WO 2010/025469PCT/US2009/055564 West Nile Virus Vaccine Background West Nile Virus
("WNV") is in the family Flavivirade. Infection is usually contracted through a mosquito vector
transferredwhirougletheinsect's bite, West Nile infects all types of animal B HEBIYL R Yss the globe.
This virus was first discovered in the North American region in 1999 with the first diagnosis occurring
in Canadian horses. Presently, West Nile Virus has become endemic in the United States affecting
birds, humans, and animals of all types. In 2002, over 14,700 confirmed cases of West Nile Virus were
reported in 43 states. The spread aVWNUibAShsdmirfinenced by several factors. Since the
mosquito is the vector for the virus and perpetuates WNV, the ecological conditions conducive to
growth and development of mosquito populations have had an impact of the spread of the WNV.
There Bkeymmiltactics that have been utilized to control populations of mosquitoes in an effort to
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pathogens, thereby providing further protection by reducing the incidence of or severity of clinical signs
of disealevk ERebHBIAIGRSP NI COFRS R e SsTifa émjgo@in(s). Summary The present disclosure
overcomes the problems inherent in the prior art and provides a distinct advance in the state of the art.
More particularly, the present disclosure provides for a vaccine or immunogenic composition
comprising an immunogenically active antigenic component comprised of one or more strains or
isolates of West Nile Virus. In a first aspect, there is provided an immunogenic composition
comprising one or more strains of killed or inactivated West Nile Virus or any antigen thereof, wherein
said immunogenic composition further compriseg.at least one antigen selected from the group
consisting of Eastern Equine Encephalomyelitis Virus, Western Equine Encephalomyelitis Virus and
Venezuelan Equine Encephalomyelitis Virus, Tetanus Toxoid, and combinations thereof, and wherein
said West Nile Virus is one of the strains selected from the group consisting of Horse Origin 2005,
deposited with the ATCC under accession number PTA-9409; NAEE159, deposit at the United States

Department of Agriculture Isolate under accession number 405330; NY2002Nassau; NY2002Clinton;
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WO 2010/025469PCT/US2009/055564 effective amounts of antigenic components selected from the
group consisting of Venezuelan Equine Encephalomyelitis (VEE), Eastern Equine Encephalomyelitis
(EEE), Western Equine Encephalomyelitis (WEE), Tetanus toxoid (T), Equine herpes viruses (EHV)
including types | and 4, Equine influenza viruses (ETV), and combinations thereof, along with a
pharmaceutically acceptable carrier. Preferably such embodiments will include an adjuvant, preferably
carbomer, and a pharmaceutically acceptable carrier. Additionally, a non-metabolizable oil, preferably
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and tetanus toxoid. In each specified embodiment any one or more strains or isolates of Equine
Influenza may be present. Preferred strains of Equine Influenza virus include Influenza A/equine
-2/0hi0/03, Influenza A/equine-2/New Market/2/93, Influenza A/equine-2/Kentucky/95, and
combinations thereof. In all of the combinations listed above, it is preferred to use at least two strains
of Equine Influenza and still more preferred to use at least 3 strains of Equine Influenza. WO
2010/025469PCT/US2009/055564 Preferred embodiments incorporating Equine Herpes Virus include:
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the composition's ability to provide protection to isolates and strains outside of the particular strain or
isolate used to vaccinate the animal. This is a unique feature of the present disclosure. The present
disclosure additionally provides for a method of reduction of the incidence and/or severity of clinical
signs associated with West Nile Virus infection in an animal, preferably a horse, when compared to
wild type infection. Such methods generally comprise the step of administering a vaccine composition
comprising a killed or inactivated isolate of West Nile virus, preferably a North American dominant
WY Stialn, ang.aahaimecsilicalyarcepiabieaalish-lisme Areieted comadeningf the present
application, an gdcj’uvant Is added t0 the composition, and in other preferred forms, no adjuvant is
providethaetizatealtdYnstteNpreféimesd ansbpdintiesn thereabtivdtbEsm s s sRMaRtSiPRMW AteThe
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with immunologically effective amounts of antigenic components from other equine E;thogens.
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Preferaliix 2008 Bemévity X208 ikcitken AeXaDehHioalsSy MBaiiasHarsn] fafsZ2Huiy iy A0 amstogenic
composi{tri1 n grfn BhgaFE% gn}eg&scﬂo%bj el?’rl;%fr%%ced at Iealls_t 10% in cqmparison to a.Ln.imaIs not receiving
such an‘administration when bot groups ?anlmals receiving and animals not receiving the
composition) are challenged with or exposed to wild type infection by WNV. More preferably, the
incidence or severity is reduced at least 20%, even more preferably, at least 30%, still more preferably,
at least 40%, even more preferably, at least 50%, still more preferably, at least 60%, even more
preferably, at least 70%, still more preferably, at least 80%, even more preferably, at least 90%, still
more preferably, at least 95%, and most preferably, at least 100%, wherein the animals receiving the
composition of the present disclosure exhibit no clinical symptoms. Preferably, the WNV strain is a
North American dominant strain of VVNV. Advantageously, the present disclosure also provides
protection from heterologous strains (relative to the strain used in the composition) of pathogens. The
present disclosure further provides a method of stimulating serum neutralizing or serum
hemagglutination antibodies to a pathogen selected from the group consisting of WNV, WEE, VEE,
EEE, EHV, EIV, and combinations thereof by administering a composition in accordance with the
present disclosure described herein. Preferably the compositions of the present disclosure stimulate
serum neutralizing antibodies to WNV at a titer of 1:4 or higher, thereby preventing or reducing WNV
viremia. The immunogenic composition of the present disclosure provides an extended duration of
immunity against all antigens present in the vaccine. Preferably, the duration of immunity against West
Nile is at least 1 month, more preferably, the duration of immunity is at least 2 months, still more
preferably, the duration of immunity is at least 3 months, even more preferably, the duration of
immunity is at least 4- 24 months, still more preferably, the duration of immunity is at least 6 -24
months, even more preferably, the duration of immunity is at least 7-24 months, still more preferably,
the duration of immunity is at least 8-24 months, even more preferably, the duration of immunity is at
least 9-24 months, still more preferably, the duration of immunity is at least 10-24 months, and most
preferably, the duration of immunity is at least 12- 24 months. Preferably, the duration of immunity
against EIV is at least 1 month, more preferably, the duration of immunity is at least 2 months, still
more preferably, the duration of immunity is at least 3 months, even more preferably, the duration of
immunity is at least 4- 24 months, still more preferably, the duration of immunity is at least 6 -24
months, even more preferably, the duration of immunity is at least 7-24 months, still more preferably,
the duration of immunity is at least 8-24 months, even more preferably, the duration of immunity is at
least 9-24 months, still more preferably, the duration of immunity is at least 10-24 months, and most
preferably, the duration of immunity is at least 12-24 months. Preferably, the duration of immunity
against EHV is at least 1 month, more preferably, the duration of immunity is at least 2 months, still
more preferably, the duration of immunity is at feéast 3 months, even more preferably, the duration of
immunity is at least 4- 24 months, still WO 2010/025469PCT/U52009/055564 more preferably, the
duration of immunity is at least 6 -24 months, even more preferably, the duration of immunity is at least
7-24 months, stilt more preferably, the duration of immunity is at least 8-24 months, even more
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Preferably, the duration of immunity against Tetanus Toxoid is at least 1 month, more preferably, the
duration of immunity is at least 2 months, still more preferably, the duration of immunity is at least 3
months, even more preferably, the duration of immunity is at least 4- 24 months, still more preferably,
the duration of immunity is at least 6 -24 months, even more preferably, the duration of immunity is at
least 7-24 months, still more preferably, the duration of immunity is at least 8-24 months, even more
preferably, the duration of immunity is at least 9-24 months, still more preferably, the duration of
immunity is at least 10-24 months, a QS f ly, t ti I Nty e -24
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severity of clinical symptoms associated with Equine Herpes Virus comprising the step of
administering any one of the immunogenic compositions described above, that includes an Equine
Herpes Virus antigen, to an animal. The present disclosure provides a method for reducing the
severity of or lessening the severity of clinical symptoms associated with Equine Influenza in a herd,
comprising the step of administering any one of the immunogenic compositions described above, that
includes an Equine Influenza antigen, to an animal. The present disclosure provides a method for
reducing (e ngience of 8rIsssening (e severibol ciigah siplams ARstniaad it Gt Nile
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animal. The present deciosiie luther provides 2 Met o fof iedhena e Iasidence ot tespening
the severity of € Wcr:‘éslegynﬁsﬁ oS ag8ciated with Venezuelan guine ncegpﬁalom)llaeﬁltls In a herd,
comprisingditalistisuof. athminitiediagrenyyonamistichmisnimbgemiingtpositions described above, that
includesa.yenazygian FaunGRNEERRIARY S iR ANHOSRic I A8 ARINAary adibpidbiitasRectathere is

provided the use of an immunogenic composition as defined above in the manufacture of a,

medicamiefrted reahedig i iHahE rBriRss st h e lsadeing BREI RISy ApERLA s&Btiited with
or causggavanerarmane:ofie aathagens selrsierHm dhagradpiossistiTnadMéestshileb)irus,
Eastern Equine Encephalomyelitis Virus, Western Equine Encephalomyelitis Virus, Venezuelan
Equine EHEEHHARRS EMRPH®and Clostridium tetani, wherein said medicament is to be administered
to an animal ofrachepeefframimalslinae et her@ofisclosimeartduith EdPeatiitheyend pravided the use of

an Immunogeniesampeaianar delrstAPRRIRING MAnUlaslu s Ol medicaimRgl {Afitedueind the
incidence or lessening the seveﬁtyo cﬁnl al symptomis associated with or caused by one or more of
the pathiogemseseletted forththegranpebrsistiay olEasseendE i@ EreapRsmipaliis s,
Westef%ﬁ%&%ﬁ{?%@h%ﬁ%@m@y&wéo}{%paaﬁs@@oﬁ%ia@érlﬁﬁml%ﬁxﬁlm}ﬂmeﬁwme Herpes

