al., 2002). The leucine substitution may be

more compatible with virus specificity for mammalian hosts since infections of swine with

subtype H4 (Karasin et al., 2000) and humans and swine with subtype H9 (Peiris et al., 1999)

viruses have been reported. The substitution of asparagine with threonine at consensus

sequence position 483 resulted in the loss of a glycosylation site in the HA2 subumt that is

conserved in all HA subtypes (Wagner et al., 2002). Although the importance of these amino

acid changes in the HA for adaptation of an equine virus to dogs remains to be determined,

similar amino acid changes have been observed previously in association with interspecies

transfer (Vines et al., 1998; Matrosovich et al., 2000). Amino acid differences between other

influenza viral proteins of the invention and equine consensus sequence are shown in Tables

19 to 25.

The source of the equine influenza virus that initially infected racing greyhounds
remains speculative. Kennels at greyhound racetracks are not located near horses or horse
racetracks, suggesting that contact between greyhounds and shedding horses is not a
sufficient explanation for the multiple outbreaks in different states in 2004. A potential
source of exposure to the equine virus is the feeding of horsemeat to greyhounds, whose diet
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 H5N1 avian influenza virus to pigs and zoo felids fed infected
chicken carcasses (Webster, 1998; Keawcharoen et al., 2004; Kuiken et 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
is possible, and that dog-to-dog transmission of virus by large droplet aerosols, fomites, or

direct mucosal contact could play a role in the epizootiology of the disease.
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* Amino acid residue (single letter code) and position in the mature H3 HA. The amino acid

code 1s:

A=alanine,

D=aspartic acid, G=glycine,

T=1soleucine,

K=lysine, I=leucine,

M=methionine, N=asparagine, R=arginine, S=serine, T=threonine, V=valine, W=tryptophan .
T Denotes no change from the consensus equine H3 HAs.
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Table 3. Hemagglutination inhibition of a virus isolate by reference antisera to
different HA subtypes.
Reference Antisera HA Specificity _ HI titer®
Puerto Rico/8/34 _ HI. 5
Swine/lowal5/30 H1 5
Singapore/01/57 H2 5
Shanghai/11/87 H3P 5
Equine/Miami/1/63 H3 160

Duck/Czechoslovakia/56 H4 5
Tern/South Africa/61 H5 5
Turkey/Massachussetts/65 H6 5
Fowl Plague/Dutch/27 H7 5
Fowl Plague/Rostock/34 H7 5
Equine/Prague/1/56 H7 5
Turkey/Ontario/6118/68 HS 5
Quail/Hong Kong/G1/97 HY" 5
Chicken/Hong Kong/G9/97 HOP | 5
Chicken/Germany/49 H10 5

Duck/England/56 H11 5
Gull/Maryland/704/77 H13 5
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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Table 4. Sequence homology of A/Canine/Florida/43/2004 (H3N8) genes to equine, aviamn,

swine, and human strains of influenza A.

Gene Equine Avian Swine Human
PB2 96.9 (98.7)° 88.6 (96.8) 87.9 (96.8) 86.2 (96.4)
DQ124147 Eq/Kentucky/2/8 Mall/Alberta/98/85 Sw/Ontario/ PR/8/34
M73526 AY633315 01911-1/99 (HK/213/03)
AF285892 AF389115
(AY576381)
PB1 97.1 (98.8) 83.9 (97.1) 83.9 (97.1) 83.9(97.1)
DQ124148 | Eg/Tennessee/5/86 | Ck/BritishCelumbia/04 Sw/Korea/S109/04 WSN/33
M25929 (Gull'Md/704/77) (Sw/Saskatch/ (Sing/1/57)
AY61675 (M25933) 18789/02) J02178
AY790287 (M25924)
(AY619955)
PA 96.3 (97.5) 87.0 (94.3) 34.3 (94.6) 83.8(93.4)
DQ124149 M26082 Ck/Chile/4591/02 Sw/Hong Kong/ Taiwan/2/70
Eq/Tennesee/5/36 | (Ostrich/SA/08103/95) 126/02 (Viet Nam/
AY303660(AF508662) M26081 1203/04)
AY210199
(AY$18132)
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/427292a/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 | Eg/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) na’ nal
DQ124151 | Eg/Tennesee/5/86 Dk/NJ/2000
1.06583 106583
M 97.9 (95.7) 94.1 (94.0) 93.7 (93.5) 91.2 (95.4)
DQ124152 | Eg/Tennesee/5/86 . Tky/Mn/833/80 Sw/Saskatchewan/ WSN/33
(Eq/Kentucky/92) AF001683 18789/02 (Hong Kong/
M63529 M63527 1073/99)
(AF001683) o J02177
(AJ278646)
NS 97.5(95.7) 92.0 (50.4) 91.1 (89.1) 91.4 (90.0)
DQ124153 Eq/Tn/5/86 Mal/NY/6750/78 Sw/China/8/78 Brevig
. (Eq/Kentucky/92) M80945 (Sw/Korea/s452/04) | Mission/1/18
M30973 M380968 (AY790309) AF333238
(AF001671)

® Percent nucleotide and amino acid (in parentheses) sequence identity of A/Canine/Florida/43/2004
(H3N8) 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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TTAS171 - 93 Table 30. Canine flu challenge* -
clinical signs, virus isolation, histopathol ogy
results M croscopic | esion (histopathology) negative

negative negative negative negative negative negative
negative - negative Virus i8blation Lung tissues
negative negative negative negative negative negative
negative negative negative Tracheal scraping
negative negative negative negative negative
regat-re—regattve—negattve—Tegat T ve
Table 5. Antibody titers to A/canine/Florida/43/2004 (H3N8) in greyhound
serum collected from 1996 to 2003. '
Year"
1996 | 1997 | 1998 | 2000 2002 2003
r .
No. of dogs tested 8 6 19 | 4 6 22
No. of seropositive dogs 0 0 0 1 2 6
Antibody titers” 512 | 232,524 | 280-2242

®The year of serum sample collection from racing greyhounds in Florida.
b Microneutralization assay antibody titers for seropositive dogs, including the range for the

six 2003 seropositive dogs.

Table 6. Antibody response to A/canine/Florida/43/2004 (H3NB) 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

2 Number of clinically diseased dogs tested by HI using A/canine/Florida/43/2004 (H3N8).
® 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.

MATERIALS AND METHODS FOR EXAMPLES 7-11

Canine tissues

Postmortern examinations were performed by the Anatomic Pathology Service at the
University of Florida College of Veterinary Medicine on 6 mixed breed dogs that died in
April/May 2005 during an influenza outbreak in a shelter facility in northeast Florida, and on

a pet Yorkshire Terrier dog that died in May 2005 during an influenza outbreak in a
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Nasal swab negative negative negative negative
negative negati ve negative negative negative
Cinical signs QUOU OUOU QUOU QUOU Quou Quou oudu
QUQU I ouou Treatnent group Vaccinate** Vaccinate**
Vacci nate** Vacci nate** Vaccigna.te** Cont r ol
Control Control Control I-OG INV H 1V friV fNV
/W Z'1V D?lV

veterinary clinic in southeast Florida. Tissues were fixed in 10% neutral buffered formalin,
embedded in paraffin, and 5-um sections were stained with hematoxylin and eosin for

histopathologic diagnosis. Unfixed tissues were stored at -80°C pending virological analyses.

RNA extraction from canine tissue samples

Frozen lung tissues 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, QTAGEN 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 Inp., 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 pM final concentration for each),
probe (0.1 pM final concentration) and RNase-free water in a final volume of 25 pL. The
TaqMan® Ribosomal RNA Control Reagents (Applied Biosystems, Foster City, CA) were
used according to manufacturer’s instructions for detection of 18S rRNA as an endogenous
internal control for the presence of RNA extracted from the canine tissue samples.

Quantitative one-step real-time RT-PCR was performed on the reaction mixtures in a
Mx3000P® QPCR System (Stratagene, La Jolla, CA). Cycling conditions included a reverse
transcription step at 50°C for 30 minﬁtes, an Initial denaturation step at 95°C for 15 minutes -
to activate the HotStarTaq® DNA polymerase, and amplification for 40 cycles. Each

amplification cycle included denaturation at 94°C  for 15 seconds followed by
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94 EXAMPLE 19 - EFFI CACY OF AN EQUI NE | NFLUENZA VI RUS

VACCI NE FOR DOCGS. The cani ne influenza virus

isolated fromflu outbreaks in Florida was

characterized is closely related to a nunber of H3N3

type equine influenza virus i8§blates. By DNA and 5

am no acid sequence simlarity analysis it was

denmonstrated that the canine influenza virus is very

¢ UBHZ B AWK (d4Sission wavelength 518 nm) and VIC

anne%} %’?%%5%1?%/08%%@%&%I Igg\n ﬁg st(udy was condguct ed |n)
(ermsmgswmelelmgth 56 men)t freorescent sigpalowase merordadagti the end of each cycle.

e B3G5 AL, SO, S 3 E s a0
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17 nonths 15 of age vi a subcut aneous
consigtsgetamisifiaien o N axunged pe drariet Wb ORI T
i ve equi ne/ Kentucky/9l influenza vaccine in a 1 ni

volunme via intranasal route (single nostril). Blood
Virusaohities indfleCEdlellect ed on the day of vacci nati on. day
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Experinmental design Goup Nunber of dogs Breed
Tr eat ment Nunber of doses Rout e of vaccination 1) 7
iruBe QL mated chicken eSghcut aneous 2 7 Beagl e

Sl e AR SRR LGl e i

inocﬁ(a'ﬁgﬁ% MDCK cells. The homogenates (0.2 mL) were inoculated into the allantoic

sac of 10-day old embryonated chicken eggs. After 48 hours of incubation at 35°C, the eggs
were chilled at 4°C overnight before harvesting the allantoic fluid. 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
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1 Intranasal 6 6 Mongrel Control N A* NN A* * Not

applicable ** EQUONE Iirmis marketed by Intervet

Inc. as a liquid vaccine. EQU ONE Il TIVI contains

i nacti vated A/ Pennsyl vani a/ 63 influenza (or- "AJPal63")
~virus and A/ equi ne/ Kentucky/ 9® i nfl uenza (or

"A/KY/93") virus with carbopol (i.e., HAVLOGEN(r)

5(Intervet Inc.)). Mre specifically, a dose of

_ 1 SR : ‘
descripbbitoly. A B R\ oo il oty B b B pelidficd for samples
that didadat showavitepot of iafldersaafvinus iaBet theBStislonequdaitan. a t ot al

volume of 1 m. *** A/KY/91 is a freeze-dried vaccine

that was reconstituted with water. Such reconstitution

RT-PYRSEQBIME dusRidM aNPRIfIengfiddeavater sufficient to
ring € vacci ne osage to a total volunme of 1 m.

Tharal aR it evaso et tedcteeld freguiMIBCKe stpariatag1 of aflpufeisz uidusing the
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RT-PGBcKitr(éﬁé&?El‘éilﬂ‘édVﬂJ/eKﬁlﬂ’Q@Aétvaqyfhng tyopEwigsdyrens ingrughions. PCR

gr . : l.at | e
annp B G OF G5 3hiE o BF il BEResIFR) LN g performed
as praviowsly ééscribeld gidlimoe, Af erarfi, 1692tD)] dsingndiveept getesspecific primer sets
. produced by enzymatic h%/cgrol Si s o{%‘ c ﬁ&n N-Z AM NE d
(PrimasPRAYECHarkeBE B9 KEPTY- Bi YiestsE ’élga’(% VEPgHICOpgy were used as
temp]%@é)for Repwdisd s@fﬁ%din%’ A HNABTPHIGHES IEHP aRMIMRUIEDNA sequencer
ol ow ng the vaccination and the H titers ranged )
%@yter City, CA).

usingf eyt $@juenci8 dyorteR@ukior Eemishy (Anrpdied Bigsyipns

C ared to 10 to fpr the, AKY/ vacg
el B oo et R b, N peny EaRp oo fRASTAR, tnc.
Madiddie BEMpP! aheCOHYETP eWeRlon? 3Lk ftPamt pyaEainalas omsed to estimate
(post second_vacci nation for, EQJ CI NE JJTM vacci ne%- :
phylogeries and|opicadnte Gpotsiran vales diore e RuiseifevieaRencet Aislirastein, J.

569 PERYERERLE8 Vbl Bt IR B ity i

with tHei Tarmada-Neigmedélriniplebeertal ar the MBGAC p®grato OKpmar, S. ¢f al., 2004)

ocgasi onal. co nd mld nasal discharge qbsefve
and cpRYRRR %Wﬁ”&\ﬁﬁ%ﬂﬁ%@mw Wprerd3socdry gy flptand, MA).
titers at 2 weeks post vacci nation G oup of dogs
Nunber Breed Treatment HI titer with Equi ne
igpiutfion iniplion Uahiaseryi nf | uenza virus Range GMI
R@e?&mgs\gglp]les Zvel?_ee ellz%u%at% Wy r}gcépltc;l;hhes}rgyl%% 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
assay were grown in 10-day old embryonated chicken eggs from which allantoic fluid was
collected and stored at -80°C. The HI assay was performed as described previously (Kendal,
P. et al., 1982). Briéﬂy, 4 hemagglutinating units of virus in 25ul were added to an equal
volume of serially diluted serum in 96-well plastic plates and incubated at room temperature
for 30 minutes. An equal volume of 0.5% 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.
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36 10-80 33 2 7 Beagle A/KY/91 10-20 12 20-160 54 3
6 Beagle Control NA* NA* NNA* NA* 4 7 Mongrel
Equi ci ne Wn 40-80 54 40-80 50 5 7 Mongrel A/ KY/91
10-40 24 40-80 49 6 6 Mongrel Control N A* N A* N A*
N A* 01 app ica e Anong beagleés, 2 of 6 dogs in the
EQUCINE Il TMvaccine group (Goup 1), 1 of 5 7 dogs
in the A/KY/91 vaccine group (Goup 2) and 2 of 6 dogs
in the control group (Goup 3) had fever. One of 6
dogs in Grou 3 (control) was positive for virus in

E nat ant of nasal swab materi al

celrfﬁgﬁ%%g@@ M%Qe o(?5a36/ \éfwéftévgo%}f ?d:?/oécrﬂ’c?ﬁt(fgﬁ Sdréiur}p &t al, 2005)

resp(x@o@jd fisgse dncbrdalobcclrrd@ @bdddd HotedhKYdBhkeN AeRitP fh S6:R1Rst Florida.
G.oup 2) had m|d nasal discharge during the post

The@ﬁ%hr‘raéiﬂ@éoli%bfsléaaﬁé&d@ﬁs agingdn agh Epe hunwntle to 9 years and included
pure%}fﬁltd € @nglsisqufeﬂ BRdhs. d’!l“lﬁ% b gt[)%%q(l ahx%cglss%gns Were purulent nasal

contr vacci ne groups
disciarge gndm egugl for Ftodfl daydo @ theui h@s&ﬁhﬂ lﬁldNEnﬂchTNisease for >7 days,

f 7.d the A/K
o L5 RO B e SR e o o 1
dogsgbﬂigpesééa & pnéimbad, bewdich @%rgggthfaﬁﬁ%eaﬁl%sng {HiRPoreed dogs

6 had a mld nasal di scharge, and
1ncluded 3 males and 3 females ranging in age from 4 months to 3 years. The duration of

clinical signs ranged from 2 to 10 days at the time of euthanasia. On postmortem
examination, these dogs had pulmonary congestion and edema. Histological examination of
the respiratory tract revealed rhinitis, tracheitis, bronchitis, bronchiolitis, and suppurative
bronchopneumonia. There was epithelial cell necrosis and erosion in the trachea, bronchi,
bronchioles, and bronchial glands. The respiratory tissues were infiltrated by neutrophils and
macrophages.

In May 2005, a respiratory disease outbreak occurred in 40 pet dogs at a veterinary
clinic in southeast Florida. The most common clinical signs were purulent nasal discharge
and a cough for 10 to 30 days. Of the 40 dogs, 17 were seropositive for canine/FL/04 (H3N8)
with HI antibody tiers ranging from 32 to >1024. Seroconversion occurred in 10 dogs for which
paired acute and convalescent sera were available. Three dogs progressed to pneumonia. One
of these dogs, a 9-year old male Yofkshire Terrier, died 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.

EXAMPLE 8—REAL~TIME RT-PCR AND VIRAL ISOLATION
Lung tissues from the 7 dogs were analyzed by quantitative real-time RT-PCR assays

that detect the M gene of influenza type A and the H3 gene of canine H3NS influenza A
virus. The lungs from all 7 dogs were positive for both the influenza A M gene and the
canine influenza H3 gene (Table 8). After 3 passages in MDCK cells, influenza A subtype
H3N8 virus was isolated from the lungs of a shelter dog that died after 3 days of pneumonia.