Virus an stridium tetani, wherein said medicament is to be administered to an animal or a herd of

animalsdn Feigthepebrot mejsketin adhebodhaileTAranigee it O grdRdMRUIREERNE R Mposition

as defingg ahaye.in the manuiaghueAlesmedicament dajradusing the ingidenceabigssening the
severity of clinical symptoms associated with or caused bwe or more of the pathogens selected
uin

from thelfiSERI B HEIBEY BF) WaIRARS MR AR P e WYDEY ERUES AR o e ABEIARTS) W88 m
Equine GagephalporvelitsMissiMaentsvelaa kgeine Encephalomyelitis Virus, Equine Herpes Virus,
Equine Influenza Vigﬁs an(i Cl%s&r.idiutmttetani, Wh.ereiptg,aid gn%d(igc Osgpet ignttgir?s inistered to in an
animal or a herB B SRIRCARS TR HESATHErSSPPOTHE SreSdht Tisciosire afse provides a method of
making amyzene pfefleebhynaunogevicabmpolsio SMHmpressatitidetosisre deolevetibedmbode and
herein, compriing, he;pians el combining, &, WestNile s Antiden viihes slohie xRt eT
pharmaceutica Carrier. In preferred oers, this method further comprises the ‘step ot adding one or
more equittemntigendeAnphededred group of equine antigens are selected from the group consisting of
Western Equing, Encephalamyelitis, Fastern Bquine Encephaloanisliiss Venerralan&auine in
Encephalomyelitis, WO 2010/02546§PCT/U32009/0 5564 Tetanus Toxoid, EHV, EIV, and
combinafEHERREIBTI eBvTeprersr dipro rREnthisiebid e thegembsPrard darristHecesifiprise a
filtration éﬁ@ﬂé&%&@%ﬂ&}%ﬁ&%&@ﬂ@ dgiln 2 PHTified ©RBbdimenf\dinvams \asmigesk heseinasan
include aluminum hydroxide and aluminum phosphate, saponins e.g., Quil A, QS-21 (Cambridge
Biotech fAEN #&455A88LME: GPI-0100 (Galenica Pharniaceuticals, Inc., Birmingham, AL),
non-metabolizable:oj:cmindrahprivonplanivegeiibieandionakimakailse pehpmgis; carbomcers,
surfactants, nalialarga Bl B 0O RANSXUACES, 5‘&8%{@8& ﬁ?%l%?é%ﬁ%ﬂ@ﬂ%gxﬂﬂ"ﬂ'o”
emulsion, 0 -Water emu on, water-in-oil-inwater emulsion. The emulsion can be bas&d in particular
on light liquid paraffin oil (European Pharmacopeia type); isoprenoid oil such as squalane or squalene;
oil resulting fi-om the oligomerization of alkenes, in particular of isobutene or decene; esters of acids or
of alcohols containing a linear alkyl group, more, particularly plant oils, ethyl oleate, propylene glycol
di(caprylate/caprate), glyceryl tri-(caprylate/caprate) or propylene glycol dioleatc; esters of branched
fatty acids or alcohols, in particular isostearic acid esters. The oil is used in combination with
emulsifiers to form the emulsion. The emulsifiers are preferably nonionic surfactants, in particular
esters of sorbitan, of mannide (e.g. anhydromannitol olcatc), of glycol, of polyglycerol, of propylene

glycol and of oleic, isostearic, ricinoleic or hydroxystearic acid, which are optionally ethoxylated, and
nol/ovvinronviiene-nolvvovvethviene connlhvvmer hlacke in narticitilar the Phiironie nrodiicte acneaciallvy



The term "North American West Nile Virus (strains)" refers to, but is not limited to any West Nile Virus
strain or isolate that has ever been discovered on the North American continent. Preferably, a North
American WgstNilaMijgss strain has a sequence identity to the NY99 strajip{pgp@dapksaacession no.
AF196835 or NCBI reference sequence NC 00942.1 (SEQ ID No. 23) of at least 97%, even more
preferably, at least 98%, still more preferably, at least 98.5%, more preferably, at least 99%, even
more preferably, at least 99.2%, and, most preferably of at least 99.4%. "Sequence ldentity" as it is

known E’%f%'éﬁvae”a%%ﬁst%PJ&!%E%’E%&V SIWREN AN r m%%&%mgt%mm&ge?%%mam more

i
polynucleotide sequences, namely a reference sequence and a given sequence to be compared with
the refdtanive Jarggphilemseliife N¥E fde Fatjas deqemsined By dempliifg(fHefgiverrseguEAedto the
referengg SoALRASR Al TherseauaREe SRaNe (15 eRRRIMAlY.AlignRdsterHedusa s dighest degree of

sequence similarity, as determined by the match between strings of such sequences. Upon such
alignméntl $ebiisnedntering 1§ %?ééégiﬂe%ﬁ%ﬂb%?ﬁ@ﬁ%?%%%ﬁiﬂﬁ%% & ghameesafisstes are
"identicalc i RAFtIGHAT PREUISNJfALthahBeSHiRRsthe Neloalides O MmN pracid FBsiduRs e
identical. The total number of such position identities is then divided by th ,totf\l number of nucleotides
or resichils irAHETFRSHSRE LS BERTBLAC GTE %6 SEEIHEL BNy SR RHCE I H P SRR BE readlly
calculataphby kipwiynethadsninauding, Butmer bniesbtacthoase. described in Computational Molecular
Biology, Lesk, A. N., ed., Oxford University Pre ew York (1988), Biocomputing: Infarmatics and
Genome ProjgéFg{y%?ﬁifﬁ?lﬁ. .fﬁ%ta.fﬁ,g\%éﬁéﬁﬁii% %QS?WW§O%%%£WC@§§?&%F Raaie s
SequeneghDatastart Eqoirifli G riddhahingySiiffin, WesBrp e disyibitinianep Rriessy dicw Jécseyu(l804);
Sequence Analysis in Molecular Biology,.von Hei G.,/Academic Press (1987); nce Analysis
Primer KON T DO el e e sty ArEs e R R, T e
LipmanE @uirS I ARt ckpAgpliec iMath F48:m07310MO 2010/026468RGT /4820091055864 (1988) the
teachings of which are. in t ej . P t 10 ine.
seauenE o T s e o Mhods to
determ E@_@E@m@ﬁﬁ&ntitﬂ@ﬁé@ﬁbdif@@iﬁﬁoubﬁél&?ﬁiﬂéﬂ@fﬁl@@@mp@t@r pr&@ﬁ&ﬁ’q@lﬁmicrﬁé@]ﬁ&tnjne
Seq“e“Eﬁcg&m%?@ﬁ‘&@%&Mﬁ%ﬁ%ﬂ%ﬁfﬁﬁ@@@@ﬁ@z@i% 0@%@&@&5&@5%@&&%%@%@5@ @t limited
p ;

to, the GCG program package (Devereux, J., et al., Nu_c_ieic Acids Research, 12(1%(L 87 (1984)),
BLASTPeBrusS TRraisd Frsya (Argirul tecrhatamyditvol &lessie)., PasoFawhtooniclitite

BLASTX program s H@iﬁhyc@ml@ﬁigcﬁammpﬂtm P SONEESARHARE Manprlidaahiyl, S. et
al., NCVI NLM NIFI Bethesda, MD 20894, Altschul, S. F. et at., J. Molec. Biol., 215:403-410 (1990),

! . S . :

the teacHhgSBFWRIRA Afvtinedrperahels marlisby YererBnE oY FenESs A aRL Bp A HiTHH
Eequem;@ﬁdﬂ@' W@ﬁ@éﬁq?ﬁﬁ W@&gﬁlﬁamh@raﬁfs;wer@gﬁm@nmqu@mdw f bﬂf){%ﬁﬂé{&ﬁh@%&ﬂlﬁy

etween the given and reference sequences. As.an illustration, by a poJynucleofide having.a
nucleot%‘@‘%% ugﬁ‘&%zﬁ%{@fh&3“3%%&?‘?8?%%?8?%%%S%Cfpt%@‘é%é@fg%): e ]gjn r#é‘f’éeﬁ}e%gég?y 95%
"sequemniedgrittiyy it reference audigotide Beqipbatenjeliintent tethaithEazodledlite sequence of
the given é%ollyraucle tideﬁis id 1tlical to th rgfere ce sequence,ex hai;dthee 'ivecrg] ot %Qﬁlcleotide
sequent s SRR It T RSty L 1O S HOR oroiSeabhy o to B SAt i ttions per
each 1G0ithuolegtidesofttiecaaferonpemucicofidessequendes [rotipdelvordsitin MestymuEigotide having
a nucleatide seguence: haying at least 85%.qref )09 bly: 95%i ity
elatve T A g B i vty 596 o
the nuclpetidies icm_tﬁe’rr@ieneﬁc@@aqwm&mm@e@t@ﬂwsmbﬁewmmﬁhGﬂ’fb@m@tsléltﬁidg, ora
numberof 0yeROleS A 2.4 B30 PIGIaIER QN PRk Rickralky S Rl eiiaial pupigotdes in

the reference sequence may be inserted’into the reference sequence. These mutations of the
referenéersbigtinee way OCONT atde 5TeptgRermfifidnposkise iRy pltisrencéchisEle othid 88 quence

or anywihigre.hapugenihosedermingl pesitians HterRRisedithahindividially 2Beng nyelegtides in
the reference sequence or in one or more contiguous groups within the reference sequence.
Analogétisibplizaene praaeahnlatiRersamingicid SdGudhicd g af 1dstemdr Exdifple, 85%,
preferalply PR aeyRmMONE:NRiaIADMIRY6 SeQuers EigentibhiemiRferanes aminp-adiehsequence, it is
intended that the given amjno acid sequence of the, polypeptide is identical to the referepce sequence
except (Ft FREGHEFFBRAYHER (e SE R ORI REIOCE D 5° 151 RN o Y6718, e Frore
preferakberipdedmpatioaacid alterations per each 100 amino acids of the reference amino acid
sequence. In other WO 2010/025469PCT/US2009/055564 words, to obtain a given polypeptide
sequence having at least 85%, preferably 90%, even more preferably 95% sequence identity with a
reference amino acid sequence, up to 15%, preél:erably up to 10%, even more preferably up to 5% of
the amino acid residues in the reference sequence may be deleted or substituted with another amino
acid, or a number of amino acids up to 15%, preferably up to 10%, even more preferably up to 5% of
the total number of amino acid residues in the reference sequence may be inserted into the reference
sequence. These alterations of the reference sequence may occur at the amino or the carboxy

terminal positions of the reference amino acid sequence or anywhere between those tel minal
nncitinne intarcnarced aither indinzidiiallhy amona recidiiee in the refarance cedrience nr in the aone Nr



Any West Nile Virus strain(s) or isolate(s) can be used in accordance with the present invention. In a
preferred embodiment, the isolate is selected from one or more of the following: New York
(Northeastern North American) Isolate (WN-NY 99), Horse Origin, 1999, New York (Northeastern
North American) Isolate (WN-NY 99), Crow Origin, 1999, United States Department of Agricultures
Isolate 292206 (USDA 2004), Donkey Origin, United States Department of Agriculture Isolate 405330
(USDA 2005), Horse Origin, North American Isolate (WN-Texas-2002/2003), Southeast Texas Coastal
Isolate 2002, Mexico, (Tabascaddapiale 2PH3 paRchcampinationsihereot.andJn,amgre preferred
embodiment the isolate is selected from one or WO 2010/025469PCT/US2009/055564 more of the
followingPeomitddconhins oapsras bradrrouAed rling Podviste SPA bavEs BERREY) Bigin,
United @f&g@ﬁg@,@m}q%@ﬁﬁg@mﬂm@@@q{w@&%ﬁﬁﬁ%g@@@@ﬂﬂorse Origin, North American

Isolate (WN-Texas-2002/2003), Southeast Texas Coastal Isolate 2002, Mexico (Tabascq) Isolate
2003, and oo A IETHEFAION £ gt o Ao BRI B M, AR T IAES ety e Sl

ates
Departmigiidih Agiict ke tstl s 405331 (64 FPA 2005 heHirde K g itirging utarperor fimedibination with

one or maoye isolates as listed above. In a ditionally preferred embodiment, those isolates which are
part of te NBfth ‘ﬂ?ﬁ%ﬁ%ﬁgwéf%%d\ﬁrrﬁ%sﬁlg & 5}%‘3?.%8}68%%, Vet é%o%ﬁleizrapyé?ésrrléﬁa}‘é%r%bodiment
North AWeﬁdﬁﬁ@@ﬂmhaamﬂW&sﬂMikm\ﬁr_m Isplategrdhecinel l)dem hnadfgtittzionﬁd“ tlhosk NéeedNsbove,
specific,splates inalyde, but are poimitedion MO And isalaes whishhays atJsast haelerably at
least 2, and even more pre ereﬁ)ly at least 3 nucleotide changes resulting in at least one amino acid
change FrorpthioiNINY.OW isolatds, Gires mistepsefenrediare Qtfidiqginmﬁnﬂh@amiﬁﬁfa_&idf@mge from
valine toréfe%g ?%&E&%%ﬁgﬁh%%%@é?%o &JHL{%R&OWHMQOEE&Qﬁ%f%'ﬁ‘é%h%fﬁoﬁmﬁf'Q%JSRQ{H:'na“t

ude 002

strains inc ut are not limited to: NY2002Nassau, NY2002Clinton, NY2002Queens, GA20021,