This virus was named A/canine/Jacksonville/05 (H3N8) (canine/Jax/05). After 2 passages in
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15 one dog from G oup 5 had an occasi onal cough. Two
of 7 dogs in the EQU CINE JJTM vacci ne group (G oup 4)
and 3 of 6 dogs in the control group (G oup 6) were
positive for influenza virus in the nasal swab by HA
assay. None of the dogs from ghe A/ KY/ 91 group (G oup
5) were positive for influenza virus in the nasal swab
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chal I enged oronasally with a virulent canine influenza
virus, A/ Canine/Floridal242/2003 (isolated from |l ung
of a greyhound dog with cani ne i nfl uenza di sease
(provided by Dr. Cynda Crawford at the University of
Florida)). The challenge virus 5was adm nistered as a
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dlffefggb;gt%ift% I%@Sg bsa@a% sntfrcgl 6]& o; fhe ?%%24 @%t de‘\9/ er&mgﬁn qhe42005 isolates

fronP aﬁb@gre»yﬁéﬁﬂae NdtsC| ¢dﬂhfeajaxmsg Ngdwi dahhﬂ/M&rﬁiMc sdiffiaeh from the
dog had one or nore of the follow ng clinical signs

camlﬂ@’%’fyvra/QS> mh@tmd isglgte4ry) onecasnigh, ackbehpnge.di49e oA é‘ﬁ{“ne/ Tax/05
cul.ar di sc r.0 r r
dlffed% TRE G Ca‘mn oM llmnséj& dsl{& $lrgl’?ggy g‘gg’r yéis(g% ﬁaﬁ%thﬁr H3N8 equine and
camh@S'ﬁ'usegag gs B@nseped at posision T axbeptlfoalA/qugneiJldlb@&S\/w@lch hasa T
i n_beagl es were generally mlder and short-course
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isolates and canine isolates. This was also observed for the serum from ferrets immunized
against canine influenza virus. These seroreactivity patterns demonstrated the antigenic
similarity between the canine influenza 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 isolat¢. This
suggests that canine/Jax/05 is antigenically distinct from the other canine isolates, which may

in part be related to the single amino acid change at position 107 in the mature HA.
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O Yes 2 Vomting No O Yes Fecal abnormalities No O

Yes 1 105 8. Analysis of total canine influenza

di sease clinical scores 0.003 (Goup 1 vs. 3) 0.294
(Goup 2vs. 3) 1t 0.040 (Goup 4 vs. 5) , i 1
Score per dog L'S 8.1 1g'Sz670.Z 1t7. of Groups 1

and 4 14 weeks 14 weeks (these dogs were vacci nat ed
once, when they were 18 weeks ol d)

Table 10. Antibody titers in equine, canine, and ferret

serum to older and contemporary equine influenza viruses
and canine influenza viruses.
Serum  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

2 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.

MATERIALS AND EXAMPLES METHODS FOR EXAMPLES 12-15

Canine influenza virus inoculum.

_ The virus inoculum was prepared by inoculation of Madin-Darby canine kidney
(MDCK) epithelial cells with a stock of A/canine/F1./43/04 (H3NB8) representing passage 3 of
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the original isolate previously described (Crawford et al., 2005). The inoculated MDCK cells
in Dulbecco’s Minimal 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% CQO,. 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
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 107 median tissue

culture infectious doses (TCIDsg) of A/canine/Florida/43/2004 (canine/F L/04) per mL.

Experimental inoculation.

Eight 4-month old colony bred mongrel dogs (Marshall BioResources, 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 TCIDs, 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.).

Pharyngeal and rectal swab collection. !

To monitor for virus shedding, oropharyngeal specimens were collected twice daily
from each dog on days 0 to 6 p.i. using polyester swabs (Fisher Scientific International Inc.,
Pittsburgh, PA). The swabs were placed in 1 mL of sterile phosphate-buffered saline (PBS)

containing 0.5% bovine serum albumin (BSA). Rectal swabs were collected from each dog
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daily from days 0 to 6. Swab extracts were prepared by clarification of the swab traﬁspoﬂ
media by centrifugation. An aliquot of swab extract was tested immediately for influenza A
virus nucleoprotein using the Directigen™ commercial immunoassay kit (BD, Franklin
Lakes, NJ) according to the manufacturer’s instructions. The remaining extract was stored at

-80°C pending other virological assays.

Postmortem examinations.

On day 1 p.i., one sham-inoculated dog and one virus-inoculated dog were
euthanatized by intravéﬁous inoculation of Beuthanasia-D® solution (1 mL/5 kg body weight;
Schering-Plough Animal Health Corp). One virus-inoculated dog was similarly euthanatized
each day from days 2 to 5 p.i. On day 6 p.i., the remaining sham-inoculated and virus- -
inoculated dog were euthanatized. Complete postmortem examinations were performed by
one of the investigators (WLC). Tissues were fixed in 10% neutral buffered formalin,
embedded in paraffin, and 5-pm sections were either stained with hematoxylin and eosin for
histopathologic diagnosis or processed for immunohistochemistry as described below.
Unfixed lung tissues were submitted to the Diagnostic Clinical Microbiology/Parasitology/
Serology Service at the University of Florida College of Veterinary Medicine for bacterial
isolation and identification. , The samples were cultured on nonselective media as well as
media selective for Bordetella species (Regan-Lowe; Remel, Lenexa, KS) and Mycoplasma
species (Remel). All cultures were held for 21 days before reporting no growth. Unfixed

tissues were also stored at -80°C pending virological analyses.

Immunohistochemistry.

Deparaffinized and rehydrated 5-pm trachea and lung tissue sections were moulnted
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
(Chemicon International, Inc., Ternecula, CA) for 2 hours at room temperature. Controls
included incubation of the same sections with mouse IgG (1 mg/mL, Serotec, Inc. Raleigh,
NC), and incubation of the monoclonal antibody with normal canine lung sections. Following
treatment with the primary antibody, the sections were incubated with secondary

immunoperoxidase and peroxidase substrate reagents (Dako® EnVision™ Peroxidase Kit,
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Dako Corp.) according to the manufacturer’s instructions. The sections were counterstained
with hematoxylin, treated with Clarifier #2 and Bluing Reagent (Richard-Allan Scient_iﬁc,
Kalamazoo, MI), dehydrated, and coverslips applied with Permount (ProSciTech,
Queensland, Australia).

RNA extraction from swabs and tissues.

Lung and tracheal tissues from each dog 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 from the tissue homogenates
as well as 6rpharyngeal and rectal swab extracts 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.

Real-time RT-PCR.

A single-step quantitative real-time RT-PCR was performed on the total RNA using
the QuantiTect® Probe RT-PCR Kit containing ROX as a passive reference dye (QIAGEN
Inc., Valencia, CA) and a primer-probe set that targeted a highly conserved region of the
matrix (M) gene of type A influenza virus (Payungpom S. et al., 2006a; Payungpom S. et al.,
2006b). For each real-time RT-PCR reaction, 5 pL of extracted total RNA were added to a
reaction mixture containing 12.5 uL 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 pL. The
'TaqMan® 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. | '

Quantitative one-step real-time RT-PCR was performed on the reaction mixtures in a
Mx3000P® QPCR System (Stratagene, La Jolla, CA). Cycling conditions included a reverse
transcription step at 50°C for 3(5 minutes, an initial denaturation step at 95°C for 15 minutes
to activate the HotStarTaq® DNA polymerase, and amplification for 40 cycles. Fach

ampliﬁcation cycle included denaturation "at 94°C for 15 seconds followed by
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annealing/extension at 60°C for 1 minute. The FAM (emission wavelength 518 nm) and VIC
(emission wavelength 554 nm) fluorescent signals were recorded at the end of each cycle.
The threshold cycle (Ct) was determined by setting the threshold fluorescence (dR) at 1000 in
each individual experiment. The Mx3000P® version 2.0 software program (Stratagene, La -
Jolla, CA) was used for data acquisition and analysis. The positive control consisted of
amplification of RNA extracted from A/canine/FL/242/03 (H3N8) virus. The results were
normalized by dividing the M Ct value by the corresponding GAPDH Ct value for each

sample.

Virus re-isolation from tissues.

Frozen lung and trachea tissues from virus-inoculated dogs were thawed and
homogenized in 10 volumes of DMEM supplemented with 0.5% BSA and antibiotics. Solid
debris was removed by centrifugation and supernatants were inoculated onto MDCK cells
cultured .in DMEM supplemented with 1 pg/mL TPCK-treated trypsin (Sigma-Aldrich Corp.,
St. Louis, MO) and antibiotics as described above. 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 supematants 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 (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 QITAGEN® OneStep RT-PCR Kit (QIAGEN

Inc., Valencia, CA) according to manufacturer’s instructions. PCR amplification of the

coding region of the 8 influenza viral genes in the cDNA was performed as previously
described (Crawford et al., 2005), using universal gene-specific primer sets (primer
sequences available on request). The resulting DNA amplicons were used as templates for

automated sequencing in the ABI PRISM® 3100 automated DNA sequencer using cycle
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sequencing dye terminator chemistry (Applied Biosystems, Foster City, CA). Nucleotide
sequences were analyzed using the Lasergene 6 Package® (DNASTAR, Inc., Madison, WI).
The nucleotide sequences for viruses recovered from infected dogs were compared to the
sequences of the virus in the inoculum to determine if any changes had occurred during

replication in the respiratory tract.

EXAMPLE 12—CLINICAL DISEASE

All 6 virus-inoculated dogs developed a transient fever (rectal temperature >39°C) for
the first 2 days p.i., but none exhibited respiratory signs such as cough or nasal discharge

over the 6-day observation period. The sham-inoculated dogs remained clinically healthy.

EXAMPLE 13—VIRUS SHEDDING

Influenza A nucleoprotein was detected in the oropharyngeal swab collected from one

of the virus-inoculated dogs at 24 hours p.i. The oropharyngeal swabs collected from one
dog at 72, 84, and 120 hours p.i., and another dog at 108, 120, and 132 hours p.i., were
positive for virus by quantitative real-time RT-PCR (Table 11). The absolute number of
influenza M gene copies per pl of swab extract increased with time from 3 to 6 days p.i. No

virus was detected in the rectal swabs.

EXAMPLE 14—POSTMORTEM EXAMINATIONS

In contrast to the previous experimental infection using specific pathogen-free

Beagles (Crawford et al., 2005), the virus-inoculated mongrel dogs had pneumonia as
evidenced by gross and histological analyses of the lungs from days 1 to 6 p.i. In addition to
pneumonia, the dogs had rhinitis, tracheatis, Ibronchitis, 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
(Figure 5, lower panels). No bacterial superinfection was present. The respiratory tissues

from the 2 sham-inoculated dogs were normal.
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EXAMPLE 15—VIRUS REPLICATION IN TRACHEA AND LUNGS

The trachea and lungs were positive for virus by quantitative real-time RT-PCR in all

dogs from 1 to 6 days p.i. (Table 12). The absolute number of influenza M gene copies per
pL of trachea homogenate increased from 1 to 5 days p.i., then decreased on day 6. The
absolute number of M gene copies per pL of lung homogenate decreased from 1 to 6 days p.i.

In general, the trachea contained > one logyo more virus than the lung on each of the 6 days

p.i.

Table 11. Detection of virus shedding in the oropharynx of mongret dogs
inoculated with canine influenza virus by quantitative real-time RT-PCR.
Dog ID f;ﬁfrﬂ) ),l, M/GAPDH ratio® | Matrix gene (copies / ul)*

72 1.20 1.57E+02
860 84 1.30 8.25E+02
120 1.23 1.47E+03
108 117 T 1.17E+02
894 120 1.41 1.37E+02
132 1.27 3.74E+02

* Time that oropharyngeal swabs were collected from the dogs following inoculation
with A/canine/FL/43/04 (H3N8) virus.

® Normalization ratios were calculated by dividing the M (Ct) by the GAPDH (Cv
for each swab extract. :

¢ The absolute number of matrix gene copies per uL of swab extract.
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Table 12. Detection of virus replication in the trachea and lung of
mongrel dogs  inoculated with canine influenza virus by quantitative
real-time RT-PCR.

M/GAPDH ratio® Matrix gene (copies / uL)®

Dog ID Time p.i. Lung | Trachea Lung Trachea
(hours)*

797 24 1.20 1.43 8.22E+05 3.11E+04
801 48 1.33 0.99 1.15E+05 6.52E+06
789 72 1.44 1.12 2.39E+04 1.56E+05
819 96 1.40 1.27 3.19E+04 1.43E+05
860 120 1.59 1.04 3.48E+03 1.17E+06
394 144 1.70 1.15 4.78E+02 1.50E+03

® Time that tissues were collected from the dogs following inoculation with
A/canine/FL/43/04 (H3N8) virus.

® Normalization ratios were calculated by dividing the M (Ct) by the GAPDH (Ct)
for each tissue homogenate.

¢ The absolute number of matrix gene copies per uL of tissue homogenate.

MATERIALS AND 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
infecﬁvity 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.



10

15

20

25

30

7777777. 77777777777 VIN VIN VIN V/N
VIN V/1\1 V/NV/N VN Vacci nat e
Vacci nate Vaccinate Vaccinate Vaccinate Contr ol
“Control Control Control Control Vaccinate
Vacci nate Vaccinate Vaccinaf/2 Vaccinate Control
Cont r ol Cont r ol Cont r ol Cont r ol 8 171
171 17.1 171 171 171 171 171

RNA extraction from canine tissue samples

Blocks of lung tissue weighing between 20 and 30 mg were homogenized in a
disposable tissue grinder (Kendal). Total RNA was extracted using a commercial kit
(RNeasy Mini Kit, Qiagen, Valencia, CA) and eluted in a final volume of 60 pL, following

the manufacturer’s recommendations.

Primers and probes design

Multiple sequence alignments of the H3 and M genes from various subtypes and from
diverse species were performed using the CLUSTAL X program (Version 1.8). Matrix (M)
primers and probe were selected from the conserved regions of over the known sequences
corresponding to different subtypes of influenza A virus, whereas the H3 hemagglutinin
gené-speciﬁc primers and probe set were selected to specifically match equine and canine
influenza A virus genes and mismatch the homologous avian and human genes (Table 13).
Primer design software (OLIGOS Version 9.1) and the web based analysis tools provided by
EXIQON (http://Inatools.com) was used for Tm calculation and prediction 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 uL of
QuantiTech RT Mix, primers (0.4 uM final conc. for H3 gene or 0.6 uM final conc. for M
gene), probe (0.1 pM final conc. for H3 gene or 0.2 pM 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 HotStarTaq DNA polymerase, arhpliﬁcation was performed

during 40 cycles including denaturation (94°C for 15 seconds) and annealing/extension (60°C
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for 30 seconds). The FAM (emission wavelength 516 nm for H3 and M detection) and VIC
(emission wavelength 555 nm for 18S rRNA detection) fluorescent signals were obtained
once per cycle at the end of the extension step. Data acquisition and analysis of the real-time

PCR assay were performed using the Mx3005P software version 2.02 (Stratagene).

Specificity of H3 primers/ probe set for canine influenza (H3N8) and universality of M

primers/probe set for type A influenza virus

In order to test the specificity of each primers/probe set, RNA extracted from several
known subtypes of influenza A viruses were used as a template in the real-time RT-PCR

assay (Table 15).

RNA standard for determination of the real-timer RT-PCR performance
The genes of canine influenza A virus (A/canine/Florida/242/2003(H3N8)) were used
to generate the PCR amplicons for H3 (nt 1-487) and M (nt 1-276) by using pnmers linked

with T7 promoter (Table 13). Then the purified PCR amplicons of H3 and M genes were
used as templates for in vitro transcription by using Riboprobe in vitro Transcription System-
T7 (Promega) following the manufacturer’s recommendations. The concentration of the
transcribed RNAs was calculated by measuring absorbance at 260 nm. The RNAs were then
serially diluted 10-fold, ranging from 10® to 10 copies/ uL to perform sensitivity tests.
Moreover, a standard curve was generated by plotting the log of initial RNA template
concentrations (copies/ pl.) against the threshold cycle (Ct) obtained from each dilution in

order to determine the overall performance of real-time RT-PCR.

Comparative sensitivity tests between real-time RT-PCR and Directigen Flu A test kit
Stock viruses of two viral strains including. A/Wyoming/3/2003 (H3N2) at 107
EIDso/mL (HA=64) and A/canine/Florida/242/2003(H3N8) at 1077 EIDso/mL (HA=16) were

used for the detection threshold assay. Logarithmic dilution of specimens in phosphate-

buffered saline (PBS) (125 ML) 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 aniibody to the nucleoprotein (NP). The development of a
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purple triangle surrounding the dot is indicative of the presence of influenza NP in the tested
specimen. The intensity of the purple signal from the triangle was scored as + (outline of
triangle), ++ (lightly colored triangle), +++ (dark-purple triangle) and +4-++ (very dark-
purple triangle). Viral RNA was extracted 125 pL aliquots of each virus dilution by using
QIAamp Viral RNA Mini Kit (Qiagen, Valencia, CA) and eluting in a final volume of 50 pL.
A volume of 5 uL of the extracted viral RNAs were tested by real-time RT-PCR for

comparative sensitivity test with Directigen Flu A kit.

EXAMPLE 16

The real-time RT-PCR assay for canine influenza relies on information from three

molecular probes which target 18S rRNA from host cell was well as M and H3 from the
influenza A virus genome (Table 14). Amplification of the host gene is a reporter of
specimen quality and integrity. Clinical, necropéy or laboratory samples containing canine
influenza (H3N8) virus are expected to yield amplification signal with the three probes.
Specimens yielding amplification signal with M and 18S rRNA probes but negative for H3
would be indicative of an influenza virus subtype H3 from human, swine or avian origin or
from non-H3 subtypes. These rare cases could be resolved by RT-PCR using HA universal
primers to generate amplicon cDNA that can be analyzed by sequencing. Pr(]>perly collected
and handled specimens lacking influenza A virus yield 18S rRNA amplification signal only.
Situations in which only the 18S rRNA probe and the H3 probes yield amplification signal
are indicative of faulty technique, unless proven ofherwise; either a false negative with M
probes or false positive for H3 need to be demostrated. Finally, specimens failing to yield
amplification signals with the three probes are indicative of defective sample collection,
degradation, faulty RNA extraction or the presence of inhibitors the polymerases used in
PCR.

In order to test the specificity of the H3 primers/probe set for canine influenza A virus
(H3NB8) 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 ﬁelded positive amplification signal
with all of the strains tested (Table 15). These results indicated that H3 primers/probe
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specifically detects canine influenza A virus (H3N8) whereas M primers/probe detect
multiple subtypes of type A influenza viruses.

The performance of real-time RT-PCR assays was evaluated by endpoint dilution of
M and H3 in vitro transcribed RNAs. As expected, the threshold cycle (Ct) increased in
direct correlation with the dilution of the RNA standards. The fluorescent signals can be
detected at RNA standard dilutions of M and H3 as low as 10° and 102 copies/pL,
respectively (Figure 6A and 6B). The standard curves of M and H3 genes were constructed
by plotting the log of starting RNA concentrations against the threshold cycle (Ct) obtained
from each dilution (Figure 6C and 6D). The slope of the standard curve is used to determine
the PCR reaction efficiency, which is theoretically exponential; 100% amplification
efficiency would imply doubling .of amplicon cocentration each cycle. The standard curves
with a slope between approximately -3.1 and -3.6 - are typically acceptable for most
applications requiring accurate quantification (90-110 % reaction efficiency). An Rsq value
1s the fit of all data to the standa;rd curve plot. If all the data lie perfectly on the line, the Rsq
will be 1.00. As the data fall further from the line, the Rsq decreases. An Rsq value > 0.985
1s acceptable for most assays. The M standard curve revealed a slope of -3.576 (efficiency=
90.4 %) and Rsq= 1.00 whereas H3 standard curve yielded a slope of -3.423 (efﬁciency¥
95.9%) and Rsq= 0.999. These values indicate satisfactory amplification efficiency and
overall performance of the real-time RT-PCR assays. We attribute the lower efficiency and
sensitivity of M primers/probe set as compared to H3 primers/probe set to the N-fold
degeneracy of M primer sequences required to ensure broad coverage of M’ gene sequences
variability across viruses of multiple subtypes, hosts and lineages.

The sensitivity of real-time RT-PCR assay was also compared with the commercial
rapid antigen detection assay (Directigen Flu A). Logarithmic  dilutions of
A/Wyoming/3/2003 (H3N2) and AJcanine/Florida/242/2003(H3N8) were analyzed with
Directigen Flu A and by real-time RT-PCR. The results of Directi gen Flu A showed that the
sensitivities against both viral strains are approximately 100-fold dilution from the stock
viruses used in these experiments (Figure 7). The signals (purple color) 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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be attributed to the molecular specificity of monoclonal antibodies against the NP; i.e. poor
conservation of the amino acids within the NP epitope of canine influenza A viruses.

Real-time RT-PCR of the M gene yielded Ct values above threshold with virus 10 and
30 PFU equivalents per reaction of A/canine/Florida/242/2003 and A/Wyoming/3/2003,
respectively (Table 16). The differences between the sensitivity value of 2 viral strains
because the differences in the original viral titers. The H3 gene detection comparison
between canine and human influenza viruses was not performed because the H3
primers/probe in our realtime RT-PCR assay amplifies exclusively canine influenza A virus.
RT-PCR was 10’ times more sensitive than the rapid antigen detection kit.

To evaluate the performance of the RT-PCR test in necropsy specimens from dogs
with acute respiratory disease, sixty.-canine lung tissue samples submitted during the year of
2005 were tested for the presence of canine influenza A virus by real-time RT-PCR: A total
of 12 out of 60 samples (20%) were positive with both M and H3 genes whereas the
remaining 48 samples yielded negative result for both M and H3 gene. Virus isolation
attempts were conducted by egg and MDCK cell inoculation, to evaluate the specificity of the
realtime assay; 2 out 12 samples that were positive for canine influenza by RT-PCR yielded
canine influenza virus (data not shown, manuscript in preparation). Although all of the
tissues were collected from dogs with a history of severe respiratory disease, most of the
samples yielded no canine influenza virus by either realtime PCR or conventional isolation,
suggesting a high incidence of other respiratory pathogens such as Bordetella bronchiseptica,
canine distemper or parainfluenza virus. The single step real-time RT-PCR assay herein
provides a rapid, sensitive and cost-effective approach for canine influenza A virus (H3NB)
detection. Rapid laboratory diagnosis of canine influenza A virus (H3NS) infections in the
early stage of the disease can yield information relevant to clinical patient and facility

management.
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23- CANI NE | NFLUENZA VACCI NE #FFI CACY STUDY
The follow ng study was conducted to determ ne the
efficacy of a multivalent 10 H3N8 equi ne influenza
vacci ne agai nst canine influenza virus in dogs.

Pr ocedure: 108 Sevent een 15-week-0l d beagles

Tablect4s Intstpactaéen of thereal So1RTAGR 2858Ppl i er. The dogs
were randonmly assigned to 3 groups as shown in Table

41, and housednitérpetatisgarch facility. Table 41. Results

Experi mental Design G oup Nunber of dogs [reat nment

Nunmber of Age at Vacci nati on doses{ M H3 18S rRNA.
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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Al equi ne/ NM 2/ 93) vacci ne. Togprepare this vaccine,
the viruses were inactivated by binary ethyl enim ne
(BElI') using a standard nethod. Each vacci ne dose
cont ai ned HAVLOGENO (10% v/v), 2048 HA units of each
of the inactivated virus, 0.1% (v/v) of 10%
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42. Cinical

~Score per day
Par oxysmal
Par oxysmal

2 Nasal

signs and scoring system d i ni cal

Coughi ng No coughing 0 Cccasional 2
4 Sneezing No snee#d ng 0 Cccasi onal
di schar.ge No di scharge 0 Serous

si gns

1

-slight 1 Serous -copious 1 Miucopurulent-slight 9

Tahble dpuCoinpatative pemsitdvity tétsfoainftlieaeh ArdaisNetedtion betwgen feal-time
Serous -slight 1 SeRDPCR eaPbie&igkn Whe @pur ul ent - sl i ght

Virus Directigen Flu A Real-time RT-PCR of M (Ct)
dilutions | A/canine/242/03 | A/Wyoming/3/03 | A/canine/242/03 | A/Wyoming/3/2003
107 ++ ++ o+ 22.42 19.48
107 + +++ 25.85 22.66
107 - - 29.27 25.76
10 Not done Not done 32.66 28.66
10 Not done Not done 35.48 33.14
10° Not done Not done 37.51 35.06
10”7 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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urul ent - copi ous 3. Henmoptysis No O Yes 5
éeg/:rjgggi on No O Ygs 1 Anorexia No O Yes 1 Respiratory
signs None O Rales , 3 Dyspnea 4 Gasping 5 Micous
expectorate No O Yes 9 Voniting No O Yes 1 Fecal
abnormalities No O Yes 1 11¢4 Table 43. Serol ogy -
Hemaggl utination inhibition titers

Table 18.

Letter Symbol Amino Acid Letter Symbol Amino Acid
A Alanine M Methionine
B Asparagine or .

-asgartii acid N Asparagine
C Cysteine P Proline
D Aspartic Acid Q Glutamine
E Glutamic Acid R Arginine
F Phenylalanine S Serine
G Glycine T Threonine
H Histidine \" Valine
I Isoleucine W Tryptophan
K Lysine Y Tyrosine
L Leucine Z Glutamine or
glutamic acid

Table 19. Amino acid differences between PB2 proteins of H3N8 equine and caninej
mfluenza 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 1
374 L I I
375 R R K
447 Q Q H

Table 20. Amino acid differences between PB1 proteins of H3N8 equine and canine

influenza viruses
Position Equine Consensus * Canine/F1./03 Canine/FL/04
114 \4 1 I
154 D G G
221 A T T
317 M I I
459 I I \%
682 I I \Y%
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Table 21. Amino acid differences between PA proteins of H3N8 equine and canine

influenza viruses

Position

Equine Consensus *

Canine/FL/03

Canine/FL/04

27

62

213

337

343

345

353

400

450

460

673

675

ZImIZ <R s> W =T

O] R| < Z

TR — = | R =TSR <|2Z

*Based on available genes of viruses isolated between 1963 and 1998.

Table 22. Amino 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 \Y \% I
286 A T T
359 A T T
375 D D N
384 R K K
452 R K K
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Table 23. Amino acid differences between NA proteins of H3N8 equine and canine

influenza viruses
Position Equine Consensus * Canine/FL/03 Canine/FL/04

9 A/T T A
12 S F F
20 L 1 I
40 G R R
42 G D D
46 N K K
52 E E K
61 R K K
69 N S S
72 E K K
201 \ I I
261 I \Y \4
301 1 I \%
396 N D D
397 L P P

/

influenza viruses

Table 24. Amino acid differences between M1 proteins of H3NS equine and canine

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.

* 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
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EXAMPLE 17 — CANINE INFLUENZA CHALLENGE MODEL DEVELOPMENT.

The canine influenza (canine flu) virus, which was isolated from flu outbreaks in

Florida, was observed to be a H3N8 type influenza virus, and closely related to equine flu
virus strain, A/equine/Ohio/03 (Crawford et al., SCIENCE Vol. 309, September 2005,
incorporated by reference in its entirety into this patent). The potential of using the equine
flu virus strain A/equine/Ohio/03 to induce influenza-like disease in dogs was investigated

in this study.

Procedure:

Ten 13-week-old beagles of mixed sex were obtained from a commercial supplier,
and housed in individual cages in a BSL-2 facility. The dogs were randomly assigned to two
groups of 5 dogs each. As shown in Table 26, one group was subjected to a intratracheal
challenge, and the other group was subjected to an oronasal challenge. The dogs were

challenged at 14 weeks-of-age.

Table 26: Experimental Design

Group Number of Dogs Challenge Route
1 5 Intratracheal
2 5 Oronasal

A cell culture grown equine flu virus A/equine/Ohio/03 was used as the challenge
virus. For intratracheal challenge, the challenge virus was administered via a delivery tube,
which consisted of a cuffed tracheal tube (Size 4.0/4.5, Sheridan, USA) and feeding tube
(size SFr, 1.7 mm, /16 inches in length, Kendall, USA) in 0.5 to 1.0 ml volume. For oronasal
challenge the challenge virus (107 to 10® TCID50 per dog) was administered as a mist using
a nebulizer (DeVilbiss Ultra-Neb®99 ultrasonic nebulizer, Sunrise Medical, USA) in a 2 to
3 ml volume.

The dogs were observed for flu related clinical signs for 14 days post-challenge.
Serum samples were collected from each dog on day zero (before challenge), and days 7 and
14 post-challenge for determining the HI titer using a H3N8 equine influenza virus with a
standard protocol (SAM 124, CVB,USDA, Ames, 1A). All dogs were humanely euthanized

and lung tissues were collected in 10% buffered formalin for histopathological evaluation.
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Results:

The results of this experiment are summarized in Table 27. Influenza related clinical
signs were observed in a few dogs after challenge. These signs included fever (>103°F;
>39.4°C) and cough. Two of 5 dogs (i.e., 40%) had fevers (>103°F; >39.40C) in Group 1,
compared to 1 of 5 (i.e., 20%) dogs in Group 2. One dog from the oronasal challenge group
had sneezing, and another had cough following the challenge. An HI titer range from 10 to
80, with a geometric mean titer (GMT) of 20, was observed for Group 1. A titer range of 40
to 160, with a GMT of 86, was observed for Group 2. One dog from each group had

histopathological lesions compatible with or pathognomic for influenza.
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di sease clinical scores *ancen-d 0.028 (G oup 1 vs. 3)
0.068 (Goup 2 vs. 3) I I Average total Score per dog
"9 Z'tgl 17.17Z Age at first vaccination of Goup 1
15 weeks 15 weeks (these d¥ys were vacci nated once,
when they were 19 weeks old) 15 weeks (these dogs
wer e not vaccinated) Nunber of doses (N 1-1
EXAMRIdat SreBFFICACLY Qdt AN FEQUGINTAING [T Z 81 VIRGSOMACCNE FOR
DOG8113 5. Histopathol ogi cal evaluation of tissue sanples
M croscopi c | esion
The canine influenza (canine flu) virus isolated from flu outbreaks in Florida was

observed to be a H3N8 type influenza virus, and was closely related to equine flu virus,
Alequine/Ohio/03 based on the sequence similarity. The following study was conducted to

determine the efficacy of an experimental inactivated equine influenza virus vaccine.

Procedure:
Nine 7-week-old beagles of mixed sex were obtained from a commercial supplier,
and housed in individual cages in a BSL-2 facility. These dogs were randomly assigned to

two groups, as summarized in Table 28:

Table 28: Experimental Design

Group Number of Dogs Treatment
1 5 Vaccine
2 ' 4 Control

The first group consisted of 5 dogs, which were vaccinated with an inactivated,
CARBIGEN™ adjuvanted, equine flu virus A/equine/Ohio/03 vaccine at 8 and 12 weeks-of-
age via subcutaneous (SQ) route. The A/equine/Ohio/03 was inactivated by binary
ethylenimine ("BEI") using a standard method. Each dose of the vaccine contained 5% by
mass CARBIGENT™, 4096 HA units of the inactivated virus, sufficient PBS to bring the
total volume of the dose to | ml, and sufficient NaOH to adjust the pH to between 7.2 and
7.4. Serum samples were collected from all dogs on the day of first and second vaccination
and day 7 and 14, post-first and -second vaccination, and at pre-challenge for determining
the HI titer using a H3N8 equine influenza virus a standard protocol (SAM 124, CVB,
USDA, Ames, IA). At 3 weeks post-second vaccination, the 5 vaccinated dogs and the
second group (i.e., the control group) consisting of 4 age-matched dogs were challenged
oronasally with a cell-culture-grown equine influenza virus A/equine/Ohio/03 (107 to 10*°
TCIDS50 per dog) in a 1-2 ml volume per dose. The challenge virus was administered to the

dogs as a mist using a nebulizer (DeVilbiss Ultra-Neb®99 ulftasonic nebulizer, Sunrise
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Medical, USA). The dogs were observed for flu-related clinical signs for 14 days post-
challenge. Five dogs (3 vaccinates and 2 controls) 7 days post-challenge and 4 dogs (2
controls and 2 vaccinates) 14 days post-challenge were humanely euthanized for collection

of lung tissues in 10% buftered formalin for histopathological evaluation.

Results:

The results of this experiment are summarized in Tables 29 and 30. All vaccinated
dogs seroconverted following the vaccination. An HI titer range from 40 to 640, with the
GMT of 129, was observed during the post-vaccination period with equine influenza virus
A/equine/Ohio/03, and a HI titer of 160 to 320, with a geometric mean titer of 211, was
observed with canine flu isolate, A/canine/Florida/242/03. Two of 6 vaccinates had a fever
of >103°F (>39.4°C) for one day and no other clinical signs were observed in any of the

dogs following challenge.

Conclusion:

All the vaccinated dogs responded to the inactivated, CARBIGEN™ adjuvanted
equine influenza vaccine. The HI titer results with a canine influenza virus isolate suggest
that the inactivated equine influenza vaccine did induce a detectable level of cross reactive
antibody to canine influenza virus. Even though the challenge virus used in this did not
induce any noticeable clinical disease in beagle dogs, based on the HI titer with a canine
influenza virus isolate, it was concluded that inactivated equine vaccine could be used in
dogs to induce cross reactive antibodies, which could potentially protect dogs against

“canine flu” disease caused by H3N8 type canine influenza viruses.
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Cinical signs Score per day Tenp <103.0F (<39.4C) O

103.0- 103.9F (39.4- 2 104.0-104.9F (40.0- 3 >105.0F

(>40.6C) 4 Coughing No coughing 0 Cccasional 2

Par oxysmal 4 Sneezing No sneezing 0 Cccasional 1
_Paroxysmal 2 Nasal discharge ’o_di scharge Seraous

Tahle ght EtpSanonia desigpi ous 1 Miucopurul ent -slight 2

Mucopur ul ent - copi ous 3 COcul ar di scharge No di scharge 0
GeigHs - $ NubiberlofSEr Bktied- CPMirBattneht MICOpUr Nhfiber S| Reke of

2 Mucopul ghggt - copijous 3 of doses | vaccination
1 17 Beagle | EQUICINEI'™ |2 Subcutaneous
2 7 Beagle | A/KY/91 1 Intranasal

3 6 Beagle | Control 1 N/A* N/A*

4 7 Mongrel | EQUICINE 1™ 2 Subcutaneous
5 7 Mongrel | A/KY/91 1 Intranasal

6 6 Mongrel | Control N/A* N/A*

* Not applicable

#* EQUICINE II'™ is marketed by Intervet Inc. as a liquid vaccine. EQUICINE I™
contains inactivated A/Pennsylvania/63 influenza (or "A/Pa/63") virus and
A/equine/Kentucky/93 influenza (or "A/KY/93") virus with carbopol (i.e., HAVLOGEN®
(Intervet Inc.)). More specifically, a dose of EQUICINE II"™ contains: inactivated
A/Pa/63 at 10°° EIDso, inactivated A/KY/93 at 1057 EIDs, 0.25% by volume carbopol,
and sufficient PBS to create a total volume of 1 ml.