0A2002irIX2002¢asF X280 32 21N 260 BN 005 Ry, Wev20 38080 |1 Ky oBesirata finine
CO20034, Q20032 % X 2083, T X200 atis4, EXR0RA6IAYiRG,TX2083HaNIRZ TNR003kais 10,
AZ2004, and TX2004Harris4, and combinations thereof The strains of West Nile Virus useful in the
vaccinelgrramlimeyditic BrihOYlaoHIrHe ISASEERAE FTARTS T OdR LGNS E Y6 i4Biaes ™
preferred grbadisagriidhe Nasthvimednan/Reminasiiast Milenvduseiiaimunedis sithel &d 59
(Horse Origin) or E-159 (Donkey Oriﬁin)_. A representative strain of such a N(ﬁgl Ameéicglin Dominant
WNV sttiiviHelfiseh & rrsrialesnteo ok ssirAH Hepsidd W 418 ATEE QrTEE A BEEESA No.
PTA-94Q9)d0sadedkat AR Bdnive ity BalavaldidViarassds, WAis2011t0:2209serinfufglipiidet, 2008,

under the provisiqQns of the Budapest Treat uine.Influenza strains.useful in the,vaccine or.
immuno@ﬁ@éﬁ&b@gitigﬁsﬁ%g LP@Se%F?ﬁ\é%%ESW %gﬁs’bgngng@ rain cl# %lt%tegﬁg%?&%ﬁ%tﬁ% strains
include Baui-2iQkio/U8usleposifeskasoht CErdiocesSidiyhio: PTAk8522, Bguis2/Kesteroky 3 eposited
as ATCC Accession No. PTA-9523, and Equi-2/New Market/2/93, ; T cession No.
PTA-95§R?’??Ce%r%”sléﬁl}lé‘ﬁvé‘%dtrz%%eﬂ%% TR SIS B’i‘%%%z%&%grﬁ%gs%‘%n%%%ﬁ-gs24 were
each depuosited WithitikeWRe@ /1080 WevitverEnyiBo @mﬁmlmﬁéi%a@d/ﬁé%%mf@@@ﬁ
Septem%%ﬁ%%age%? elﬂﬁd%éts‘tel@ﬁ@’\%%:s Qt_f I%ﬁ%ggé{f{%@% nifY Qnﬂ_ucnza Virus, Western
2010/025469PCT 1520’09/015.5564 Equine Herpes Virus ("ERV") strains useful in the vaccine or
immunoBewieccBneppizitionystitite prédelaminviertish derbdlidmy Saiblcrsblans. Stapredfitive strains

include EAV.5HPYPS IvESRASIRARRiAd EcARERMRIRNMNORITAIRE %0 ANd; BV SuRinR.4, deposited
as ATCC Accession No. PTA-9526. Representative strains ATCC Accession Nos, PTA-9525 and

PTA-95X3 e cHtHnd ep S Bt HRBZA TG at {O8g4 LRI ERIRF BOGRRIRIEMYEHiSs SHESHR,

20110-22Q9: FREReMPef-Aas 2008 1Hhde idha pravisivns ithe Budapest bigabitain of VRSN
Equine Encephalomyelitis strains useful in the vaccine or immunogenic (;ggfgﬁﬁjﬁt}é)n of _thea%rgsent

inventioE4ABE Yy StRcar L e R EpraRbH Ve Sl Gas s BYediHS- d8osited
with the AE&E {ABRC Accaskiopedifed TARALAnIoaatathatol GB0E \WniversityiBtileval d;qianassas,
VA, 20110-2209, on August 14, 2008, under the provisi of the Budapest Treaty. Venezuelan
Euine EHLERAIA, BRSSPt T8 DL SO A DR DR s Y Mo
inventionahiog)anynstnainorAsalaie:-2 ¥epraskutativ® Straifiunchad s thent-CBBrstdiny 9depodited with
the ATCC (ATCC Accession No..PTA-9411). located.at 10801 Universit vard S, VA,
20110 2950 BERGS T, 2008, Gl PRt e i el taeRge .
EncephatormgelitiSgstraidsilisetal andtbié Maccime deirmhioneg ehicasiohmpogit of bithe frésercinvention
can be any strain or isolate. A representative strain includes the NJO strain, deposited with the ATCC
(ATCC Accession No. PTA-9412), Located at 10801 University Boulevard, Manassas, VA,
20110-2209, on August 14, 2008, under the p[08/i_sions of the Budapest Treaty. Tetanus toxoid
strains useful in the vaccine or immunogenic composition of the present invention can be any strain or
isolate. A representative strain is that taken from a master seed of Clostridium tetani from The
Massachusetts Department of Public Health Institute of Laboratories in Boston, Massachusetts.

The vaccine of the present invention is safe for administration in WNV susceptible species, particularly

equidae, at any age and at any stage of reproduction, including pregnant females. In a preferred
oambodiment the nracent invventinn ic cafe for adminictratinn to foale 12 monthe nf ane or nldar more



Materials and Methods For preparation of working cell stock, the Master Cell Stock (MCS),
consisting of the Vero Cell Line known to propagate West Nile Virus, which was tested for purity,
identity, angykpsynlagysqwas thawed and used to inoculate a range of T25uf A% Fdahesmi vessels or
1050 em2 roller bottles, or bioreactors or other suitable sterile vessels. Thawed cells were suspended
in growth medium at a rate of 0.0015 mL to 5.0 L per vessel, depending on vessel volume. Cells were
then incubated at 36-38C for up to seven days. Cultures planted from frozen stock were re-fed with

mediunﬂri &%&9&%@{9{&&9ma%ﬁaﬁgs%ﬁﬁmwgwﬂﬁ@ma\aaée@igg{@hi@mg,%gg@én\efere

re-fed with medium, if needed, during the growth périod to remove excessive debris, or to stimulate the
growth Sfaduedreavinsirvane norreaketerr e drgeh caddiauins distans VBt sHSHAMER e ditures.
Cells wereiRassansd drad imembydesaniing hesheninsdiumsand ﬁaﬁm@mgre#m&n@@@m of

0.25% Trypsin-EDTA Solution to each vessel, depending upon vessel volume. The vessels were
agitate @RI RMCIREs B SIB(RTA Wby this stirfeish Othalad 8 Witk SH R eI o R iR Vessels
by rinsingwith gravwh medivan@andpenieddngethreskrioriguneculalionaicellgiewthnaediunavas
decanted from Vero Working Cells that are at least 55% confluent, Virus growth. medium described
o AGHBETRS SACHA S0 Bt § AL 56 LT3 S Ao ATRRR ) 1 e LEOT MO of
0.0000@15:0:0082wvs Bsesiainiedtion wadeierinae DEn WD 20H0M2546RETALIS 2008055564

performing a.cell coynt of at least twa representative v Is, Roller bottle cultures infected were
incubg%agg? QWGH%?”t%étngged%g%ﬁ Sﬁ QSO.\SQ%ES@QS@ g%nriﬁﬂg‘ﬁth8%%8%%%%%0%??8%}%3 were
checkethfarehypical-GP mthitrasoopipally &ndefdrgrogslaontdmsnation\masresdopicatly sttnsuifable
cultures.were discarded after.sterilization. Cultur .att ' rdfechpjgues or
may bc%ucglé'ésw?t %?Jntzgfct{/el NU: ét‘l%t‘r’ﬁtema%%éﬂrgnlcnrgc rgaa@%ﬁ%%ﬁéﬁa@tﬁﬁ%;%g%g? ofap%%lf(ﬁ%%

pu rposéémirwslﬁwdmetem%@édem@mmEf_ie&cW@@@B@bﬁbr@@a@e]ﬁnmﬂ@mmﬂééwr@ swirled
to remoﬁ’%&%@?ﬁgﬁ&s]\%ﬂg;ﬂ%& e benparied e SeHimAr 20dnd/aaR.pasNE AL ARG potles,

20 L sterile po pylene containers or 2 - S00L sterile stainless steel tanks containers appropriate for
clarificaffigwine EncentralgveystotudY svtspFapire dnctabidlensieids. vedebinasaatsr vt monhidehyde
Solution; ISP Q: 2% Ry YD E.ah yratherefiectivainactivatingaggntqtransteredinasanandary

container, and held at 20-25C (room temperature) with agitation for forty-eight hours. A sample of at
least 1V AICBRiRR Hadhs e miplarieliiaed féﬁ‘%ﬁ‘ééﬁ-@ﬁ%’f@n\%%ﬂr\é(ﬁ&é\f NGRS R @ low)
prior to gopcentration Aften deactivation wasscemnigiesk inactiyriediptimatevial washeldaiz: 7C for up
to sixty days prior to concenfration. A number. of suitable ,ﬁfjuvants ma%/ be added.to th%vaccine
foimulafiBReRAYSPBIE e aBRAEABRS ARSI ABIS oY BYetef Soly HimErAfash CRRd A eAbSHET. Typical
processgiLseRS/May, ve:eop By ek suab-asMmibnngitlendings Miselvidiz @i andresswsitisation, of
the adjyyant z%%%or\}he\harv?ted virus anti eniV\éth othef iﬁgredier{}s. he r?duc was c.;then
standardizdd "StficiEAEvoTtimEs of W rifieH indctivAlRY, cohceRfated (Bptionaiiote werd ¢

S'wereé combined to
providekncglaulated:titer efatleasibl4:0 FlDEIRepdoseaf Bash Straiviinsthe fnsl groduetn Multiple
lots may be blended tg achieve,the titer requirements per dose. The.nrod s th embled
to final gﬁriﬁfﬁ%%n.dggggazgn &gugésirecg ina aélerigﬁgg ﬁme?fﬁghéi}%rg ﬁi[gn%f ;ﬁ?\ggﬁc c%b ual[L:)ggnents,
adjuvariipstabiizervahtsdilieentwEragdlculdieghas dtows \arwestd e/ itls; MorseaOlégih @B05
(ATCC N PTA-9400) MRy, 1 04, TGIRB0dase AR 2080I02RAPERIUSA003055004 D

Adjuvant: The total’adjuvant concentration, preferably a non metabolizable oll, and more preferably
mineralfibeptafiory déibohetanun Hoserihldndatipart Tovpar Vi it addeidts denebbrsenslisted

- batchi”%%%%?mP%rsf@&u%tﬁ@@am@?%%%msﬁ&ﬂ&mg%ﬁ@raﬂﬁw1&%%%@@%% to

bring the final volume to the desired volume. d. Additional Formalin: An appropriate volume of 37%

Formalinstsahderst Iomn @it anapdpnate 16%Itenantamibrrshipatons abns-fGuiftfathounts of

adjuvani,and BB wereicombipadin asipeievaseal. Thedd abibigmbdurewasasiusteite. _
approximately 4.9-5.1 with ION_NaOH or 5N HCL1 if necessary. Clarified, I%ﬁ%eqoncentrated West Nile
Virus, a@%@ﬁé’#@eﬁéﬁﬂﬁﬁ%fﬁﬂqﬂoﬁ?ﬁ&ﬁn%g e d Hia tHEPERYjts a6 IS was

Eﬁixeg abendbolmnal !%ﬁihcﬁgh@ﬂrsw@ﬂ@ ﬁi@lﬁﬁ‘@d%ﬁ)ﬁw 3516‘{ EHRhe ;Aantéseenuaﬁ@iv?mbmmdalh
ypodermic injection, with booster vaccinations if desired. Most preferably, the jnitial dose .and the
boosterCBHE@Wérgglr‘:gﬁ \?&W@aga%m&@geﬁ?’g?gm%s@ﬁldﬂﬁc&%tf%% He%/aﬁo.n?‘n Viatitation
regimeni@hinitialsaath hodsterisasreveas given at the most preferred ImL dose volume to horses, other
cquidae, and other WNV susceptible species to reduce the incidence of and or severity of clinical signs
of WNV infection, and preferably to prevent infection by WNV as well as to prevent disease due to
West Nile Virus infection for a sustained period_following vaccination. Results and Discussion The
vaccine was given by various appropriate parenteral routes, dose volumes, and dosing regimens to
animals of varying immunological status for WNV, including naive and those with passive antibody,
and provided for long duration of immunity up to and exceeding at least 2 years following vaccination.