*k A/KY/91 is a freeze-dried vaccine that was reconstituted with water. Such
reconstitution was conducted using vaccine-grade water sufficient to bring the vaccine
dosage to a total volume of 1 ml. The vaccine contained equine/Kentucky/91 influenza (or
"A/KY/91") virus, and is discussed in, for example, U.S. Patent Nos. 6,436,408;
6,398,774; and 6,177,082, which are incorporated by reference in their entirety into this
patent. When reconstituted, a dose of the vaccine contained A/KY/91 at 10’2 TCIDs, per
ml, 0.015 grams N-Z AMINE AS™ per ml, 0.0025 grams gelatin per ml, and 0.04 grams
D lactose per ml. N-Z AMINE AS™ is a refined source of amino acids and peptides
produced by enzymatic hydrolysis of casein. N-Z AMINE AS™ is marketed by Kerry
Bio-Science (Norwich, NY, USA).

M.All vaccinated dogs seroconverted following the vaccination and the HI titers
ranged from 10 to 80 for EQUICINE II™ vaccine group dogs compared to 10 to 40 for the
A/KY/91 vaccine group dogs using an equine influenza virus (H3N8 typé).

The samples collected at 2 weeks post 'vaccination (post second vaccination for
EQUICINE II™ vaccine) were analyzed for HI titer determination with a cahine influenza
as well as with an equine influenza virus (H3N8 type). The HI results are shown in Table
32. The clinical signs include fever (>103°F; >39.40C), occasional cough, and mild nasal

discharge observed following the challenge.
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Henoptysis No O Yes 5 Depression No O Yes 1 Anorexia

No O Yes 1 Respiratory signs None O Rales 3 Dyspnea 4
Gasping 5 Muicous expectorate No 0 Yes 2 118 Table 47.
CGinical signs and scoring systemdinical signs Score
per day Vomiting No O Yes % Fecal abnormalities No

0 Yes 1

Table 32. Serology — HI titers at 2 weeks post vaccination

Group |Number |Breed |Treatment ' HI titer with
of dogs
Equine influenza |Canine influenza
virus virus
Range |GMT |Range GMT
1 7 Beagle |[Equicine I'™™ [10-80  [36 10-80  [33
2 7 Beagle |A/KY/91 10-20 12 20-160 |54
3 6 Beagle |Control N/A* N/A* |N/A* N/A*
4 7 Mongrel |[Equicine II'™™ [40-80 |54 40-80 50
5 7 Mongrel |A/KY/91 10-40 24 40-80 49
6 6 Mongrel |Control N/A* N/A*  |N/A* N/A*
* Not applicable

Among beagles, 2 of 6 dogs in the EQUICINE II ™ vaccine group (Group 1), 1 of
7 dogs in the A/KY/91 vaccine group (Group 2) and 2 of 6 dogs in the control group
(Group 3) had fever. One of 6 dogs in Group 3 (control) was positive for virus in the cell
culture supernatant of nasal swab material by hemagglutination assay with 0.25% chicken
red blood cells (CRBC). One of 6 dogs in the control group (Group 3) and 1 of 7 dogs in
the A/KY/91 vaccine group (Group 2) had mild nasal dfscharge during the post challenge
observation period. There was no statistical significant difference (P > 0.05) between
control and vaccine groups for beagle dogs.

Among mongrels, 5 of 7 dogs in the EQUICINE II™ vaccine group (Group 4), 1
of 7 dogs in the A/KY/91 vaccine group (Group 5) and 5 of 6 dogs in the control group
(Group 6) had fever. One dog from each of Group 4 and 6 had a mild nasal discharge, and
one dog from Group 5 had an occasiohal cough. Two of 7 dogs in the EQUICINE II™
vaccine group (Group 4) and 3 of 6 dogs in the control group (Group 6) were positive for
influenza virus in the nasal swab by,‘lHA assay. None of the dogs from the A/KY/91 group

(Group 5) were positive for influenza virus in the nasal swab materials.

Conclusion:

By serology, it was demonstrated that vaccination of dogs with commercially
available equine influenza vaccines stimulated a moderate level influenza antibody
response. There may be some breed difference in development of influenza-related
chinical signs in dogs following a challenge with H3N8 type influenza virus. The live
attenuated equine influenza vaccine (A/KY/91) provided a significant (P< 0.05) protection
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attenuated viral vaccine prevented the shedding of influenza virus in the nasal secretions.

EXAMPLE 20 — CANINE INFLUENZA CHALLENGE MODEL DEVELOPMENT
In view of reports that inducing disease in canines for purposes of study had not
proven successful, the potential for using a canine influenza virus, H3N8, to develop a

canine influenza challenge model in dogs was investigated in the following study.

Procedure:

Ten mongrels of mixed sex were obtained from a commercial supplier, and housed
in cages in a BSL-2 facility. The dogs were randomly assigned to two groups of 5 dogs each.
As shown in Table 33, one group was subjected to an intratracheal/intranasal challenge, and

the other group was subjected.

Table 33: Experimental Design

Group Number of Dogs Challenge Route
1 5 Intratracheal/intranasal
2 5 Oronasal

The dogs were challenged at approximatelyl2 weeks-of-age. Embryonated-chicken-egg
grown canine influenza virus (A/canine/Florida/242/03) virus was used as challenge virus.
Each dog received a total of approximately 10”* TCID50 of virus in either 2 ml (for
oronasal route) or 4 ml (intratracheal/intranasal route) volume.

For intatracheal/intranasal chailenge, 3 ml of the challenge virus was administered
into the trachea first, followed by 5 ml of PBS using a delivery tube, which consisted of a
cuffed tracheal tube (Size 4.5/5.0, Sheridan, USA) and feeding tube (size 5Fr, 1.7 mm; 16
inches (41 cm) in length, Kendall, USA). and a 1 ml challenge virus, followed by 3 ml of
atmospheric air was administered into nostrils using a syringe.

For oronasal challenge, the challenge virus was administered as a mist using a
nebulizer (Nebulair™, DVM Pharmaceuticals Inc., Miami, FL) in approximately 2 ml
volume. The dogs were observed for flu-related clinical signs for 14 days post-challenge.

The dogs were euthanized at day 14 post challenge, and tissue (lung and trachea) samples

were collected in 10% buffered formalin for histopathological examination.
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Results:

All dogs in groups 1 and 2 developed canine influenza clinical signs within 24 to
48 hours. Each dog had 2 or more of the following clinical signs: fever (>103.0°F;
>39.4°C), cough, serous or mucopurulent ocular discharge, serous or mucopurulent nasal
discharge, vomiting, diarthea, depression, weight loss, gagging, hemoptysis, and audible
rales. Lung tissues from 5 of 5 dogs from group 1 and 4 of 5 dogs from group 2 had
histopathological lesions which included one or more of the following: diffuse suppurative
bronchopneumonia, bronchitis/bronchoiolitis with plugs of neutrophilic exudate in the
lumina and marked mononuclear cell aggregation in mucosa and peribronchiolar tissue,
mixed exudate within alveoli with large numbers of foamy macrophages, lymphocellular
and plasma cellular as well as granulocytic cell infiltration, and thickening of alveolar
septa with proliferation of type II pneumocytes compatible with or pathognomic to an

influenza virus infection. The trachea tissue samples were normal.

Conclusion:
An H3N8 canine influenza isolate such as the one used in this study may be used
for inducing canine influenza disease in dogs using one of the methods described in this

study or a similar method.

EXAMPLE 21 - CANINE INFLUENZA CHALLENGE MODEL DEVELOPMENT.
The potential for using a canine influenza virus, H3N8, to develop a canine

influenza challenge model in dogs was further investigated in the following study.

Procedure:

Fifteen 17- to 18-week-old mongrels and five 15-week-old beagles were obtained
from commercial suppliers; and were housed in cages in a BSL-2 facility. The mongrels
were randomly assigned to 3 groups (Groups 1 to 3) of 5 dogs each. All beagles were
assigned to one group (Group 4) as shown in Table 34:

Table 34. Experimental design

Group Breed Number of dogs Challenge virus dose
1 Mongrels . 5 10°° TCIDs,
2 Mongrels 5 10°® TCIDs,
3 Mongrels 5 10*® TCIDs,
4 Beagles 5 10°® TCIDs,
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The dogs were challenged oronasally with a virulent canine influenza virus,
A/Canine/Florida/242/2003 (isolated from lung of a greyhound dog with canine influenza
disease (provided by Dr. Cynda Crawford at the University of Florida)). The challenge virus
was administered as a mist using a nebulizer (Nebulair™ in approximately 2 ml volume.

The dogs were observed for flu-related clinical signs for 14 days post-challenge.

Results:

Eighty percent (4 of 5) of the dogs in Group | and 4, 100% of the dogs in Group 2
and 3, developed canine influenza clinical signs within 48 hours. Each dog had one or more
of the following clinical signs: fever (>103.0°F; >39.4°C), cough, serous or mucopurulent
ocular discharge, serous or mucopurulent nasal discharge, vomiting, diarrhea, depression,
weight loss, gagging, and rales. The clinical signs observed in beagles were generally milder

and short-course compared to mongrels.

Conclusion:

An H3N8 canine influenza isolate such as the one used in this study may be used for
inducing canine-influenza-like or kennel-cough-like disease in dogs using method described
in this study or a similar method with a challenge dose range from 10** to 10%® TCID50.
There were some differences in clinical signs observed in mongrels and beagles. In general,

beagles tend to have milder flu-related clinical signs compared to mongrels.

EXAMPLE 22 — CANINE INFLUENZA VACCINE EFFICACY STUDY.
The following study was conducted to assess the efficacy of an H3N8 equine

influenza vaccine in dogs against canine influenza virus.

Procedure:
Seventeen 14-week-old mongrels and ten 8-week-old beagles were obtained from
commercial suppliers. The dogs were randomly assigned to 5 groups as shown in Table 35,

and housed in a research facility.
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Table 35. Experimental Design
Group Age Number of dogs Treatment Number of Age at
doses Vaccination
(weeks)
| 14 weeks 7 Vaccinate 2 14 & 18
2 14 weeks 5 Vaccinate 1 18
3 14 weeks 5 Control - -
4 8 weeks 5 Vaccinate 2 8& 12
5 8 weeks 5 Control - -

The vaccine used in this study was a HAVLOGEN®-adjuvanted, inactivated equine
influenza virus (A/equine/KY/02) vaccine. To prepare this vaccine, the virus was inactivated
by binary ethylenimine (BEI) using a standard method. Each vaccine dose contained
HAVLOGEN® (10% v/v), 6144 HA units of the inactivated virus, 0.1% (v/v) of 10%
thimerosal, 0.1 % (v/v) of phenol red, sufficient NaOH to adjust the pH to from 6.8 to 7.2,
and sufficient PBS to bring the total dose volume to 1 ml.

The dogs in Groups 1 and 4 were vaccinated with 2 doses of the vaccine. The second
dose (i.e., the booster) was administered 4 weeks after the first. The dogs in Group 2 were
vaccinated with | dose at 18 weeks-of-age. Blood samples were collected to assess HI titer
using a standard protoco! (e.g., SAM 124, CVB, USDA, Ames, IA) with an H3N8 canine
influenza isolate on days zero (before vaccination), 7, and 14 post first and second
vaccinations. Approximately 5 days before challenge, the dogs were removed to a BSL-2
facility and housed in individual cages.

All vaccinates and age-matched control dogs were challenged oronasally with a
virulent canine influenza virus (107'7 TCID50 of A/Canine/Florida/242/2003 per dog) at 2
weeks post second vaccination of Groups | and 4 and first vaccination of Group 2. The
challenge virus was administered as a mist using a nebulizer (Nebulair™) at 2 ml per dog.
The dogs were observed for influenza-related clinical signs for 17 days post-challenge.
Nasal and oropharygeal swabs were collected in tubes containing 2 ml of virus transport
medium for virus isolation from day -1 (i.e., one day before challenge) to day 17 days post-
challenge. All dogs were euthanized at day 17 post-challenge and lung and tracheal samples
were collected in 10% buffered formalin for histopathology. Blood samples were collected
on days 7 and 14 post challenge for HI titer determination. The clinical sign score

assignment used for the post challenge observation are shown in Table 36.
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Results:

All dogs in 2-dose vaccination groups (Group 1 and 4) developed HI antibody titer
responses to the canine influenza virus isolate (Table 37). Following the challenge,
approximately a 4-fold increase in titer on day 14 post challenge in all groups indirectly
indicated that all dogs were exposed to the challenge virus. All dogs exhibited one or more
of the following signs of canine influenza: fever (>103.0°F; >39.4°C), cough, serous or
mucopurulent ocular discharge, serous or mucopurulent nasal discharge, vomiting,
diarrhea, depression, weight loss, and. dyspnea. Vaccinates had less severe clinical signs,
compared to age-matched controls (Table 38). There was a significant reduction in
clinical signs due to the 2-dose vaccination in both 8-week-old (P = 0.040) and 14-week-
old (P = 0.003) dogs (Groups 4 and 1 respectively). In this experiment, one-dose
vaccination did not provide a significant (P = 0.294) reduction in clinical signs (Group 2)

Virus isolation results are shown in Table 39. Among 14-week-old dogs, canine
influenza virus was isolated from swab samples collected from 2 of 7 dogs (29%) from the
2-dose vaccine group (Group 1), 3 of 5 dogs (60%) from the 1-dose vaccine group (Group
2), and 5 of 5 dogs (100%) from the control group (Group 3). Among 8-week-old dogs,
the v{ms was isolated from 1 of 5 dogs (20%) from the 2-dose vaccine group (Group 4),
and 4 of 5 dogs (80%) from the control group (Group 5). There was a significant
reduction (P = 0.003) in the number of dogs positive for canine influenza virus in swab
samples due to 2-dose vaccination (Groups 1 and 4) compared to unvaccinated controls
(Groups 3 and 5). Although there was a reduction in the number of dogs (60% vs. 100%)
positive for canine influenza virus in swab samples between 1-dose vaccine group (Group
2) and the control group (Group 3), the difference was not statistically significant (P =
0.222).

Histopathological evaluation of lung and tracheal tissue samples for lesions was
conducted to identify lesions compatible with or pathognomic to canine influenza disease.
This includes, for example, determination of whether one or more of the following exist:
areas’ with suppurative bronchopneumonia; peribronchitis/peribronchioliti.s with
mononuclear cell aggregation (lymphocytes, plasma cells); presence of plugs of
granulocytic cellular debris in the lumina; hyperplasia of respiratory epithelium; mixed
exudate in the alveoli with large amount of granulocytic cells and cell debris; aggregates
of (foamy) macrophages, pllasma cells, and lymphocytes; and thickening of alveolar septa

with proliferaﬁon of type II pneumocytes.



10

15

B1 & N M O 44406306 6 6 &6 444
Treat nent Vacci nate Vaccinate Vaccinate Vacci pat e
Vacci nate Vaccinate Vaccinate Vaccinate Vacc! nat e
Vacci nate Vaccinate Vaccinate Vaccinate Vacc! nat e
Vacci nate Vaccinate Vaccinatxe Vaccinate Vaccinate

V2SR50 AEELDF S8 ) SosdaSF i B8 e o e
dogs. Among 14-week-old dogs, the lung lesions were less extensive and less severe in 5
of 7 dogs in the 2-dose vaccination group (Group 2), and 4 of 5 dogs in the 1-dose
vaccination group (Group 1). All controls dogs (Group 3) had severe and extensive
lesions suggestive of no protection. There was no difference in tracheal lesions due to 1-
or 2-dose vaccination among 14- week-old dogs. Among 8-week-old dogs, there was no
difference in lung lesions between 2-dose vaccinates and control dogs. None of the dogs

had any tracheal lesions.

Conclusion:

The results from this study demonstrate that: (1) inactivated H3NS equine
influenza virus can induce canine influenza virus cross reactive HI antibody responses in
vaccinated dogs, (2) use of an H3NS8 equine influenza virus vaccine can reduce the
severity of canine influenza virus disease in dogs, and (3) use of an H3NS8 equine

influenza virus vaccine can reduce virus excretion in nasal and/or oral secretions.

Table 36. Clinical signs and scoring system
Clinical signs | Score per day
Temp
<103.0°F (<39.4°C) 0
103.0 — 103.9°F (39.4- 2
104.0-104.9°F (40.0-40.5°C) |3
>105.0°F (>40.6°C) 4
Coughing
No coughing 0
Occasional 2
Paroxysmal 4
Sneezing
No sneezing 0
Occasional 1
Paroxysmal 2
\ Nasal discharge
No discharge 0
Serous -slight 1
Serous -copious 1
Mucopurulent-slight 2
Mucopurulent-copious 3
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Table 36. Clinical signs and scoring system

Clinical signs

] Score per day

Ocular discharge

No discharge

Serous -slight

Serous -copious

Mucopurulent-slight

Mucopurulent-copious

WIS | D

Hemoptysis

No

o

Yes

(%}

Depression

No

Yes

Anorexia

-1 No

Yes

.._|'o

Respiratory signs

None

Rales

Dyspnea

Gasping

Wnikh|W|O

Mucous expectorate

No

e

Yes

[\

Vomiting

No

Yes '

—_

Fecal abnormalities

No

Yes

— O




08 08 08 091 08 08 08 Days post

t----

>
I
0

0
0

>

I
a >

>

**8Z A >0
I >

5 0
0

I >

a >
0

vaccination ***Z17 O
01>

a >

>

9BUA[eYD JO AB(Ly x4

T dnoIp ~ uoneuIdoEA ISI] 4 pue | SdnOiH) — UOPBUINORA PUODIDS, .

01>

 pue | sdnoin) — UOYeUIOORA JSIL],,

091 4 01> 01> 01> 01> | 0I> V/N [ a®) 8 €0L S
091 08 01> 01> 01> | 0I> | 01> 0l > V/N lonuon 8 c0L S
oy 07 0r> 01 > 01> 0I> | 01> 01> V/N 103107 8 019 S
08 08 01> 01> 01> ] 0I> | 01> 0I> V/N [03u0 8 SOy S
091 08 01> 01> 01> ] 01> | 01> 01 > V/IN 103107 8 1444 S
0v9 < 091 091 08 oy 01> | 01> 01> [4 SJBUIDOBA 8 SOL 4
09 < 091 091 08 oy 01 0l > 01> 4 OJBUIOOB A 8 0L 14
o¥9 < 091 08 0c 0C 01 01> 01> [4 SIBUIIIEA 8 14U 14
0¥9 < 0ce oy 0% ov 0¢ 0¢ 01 > [4 SJBUIOOBA 8 LOV 14
0¥9 < 091 08 08 ov 01 01> 0> 4 S1BUIDOEA 8 90y v
091 04 0I> 01 > 01> 0I> | 0I> 01 > VIN 10Juoy Pl V10 £
091 0y 01> 0] > 01> ] 0I> | 0I> 01> V/IN [0[UO 14! 810 £
091 4 01> 01> 01> 0I> | 01> 01> V/N [0JuoH 14! 710 £
0c¢ 0y 01> 01> 0I> ] 0I> | 0I> 01> V/N 10uonH 14! [45Y £
091 oy 01> 01> 01> 1] 0I> | 0I> 01 > V/IN jo[uon 14! £C6 €
0y9 < 0Z¢ 01> 0T > 0t>] 0I> | 01> 01> ! S1BUIODB A ¥1 L10 [4
0ze 091 01> 0l > 01> 1] 0I> | 01> 01> ! S1BUIDOBA 14! 910 [4
0¥9 < 0ze 01 > 01> 0I>1] 01> | 01> 01 > ! SJBUIOJBA 14! S10 [4
09 < 0zt 01 > 01> 01> 01> | 01> 01> [ S1BUIDIBA 14! £56 [4
0¥9 < 0¥9 < 0T > 01> 0I> | 0F> | 01> 01> I S1BUIOdBA 4! [44]] [4
0¥9 < 08 0v 0T 01 0> | 0I> 01> [4 S1EUIDJEA 14! 610 !
0zt 091 oy ov 4 0I> | 0I> 01> [4 9JBUIOJEA vi £10 !
0z¢ 091 ov 0t 01 01> | 0I> 01> 4 SJBUIOJBA vl 110 !
0zt 091 0% or 01 01> | 01> 01> [4 S1EUIOOB A 14! 656 !
0¥9 < 08 0¢ 0C 01 0> | 0l> 01> [4 S1EUIOOBA 14! [e6 I
0v9 < 08 08 14 0¥ 0> | 01> 0r> [4 S1BUOOB A 4! 976 !
i[43 091 0¢ oy 0¢ 01 01> 01> [4 SJBUIOOE A 14 126 1
Y1 L #kx OV St %%8C Y1 L %0
s3uayeyod
3sod she(q ¥ pue | sdnoIo) Jo uoneurosea sy 1sod sheqq sasop (Sjoom) ON
11 TH Josquny | jusuneaiy, 98y a1 3oqg | dnoin
$19}1} UOT)IQIYUI UOTRUNN3SRWS] — A50[010S ‘L€ d[qE ],




0
0

01> 4 >
> Lcll >
of doses

t -
I

01>
*0O 0
Nunber

>
>

0
0

|
> 01>
OT> I
Rout e of vacci nati

(.4 (-1 (..

>

0

on 4 4
105

(1891 wmns yuel uoxod]ip oy3 Suisn paredwioo arom sdnoid .@Eoo? oY1) 7§ UOISIDA @SV Jo ampaooid A VMV AN € Suisn pazd[euy

(psreurdoeA
J0U 219M S0P 9Sa1]})
- 7’6 Sy[oom § -- [onuo)) S
(S 'sa ¢ dnoiny)
0v0°0 0T b [4 SJBUIOOEA v
(psjeurddRA
10U 219M SZOP 9s1]})
- v'ST SyesM ] - [03U07 £
(P10 S3[oom QT 2Iam A3
: . uoym ‘90U0 P3jeUIdIRA
(¢ 'sa 7 dnoiny) a1am S30p asay))
v6CT0 8'1¢C S3ooMm ] 1 SJBUIBA [4
(¢ 'sa 1 dnoin))
€000 L8 S3[9M ] [4 SJBUIOOB A I
3op 15d 21035 ¥ PUE | sdnoin) jo JUTO0EA JO
woneA-d [e10] 95eloAYy | TOTBUIOORA JSIj JE 98y | SA50p JO TBqUinN TuBUngesI], anoin

$81008 [BOIUI[O 98BISIP BZUSN[JUI SUIUED [B10) JO SISA[eUy *Q€ 9[qeL




121

Contr ol
cani ne i nfluenza di sease

Boa 99t7 ET9t7 9EZ . 1705
Aver age tot al

Contr ol
6)

Vacci nat e
6) (9 '"SA E dno.to)7 19.0 0.016

02 Z0kr) kr) 0 20 ?D VD 20

Contr ol
6) 0.790 (G oup 4 vs.

sa.
scores P-value* (9 18\ J dt10.10) 00g.0

Contr ol

L6 515 89t
Tabl e 49. Anal ysis of total

clinical
0.345 (G oup 2 vs.

Tr eat nent Vacci nat e
Contr ol

(G oup 4 vs.

17.6

@]

Score per dog

N INININ|N | N|N/N/IN|N|NINJIIN[NININTN] N V/N [onuon i €0L S
N INININ|N N|N|NIN|N|N[N|N|N|N|I[NINT N VIN [onuoyn 8 0L S
N  NIN/N|N|N|NIN|NIN|IN/N|N|ININ|N[N[NT N V/IN jonuon 3 019 S
N ININ|]N|N|N|N|N/N|N|ININ[d[N|NTIININ| N V/N [o[uon 8 0% S
N INININ|N|N|N/N|[NININ|INLZFIN|N|TTd(N| N V/N [onuoyn 8 0¥ S
N INININ|N | NI{N/NININ|ININ[N[N|N|N|NIN| N [4 SJeUIddB A 8 SOL 14
N  N|NINI/NIN|NINININ|NIN|N|N[N|N|N[NT N [4 SJBUIddE A 8 v0L 14
N ININ/N|N|N|N/NININ|NIN|NIN|{NFZ|N|N| N [4 SJBUIOOE A 8 ¥0S 14
N ININ|N|N|N|N|NIN|NIN[NIN|N|NIN|N[N| N [4 SJBUIOORA 8 LOY 14
N NININ|N|N|N[N|NININ/N|N|N|N|N|N[N| N 4 SJBUIOB A 8 90% 14
N  NININ|/N  N|N|IN/N[N[NINFd|d[d[dIN|N| N V/N [onuon) 14! V10 (1
N ININ/N|N N|N|N/ NN/ N[N|N[&#d[T|N|[N[ N VIN [oRU0D) 14! 810 £
N ININ/N|N|N/N/N/N|IN|N|N}ETd|NTN dIN| N VIN [0[UO0) 14! ¥10 £
N ININ/N|N |N|N|NIN|INININ|INFI|N[@F N[N N V/N [OJU07) | 14! C10 £
N INININ|N|N|N/NINININ|NIE|N|N|NIN[N| N V/N [onuo) 14! X4 £
N INININ|N[N|N/NININ[N|N|N[J|IINN|N| N ! SJeULOOB A ¥l L10 [4
N ININ/N|NININ/N|NIN|N[NJdI'&#&NId|N|N| N ! S)eUIOdB A 14! 910 [4
N INININ| N |N|N|IN|N|NININ[TFTId[NTIIN|N| N I SJeulodr A 14! S10 [4
N  NININ|N|NINININININ/N[NIN[N|N|N[N| N 1 SJBUIOOE A 14 £56 [4
N ININ/N|N | N|NINININININ|{N|N[N|N|ININ| N I S1BUIO0B A 14! (445) [4
N INININ|N|IN|IN|N|N|N|N|[N|N|N|N[N|[NIN| N 4 SJBUIOOEA 14! 610 1
N N|NIN|N|N|NIN|NIN[N/N|[N[L&IN|N|N|N| N 4 QJBUIOOB A 14! €10 !
N N/NIN/N N/ N/ININININININJT|N|N[d[N| N T SRUIDOEA 14! 110 I
N NININ]N|[N|N/N/N/NINININ|N[N|IN|N[N| N (4 SJeUIOOE A 14! §S6 I
N INININ|N|N|NINININ|N|NIN[N[N|N|NIN| N 4 SJBUIdOE A 71 1€6 I
N [ NIN/N|N N|N|N|NININ[N|[NIN|IN|N[N|N| N [4 9JBUIDOEA 14! 9t6 1
N INININ| N |N|N|INININ|ININ|N|N|N[N|NIN| N /4 S)BUIDOBA 14! 126 I
916 | ¥ 2|10 s9s0p
LE T (T et jr|rjrle|8|L]o|S|vic|z|T]|o]| T ourIEA (oam) a oN
a8uaeyd-ysod she(q Jo Joqum) | jwoumwaij, 98y 8oq | dnoio
BUIPPaYs SNIA “6€ AIqEL,




9.717 8.9 Route of vaccination G G |

Treat ment |-XVA Z- XVA Z- XVA - XVA - XVA Control G oup
If "0 122 Table 50. Hi stopathol ogi cal eval uati on of
ti ssue sanples G oup No Dog ID Treatnent Route of
vacci nati on Nunber of doses MW¥roscopic |esion

(Hi st opat hol ogy) Lung Trachea 1
Table 40. Histopathological evaluation of tissue samples
Group | Dog ID Age Treatment | Number of Microscopic lesion
No (week) doses (Histopathology)
Lungs Trachea

1 921 14 Vaccinate 2 +/- -
1 926 14 Vaccinate 2 - -+/-
1 931 14 Vaccinate 2 - -
1 955 14 Vaccinate 2 +/- -
1 011 14 Vaccinate 2 +/- -
1 013 14 Vaccinate 2 +/- _ +/-
1 019 14 Vaccinate 2 +- +/-
2 922 14 Vaccinate 1 +/- -
2 953 14 Vaccinate 1 +/- +/-
2 015 14 Vaccinate 1 +/- +
2 016 14 Vaccinate 1 - -
2 017 14 Vaccinate 1 +/- +/-
3 923 14 Control N/A + +/-
3 012 14 Control N/A + -
3 014 14 Control N/A + -
3 018 14 Control N/A + -
3 0l1A 14 Control N/A + +/-
4 406 8 Vaccinate 2 +/- -
4 407 8 Vaccinate 2 - -
4 504 8 Vaccinate 2 +/- -
4 704 8 Vaccinate 2 - -
4 705 8 Vaccinate 2 - -
5 404 8 Control N/A - -
5 405 8 Control N/A - -
5 610 8 Control N/A +/- -
5 702 8 Control N/A , +/- _ -
5 703 8 Control N/A - -

“+” Severe lesion consistent or pathognomic to an influenza infection
“+/-* Mild lesion (inconclusive)
“-“ Normal

EXAMPLE 23 - CANINE INFLUENZA VACCINE EFFICACY STUDY
The following study was conducted to determine the efficacy of a multivalent

H3NB8 equine influenza vaccine against canine influenza virus in dogs.

Procedure:
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Seventeen 15-week-old beagles were obtained from a commercial supplier. The dogs

were randomly assigned to 3 groups as shown in Table 41, and housed in a research facility.

Table 41. Experimental Design

Age at
Group Number of dogs Treatment Number of Vaccination
doses —
- (weeks)
1 7 Vaccinate 2 15& 19
2 5 Vaccinate 1 19
3 5 Control - -

The vaccine used in this study was a HAVLOGEN® adjuvanted, inactivated equine
influenza (A/equine/KY/02, A/equine/KY/93, and A/equine/NM/2/93) vaccine. To prepare
this vaccine, the viruses were inactivated by binary ethylenimine (BEI) using a standard
method. Each vaccine dose contained HAVLOGEN® (10% v/v), 2048 HA units of each of
the inactivated virus, 0.1% (v/v) of 10% thimerosal, 0.1 % (v/v) of phenol red, sufficient
NaOH to adjust the pH to 6.8 to 7.2, and sufficient PBS to bring the total dose volume to 1
ml.

The dogs in Group | were vaccinated with 2 doses of the vaccine. The second (i.e.,
booster) dose was administered 4 weeks after the first dose. The dogs in Group 2 were
vaccinated with 1 dose of vaccine at 19 weeks-of-age. Blood samples were collected to
assess HI titer using a standard protocol with an H3N8 canine influenza isolate on days zero
(before vaccination), 7, and 14 post first and second vaccinations. Seven days before
challenge, the dogs were moved to a BSL-2 facility and housed in individual cages.

All vaccinates and age-matched control dogs were challenged oronasally with a
virulent canine influenza virus (10”> TCID50 of A/Canine/Florida/242/2003 per dog) at 2
weeks post second vaccination of Group | and first vaccination of Group 2. The challenge
virus was administered as a mist using a nebulizer (Nebulair™) at 2 ml per dog. The dogs
were observed for influenza-related clinical signs for 14 days post challenge. All dogs were
euthanized at day 14 post-challenge, and lung and trachea samples were collected in 10%
buffered formalin for histopathology. Blood samples were collected on days 7 and 14 post
chal'lenge for HI titer determination. The clinical sign score assignment used for the post

challenge observation are shown in Table 42.
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Results:

All vaccinated dogs developed HI antibody titer responses to the canine influenza
virus isolate (Table 43). Following the challenge, approximately a 4 fold increase in HI
titer on day 14 post challenge compared to the pre-challenge HI titer in all groups
indirectly indicate that all dogs were exposed to the challenge virus. All dogs exhibited
signs canine influenza disease with each dog demonstrating one or more of the following
clinical signs: fever (>103.0°F; >39.4°C), cough, serous or mucopurulent ocular discharge,
serous or mucopurulent nasal discharge, vomiting, diafrhea, depression, weight loss, and
dyspnea. Vaccinates had less severe clinical signs, compared to age-matched controls
(Table 44). There was a significant (P = 0.028) reduction in clinical signs due to the 2-
dose vaccination in dogs (Group 1). One dose vaccination did not provide a significant (P
= 0.068) reduction in clinical signs (Group 2).

A/s in Example 22, histdpathological evaluation of lung and tracheal tissue samples
for lesions was conducted to identify lesions compatible with or pathognomic to canine
influenza disease. Table 45 provides a summary of the extent of lesions in this experiment
for the dogs. Among 15-week-old dogs, vaccination of dogs with either 1 dose or 2 doses
prevented the lung lesions in all dogs. Four of 5 control dogs (80%) had severe
suppurative bronchopneumonia consistent with an influenza disease. One of 7 dogs from
the 2-dose vaccine group (Group 1) and 1 of 5 dogs from the control group (Group 3) had

mild trachea lesions suggestive of tracheitis which could be attributed to influenza disease.

Conclusion:

The results from this study demonstrate that 1) inactivated H3NS$ equine influenza
virus can induce canine influenza virus cross reactive HI antibody responses in vaccinated
dogs, and 2) Use of a H3NS8 equine influenza virus vaccine can reduce the severity of

canine influenza virus disease in dogs.