The vaccine was safe for administration in WNV susceptible species, particularly equidae, at any age
and at any stage of reproduction, including pregnant females. WO 2010/025469PCT/US2009/055564

Evamnle 2 Thic invvectinatinn wac carried niit to ohtain an efficacy evaliiatinn of 2 vaccine tn



Western Equine Encephalomyelitis106-7 -1 09-2 PFU/mL Venezuelan Equine
Encephalomyelitis1063-109.2 TCID50/mL West Nile Virus107- -109-TCID50/mL Tetanus Toxoid5-10
CP Ulml Adjuvant100-200 ul/mL Diluent - DMEM containingg.s. Gentamycin (30 tig/mL of diluent
volume) Formaldehyde (0.1% of diluent volume) All groups were challenged with intrathecal
inoculation of 1 ml PBS containing approximately105 pfu of a heterologous strain of WNV (NY99,
4132, crow isolate). The challenge was conducted under ketamine-xylazine anesthesia. Horses

were monitoreg(of A RN G daYe s ane puhARASdL TSR halijevelopad severe

disease prior to 14 days were euthanized prematurely. The following data were collected to assess the

effectivernesiuedrmbadmmnt, BasiaetinRapopanibeis BHEpRFEAafHoglsclose. Preferably,
2010/02p469RGLUS200PRBRE4 Assay IphvireRtia Histopahalesy: iweseclivas:ekhraloatem were

evaluated%/ a board-certified veterinary pathologist. Sera collected on appropriate gda%ﬁ were
r o]

evaluat8 $1Sr ENat b ris KD M OrsRITS AL S pET e PR ERIBhF Rétits S (ScHSSIBR™Y  Viremia

after chgligngs ang:semim peuSizatoailesewerrconsideed:ihe priman arcoenaridbles in this
study. The first block of horses that had ?een vaccinated were 100% protected from vircmia after

chalieng®#iethid Bl Afye PEEEaMRSSHP 4167 5 control horses demonstrated viremia for 4-5 days
post-challengganshitef 2:abrdialdngraesvdesienstrdiethisiceadisy for 4 fiistejpsinbelngaaltitiois;getum

neutralization titers of yvaccinated hogses were,statistically significantly. higher t S ntrol
horses BI'€adf tﬁgﬁee AP LR Red aftef $588in ?gﬁfegur ot méﬁg?e%glagaﬁ%s%%a%%?t Oa%"](a(ti %)NNV
vaccinesthatpnevidest alsatuit néutsatifiatichetittrsofdost.or Myhemisiifddiivalin peevehtipaVviy
viremia. The serum,titers and viremia,after hqi}l &r@lc&}g &;015 i H% e ow:

: _ T RS Laklfal :
TABLE igz@lenrﬁ% |§F‘§%€hnd %/l?grgn% %1 %ﬁg%ﬁ gl%gesecrumsTiter V%remiﬁz%?grgc éﬁler-lgg@g%Hors%% Number
TreatmentiainicfeGidadichget HihHest Fiter iGofitsbklose. Still more preferably, the second dose is

administered between 17 and 25 days after the first dose. Even more preferably, the second dose
is administered at least 19 days after the first dose. Still more preferably, the second dose is
administered between 19 and 23 days after the first dose. Most preferably the second dose is
administered at least 21 days after the first dose. In a preferred embodiment, both the first and
second doses of the vaccine are in the same amount. Preferably, cach dose is in the preferred
amounts specified above, with a dose of 1 ml for the first and second dose being most preferred.
In addition to the first and second dose regimen, an alternate embodiment comprises further
subsequent doses. For example, a third, fourth, or fifth dose could be administered in these
embodiments. Preferably, subsequent third, fourth, and fifth dose regimens are administered in
the same amount as the first dose, with the time frame between the doses being consistent with
the timing between the first and second doses mentioned above.

Tn an additional preferred embodiment, in each dose of the composition of the present disclosure,
the WNV antigen comprises at least 10°°TCIDse/dose. More preferably, the WNV
antigen comprises between about 10*TCIDs/dose to 10'%°TCIDsy/dose. Still more preferably,
the WN'V antigen comprises at least 10 TCIDse/dose. Even more preferably, the WNV antigen
comprises between about 10*3TCIDsy/dose to about 10°°TCIDsg/dose. Still more preferably, the
WNYV antigen comprises at least 10°°TCIDg/dose. Even more preferably, the WNV antigen
comprises between about 10°°TCIDsg/dose to about 107°TCIDsy/dose. Still more preferably, the
WNYV antigen comprises at least 10°°TCIDsg/dose. Even more preferably, the WNV antigen
comprises between about 10°°TCIDsy/dose to about 10”*TCIDse/dose. Most preferably, the
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WNV antigen comprises between 10" *TCIDso/dose and 10°*TCIDsg/dose. The TCIDs values of
an inactivated WNV vaccine or any other inactivated vaccine refer in general to the antigen
content in the final vaccine that however is equivalent to the antigen content calculated for the
vaccine composition prior to the inactivation of its antigen. Preferably, the immunogenic
composition of the present disclosure stimulates serum neutralizing antibodies to WNV at a tifer
of 1:4 or higher when determined in a commercial available detection assay or using the
procedures known to those of skill in the art with a representative example provided herein. In a
preferred embodiment, in each dose of an embodiment of the present disclosure that comprises
additional equine antigen, the amount of Eastern Equine Encephalomyelitis or Venezuelan
Equine Encephalomyelitis in any dose is preferably at least 10°*TCIDsy/dose. Even more
preferably, the dose is between aheut 10°>TCIDse/dose and 109'5TCID50/dose. Still more
preferably, the dose is at least 10%°TCIDsy/dose. Still more preferably, the dose is between about
106'0TCID50/dose and 10°°TCIDso/dose.  Even more preferably, the dose is at least
106'5TCID50/dose. Still more preferably, the dose is between about 10%*TCIDsy/dose and
10" TCIDsy/dose. Even more preferably, the dose is at least 10"°TCIDsy/dose. Most preferably,
the dose is between 10°"TCIDs, and 10°*TCIDso/dose.

Preferably, the Western Equine Encephalomyelitis antigen, when present in the
composition of the present disclosure, is in an amount of at least 10°*PFU/ml. Even more
preferably, the amount is between 10%*PFU/ml and 10'"“PFU/ml. Still more preferably, the
amount is at least 10°’PFU/ml. Even more preferably, the amount is between 105°PFU/ml and
107"PFU/m]. Still more preferably, the amount is at least 107?PFU/ml. Even more preferably,
the amount is between about 107?PFU/ml and 10°*PFU/ml. Still more preferably, the amount is
at least 107 "PFU/ml with at between 10°° PFU/dose and 10°"PFU/ml being the most preferred.

In another preferred embodiment, the amount of tetanus toxoid, if presemt in the
composition of the present disclosure, is in an amount of at least 3 CPU, more preferably,
between about 3 CPU and 20CPU, still more preferably, at least 4 CPU, and most preferably, at
least 5 CPU but not more than 20 CPU.

In an alternate embodiment, where one or more strains of Equine Influenza Virus is
present, the amount of Equine Influenza present in the composition is in an amount of at least
10°? TCIDs¢/mL. More preferably, the Equine Influenza is in an amount of between about 100

TCIDsy/mL to 10°° TCIDsy/mL, and, more preferably, at least 10°° TCIDsy/mL. Still more



Vaccinate 21 <5 10 Vaccinate 35 <5 11 Vaccinate 10 <5 12 Vaccinate 24 <5 13 Vaccinate 4 <5 14
Control <2 235 15 Control <2 165 WO 2010/025469PCT/US2009/055564 Viremia after challenge
and serum neutralization titers were also considered the primary outcome variables in the second
block of horses in this study. In the second block of horses only one vaccinate group horse displayed
any timepoints of viremia throughout the challenge period. That horse had 3 separate timepoints on 3
mornings (not those same evenings) with minimal value readings of 5 (where <5 is negative). All

control PRines, (0. .St fnlD e cucentian of eroegise witich exfed fhasiudy. pipmayely but

. e . 5 . 3
dlsplaygd ve WNV hlstopatholog%/ and was excluded from evaluation) showed high levels of

viremiaforard inibpommatierat ieatenbe. TCIBivied vidsth s prstablyishe HBRFE RS cross the

blood-brain, basrieriqreanse WNY ereaphalitis wiiemiadswsikiustiiechasdne pamatveeatamgter for

evaluation of protection in an experimental study of this type.
10%" TCIDsy/mL to 1077,

In an embodiment that comprises Equine Herpes Virus, the amount of Equine Herpes
Virus in each dose is at least 10°Y TCIDsp/mL. More preferably, Equine Herpes Virus is present
in the composition in an amount of between 10%° TCIDso/mL to 10°° TCIDso/mL and, more
preferably, in an amount of about 107° TCIDse/mL. Still more preferably, Equine Herpes Virus
is present in an amount between 107° TCIDso/mL to 10°° TCIDs¢/mL and, more preferably, in an
amount of about 10°° TCIDsy/mL. Still more preferably, Equine Herpes Virus is present in an
amount of between 10%° TCID;so/mL to 10°° TCIDsg/ml. and, most preferably, in an amount of
about 10°*° TCIDs¢/mL.
In yet another preferred embodiment, a vaccine composition comprising the

chronologically contemporary and epidemiologically prevalent strains of WNV is provided.
Such a composition will generally improve the efficacy of the composition. Preferably, such a
prevalent strain is isolated from the tissues of a horse. Such a source is a preferred source of
WNV for preparing vaccine seed virus for an immunological composition for a species for which
a comprehensively safe and effective WNV vaccine is particularly needed, namely, the horse.
Further, the present disclosure discloses a vaccine composition comprising an inactivated low
passage strain of WNV from the tissues of a horse, thereby overcoming the limitations of
previous vaccines with the inappropriate limited repertoire of protein antigens found in either
high passage attenuated vaccines, subunit vaccines, or other compositions produced by
recombinant technology that express less than the full complement of proteins. This inactivated
low passage WNV strain, isolated from horse tissues, overcomes deficiencies inherent in
previous vaccines and provides a broad number of immunogenic proteins of most relevance by
virtue of being produced from a highly virulent equine strain of low passage, thereby comprising
a uniquely and comprehensively effective, yet safe, immunogenic composition not previously
available for vaceination of the horse. Additionally, preferred chronclogically contemporary and
epidemiologically prevalent strains of WNV are North American dominant WNV sfrains, as

defined herein.
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This study demonstrated that 2 doses of the experimental combination vaccine administered to foals 4
to 5 months of age reliably and effectively stimulated protective serological serum neutralization titers.
In addition the data confirm that post vaccination SN titers as low as 1:4 resulting from vaccination
using an effectively batched antigen amount of West Nile Virus in this experimental combination
vaccine protected vaccinated horses from viremia, clinical disease, and histopathology after a severe
intrathecal challenge with a heterologous strain of West Nile Virus. Histopathology also was

different betwaen the lwa grauRs, Wb lkelhagd of lesigns it yrgainalanibeingd0itdessdn Block 2

and 100% less in Block 1 than the likelihood of lesions in control animals challenged with virulent West
Nile viryaceine qprmgeiifes 45 5 RESEE B G SEOBEERPRUSHER 1 Hi& hind legs on Day 9
post-cheilergempdUiebpregre swualyulorae patil fikewhs lvodongeie bivtedt oosteaidatkl ibtopathclogy of the
pons and medulla from this horse, showed.sevsrs encepfaliis ARy SIS congisiapt with WNV
pathology that'was more prevalent than signs of Isease from any other horse in this study. Two
Block 2ttontroiposities iribhidystady dilsisiayetsdiemye isalaicsranihrbeisigpdvemthdhe MATEERER with