Table 42. Clinical signs and scoring system
Clinical signs Score per day
Temp

<103.0°F (<39.4°C) 0

103.0 — 103.9°F (39.4- 2
104.0-104.9°F (40.0- 3

>105.0°F (>40.6°C) 4
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Table 42. Clinical signs and scoring system

Clinical signs Score per day
Coughing

No coughing 0
Occasional 2
Paroxysmal 4
Sneezing

No sneezing 0
Occasional 1
Paroxysmal 2
Nasal discharge

No discharge 0
Serous -slight 1
Serous -copious 1
Mucopurulent-slight 2
Mucopurulent-copious 3

Ocular discharge
No discharge
Serous -slight
Serous -copious
Mucopurulent-slight
Mucopurulent-copious
- Hemoptysis
No
Yes
Depression
No
Yes
Anorexia
No
Yes
Respiratory signs
None
Rales
Dyspnea
Gasping
Mucous expectorate
No -
Yes
Vomiting
No
Yes 1
Fecal abnormalities
No
Yes 1
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EFFI CACY STUDY Cani ne i1h*| uenza di sease is
caused by an H3N8 influenza virus (ClV). CVis very
closely related to equine H3N8 viruses (Crawford et
al ., 2005) and infects all exposed dogs. 123

Approxi mately 80% of exposed dogs develgp clinical
signs. In the following study the efficgcy of an

i nacti vated H3N8 equi ne influenza virusgvacci ne and a
cani ne influenza virus vacci ne were detgrnined.
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20 VA Yes The dogs in Goups 1 and 2 were vacci nat ed
wth either VAX-1 or VAX-2 (Table 51). VAX-1 was a
HAVLOGENO adj uvant ed, inactivated equi ne influenza
virus (A equi ne/ KY/02) vaccine. For vaccine
preparation, the vaccine virud3was inactivated by

bi nary et hyl eni m ne (BET) using a standard nethod.

Each dose of vaccine contai ned HAVLOGENC (10% v/ V),
6144 HA units of the inactivated virus, 0.1% (v/v) of
10% thinerosal, 0.1 % (v/v) of phenol red and
sufficient PBS to bring the total dose volune to 1 m
and sufficient NaOH to adjust the pHto 6.8 to 7. 2.
VAX-2 was an inactivated, CARBI GENTM adj uvant ed,

cani ne influenza anti gen vaccine

(A/ cani ne/ F1/ 43/ 2004) . The A/ cani ne/ F1/ 43/ 2004 was

i nactivated by binary ethylenimne ("BET") using a
standard net hod. Each dose of the vacci ne contained 5%
by mass CARBI GENTM approxi matel y1280 HA units of the

i nactivated virus, sufficient PBS to bring the total
vol ume of the dose to 1 mi, and sufficient NaOH to
adjust the pHto between 7.2 and 7.4. Serum sanpl es
were collected fromall dogs on the day of first and
second vacci nation, days 7 and 14 post first and
second vacci nations, and at pre-challenge to determ ne
the H titers using an H3N8 equi ne influenza virus
standard protocol (SAM 124, CVB, USDA, Anes, |A).

Seven days before chall enge, the dogs were noved to a
ABSL-2 facility and housed in individual cages. 124
Al | vaccinates and age-mat che ontrol dogs were
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1 Mucopurul ent-slight 2 Miucopurul ent-copious 3 Ccul ar
di scharge No discharge 0 Serous -slight 1 Serous
-copi ous 1 Mucopurul ent-slight 2 Micopurul ent-copi ous
3 Henoptys is No O Yes 5 Depression No O Yes 1
Anorexia No O Yes 1 Respiratargy signs None O Ral es 3
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The following study was conducted to determine: (1) the efficacy of monovalent

versus multivalent H3N8 equine influenza vaccines against canine influenza virus in dogs,

and (2) the effect of route of administration on vaccine efficacy.

Procedure:

Thirty 10-week old mongrels were obtained from a commercial supplier. The dogs

were randomly assigned to 6 groups as shown in Table 46, and housed in a research

facility.
Table 46. Experimental design
Route of Number of Age at
Group | Number of dogs | Treatment | vaccination doses Vaccination
(weeks)
1 5 VAX-1 IN 2 10 & 14
2 5 VAX-2 SQ 2 10 & 14
3 5 VAX-2 IN 2 10 & 14
4 5 VAX-3 SQ 2 10 & 14
5 5 VAX-3 IN 2 10 & 14
6 5 Control -- -- --

... Three types of vaccines (VAX-1, VAX-2, and VAX-3) were used. The VAX-1
was a HAVLOGEN®-adjuvanted, inactivated equiﬁe influenza virus (A/equine/KY/02)
monovalent vaccine, and each dose contained HAVLOGEN® (10% v/v), 6144 HA units
of the inactivated virus, 0.1% (v/v) of 10% thimerosal, 0.1 % (v/v) of phenol red,
sufficient NaOH to adjust the pH to 6.8 to 7.2, and sufficient PBS to bring the total dose
volume to 1 ml. The VAX-2 was a HAVLOGEN®-adjuvanted, inactivated equine
influenza virus (A/equine/KY/02) monovalent vaccine, and each dose of vaccine
contained HAVLOGEN® (10% v/v), 4096 HA units of the inactivated virus, 0.1% (v/v) of
10% thimerosal, 0.1 % (v/v) of phenol red, sufficient NaOH to adjust the pH to 6.8 to 7.2,
and sufficient PBS to bring the total dose volume to 1 ml. The VAX-3 was a
HAVLOGEN®-adjuvanted, Inactivated equine influenza (A/equine/KY/02,
Alequine/KY/93, and A/equine/NM/2/93 ) multivalent vaccine, and contained
HAVLOGEN@ (10% v/v), 2048 HA units of inactivated virus per strain, 0.1% (v/v) of
10% thimerosal, 0.1 % (v/v) of phenol red, sufficient NaOH to adjust the pH to 6.8 to 7.2,

and sufficient PBS to bring the total dose volume to 1 ml. All influenza viruses used for
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method.

The vaccines and routes of administration for each group are described in Table 46.
All dogs in the vaccinated groups were vaccinated either via the intranasal (IN) or the
subcutaneous (SQ) route, and each dog received 2 doses. The second (i.e., booster) dose was
administered 4 weeks after the first dose. Blood samples were collected to assess HI titer
using a standard protocol with an H3N8 canine influenza isolate on days zero (before
vaccination), 7, and 14 post first and second vaccinations. Seven days before challenge, the
dogs were moved to a BSL-2 facility and housed in individual cages.

All vaccinates and age-matched control dogs were challenged oronasally with a
virulent canine influenza virus (10”* TCID50 of A/Canine/Florida/242/2003 per dog) at 2
weeks post second vaccination. The challenge virus was administered as a mist using a
nebulizer (Nebulair™) in a 2ml volume per day. The dogs were observed for influenza-
related clinical signs for 14 days post-challenge. Blood samples were collected on days 7
and 14 post challenge for HI titer determination. All dogs were euthanized at day 14 post-
challenge, and lung and trachea samples were collected in 10% buffered formalin for
histopathology. The clinical sign score assighments used for the post challenge observation

are shown in Table 47.

Results:

All dogs vaccinated via the SQ route developed HI antibody titer responses to the
canine influenza virus isolate, regardless of the vaccine type (Table 48). None of the dogs
from the IN vaccination groups (i.e., Groups 1, 3, and 5) developed HI antibody titer
responses to the canine influenza virus isolate, regardless of the vaccine type, during the
post vaccination period. There was, however, a 4-fold increase in titer by day 14 post
challenge in all dogs indirectly, indicating that all dogs were exposed to the challenge virus
(Table 47).

All dogs exhibited one or more of the following clinical signs of canine influenza:
fever (>103.0°F; >39-4°C), cough, serous or mucopurulent ocular discharge, serous or
mucopurulent nasal discharge, vomiting, diarrhea, depression, weight loss, and dyspnea.
Vaccinates had less severe clinical signs, compared to age-matched controls (Table 49).
There was a significant reduction in clinical signs in dogs vaccinated with VAX-3 via the
SQ route (Group 4). In this experiment, IN administration of either VAX-1, VAX-2, or

VAX-3 did not provide a significant reduction in clinical signs of canine influenza virus.
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As m Examples 22 and 23, histopathological evaluation of lung and tracheal tissue
samples for lesions was conducted to identify lesions compatible with or pathognomic to
canine influenza disease. Table 50 provides a summary of the extent of lesions in this
experiment for the dogs. Five of 5 control dogs (Group 6) had lung lesions consistence
with an influenza infection. Two of 5 dogs vaccinated with VAX-2 via the SC route
(Group 2) and 3 of 5 dogs vaccinated with VAX-3 via the SC route (Group 4) were free of
any influenza-related lung lesions. All the dogs that received the vaccine via the intranasal
route, irrespective of the vaccine type, had severe lung lesions consistent with an influenza

infection. The trachea lesions observed in this study were very mild.

Conclusion:

The results from this study demonstrate that: (1) inactivated H3N8 equine
influenza virus can induce canine influenza virus cross reactive HI antibody responses in
dogs vaccinated via the SQ route, (2) intranasal administration of either monovalent
(VAX-1 and VAX-2) or multivalent vaccine (VAX-3) was not efficacious in dogs, and (3)
subcutaneous administration of multivalent vaccine (VAX-3) provided a significant

(P=0.016) reduction in severity of canine influenza virus disease in dogs.
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Table 47. Clinical signs and scoring system

Clinical signs Score per day
Temp

<103.0°F (<39.4°C) 0
103.0 — 103.9°F (39.4- 2
104.0-104.9°F (40.0- 3
>105.0°F (>40.6°C) 4
Coughing

No coughing 0
Occasional 2
Paroxysmal 4
Sneezing

No sneezing 0
Occasional 1
Paroxysmal 2
Nasal discharge

No discharge |0
Serous -slight 1
Serous -copious 1
Mucopurulent-slight 2
Mucopurulent-copious 3

Ocular discharge

No discharge 0
Serous -slight 1
Serous -copious 1
Mucopurulent-slight 2
Mucopurulent-copious 3
Hemoptysis

No 0
Yes 5
Depression

No 0
Yes 1
Anorexia

No 0
Yes 1
Respiratory signs

None 0
Rales 3
Dyspnea 4
Gasping 5
Mucous expectorate

No 0
Yes 2
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Table 47. Clinical signs and scoring system

Clinical signs Score per day

Vomiting

No

Yes 1

Fecal abnormalities

No 0

Yes
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Table 50. Histopathological evaluation of tissue samples
Group | Dog ID | Treatment | Routeof | Number Microscopic lesion
No vaccination | of doses (Histopathology)
Lung Trachea

1 248 Vaccinate IN 2 + :
1 501 Vaccinate IN 2 + -
1 502 Vaccinate IN 2 + -
1 469 Vaccinate IN 2 + +
1 46A Vaccinate IN 2 + +
2 232 Vaccinate | SQ 2 + -
2 511 Vaccinate SQ 2 + -
2 514 Vaccinate SQ 2 - -
2 461 Vaccinate SQ 2 + -
2 463 Vaccinate SQ 2 - -
3 246 Vaccinate IN 2 + -
3 505 Vaccinate IN 2 + -
3 506 Vaccinate IN 2 + +
3 464 Vaccinate IN 2 + -
3 465 Vaccinate IN 2 + +
4 23B Vaccinate SQ 2 - -
4 247 Vaccinate SQ 2 +/- -
4 508 - Vaccinate SQ 2 - -
4 512 Vaccinate | SQ 2 - +/-
4 516 Vaccinate SQ 2 + +
5 503 Vaccinate IN 2 + +/-
5 513 Vaccinate IN 2 + +
5 462 Vaccinate IN 2 + +/-
5 466 Vaccinate IN 2 + +
5 46B Vaccinate IN 2 + -
6 236 Control - 2 + -
6 504 Control - 2 + +
6 507 Control - 2 + +
6 515 Control -- 2 + +/-
6 468 Control - 2 + +

“+” Severe lesion consistent or pathognomic to an influenza infection
“+/-“ Mild lesion (inconclusive)
“-*Normal

EXAMPLE 25 —~ CANINE INFLUENZA VACCINE EFFICACY STUDY
Canine influenza disease is caused by an H3N8 influenza virus (CIV). CIV is very

closely related to equine H3N8 viruses (Crawford et al., 2005) and infects all exposed dogs.
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Approximately 80% of exposed dogs develop clinical signs. In the following study the
efficacy of an inactivated H3N§ equine influenza virus vaccine and a canine influenza virus

vaccine were detérmined.

Procedure:

Thirty-five beagles and five mongrels were used in this study. Beagles were
randomly assigned to three groups (Table 51). All mongrels were assigned to control group
(Group 3). All dogs were fed with a standard growth diet and water was available as libitum.

Table 51. Experimental design
Vaccination . Age at
Group | Treatment route Number of vaccination | Challenge
dogs
. (weeks)
1 VAX-1 ™ 15 8 & 12 Yes
VAX-2 SC 5 8& 12 Yes
3 Control N/A 20 N/A Yes

The dogs in Groups 1 and 2 were vaccinated with either VAX-1 or VAX-2 (Table 51).

VAX-1 was a HAVLOGEN® adjuvanted, inactivated equine influenza virus
(A/equine/KY/02) vaccine. For vaccine preparation, the vaccine virus was inactivated by
binary ethylenimine (BEI) using a standard method. Each dose of vaccine contained
HAVLOGEN® (10% v/v), 6144 HA units of the inactivated virus, 0.1% (v/v) of 10%
thimerosal, 0.1 % (v/v) of phenol red and sufficient PBS to bring the total dose volume to 1
ml and sufficient NaOH to adjust the pH to 6.8 to 7.2.

VAX-2 was an inactivated, CARBIGENTM adjuvanted, canine influenza antigen
vaccine (A/canine/F1/43/2004).  The A/canine/F1/43/2004 was inactivated by binary
ethylenimine ("BEI") using a standard method. Each dose of the vaccine contained 5% by
mass CARBIGENTM, approximately1280 HA units of the inactivated virus, sufficient PBS
to bring the total volume of the dose to 1 ml, and sufficient NaOH to adjust the pH to
between 7.2 and 7.4. Serum samples were collected from all dogs on the day of first and
second vaccination, days 7 and 14 post first and second vaccinations, and at pre-challenge to
determine the HI titers using an H3N8 eﬁuine influenza vifus standard protocol (SAM 124,
CVB, USDA, Ames, IA). Seven days before challenge, the dogs were moved to a ABSL-2

facility and housed in individual cages.
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All vaccinates and age-matched control dogs were challenged oronasally with
virulent canine influenza virus (10”2 TCID50 of A/Canine/Florida/242/2003 per dog) at 2
weeks post second vaccination. The challenge virus was administered as a mist (2ml/dog)
using a nebulizer (Nebulair™). The dogs were observed for influenza-related clinical signs
for 14 days post-challenge. Nasal and oropharyngeal swabs were collected daily in tubes
containing 2 ml of virus transport medium for virus isolation from day -1 (i.e., one day
before challenge) through day 14 post-challenge. Blood samples were collected on days 7
and 14 post challenge for HI titer determination. The clinical sign score assignments used

for post challenge observation are shown in Table 52.

Results:

All vaccinated dogs (Groups 1 and 2) developed HI antibody titer responses to the
canine influenza virus isolate (Table 53). All dogs exhibited one or more of the following
signs of canine influenza: fever (>103.0°F; >39.4°C), cough, serous or mucopurulent ocular
discharge, serous or mucopurulent nasal discharge, vomiting, diarrhea, depression, and
anorexia. Vaccinates had less severe clinical signs, compared to age-matched controls
(Table 54). There was a significant (P < 0.001) reduction in clinical signs in dogs vaccinated
with either VAX-1 (Group 1) or VAX-2 (Group 2).

Virus isolation results are shown in Tables 55 and 56. Following a virulent canine
influenza virus challenge the canine influenza virus was isolated from 5 of 15 (33%) dogs
from Group I (VAX-1), 0 of 5 (0%) dogs from Group 2 (VAX-2) and 17 of 20 (85%)
controls (Group 3). Both inactivated equine influenza vaccine (VAX-1) and canine influenza
virus (VAX-2) vaccinates demonstrated a significant (P= 0.004) reduction in virus shedding

in nasal or oral secretions or both (Table 55) compared to controls.

Conclusion:

The results from this study demonstrate that: (1) inactivated H3N8 equine influenza
virus and canine influenza virus vaccines can induce canine influenza virus reactive HI
antibody responses in vaccinated dogs, (2) use of an H3N8 equine influenza virus or canine
influenza virus vaccine can reduce the severity of canine influenza virus disease in dogs, and
(3) use of an H3N8 equine influenza virus or canine influenza virus vaccine can reduce virus

excretion in nasal and/or oral secretions.
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Table 52. Clinical signs and scoring system
Clinical signs | Score per day
Temp
<103.0°F (<39.4°C) 0
103.0 — 103.9°F (39.4- 2
104.0-104.9°F (40.0-40.5°C) | 3
>105.0°F (>40.6°C) 4
Coughing
No coughing 0
Occasional 2
Paroxysmal 4
Sneezing
No sneezing 0
Occasional 1
Paroxysmal 2
Nasal discharge
No discharge 0
Serous -slight 1
Serous -copious 1
Mucopurulent-slight 2
Mucopurulent-copious 3
Ocular discharge
No discharge 0
Serous -slight 1
Serous -copious 1
Mucopurulent-slight 2
Mucopurulent-copious 3
Hemoptysis
No 0
Yes 5
Depression
No 0
Yes 1
Anorexia
No 0
Yes 1
Respiratory signs
None 0
Rales 3
Dyspnea 4
Gasping 5
Mucous expectorate
No 0
Yes 2
Vomiting
No 0
Yes |1
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Anal ysis of total canine influenza disease clinical
scores Group Treatnment Average total Score per dog
P-value* 1 VAX-1 9.1 <0.001 (oup 1 vs. 3) 2 VAX-2
5.4 <0.001 (Goup 2 vs. 3) 3 Control 24.1 -- *

Anal yzed using a NPARI WAY procedure of SAS(r) Version
9.1 (the vacci ne groups were conpared using the GLM
procedure) Table 55. Post-chall enge virus shedding

Table 52. Clinical signs and scoring system

Clinical signs Score per day

Fecal abnormalities

No : 0 '
Yes 1
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Table 54. Analysis of total canine influenza disease clinical scores

Group Treatment Average total P-value*
Score per dog
1 VAX-1 9.1 <0.001
(Group 1 vs. 3)
2 VAX-2 54 <0.001

(Group 2 vs. 3)

3 Control 24.1 -

* Analyzed using a NPARIWAY procedure of SAS® Version 9.1 (the vaccine groups were
compared using the GLM procedure)

Table 55. Post-challenge virus shedding

Group Treatment Percent dogs P-value*
excreted the
virus
1 VAX-1 33% (5/15) 0.004
(Group 1 vs. 3)
2 VAX-2 0% (0/5) 0.004
(Group 2 vs. 3)
3 Control 85% (17/20) --

* Analyzed using a FREQ procedure of SAS® (Version 9.1) and P-value associated with
Fisher’s exact test '
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Table 57. Hemagglutinin, nenraminidase and nucleoprotein gene amino acid
sequence similarities among influenza viruses
Gene (Canine Amino acid | Gene of influenza virus used for
/Florida/43/2004) sequence comparison

similarity
Hemagglutinin 88 equine/Algiers/72
HA 90 equine/Sao paulo/6/69
HA 91 equine/Miami/1/63
HA 93 equine/Newmarket/79
HA 94 equine/Kentucky/1/81
HA . 95 Equi-2/Ludhiana/87
HA 96 Equine/Alaska/1/91
HA 97 equine/Tennessee/5/86
HA 98 equine/Kentucky/5/02
HA - 99 equine/Ohio/1/2003
HA 99 canine/Florida/242/2003
Neuraminidase 88 Eq/Algiers/72
NA 90 equine/Sao Paulo/6/69
NA 91 equine/Miami/1/63
NA 93 equine/Newmarket/79
NA 94 equine/Kentucky/1/81
NA 95 Equi-2/Ludhiana/87
NA 96 equine/Santiago/85
NA 97 equine/Tennessee/S/86
NA 98 equine/Kentucky/5/2002
NA 99 equine/Ohio/1/2003
NA 99 canine/Florida/242/2003
Nucleoprotein ("NP") 94 equi/Miami/1/63
NP 97 equine/Kentucky/1/81
NP 99 equine/Kentucky/5/02
NP 99 equine/Ohio/1/2003
NP 99 canine/Florida/242/2003

non

The words "comprise," "comprises," and “comprising” in this patent (including the
claims) are to be interpreted inclusively rather than exclusively. This interpretation is
intended to be the same as the interpretation that these words are given under United States
patent law.

The above detailed description of preferred embodiments is intended only to acquaint

others skilled in the art with the invention, its principles, and its practical application so that
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others skilled in the art may adapt and apply the invention in its numerous forms, as they may
be best suited to the requirements of a particular use. This invention, therefore, is not limited

to the above embodiments, and may be variously modified.

It should be understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of

this application.
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CLAIMS

We claim:

1. Anisolated influenza virus that is capable of infecting a canid ammal.

2. The influenza virus according to claim 1, wherein said influenza virus has an HA

}

serotype of H3.

3. The influenza virus according to claim 1, wherein said influenza virus has the

serotype H3NS.

4. The influenza virus according to claim 1, wherein said influenza virus comprises a
polynucleotide which encodes a polypeptide having the 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
thereof, or said polynucleotide encodes a polypeptide having 99% or greater sequence
identity with the 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.

5. The influenza virus according to claim 1, wherein said influenza virus comprises a
polynucleotide having 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, 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/43/2004 or the viral isolate designated as
A/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.
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8. The influenza virus according to claim 1, wherein said influenza virus is

inactivated or attenuated.

9. The influenza virus according to claim 1, wherein said influenza virus is provided

in a pharmaceutically acceptable carrier or diluent.

10. An isolated polynucleotide that comprises all or part of a genomic segment or

gene of an influenza virus of claim 1.

11. The polynucleotide according to claim 10, wherein said polynucleotide comprises
all or part of an influenza gene selected from the group consisting of a neuraminidase gene, a
nucleoprotein gene, a matrix protein gene, a polymerase basic protein gene, a polymerase

acidic protein gene, a non-structural protein gene, and a hemagglutinin gene.

12. The polynucleotide according to claim 10, wherein said influenza virus comprises
a polynucleotide which encodes a polypeptide having the 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 thereof, or said polynucleotide encodes a polypeptide having 99% or greater
sequence identity with the 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.

13. The polynucleotide according to claim 10, wherein said influenza virus comprises
a polynucleotide having 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, 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.

14.  The polynucleotide according to claim 10, wherein said polynucleotide is

formulated ina pharrhaceutically acceptable carrier or diluent.
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15. A polynucleotide expression construct comprising a polynucleotide of claim 10.

16. An oligonucleotide that can hybridize to a coding or a non-coding sequence of a

polynucleotide of claim 10.

17.  The oligonucleotide according to claim 16, wherein said oligonucleotide

hybridizes to said sequence under high stringency conditions.

18. The oligonucleotide according to claim 16, wherein said oligonucleotide is 10 to
500 nucleotides, 10 to 20 nucleotides, 21 to 30 nucleotides, 31 to 40 nucleotides, 41 to 50
nucleotides, 51 to 60 nucleotides, 61 to 70 nucleotides, 71 to 80 nucleotides, 81 to 90

nucleotides, or 91 to 100 nucleotides in length.

19.  The oligonucleotide according to claim 16, wherein said oligonucleotide

comprises a detectable label or a reporter molecule.

20. The oligonucleotide according to claim 16, wherein said oligonucleotide has from
about 90 percent to 100 percent nucleotide sequence identity with a polynucleotide that

comprises all or part of a genomic segment or gene of an influenza virus of claim 1.

21.  The oligonucleotide according to claim 16, wherein said oligonucleotide
comprises a nucleotide sequence shown in any of SEQIDNOS 35, 36, 37, 38, 39, 40, 41, 42,
43,44, 45, 46, 79, 80, 81, 82, 83, 84, 85, 86, 87, or88

22. Anisolated polypeptide encoded by a polynucleotide of claim 10.

23. The polypeptide according to claim 22, wherein said polypeptide is selected from
the group consisting of a hemagglutinin protein, a neuraminidase protein, a nucleoprotein, a
matrix protein, a polymerase basic protein, a polymerase acidic protein, and a non-structural

protein.
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24. The polypeptide according to claim 22, wherein said polypeptide comprises the

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 thereof.

25. The polypeptide according to claim 22, wherein said polypeptide is formulated in

a pharmaceutically acceptable carrier or diluent.

26. A composition comprising an immunogen of an influenza virus of claim 1,
wherein said immunogen is capable of inducing an immune response against an influenza

virus that is capable of infecting a canid animal.

27. The composition according to claim 26, 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.

28. The composition according to claim 27, wherein said viral protein, polypeptide,
or peptide comprises 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 thereof, or said polynucleotide
encodes a polypé’ptide having 99% or greater sequence identity with the 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.

29. The composition according to claim 27, wherein said viral polynucleotidé
encodes a polypeptide comprising 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 thereof.

30. The composition according to claim 26, wherein said composition is formulated

in a pharmaceutically acceptable carrier or diluent.
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32. The method according to claim 31, wherein said composition comprises a viral
protein, polypeptide, or peptide comprising 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 thereof.

33. The method according to claim 31, wherein said composition comprises an

influenza virus or a portion of said virus that is capable of infecting a canid animal.

34. The method according to claim 33, wherein said influenza virus is selected from
the group consisting of viral isolate designated as A/canine/Florida/43/2004, viral isolate
designated as A/canine/Florida/242/2003, viral isolate designated as canine/Jax/05 or viral

1solate designated as canine/Miami/03, or a portion of any of said viral isolates.

35. The method according to claim 31, wherein said immune response is a protective

immune response that prevents or inhibits infection of said animal by an influenza virus.

36. The method according to claim 31, wherein said influenza virus has an HA

serotype selected from H3.

37. The method according to claim 31, wherein said influenza virus has the serotype
H3NS.

38. The method according to claim 31, wherein said composition further comprises

an adjuvant.
39. The method according to claim 31, wherein said animal is a canid.

40. The method according to claim 39, wherein said canid animal is a domesticated

dog.
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44. The method according to claim 33, wherein said influenza virus is inactivated or

attenuated.

45. An isolated antibody that binds specifically to an epitope of a polypeptide of any

of claim 22.

46. The antibody according to claim 45, wherein said antibody is a monoclonal

antibody.

47. The antibody according to claim 45, wherein said antibody binds to a

hemagglutinin protein.

48. The antibody according to claim 47, wherein said hemagglutinin protein is an H3

hemagglutinin protein.

49. The antibody according to claim 47, 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.

50. A cell comprising:
a) an influenza virus that is capable of infecting a canid animal; or
b) a polynucleotide that comprises all or part of a geﬁomic segment or gene of an

influenza virus of claim 1.
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It should be understood that the exanples and

enbodi nents described herein are for illustrative

pur poses only and that various nodifications or
changes in light thereof will be suggested to persons
skilled in the art and are tqgfe included wthin the
spirit and purview of this application. 134
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CLAIMS W claim 1. An isolated influenza virus that
is capable of infecting a canid animal. 5 2. The
i nfluenza virus according to claim1, wherein said
i nfl uenza virus has an HA serotype of HS.
3. The influenza virus according to claim1, wherein
said influenza virus has the 10 serotype H3N8.
4. The |nfluenza V|rus accordlng to cIa|n11 mhereln
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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.
20 5. The influenza virus according to claiml1,
wherein said influenza virus conprises a
pol ynucl eoti de havi ng the nucil4@oti de sequence shown in
any of SEQID NGs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19,
21, 23, 25, 27, 29, 31, 47, 49, 51, 53, 55, 57, 59,
6177650,6%cfidd aBrdifd tol Slaind 70, Gibkdin e watifle is administered in
pol ynucl eoti de has 98% or greater sequence identity

combiintfion Iwtnatc leestt omevaSinecsedented Sloowihs groupycogsisigrErf p bordetella
NGs: 1, 3, 5, 7, 9, 11,. ésé 15, 17h 1%3 21, 23, 25,

vaccine, ageyloviyygs vappine,gid pofainEyenzesirug yacl. g1 63 65,
67, 69, 71, 73, 75, or 77. 6. The influenza
virus according to claim1, wherein_said influenZ% . .
Vi 78s A sacthosl for pmtec';t'g@ zag@n@neg'pghzgt Ha 1gguenza virus infection, wherein

tﬁég&gﬁ%ﬁ écgll‘qgésieg gé{;ig‘é gl%gg %r %‘tf’ F:g%l%é }%%E%g%tﬁglhiffective amount of a

whccihBeoiplikingnza virus according to claim1, wherein
said influenza virus is inactivated or attgﬂpaged. 59, i
That Jeast anerFhinfluena WESHTSRR ARG O pLElERL Pre FHPEPHZ8 jTys antigen,
andinfluenza virus is provided in a pharmaceutically
acceptabl e carrier or diluent. 10. An isol ated
polay heast ome tphelendchiaticatly mpedpsabde exdipignt. part of a genomic
segnent or gene of an influenza virus of claim1. 10
11. The pol ynucl eotide according to claim 10, wherein
sai7d PRlemthbe AtiH@ing WRIFHHER, Aterdii spidrvacéifie admprises one or more
i nfluenza gene sel ected fromthe group consisting of. ? . )
antigmpar domi dmse qermaorea dfuctheodpbewing genme Jnfpgnzay viral isolates:
r.ot.ei n. A [ r ' e ; fami
A FleRada3200%, AR pHIFERA s £008; BRIt Candhanine Miami03
protein gene, and a henmggl utinin gene. 15 : 12.

The pol ynucl eoti de accordin o claim10, wherein sa
R seeCORpHS GaT 381 YBERLUL 1SR COPE & least one
encpdes FrPRlaReR AR having the ami no acid sequence
antif of\/%ng’%iﬁlany of SEQ JD NOs: 2, 4, 6, 8, 10, 12, 14,
16, 18, 20, 22, 24, 26, 28, 30, 32, 33, 34, 48, 50,

52,,.54,. 56 8, 60,.62, 64. 6 .0 . : -
o2 o e S i R SR e gt ey
com&ﬁgasgfﬁm@ﬁm&@hqn@gyynucIeotide_encodes a pol ypeptide

havi ng 99% or greater sequence identity with the am no

aci d sequence shown in any of SEQ ED NGs: 2, 4, 6, 8,

10, y ' di ; ' i 1 i $€s one or more

3 4,8%éh%éet%§,ac%§?1@g? %%m %g,w}é%e,:més%d v%%f:l.ngéom rga - '
antigéhs 7#om76oneor 017 8moR518f THee foblowme:| ewtinaleirdlengadi vigal  isolates:

to claim10, erein said.i a Vi.r [hsSes S -
Aoang it A Ferige e e oS ebnubel T L Bt i iamiv0s.

any of SEQID NGs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19,

21, 23, 25, 27, 29, 31, 47, 49, 51, 53, 55, 57, 59, . )

61,8%3 The5metba] a6@rding to z&iny B3, wherpi therH3 dpfiuenza virus antigen(s)

pol ynu Ieotideggas 98% or greater sequence identity
Conmr’csﬁs?ﬁ¥e AtRUat eSSk quence shown in any of SEQ I D

NGCs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25,

27, 29, 3031, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65,

67, 849 Thg meth@l acerding tq zlaim14y wherein the vacggne gomprises at least one

pol ypucl eot | £ i C ._conprising a
antifp YR GOt e SHRIATRI Hp SHIREA ki€ OTR" ! 2

ol i gonucl eoti de that can hybridize to a coding or a

non- codi ng sequence_of a 5pol ynucl eotjde of claim 10. . f

17.85rh&he cegingdle AuBbY i weTed th? YRGAMECOMpRISFRfupf18ens rom

sq'd oligp g&ﬁmgide hybri di zes to sai d sequence under
’noﬁﬁbﬁ“g??l gency conditions. 1018. The ol i gonucl eoti de

according to claim 16, wherein said oligonucleotide is

10 to 500 nucl eotides, 10 to 20 nucl eotides, 21 to 30

nucl eotides, 31 to 40 nucl eotides, 41 to 50

nucl eoti des, 51 to 60 nucl eotides, 61 to 70

. -— a ~ ~ . ~ A a ~ o~
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5 25. The pol ypeptide according to claim 22,
wherein said polypeptide is fornulated in a
pharmaceutically acceptable carrier or diluent.