West Nile, Viruss.RReQthercomral ierse.hadiaisioglelimenaint of weaknessicduate disease. Another
control horse did not display any timepoints of.%ﬂni al 5111 ns, %Itthfglu El()!i}t0 erirgluiléiéonlgedays of viremia.
Although sevetaf PEEHh s BIS AR RBILERTT S 'Sty Phiidr 16 1o efate histopathological
changessity dissuecasyaa siiltiofthecmtrathecatechatigng¥ast \WNY/ \only vefsctiiid slirieaeisebse (mild
head tremers) s oted L ODSVARANAG o0 0P A QR QIRAGABGI URHRR/gRo064 the
study ad compare {6 mu |p?e ays of clinical disease in 2 control horses and a Single day of clinical
diseasestepacthitinivisteoingor seccine Thennesiiies dempingnatedit eidnpstrmedidsele et that an
immunqgenic teactions,ndusedniha, animats Hatwere adminisigred dhe vagsinmathaielfrctiveness
of the vaccine was evidenced in this example by reduction in WNV viremia, by stimulation of high

serum resoerablstienriitersitospme\nrafrares) prEnSimER P IMRAIEHSIE FRRHRECS oA VAR tShathology
in the brain.ang Wm%ﬁﬁit%ﬁ%ﬂé@nt%@ ingria camprisedphunide EARSHIUBNtS iMeludiag a long
lasting non-metabolizable adjuvant, it was formulated.in a low 1 mL dose volume to provide a high
degree predered, ARPAHYRN, iIFTBARBGEETRIASSRYBIWAHGIE hIRTRAGETIRS RV FEHEIE8f recent
origin agdchigh gRigemialopical prevalenge iidasyVhV ivelatedifrorithe tisstestofiaminfetted horse,
it provides more corpctﬂgrrehens,ive safety and. effectiveness than (t)th r vac%ilnesecllljiggntl / a\é%illglble.
Additiort SHYRMREHE LT B PVHIHG &'sARNSHURITET Oélﬁna%jmrl%li%té}regtoqanlmﬁs.hf%?(arriple 3
This exenpeilystiases thelefficase oktheisdmtnagehic gompositioswitheqireBentimvéigtior against
infection_by EHV-4 Materials and Method . Thigty-seven (37) horses, 4- hs.of . were used
in this s%ﬁy&?? PERE W THREsm yegtseé?gsrllieqé] 00} e# er vg(%lg ﬁfgtél%rdé% ﬁ%l%%%g%iﬁran 'ﬁg;‘g number
generatBnendidhenyvhdcinateeh, Toventy fouid2ddhorsbsnstrve thasvhcoid aesanelehibleditit3) horses

were mock-vaceinated contol. Norses, Alknorses NAddow 4t fitheril i) EiVik SetHopRaUalization

(SN) titers pr%rl?olf}laﬁilglflso%e%ﬁﬁe study, indicative of ﬂ%%es susceptible to infection. The vaccine used
was an eiplerinsdheainpaed nétan ek iriteruemo WiHE e SHRIBHBIETHE RPN EASHED vaccine contains
the following ingresliasts deidsid peasess B edu A ARAR) BT e i T6s HBOIMbS nflienza A2/Ohio/03
(PTA-9522)106'19'5 TCID O/njilL flue%ﬁg 1@Z/KW 5 ﬁPTAﬁgggs 6,122 JCIDROMML Inflyenza
A2/NewN BRSS9 B FROEIA) 106070 TENS SO Fetanus Toxoidn- 10 CBU Eastern E%ine
Encephaigsyelitis; (AT&enDeppsit, NbeP TA 184 ¢ R068- 2R TOBSOMLunAOnic composition as

2010/025469PCT/US2009/055564 Western Equine Engephalomyelitis, (ALGG DeposihNe
PTA-94 STB% a/‘:-'g‘ieﬁ?—'t L 1elna((e:tiuurglgn qﬁlgﬁ%aIEgﬁ%{(;ﬁ ra%)ﬁr%%/e%tis, (KlTlceC Deposit No. T§-9411)

1067 9'2¢t:BE0MMIc st Biitepitirns, asorset@rigith2005a8TE EyDBsesNMN® . ATUA- ouigoyip Fagl
TCIDS0Ms %@?&%9%@?@%@4%8@ 100:200.40 EREA A mbisqlvtiond 2001 RilegatiyDMEM
containingg.s. Gentamicin (30 ug/mL of diluent volume) ) o . _

the severity and/or incidence of clinical symptoms in animals receiving the immunogenic

composition of the present disclosure are reduced at least 10% in comparison to

animals not receiving such an administration when both groups (animals receiving and animals

not receiving the composition) are challenged with or exposed to wild type infection by WNV.
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Fatnaldehyde (0.1-0.2% of diluent volume) The Experimental Vaccine was administered
intramuscularly in a 1 nciL dose volume to each of 24 horses in the vaccinate group. Thirteen horses
in the control group received a 1 mL dose of adjuvanted DMEM (Lot 004) containing excipients used in
the 9-way vaccine (Gentamicin and formaldehyde) but no antigens. Challenge inoculation of virulent
EHV-4 HRAQOS5 strain virus was performed 15 days post-booster vaccination. Each of the
vaccinated and control horses was challenged with an EHV-4 strain of virus (FIRA0O0S5). The titer of the

dilute CRASRIgR MR kil fieiRtdp.RravaiR diseaae ARV RGN [HIRE.BRP HagRnated

horses. Ivet(r) (romi |nc hydrochloride), a sedative and analgesic, was administered

intraveridliely sidlle smshch mrséerniiby. tatchralie figat &y elo Sagre asagabf sy Weiglit Eadihorse
was thepy. ghallapagdwithithe EHY 4 alainRA005 yitis 7dhe fhalRnesdikysnasadminsigred

intranasally as an aerosol produced by a nebutizer into an Equine AeroMask (Trude11 Medical
Internatf‘dﬁ’alﬁ’@‘ﬁtaf‘i‘éefé%iﬁaﬁé?w 90aityi thiBpkTy el Xe?‘hk?é?éﬁfré‘s e e dBriEaSy Hach of the
37 vaccinated and control horses on Day of Challenge and for 14 days post challenge by means of a
calibrated, electronic thermometer (GSA Electronics) probe. The daily rectal temperatures were
recorded in degrees Fahrenheit (F). WO 2010/025469PCT/US2009/055564 COMPLETE BLOOD
CELL COUNTS Venous blood from each of the 37 vaccinated and control horses was collected
daily on the Day of Challenge and for 14 days post-challenge directly into a Vacutainer Disodium
EDTA tube for Complete Blood Counts. NASAL EXUDATE EVALUATION All nasal exudate
observations were made prior to collection of nasopharyngeal swabs. On the Day of Challenge and for
14 days post challenge, the nasal passages and muzzle of each of the 37 vaccinated and control
horses were examined and graded using the grading and scoring description listed below. The
scoring grades of 0 through 6 were assigned on he basis of the severity of the disease indicated by
each of the following classifications: TABLE 2: Scores for Clinical Symptoms Score Description of
symptoms Score sheet designation 0 Essentially normal indicates the horse was clean and essentially
free of nasal exudate EN t Slight clear serous discharge that may be frequently observed in both
diseased and noimal horses C-1 2 Moderateclear serousdischargeisindicative of adefinite increase in
volume over that normally observed C-2 3 Copious clear serous discharge that is generally observed
only in diseased horses C-3 1.5
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Very slight mucopurulent discharge indicates that mucus was definitely present in small amounts in
either one or both nostrils VSM 2 Slightly mucopurulent is a discharge easily observed in one or both
nostrils SM 4 Moderately mucopurulent indicates that mucoid discharges were present in large
guantities in both nostrils MM 6 Heavy mueopurulent indicates that copious amounts of a mucoid
discharge filled both nostrils I- 1M NASOPHARYNGEAL VIRAL ISOLATION METHODS On each
observation test day each nasal passage of each vaccinated and control was sampled deeply by
means gf steglp swahs.; Oncolleslion,eachofwosuahsiwe s immsdiatelyipiaged isxaisingle tube
containing 4 mL of chilled transport medium (Dulbecco's Minimal WO . L of WNV
2010/095BS P TRIEDDOSIOES T His SN MR DREMY LR SR Wi Dos FES Vox
Pen/Strgg;4% entanmiciicandizdodmphotereiddBprotectibo fisolationl ofovirwssithie tubes were mixed,

the swabs aseptically remove d the megiu nirifuged at 1500 rpm for 10 minutes to remove
) - i Hi . . ) " .
partlcu?gfzgl‘ﬂﬁé%fgr@ns%%gﬁ teecge% Srough a Oﬁmos%ng%glter prior to inoculation on tissue culture

cells. One mL Gfethresetadfictdswenfapbnt pricifens welbadsddtmylisee s A EHEBAG day old monolayer
of ED cglis, grauiin el Hssiaiculivre plalsslommhichibe grewihupediumdiadbendseptically

removed. Following inoculation, the inoculum was allowed tgQ adsorb. on the cell monolager for one

hour at WEB i BEuBHEifiEH ¥roibdtor o Feaming e %ose 5%’ A S4PHurs ™ Ee? HaREEBIRYGA period,
an additignah dmL.afirareedmnadiumRfaMENM comtainpgi2-5%ristaltovine cenpmi(PBShf iV
L-glutamine and 3X Gentamicin and 2X Amphotericin .%))g.vas aqgﬁqgo eaghe¥v§y.1F ggggnlgﬂaddition of
re-feed RHSAMA tHes lomtes SHAr AR et HBUBATS A S 2R P R B2 Mcubéldh test and ontrol tissue
culture yetkwas-examineast racsgapicallyifenia.days for signs of cytopathic effect (CPE) typical of the

EHV-4 challenge virus. Wells that were negative ali Bh Egng fr&l?iﬁ Z qlantQP&%rXﬁg%hB?”Od were
subcultured ontie PRERRSETRS cripgaron CLHE piesdt stei il h days. SERUM NEUTRALIZATION

TESTINGRROCEDUREA sttigdaydreierdtiterservasrinsutrBieEmiieheniaaivn 8l P study.
All sera ware tested imsterile flat botiomdniciatiter Hlalesusiada:wells semdilution and and well

dilution series for each of the 5 test wells. Each of the 5 test wells contained 25 ul of serum dilution
mixed vithngts.ub o theonsdieafernbibu s daBHm of A REMRDIENtEd B Cel i endish itaining

approximately X 104us sHen Thenashingicatorayiius vaadonas kY MortAGGRIo! ABINORIGN Stock
Virus. In all testsS the indicator virus back titration titers ranged between 68-.149 TCIDSO/QF?P [. Serum

neutralighin e ftdeasi 24 gnesdin SERBSEMTSHRRYD Reyeon-af PERShARCE SFifie test,
two-fold dhlutionsial eaghisst seraabwasmadedomaostenie:fiay hotormaictstitesplate:usingdive
replicate wells per test serum and an 8 well dilution series, Dilutions were e with.an adjystable
volume BiRGrWY -rHAERLARSE HiHBtMy ?ﬁffﬂ?ﬁ‘?éé: i{%angg%rﬁieﬂ%?gggt lgr#%? ;“3‘@%\%@ & S‘Lr?ﬁ)é{ Lé serum
added gaghef® wells@bthe-firstrewhwaad sl phlicothior theltbicoivairfad:28uikotGMEM (Ro FBS).
FoIIowigg seria| dilution down the plate, 25 ul was discarded from the last row. 25 41 of a

pre-det dilution of the indicator
Preferably, the duration of immunity against EIV is at least 1 month, more preferably, the

duration of immunity is at least 2 months, still more preferably, the duration of immunity is at
least 3 months, even more preferably, the duration of immunity is at least 4- 24 months, still
more preferably, the duration of immunity is at least 6 -24 months, even more preferably, the
duration of immunity is at least 7-24 months, still more preferably, the duration of immunity is at
least 8-24 months, even more preferably, the duration of immunity is at least 9-24 months, still
more preferably, the duration of immunity is at least 10-24 months, and most preferably, the
duration of immunity is at least 12-24 months.

Preferably, the duration of immunity against EHV is at least 1 month, more preferably,
the duration of immunity is at least 2 months, still more preferably, the duration of immunity is

at least 3 months, even more preferably, the duration of immunity is at least 4- 24 months, still
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virus was added to each test well. Plates were then mixed and incubated for one hour at 37C in WO
2010/025469PCT/1JS2009/055564 5% COZ2. On conclusion of the incubation period, 150 pi of a

suspensionggntatixpg:ss X 104 ED cells was added to each test and cell eartnod awelvddzesplates were
incubated at 37 C in a CO2 incubator for 5-7 days, at which time plates were microscopically
examined for CPE typical of EHV-4. However, any other commercial available test or any test
described in the prior art could be used for this purpose. Results and Conclusion NASAL EXUDATE

EVALUATION.fera i MBSRIRAIANGOMRRY HaY dntRIRCkOD waR slisticalhnsignificenibior the nasal

discharge scores (P < 0.05, Table 1). Statistically significant group effects were seen on Days 6 - 10
and Dadutipn ef ERENEHEE (s na24 seaies HHBVRBEHdR W Bt Byration A hEAHE I Scores

were syummec oves e Reskhallepas-periodnbarsesdn srevacsinatedidrauonad dawerstatal scores
than those in the control group (P < 0.05, Table 1). The miti%ated fr}%:gon was estimated to be 0.824

(95% ABEONTLIYyY1 BOGH#ABY &f ATRILELY Bisthii Store™EB PYRERT AR P K8 Mitigated
fractiony(9&% o3 Efed SiHnmybativeasad eisektarge score 28.9'13.6 <0.0001 0.824 (0.629, 1.000)
CONJUNCTIVITIS The vaccinatiop group.by day interaction was statistically signjficant for the
conjunctivitis $CONE&P&E RSt gﬁ@lgli’gﬁﬁibgﬁ “5&8%6%%8‘&3’[’3\%%%?8%"%% Ay %gfgn%efi{ﬁ TSa%nd 14
post-chigliengenglowier soecesrifcthblyadeinatesignoup anrbuafithés6addysst P2 <@@Bh&igtite @pre
SEROLOGICAL STUDIES Titers were log transformed prior to the statistical lysis. T
vacciné%? 1ﬁgaﬁl)}fj’p%bey &léillni?f%e?gé |8}1u3\]/‘§/3153ta§3§ |§;ﬁ§n SOI%}I’]I ic%zifr(}?f1 for SN ﬁ%rzsg.b fgﬁgﬁ%ﬁ;[/?(jsﬂg%icant
group effectsiyereastent dn Bayd {pretiboeinationzebhtrdlgdocgitters imvastinatet! egsfp-2Hers),
Days 35 (e day of challenae). and 7and 14 daysenostehalanag (aiudy davsafiand dPkuplerses in
D

the vaccinated group%ad_%lg ert érs. on Days 35, 42 and 49 than those in the control group (P <
0.05, Tabifeuhl Wik 201:0/025469PCT!Y 52006165536 PR R EITHErS SHjer sy CoftFaliaccinated

of immunity is at least 9-24 months, still more preferably, the duration of immunity is at least 10-
24 months, and most preferably, the duration of immunity is at least 12-24 months.

Preferably, the duration of immunity against Eastern Equine Encephalomyelitis is at least
1 month, more preferably, the duration of immunity is at least 2 months, still more preferably,
the duration of immunity is at least 3 months, even more preferably, the duration of immunity is
at least 4- 24 months, still more preferably, the duration of immunity 1 at least 6 -24 months,
even more preferably, the duration of immunity is at least 7-24 months, still more preferably, the
duration of immunity is at least 8-24 months, even more preferably, the duration of immunity s
at least 9-24 months, still more preferably, the duration of immunity is at least 10-24 months, and
most preferably, the duration of immunity is at least 12-24 months. |

Preferably, the duration of immunity against Venezuelan Equine Encephalomyelitis is at
least 1 month, more preferably, the duration of immunity is at least 2 months, still more
preferably, the duration of immunity is at feast 3 months, even more preferably, the duration of
immunity is at least 4- 24 months, still more preferably, the duration of immunity is at least 6 -24
months, even more preferably, the duration of immunity is at least 7-24 months, still more
preferably, the duration of immunity is at least 8-24 months, even more preferably, the duration
of immunity is at least 9-24 months, still more preferably, the duration of immunity is at least 10-
24 months, and most preferably, the duration of immunity is at least 12-24 months.

Preferably, the duration of immunity against Tetanus Toxoid is at least 1 month, more

preferably, the duration of immunity is at least 2 months, still more preferably, the duration of

- 13-



P-value 0 8.31 5.74 0.0303 21 8.25 6.51 0.1639 35 (day of challenge) 6.12 8.56 0.0495 42 4.57 7.27
0.0069 49 4.87 13.12 <0.0001 WHITE BLOOD CELL COUNTS (WBC) AND LYMPHOCYTE
COUNTS The vaccination group by day interaction was statistically significant for WBC and
lymphocyte counts. Statistically significant group effects were seen on Days 4 - 6 (WBC) and Days 4
and 5 (lymphocytes) post-challenge. Horses in the vaccinated group were protected from leucopenia
due to EHV4 disease and had higher WBC and lymphocyte counts than those in the control group (P <

209 DinP | ON AR CONGE SR Srgg,&'aiﬁ Sty moderate and adequate alinicalysigns of

EHV-4 infectio were seen after challenge. Significantly fewer clinical signs of nasal exudate were
seen in vMaotinastill morsestefepbls 619 duadonf 1dpBsiteHalkdgest Cortireaohs sEce e Were

significantly. lowerin Yaeeinale A RRIRRs,A0 oS 794 Mdnkid, a0d J4:095tchaliende dRaspliethe

adequate display of clinical signs following challenge, virus shedding in nasal swab samples was
infrequeATENEWIA FitHaSES Y marbiienge PN EIERaY s S EREAR RE EBYRIRYSISS IS8TV iR Cell

culture. onignifieantar iersiiests dor WRESAPH ivmphesyieswers sremombays 4rd (MEBC) and
Days 4-5 (Iééngghocytes) with vaccinated animals showing higher WBC and lymphocyte counts than

control RETS&0THESEVARRS L dPamrev Yis R A JProteRe S succumb to the immunosuppression

brought on by ipfectignywitheHeRerKires, ancaise demmonsisatezhabyaccinetien withea etosssprotective
strain of EFIV-1 allowed vaccinated horses to be more refractivg t}lo the immu osugpressive properties
of Herp&LUR TR CtiEH SRy Ry R PR S IHE A L G TP s SIS ReF S&rum neutralization
titers on Days Bb pd@tamdpdSTahad thaselimehe contridiggobipy andatabfirtvn ahfigstudy desfithedhat
horses yaccingled Wil mull:campansntyancine.coNninG FHICHSRmeDsaim crespipraiectve

a V-4 challen WO

. . al cl Uno
immunity when ch%’l?éng wit eterologous ge organism.
2010/025469RCTHY 152000M0ES S8t Sl plamals.

In yet another preferred embodiment, compositions in accordance with the present
disclosure described herein overcome interference from passively acquired maternal immunity
and stimulates active immunity and a reduction in the incidence of or severity of clinical signs of
EIV infection in vaccinated animals against EIV.,

In another preferred embodiment of the present disclosure, an immunogenic composition
comprising VEE, WEE, EEE, tetanus, WNV, equine rhinopneumonitis and equine influenza, all
as described herein, demonstrates efficacy against VEE, WEE, EEE, tetanus, WNV, equine
rhinopneumonitis and equine influenza after administration in accordance with the present
disclosure. Preferably, such a composition will further include an adjuvant, preferably mineral oil
and/or a carbomer, and a veterinary acceptable carrier. In preferred forms, the composition will
be administered in a single, 1 ml dose.

Each of the immunogenic compositions described herein that include WNV antigen can
be administered as described such that they reduce the incidence of or lessen the severity of
clinical sympfoms associated with West Nile Virus.

Each of the immunogenic compositions described herein that include EIV antigen can be
administered as described such that they reduce the incidence of or lessen the severity of clinical
svmptoms associated with Equine Influenza.