26. A conposition conprising an i nmunogen of an

i nfluenza virus of claim1l1, %68 wherein said imunogen
i s capabl e of inducing an i nmune response agai nst an
influenza virus that is capable of infecting a canid
ani mal . 27. The conposition according to claim
26, wherein said i munogen conprises cell-free whole

Vigals, TRE RethBd tdRPrdifie k& lainR 76! MNaherBia! MRUGARM @€ adMinistered
viral protein; a viral 15pol ypeptide or peptide; a

Subm#mﬁ@§SYhfected cell; a reconbinant viral vector based
construct; a reassortant virus; or naked nucleic acid
of said virus. 28. The conposition according to

clg@i.m 2he WMB@LEI dtcodink Vo rhinP 7@, ekRereinOtheP e@ciide is Qiministered
peptlde conprises an am no aci d sequence shown in any

intraggsalbEQ | D NOs: 2, 4, 6, 8, 10, 12, 20 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
f 88t ITheahethod Acdordifgud @iemi 18, fwlageiB rthe vhei@ofs, addfinistered to the
sai d pol ynucl eotide encodes a pol ypei 3tide having 99%
caningonge.e at er sequence identity with the amino acid
sequence shown in any of SEQ ID NGs: 2, 4, 6, 8, 10,
12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 33, 34,
4889 50‘ he 5p¢thédl ac®Bling & cBOn B, wigdcinghe vegine7B, adifinistered to the
cani eatlam: w 78. 25 29. The conposition according
8 &% f?n fwherein said viral pol ynucl eoti de encodes
a polypeptlde conpr|S|ng an am no acid sequence shown
in any of SEQID NGs: 2, 4, 6, 8, 10, 12, 14 16, 18,
2(90 2%1 equethgg acgtgdmgoto g@m §§? \@@remg seggn ggse gﬁthe vaccine is
admlﬁﬁ%ex éﬁto tﬁQ c dt%m 9§out @8[0 aggut %7 &661(7%!&(317 &;ﬁ fipdt d;§e.
Unctional /"or 1 mmunogen ereof. 30
144 31. A met hod for |ndu0|ng an |nnune response
in_an ani mal, agai nst. an influepnza virus capable.o
| v ot iy Mithedn agom iy claimy ggﬂ@tmw& Byrsdian & hdministered in
comBRIHIA PART 4tNGask Ond Wa@mﬁ@'s@ﬁl:teanfr@rﬁftﬁgt;réﬁ%) @mwﬁhgcﬁcf #bordetella
conposi tion according to claim26. 53 he neth
vaccigeculedpvigistaceine, amd parainghened virgayagcimonposi ti on
conprises a viral protein, polypeptide, or peptide
conprising an am no acid sequence shown in any of SEQ
| DNCA : m&hocﬂ,foﬁgro&ctlﬂ@,a dahind 450nd Bes 1{8&0?2@@31&% ,catided by canine
26, 28, 30, 32 3, 34, 48, 50, 52, 6, 58, 60,
mﬂugga \61413 Wgereggthe-;@ethq@compnsey @drrgmstpgng &9 th_g: dapHet 3 g;ngpeutlcally
effecR0d b TBRANAGARL sorggﬁﬁ%m thereof. 1033. The method
according to c alrm erein said conposition
c oatpedssese equinenhifiuana irvs antigenl aml portion of said
vir%s that is Capable of infecting a canid animal.
342t Wéoﬂ%fma%?@eﬁb’%ﬁeﬁtéblé 3188, wherein said
influenza virus is selected fromthe group consisting
of viral isolate designated as
A %n ilhe/mr¢thed dedoddng 6@ 4lainai %Iwhes@h ahe vidstesisgadatieidtered to the
} nlne/FIorl Qﬁ %QZOQB viral -isol ate designated
caningbefork: i eiRe o antecied; Vit canng inflisigeiidinat ed as
canine/Mam /05, or a portion of any of said vira
i sol at es. 35. The nethod according to claim 31
wherein said i mune response is a protective immune
response that prevents or inhibits infection of said
animal by an influenza virus. 20 36. The net hod
according to claim 31, wherein said influenza virus
has an HA serotype selected from H3. 37.
The nethod according to claim 31, wherein said
i nfl uenza virus has the serotype 25 H3NS. 38.
The nethod according to claim 31, wherein said
conposition further conprises an adjuvant. 3039. The
nethod according to cla|n131 wher ei n sald anlnal is a
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5 animal, said nethod conprising obtaining a
bi ol ogi cal sanple from an ani mal and screening said
sanple for the presence of an antibody or a |ligand
that binds to a protein, polypeptide, or peptide of an
influenza virus of claim1. 58! A nethod for detection
of an influenza virus that is capable of infecting a
canid 10 animal, said nmethod conprising obtaining a
nuajsei @ aedtkbd Rﬁgﬁ:@teﬁ:ﬁﬂgnaaaarﬁhﬁé fdin répitaeoniaidns @used by canine
said nucleic acid sanple wth an oligonucl eotide )
inflaanze vitusgwhereinl the metisod epmipiisss admiimisiegng fo thei gnine a therapeutically
ffo%i%onucu%gt%ggjh bridizes under stringent conditions
eV S AT G H P EPE AT 4 P84S A net hod for screening for a
conp¢mRtofidHB iphEnes $86s amtideviahdlor acteasti dng Higmiflnstizalirus antigen,
an influenza virus that is capable of infecting a
andcani d ani mal, said nethod conprising contacting a cell

R g T S G e Ay

conpound inhibits activity of said virus in said cell

ot Gheaain accaring 3o CHR, Mot Boih dbS recyfy 1 Amiistered to th
candnBile RO AR A4 rdSs Hfe@bdivith Lanine influeRfa vithie reassortant

virus according to claimb55, wherein said reassortant

virus is formulated in a pharmaceutically acceptabl e

cartjer or.diluent. 2557. An_ isol 3 L LUS - N

co n%%’ i 2dUCBRY R Prafras & cainite @3‘% g% e gg %@#g fl}ndhg gzladwghsem nasal or
oral0§ech@icn Elsyd byl @atredgluencodeusa itfactione wirtdinehe anethod comprises

virus protein selected fron1t§g group consisting of ..
admypisteRing tyythe qgpine pherapsgicalbaeticgityeglougt Oé Y%ﬁ’@g CgPrgpsng:

or J e . : 8. The virus

acé%?%%ﬂg&f%hkegﬁﬁ? 7,R%%g§g?%£%§$g one or nore

pol atderst ent pldenacotpaliyszcaptablelesopiadd sequence

selected fromthe group consisting of SEQ ID NGs: 1,

3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29,

31, 9A7 Thé Iethdd a@drding to 2Taimo%s, WHereidthe 8@ccile/ is &Bninistered to the

71, 73, 75, and 77. 47 ~59. The_virus according
caning beffere thesqningis indpgied with crping ARfusnAa WEYS- an ami no aci d

sequence selected fromthe group consisting of SEQ ID

NOs: 16, 32, 62, and 78. 560. The virus according to

cl a98n B7methbéfed prosatitg Blapinetfeim hbeingaaniaaiimitneasd dirus in nasal or

sequence selected fromfhe grou _qpnsistin .of . SEQ | D )
orajyggeretion caysed By capipe yjluenza Vlmg foieqiia, \/‘Vl?f%%‘“a%“é dPQ%‘Lﬂ% comprises
adnﬁiﬁis@érf'ﬂg"fb Mo catfteBhBrap@ittallf cREQHR! Adifs o flvARIR @ offpriding:

sequence selected fromthe group consisting of SEQ I'D )

NOsat 186t 026 H356fluend vir2s afiigen and/oréR leaFheno/ly wafluenza virus antigen,

according to claim57, wherein said MA protein has an
andy i no aci d sequence sel ected fromthe group consisting

of  SHeAst BhdIarmideutidQlly Step@BR ckBipient. 63. The

virus according to clain159, wherein said PBl protein

has an am no acid 15sequence sel ected fromthe group

Conéé.ﬁfh%%@tﬁwc% 5 nogatn'glct?i Céé?ipnl ég, W, \A?O]rEmaf?lg vggcige 'j_,)sBaédmﬁﬁlstered to the

The” Vi rus accor di erern sal

canpteBefbra thasaniit i@ infbaed ®iith @atisanflesrselvaat.ed fromt he

group consisting of SEQ ID NGs: 2, 18, 48, and 64.
2065. The virus according to claimb57, wherein said PA

protein . aF ' | sel: F.om t he
o ol dd-caERiP AP el SRAAPER BEiRgiatbndcert e
66. a Theeapauticallyaeffotide agiount of aileasbdne WAanfianzs girds Agigen and/or at

prote}ﬁ.Eﬁs an.am nqQ aci d_ sequence selected fromthe
leag} opg bl CHRUFRAY s dRtgste? D NOs: 8, 24, 54, and 70. 25
67. T ' [ ' wherei n said
virﬁgg§§%gég@?ﬂ%%&#%hgg%k%?%%gg%%gﬁgﬁiy accept abl e
carrier or diluent. 68. A nethod for detection
of an influenza virus that is capable of infecting a
canid 30 aninmal, said nethod conprising obtaining a
sanpl e containing nucleic acid froman aninal, and



10

15

20

25

and 10at | east one pharnmaceutically acceptable

exci pi ent. 79. The nethod according to claim78,
wherei n said vacci ne conpri ses one or nore antigens
fromone or nore of the foll ow ng cani ne influenza
viral isolates: A/ canine/Fl orisgla/ 43/ 2004,

Al cani ne/ Fl ori da/ 242/ 2003, cani ne/ Jax/ 05, and

cani ne/ M am /05. 15 80. The nethod according to
claim 78, wherein the vaccine conprises at |east one
antigen froman H7 influenza virus. 81. The

mi@hod hecwaseameragcerding to abairs, 1 0dheherein s2id vatgine comprises one or

n virus antigen ) rises an i
more (B RAFC fonk! 648 QOUGROT E RS GRne TRl ! sotetes:
A/canitledilerida/$ 2P 004, 20 cinie:/EloR /2822003 & afihe ATBX/05 . andtbhig6MFiami/05.

fromone or nore of the foll ow ng canine i nfl uenza
viral i sol ates: A/ cani ne/ Fl orida/ 43/ 2004,

Canl neﬁ%/ll E&,‘? éog&/o%égé Y 91511%366' ﬁéréﬁ)?tﬁg girggggtrl%enﬁs compnses an

inactigited wrikgs). mhere|n the H3 influenza virus antlgen(s)
conprises a live attenuated virus(s). 84
The nethod according to claim78, wherein the vac0|ne
COOPr iNIRSyAREnk ea%@&rdﬁ&etogaaﬁ’i@ o9 e@h@lfelrf" sMl r\}é§c1h§ Qh%ﬁses one or
i sol ated froman infécted canine. . e

more rpatigeRs feunr o Pt ;asE apinths, fowamr@ rcatlime uetbxcnm vigil isolates:

ean BT 00 ROPRUS o S8 TN L 0GR N

i ntranasal l'y. 88. The nethod according to claim
7? mh rein.the vaCC|ne is adm nistered to the canine
4. The vaccine agaprding do qaimokP0aPtisrem iy visuscrntigentei comprises a
hvemﬂ%ﬁ&gg@nhg$)va00|ne is adm nistered to the cani ne at
[ east two 90. The net hod accordi ng
to claim89, wherein a second dose of the vaccine is

1?@§gbnlstere to the. canbne a from about .2 to about

SABPE SMORET YAGEEE B %rém“e VacCIRg COmASSet hod
ag G&Ezﬁieﬁﬁcélgr difeaiiie Zrﬁou%@ bR efuihd ﬁlfﬂﬁﬁ@d #igud shtigen, and
adm nistered in conbination with at | east one vaccine
séll least ede phasmacdiicglyagrepieblsiexcipiapt.of a bordetel | a
vacci ne, adenovirus vaccine, and parainfluenza virus
vacci ne. 20 92. A nethod for protecting a canine
f t@in respivaading Yact@digns crusedONywaRimend RihineNaduenza virus
virus, wherein the nethod conprises adm nistering to

antigep(§y COTRPRITFS 23 RV HFAUIPYEL |y ef fective ampunt of a
vacci ne conprising: at |east one equine influenza
virus antigen, and 25at | east one pharmaceutically
ates pffthVeCCélmz Rqioedihg to claim 193, whheinmdtehachsaatipenisngomprises a

i 0 q]g 92% wherein the vaccine is administered to

ive affeRuated XitiXShef ore the canine is infected with canine
i nfluenza virus. 151 94. A nethod for
protecting a canine fromrespiratory |esions caused by
cani ne influenza virus, wherein the nmethod conprises
adm nistering to the canine a therapeutically
ef fective anount of a vaccine conprising: at |east one
H3 i nfluenza virus antigen and/or at |east one H7
i nfluenza virus antigen, 5 and at |east one
phar maceutical ly acceptabl e exci pi ent. 95. The
nmet hod according to claim94, wherein the vaccine is
adm ni stered to the canine before the canine is
infected with canine influenza virus. 10 96. A
nmet hod for protecting a canine from having cani ne
influenza virus in nasal or oral secretion caused by
cani ne influenza virus infection, wherein the nmethod
conprises admnistering to the canine a
therapeutically effective anobunt of a vaccine
conprising: at |east one equine influenza virus
antigen, and 15at | east one pharnmaceutically
acceptable ex0|p|ent 97 The nethod accordlng

o I Y T N L o, I
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152 101. The vaccine according to claim 100,

wherein said vacci ne conprises one or nore antigens

fromone or nore of the foll ow ng canine influenza

viral isolates: A/ canine/Floridal43/ 2004,

Al cani ne/ Fl ori da/ 242/ 2003, ca¥ne/ Jax/ 05, and

canine/ Mam /05. 5 102. The vacci ne accordi ng

to claim100, wherein the virus antigen(s). conprises . .

arl 08 nadthiy freprofgcting (@asganine from influgyz:. viTkeinfeionn@herein the kit
com ag%ording to claim2102, wherein said vaccine conprises

PERE or 10 nore anti gens fromone or nore of the

f Ql ihemipe@icalii ¢Recting lananol b nakcins ahatt @snprises at least one equine
_ Al cani ne/ Fl ori da/ 43/ 2004, A/ cani ne/ Fl ori da/ 242/ 2003,
influepami¥iey uigensandand cani ne/ M ani / 05 104. The

v e ]ﬁngh Vi rus

a%f |éfjlgtno(n g%%g{g%%%ssgfs%c%hﬁo\%&g%{% uat gféﬂl\}é l|?§s(s). 15

105. A cani re apphtatenfanadmaioisianng tieaine tbhke vaos, ne

conprises: a therapeutically effective unt of an. . .

equi ne i nfl &R Feyiga ??%Bﬁgea‘?f‘d’lﬁﬁ?mﬁggts‘fla%H’eadammwtenng the

phar maGgitihe 8d i cagimept abl e exci pient. 20106. The

vacci ne according to claim 105, wherein the equine ) -

i nfluenza via whammaceyiena{ls)aceentphle sesinienti fut tenhaceg the canine's

vi rus( smu . 0%1(8)671’,0 tﬁgga\é%]ceci ne according to claim

105, wH I TEFRENT Pus® et gen(s) conprises a live

attenuat ed vi Fdod(i8)be RBsurddddy the cadid8.sirdukadeofigly with the vaccine,

protecting a canine frominfluenza virus infection,

wher ei fdhe ki t conpri ses: a therapeutically

effective a@?F‘E{t t&@be BonsBfch Bg i Bhif QARG 2RIy WiBASRE vaccine.

one equine influenza virus antigen, and 5at |east one

conponent sel ected fromthe group consisting of: an

apparatus for adm nisteri the vaccine.to the canine
Ry S 0 FocBiye A2 el alie el sip Bn i b e fpburatus for
subcmdéoﬁé@taaﬁm_gtehhgtﬁéaﬁa@&iﬁ@tat@emﬁn@.ani ne,

a pharimaceutically acceptabl e exci pi ent that enhances
the cani ne's 10i mmune response to the vaccine, a food

t e nsunmed by the [ [ : . i h
a8 R R R o5 H TR, ulih 0 U LbldeR " pparatus for
intrar®k s} ddmatusing e Vicdlwo acainiie. 15109. The kit
according to claim 108, wherein the kit conprises an
apparatus for subcutaneously adm ni stering the vaccine
t 0 qt1hea GMfoRBrotecting a darbhe OB dfi 13 ASMRUTA Rus SfedtRnMwherein the
108, wherein'the kit conprises an apparatus for
kit canmirrsasiasal | y admi ni stering the vaccine to the canine.

20 1 A kit for protecting.a ni

i st b SR Ao GRS Rl £ 0gHY one s
influéhzh RE0SBRUenGRAlI ot a8lch @k YE iffBeirh vixus anNgss @ t hat

conprises at |east one H3 influenza virus antigen

arsd lesst ene qompsmenigslaqed; frim thergraun sonsistiagofgen, and
25at | east o | .
consi sting o&@%ﬁ%@?%ﬁ@’?ﬁ%&nﬁ%‘%ﬁ tgé Q%ﬁge’

vacci ne to tiehammceetically accepéabithexaipientthiat aids yin administering the
accept abl e, exci pient that aids in adm nistering the

vacci neVaCeIngfe thefinie, a

phar maceuti cal ;Qénﬂ bRI BRlipfhAtnRNOAMARES th me'
t he cani ne' sé@"oIl | mr%érﬁ?gméagg)pgcﬁggﬁ?% thelpvggcilne, a foode canines
t o be cionsumessiynst hetheancaes,si nul t aneously with the

vacci ne, and _154 112. The kjt according to claimJll )
wherei n: t he? K94 tod ?qn§@§e(i<k\¥>t}&?o%aélgleosf“%tuh8n‘?é@é’i ‘ﬁ%h tie vaccine,

and theyjqw doses together conprise a therapeutically

ef fective anount of the vaccine. 5 113. The kit _
accor di ng t oa teati tmbe Tonsuntedrbei the canank simudlenpauiskewitly the vaccine.
apparatus for subcutaneously adm ni stering the vaccine

to the canine. 114. The kit according to

claim 111, wherein the kit conprises an apparatus for

10i ntranasal ly adm nistering the vaccine to the

cani ne.



112. The kit according to claim 111, wherein:
the kit comprises two doses of the vaccine, and

the two doses together comprise a therapeutically effective amount of the vaccine.

113. The kit according to claim 111, wherein the kit comprises an apparatus for

subcutaneously administering the vaccine to the canine.

114. The kit according to claim 111, wherein the kit comprises an apparatus for

10  intranasally administering the vaccine to the canine.