The present disclosure also provides a method for reducing the incidence of or lessening

the severity of clinical symptoms associated with Equine Herpes virus comprising the step of
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This example is to illustrate the efficacy of the combination vaccine of the present invention as well as
duration of immunity. Materials and Methods The influenza viral antigen used in the vaccine
evaluated in this study was produced on Madin Darby Canine Kidney (MDCK) cells. Following growth,
viral fluids were filtered, folinalin inactivated, and concentrated. The inactivated viral fluids were tested
for residual live virus after inactivation. On completion of satisfactory residual live virus testing the
inactivated viral fluids were then used to formulate a vaccine which also contained inactivated
Venezuglan, .TC-83 strain (ATCG A i ) - train, ( ession
No.PTASHEERR Wastin Mg SRt e TS enuina e o
encephBlprinpdiitipeirvisesantigetivites 8ivell (ATCC Accession No. PTA-9525), inactivated influenza
Alequine-2/Keftckyi9b {AT (G ARESSHIARN ndhibA 19023 ndiipfliuanza. AMleguing 2/NewMarket/2/93
(ATCC Accession No. PTA-9524) viruses, inactivated W(:% Nile Vi{uworseongin 20055({%TCC
AccessiOrPRIGT RSB, it EtahLtokBRE, ComRALBG P BRI S pha e
specificatignadosadl antigensdacladeddenites praguctilnlianzanAfeau 2 Mkiald (RTGC Weoession
No. PTA-9522) antigen was added to the vaccine at a pre-inactivation titer of 1063 TCID50/mL. The
final forfifted vaccine contains the following ingredients per 1 mL dose: EHV-1103612 TCID50/mL
Influenza A2/QihiofQ3d0 @3 W5uTQIRGOd NIt Infletbnd LN HE068169:E TCEDd/ML Influenza

A2/ NeWA&fﬁﬂ%S%%%%&&ééa%ﬁM R %J&@a‘vﬁl@m@%&g GRUERSIEIBEARIRANG any one
Encephalomyelitis106392 TCID50/mL Western Equine Ence %alom elitis1063.92 PlgU_/mL
VenezuefdheEguinecEsiie shatomijtitisdosskobaboypimnciy %i@%ﬁé@%@%ﬂ?ﬂﬁjuvam
(preferably, mingral 0il)100-200 Glycerol100-200 ,ul WO 2010/025469PCT/1JS2009/055564 EDTA
240 mM solution10-20 ul Diluent - DMEM containingq.s. Gentamicin (30 itg/mL of dilluent volume)
Formaldehyde (5. BRessist efiitie A hsTampeyes a *?%}é?%[@‘éfﬁdf%}gﬁ%?é%cé‘?%% %8?&?% of age, were used
in this styehptarifiessobisesverradias Mageinatessanchetvven thorses ofereninérk-wacainatedodontrol
horses. . .Vaccine was adminjstered intramusculayly in mL dose volume to.each. of 15 horses in
the vac AL BT e RELGER T el e B e e e
(Lot 004ncoiaihing excipients used in the 9-way vaccine (Gentarnicin and formaldehyde) but no
antigens. Chalignge inaculafion.of yirisnidniuenza AMegui-/ARinI0R steaipoiiug was performed 4

months post-booster vaccination. ~ Serum samples for serological evaluation were collected from
the vaceBRRIMBEesHt TotsESERe MM yamal VEESIFRIIBHS BE Jhe SR PYodrimie(§H88 3% Effation (day

of boostey HageRatonneRIRe Say R clRaligRArRRY @l h ahbnhfl FaYEROSEeBAlaRGEnROg Y Al
temperature, whole blood samples, and nasal swabs were obtained from each horfe on t?atfay of
challengé2nd YRR tHr S GHETRth & A0 aes) st ish ATERY B BUE GATEN Pt ot ofta Btk fof 11°
observatignaaysn Cliniedl fata was also recorded daily for each horse for the 11-day observation
period. Challenge Th hallenge .\(/lirus setﬁd o&lg(fi%?nnz% Aﬁ/% léxi{c%/g%ki‘xi@ég% was ngpuced in eggs.
Challenge viruS RS LSS S B MiSF R S ChAITEhGA S B0 With Tissua Culture media to affect a titer
sufficientcompaise thinical df fidenxiatintgenp nngadcirateaehatierig sarhprsiéions desalbePovgomifidine
hydrochlggg%}ﬁ aﬁg—:‘da\tive and analgesic, was administered intravenously to each horse prior to
challenge at a dosage of 50,ug/kg of body weight. Each horse was then challenged with influenza

Alequi-2/Ohio/b5 vresentris eraneryi virewad dldrirrsetlsdrdenaShiRf B ol produccd by a
nebulizeyiniRiandaasineAeaMasiithndalMedigahiniamationalicQotasisiloanddayibydhadaliowing
method: Four milliliters of. challengg{l\gﬁis were Iafzﬁ%into the nebuli ?rﬁulp in th %equask
device. ® Bre8aiahERE R sy dir! Sﬂ‘igr P HIRERSH O PR E LB RS Hhe outlet
tube wagtheminsarted inieytbeiherdMask atacherde theshehdtéthe horse being challenged and air
pressure was lied to the inlet port. During.this time approximately two \WO -
2010/02546 gpag‘g Rﬂ??% égfé%sgé%%owdes NSO o% I‘G(E!Cig}f 2 15@1%% ok severity o
clinical symptoms of EHV in a herd, wherein the clinical symptoms are selected from the group
consisting of respiratory disease, abortion, reproductive complications, neurological disease,

central nervous system disease, and combinations thereof.
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milliliters of challenges fluid was aerosolized directly into the nostrils of the horse being challenged.
TEMPERATURE Daily rectal temperatures were recorded for each of the 26 vaccinated and
control horses on Day of Challenge and for 10 days post challenge by means of a calibrated,
electronic thermometer (GSA Electronics) probe. The daily rectal temperatures were recorded in
degrees Fahrenheit (F). WHITE BLOOD CELL COUNTS Venous blood from each of the 26
vaccinated and control horses was collected daily on the Day of Challenge and for 10 days

post-challengegiigellyaig.A¥ACHIARE! DisAU T EREM S RMBGIPURIENARAL EXUDATE
e

EVALUATION All nasal exu observations were made prior to collection of nasopharyngeal
swabs. OYeHHE Day STk MEMIeBh AR ay i JAURQIRAGES U M SaMPAsEE dRaighhilizzle of

each of jagi2Bvagssinaled andcairohhorsasviera msamminas dadgradet sisinghthegiadingaand
scoring description Listed below. The_sc%ﬁ)ring grades of 0 through 6 were assigned on the basis of
the sevEARBHRTEPEISELUS ARUEEALY BYBHBH of the following classification: Table 5: Scoring Grades
Score DescriptinnpefssytriptomseSeord shesttblesignadiemE MeGeverity of or lessening the

Essentiallynafinalindicatestheharsew e ' -Of I ate, o of
et e SRR T S e A s LT o
Moderatémsleatsmpusvistharidhic indivmogsrot selefiptiidneréesabed shavie s revdorifaly

observ%i%&% ﬁﬁ@&ﬁ)&&ﬁl&@{ ﬁgegg%ﬁgﬁgharge that is generally observed only in diseased horses C-3
1.5 Very slight mucopurulent discharge indicates that mucus was definitely present in small amounts in
either one or b&ﬁﬂﬁ%ﬂq fisisciosure provides a method for reducing the incidence of or lessening the

severity of clinical symptoms associated with West Nile Virus in a herd, comprising the step of
administering any one of the immunogenic compositions described above, that includes a West
Nile Virus antigen, to an animal.

The present disclosure provides a method for reducing the incidence of or lessening the
severity of clinical symptoms associated with Eastern Equine Encephalomyelitis in a herd,
comprising the step of administering any one of the immunogenic compositions described above
that includes an Eastern Equine Encephalomyelitis antigen to an animal.

The present disclosure further provides a method for reducing the incidence of or
lessening the severity of clinical symptoms associated with Western Equine Encephalomyelitis
in a herd, comprising the step of administering any one of the immunogenic compositions
described above, that includes an Western Equine Encephalomyelitis antigen, to an animal.

The present disclosure further provides a method for reducing the incidence of or
lessening the severity of clinical symptoms associated with Venezuelan Equine
Encephalomyelitis in a herd, comprising the step of administering any one of the immunogenic
compositions described above, that includes a Venezuelan Equine Encephalomyelitis antigen, to
an animal.

In a third aspect, there is provided the use of an immunogenic composition as defined
above in the manufacture of a medicament for reducing the incidence or lessening the severity of
clinical symptoms associated with or caused by one or more of the pathogens selected from the
group consisting of West Nile Virus, Eastern Equine Encephalomyelitis Virus, Western Equine
Encephalomyelitis Virus, Venezuelan Equine Encephalomyelitis Virus and Clostridium tetani,

wherein said medicament is to be administered to an animal or a herd of animals in need thereof.,
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VSM 2 Slightly mucopurulent is a discharge easily observed in one SM WO
2010/025469PCT/US2009/055564 Score Description of symptoms Score sheet designation or both
nostrils 4 Moderately mucopurulent indicates that mucoid discharges were present in large quantities
in both nostrils MM 6 Heavy mucopurulent indicates that copious amounts of a mucoid discharge filled
both nostrils HM COUGHING Episodes of coughing on each observation day were counted for
each horse during the entirety of the observation period, whether or not the individual animal was
being examingd by H%‘s’e%{g%ﬁ&%%g%%%@ 1RARETYELS FNGLABAR.IDS YSHGEHal regarded the
number of episodes 0 COL%ehlhg of each individual horse during the"observation period. Scoring of
coughirpesodes mwasiactus doumtstistosug fmicdpsunts frrdreseordosesr drnerergy of
Conjunciivitis was syalvated.dally @idhe: Ime f firsat exurdate sualuplian, GRnBaN iR scores were
recorded as 0 = normal; 1= mild to moderate conjunctivitis and 2 = severe conjunctivitis,
NASOPHERY NGERENZ RAL: ISEAsSEMONIMEMAEEERIRATIEN (HATWETHEESE  E@it8ach
observation test-daxgactrnasal Passaas vf aach yaghinatackand eaaidinas semprledidaeply by

means of sterile swabs. On collection, each of two swabs was immediately placed in a single tube
containfAl ALY EHreTTPSFRP o thEwliRESBIDE dRa"S BftnLFESd 4R rﬁr(ﬁlgﬁglff
supplemgntad withaamEBSE 2X Pen/Strep, 2X Amphotericin B). For isolation of virus, the tubes
were mixed, the swabs asepticg%\l%eremoveg, (flr%the mfdium centrifuged at 150to rpm fé)r Ii,106 &o 15
minutes to remBve HEHERETe KR HidP WAL S S8 Rt Y HEY S5 S RNG S RREF BT tohoculation on
tissue cuthvire igalls.piftardiiations A6l ohsiefile 85%6isy diesackizntionr Wwascanigatideceacty sample for
freezing at -80C in order for all samples to be tested concurrentl A\ sampl re tested in
stente THTHEHGH AT S LSS S e Soirs RO RS LE BRI 0, o
the 5 tegtoeliwmsipomsthAviig; B2 phofuth & etemifidtstan Plecepbdiomyelds G5ed tViertoul Ferose day old
monolayer of MDCK-S.cells from which t t | . epti d
replaceﬁvcﬁﬁ%&qﬁlé inflienza v QS%?%%@%E%%%#’%@%%?&%%%4%&?\}\%%%%/&%%8M EM
containiBigusag Onfinitarm V iofisl @10 000§ tstisin setanion IRerisiseid iypdicamenMsLLapatadRrdstpedEh-Strep

and IX Amphotericin B), -Lhe nlateswergdhendpcybated at 35 C in a CO2 incubator for 5-7 days. After

the 5-7 day incubation period, 50p1 from all wells of the titration plates were transferred directly into a
labeled 96 wellUfrifPIam Hrstes CSHIERBIPTEEH S5 e nE ke 20y 8o SR BIPERS allowed to settle
for 30-9&miBtitRe atraRmierape mitirewd/els werihteadbioe positivecagglutinsitiog abeevidenoé of
presencgo%fb%ggéng WLlalﬁlte R Wi antigen with a suitable excipient or pharmaceutical carrier. In
preferred forms, this method further comprises the step of adding one or more equine antigens.
A preferred group of equine antigens are selected from the group consisting of Western Equine

Encephalomyelitis, Eastern Equine Encephalomyelitis, Venezuelan Equine Encephalomyelitis,
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HEMAGGLUTINATION INHIBITION (HI) TESTING PROCEDURE Serum samples were prepared
by dispensing 0.15 ml of each sample into a test tube and extracting with 0.3 mL of 0.01M Sodium
Periodate Selition/ais@om temperature for 15 minutes. Glycerol Solutionf%/(824@8083594was added to
each tube, mixed and incubated at room temperature for 15 minutes. All samples were then
heat-inactivated at 56C for 30 minutes. A 0.5% solution of chicken red blood cells was prepared in
PBS (SAFC catalog number 59321C) and standardized to an optical density of 0.5 at 550 nm.

Extracteg sqrymogamplaswers/testedimeunlicatedndbbottomanly sirranaipiaies, usingi@hddold
dilution scheme in PBS ranging from 1;4 to 1:256, 25ul per well. Inflgejnza Equi2/OhioQ3 stock virus

(254) wisscatd dese ik FM LR IO EIRTHS: PIURLS hErE-gERTIy Tapisentt RBCUshdf iRcRIBAEF St room
temperaigre for 30 minutes. After incubation, chicken red blood cells were added to each well and
incubated undisturbed at room temperature for 1 to 1.5.hours. Results werg read by observing plates
for presence oﬁgb‘é‘éar%% &f éﬁﬁ‘%lﬂﬁ’lpﬁ’t‘é?dc ?lebﬁ%*éia & iﬂjil@a?%d%%f v\ ﬁ)%&{/n i 31?%/ glg 1 eflé?mined as
the higkgsidilsition, ahseramGs-vhichageiisin&iordidimof GectbridesMs) atd CbiidliSielsica When
pooled gcross all timepoints_post-challe vaccinated.animals,had lower total clinical s than the
control%ﬁﬁ%%e. gtlesﬁ %’tsg?gin g‘agﬁ/a%g%esy’vsgPen%%%i’r%ezc?@Se(}ﬂfh@%%afg g% eirpglgnpg(r%eg, 138rses in
the vaceidatednirouipihagdbmweriotalissores thahdhose iatthe coginot geoup (Rds, PIO5) cTinecmitigated

fraction was estimated 1o be 0,6 9R%.ARE. G L. 258, 049:71 ion. water-in-oil-in-
2010/05??88@&%&8%8%658@%5%%%%‘368 6%%&5%%%% %%é?ga}tlc\:éﬁﬁlés\?aﬁabﬁg \}gc%ilnlgtion group
Day GroabymdyiimteFactioniioral elinisabstwstén se00oeg0odt Barad paraffinTié (Grinara
proced i, oISt SR Ye1asy %R NQYA SRRRARN WaS dasrLip. cvalualeiihe ofss! of.

vaccination over time after challenge. Results were interpreted through the bolded values. TABLE
7:Mitigaléeprraciieiion el elingfativeperifebr soroteBhe or \issensam Py Al idvRigatederbtiion?2

(95% AQE:GhidotalGumulRtly & eiNCalRE Ha4 A B30 3pRRBHOMY1 oleate, propylene glycol di-
(caprylate/caprate), glyceryl tri-(caprylate/caprate) or propylene glycol dioleate; esters of
branched fatty acids or alcohols, in particular isostearic acid esters. The oil is used in
combination with emulsifiers to form the emulsion. The emulsifiers are preferably nonionic
surfactants, in particular esters of sorbitan, of mannide (e.g. anhydromannitol oleate), of giycol,

of polyglycerol, of propylene glycol and of cleic, isostearic, ricinoleic or hydroxystearic acid,
which are optionally ethoxylated, and polyoxypropylene-polyoxyethylene copolymer blocks, in
particular the Pluronic products, especially L121. See Hunter et al., The Theory and Practical
Application of Adjuvants (Ed.Stewart-Tull, D. E. 8.). John Wiley and Sons, NY, pp51-94 (1995)
and Todd et al., Vaccine 15:564-570 (1997). In a preferred embodiment the adjuvant is at a
concentration of about 0.01 to 50%, preferably at a concentration of about 2% to 30%, more
preferably at a concentration of about 5% to 25%, still more preferably at a concentration of
about 7% to 22%, and most preferably at a concentration of 10% to 20% by volume of the final
product. Of the possible adjuvants used in combination with the present invention, it is preferred
to not use a metabolizable oil. In a preferred embodiment, the adjuvant is at least a non-
metabolizable oil, preferably mineral oil. In an alternate preferred embodiment, the vaccine
composition contains essentially no oil-based adjuvants. In a most preferred embodiment the
vaccine composition contains both a non-metabolizable oil, preferably mineral oil, and carbomer

as adjuvants.
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0.6485 (0.3258, 0.9712) P-value from Wilcoxon's rank sum test 2 Nasal discharge score,
conjunctivitis score and coughing score were summed with day and across all time points for each
animal thewankaxbissdhe estimation of the mitigated fraction. 3 Mean rafKINAZAY BISEHARGE
The main effect of vaccination was statistically significant and reduced nasal discharge due to the
influenza challenge. When pooled across all time points post-challenge, vaccinated animals had lower
nasal_ dis_charge scores than the control animals. TABLE 8: Nasal Discharge Score Outcome variable
Vaccination grouR dasnGeupmb aaydrteractioadiasatdigahaiges sedrat (0822 10v@060An0c4627

The GLIMMIX procedure would not converge, thus.an ANOV. roach was used to te the
SHEHGE RESEIS e e ST

effect SRYHERIREON JVRFLNRCHREP EH: RSt Wereiterpreted through the values.

e 20@&{%541@9&’(@@&@2@@91@555@&@@%&@TM&H5 coatifrgy, edijurrctivitish tienmasritect of
vaccination was statistically significant. When pooled acr [l ti int - accinated
animalSHEl Fe RS @ jinc %\ﬁ%eg te t‘gﬁlhf? ﬁgﬁfaﬁ i?ﬁg:c5@%@%%&%%?%%2%5@%}%%%& gc%rq]%nctivitis
scoresithasmibegontrelanimals EABLE SoBonpmicthitisschreaduniervdrraphediesitatitth group

Day G_re%%gc@ﬁ}q?%{oisr}et?k@tc%%ﬂlde fyophilized immunogenic compositions, stabilizing agents for use in
the present invention include stabilizers for lyophilization or freeze-drying.

“Diluents” can include water, saline, dextrose, ethanol, glycerol, and the hke. Isotonic
agents can include sodium chloride, dextrose, mannitol, sorbitol, and lactose, among others.
Stabilizers inciude albumin and alkali salts of ethylendiamintetracetic acid, among others.

In a preferred embodiment, the immunogenic composition of the present invention 1s
prepared comprising a preservative and a stabilizer; and, more preferably, the immunogenic
composition of the present invention is prepared comprising gentamycin, EDTA, Glycerol, and
combinations thereof. |

An “immunogenic or immunological composition” refers to a composition of matter that
comprises at ieast onc antigen, which elicits an immunological response in the host of a cellular
and/or antibody-mediated immune response to the composition or vaccine of interest. Usually, an
“immunological response” includes but is not limited to one or more of the following effects: the
production or activation of antibodies, B cells, helper T cells, suppressor T cells, and/or cytotoxic
T cells and/or gamma-delta T cells, direéted specifically to an antigen or antigens included in the
composition or vaccine of interest. Preferably, the host will display cither a therapeutic or
protective immunological response such that resistance to new infection will be enhanced and/or
the clinical severity of the disease reduced. Such protection will be demonstrated by either a
reduction or lack of clinical signs normally displayed by an infected host, a quicker recovery
time and/or a lowered duration or bacterial titer in the tissues or body fluids or excretions of the
infected host.

The term “in need of such administration” or “in need of such administration treatment”,
as used herein means that the administration/treatment is associated with the boosting or
improvement in health or any other positive medicinal effect on health of the amimals which

receive the immunogenic composition in accordance with the present invention.
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Conjunctivitis score' 0.0187 0.0001 0.2498 The GLIMMIX procedure would not converge, thus an
ANOVA approach was used to evaluate the effect of vaccination over time after challenge. Results
were interpweteghibiagh the bolded values. COUGHING Vaccine alse@ratentedisgsainst the cough
resulting from equine influenza infection. Vaccinated animals had lower scores (P < 0.05,) on Days 3,
5, 7, 8, and 9 post-challenge than control animals. TABLE 10: Coughing Score Outcome variable
Vaccination group Day Group by day interaction Coughing score' 0.0004 0.0009 0.0275 The

GLIMMIX progedueevouesnaticonyergantinis an-AN VA aRBrORERWaS st igpenatuate the effect of
vaccination over time after challenge. Results were interpreted through the bolded values. VIRUS

SHEDDING (NAGAhE\A7R BB IUnOgHRIC, JECH ARTITHID PBRIEBY thd penOShPaT HAIEEE SF¥GHing virus
(P < 0.Qemddediguie-healowivepirsaitsshatihapergantage of Hrcsinated:apimalsssheddinigpyirus was

lower (P < q.o%a%n Days 3, 4, and 5 ost-cthallenrge than control animals. ‘II;AEEGE : Mitrigt%}gd frac_ti_on
- days VTS EhEYaIg S VACHAE BLVAIER mm&%te{;& LRIET2 (683 A ayS Vitls positive
2'3 - subunits, modified live virus, and killed or inactivated virus. In preferred forms of the invention,
the WNV antigen or antigens comprise inactivated or killed, and even more preferably, North
American dominant, WNV strains.

The term “North American West Nile Virus (strains)” refers to, but is not limited to any
West Nile Virus strain or isolate that has ever been discovered on the North American continent.
Preferably, a North American West Nile Virus strain has a sequence identity to the NY99 strain
(GenBank accession no. AF196835 or NCBI reference sequence NC_00942.1 (SEQ ID No. 23)
of at least 97%, even more preferably, at least 98%, still more preferably, at least 98.5%, more
preferably, at least 99%, even more preferably, at least 99.2%, and, most preferably of at lcast

99.4%.

“Sequence Identity” as it is known in the art refers to a relationship between two or more
polypeptide sequences or two or more polynucleotide sequences, namely a reference sequence
and a given sequence to be compared with the reference sequence. Sequence identity is
determined by comparing the given sequence to the reference sequence after the sequences have
been optimally aligned to produce the highest degree of sequence similarity, as determined by
the match between strings of such sequences. Upon such alignment, sequence identity is
ascertained on a position-by-position basis, e.g., the sequences are “identical” at a particular
position if at that position, the nucleotides or amino acid residues are identical. The total number
of such position identities is then divided by the total number of nucleotides or residues in the
reference sequence to give % sequence identity. Sequence identity can be readily calculated by
known methods, including but not limited to, those described in Computational Molecular
Biology, Lesk, A. N, ecd., Oxford University Press, New York (19§8), Biocomputing:
Informatics and Genome Projects, Smith, D.W., ed., Academic Press, New York (1993);
Computer Analysis of Sequence Data, Part I, Griffin, AM., and Griffin, H. G., eds., Humana
Press, New Jersey (1994); Sequence Analysis in Molecular Biology, von Heinge, G., Academic
Press (1987); Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M. Stockton
Press, New York (1991); and Carilio, H., and Lipman, D., SIAM J. Applied Math., 48: 1073
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0.0004 0.7939 (0.5343, 1.0000) WO 2010/025469PCT/US2009/055564 P-value from Wilcoxon's rank
sum test 2 The number of days of viral shedding was calculated then ranked for the estimation
of the mitigatedofractiany Asymptotic standard errors (ASE) were used to BStifage0639586 confidence
intervals (Cl). 3 The median number of days positive results was obtained from the virus isolation
assay. HI TITERS The vaccine was also effective in eliciting protective antibody titers to equine
influenza virus. Statistically significant higher titers in the vaccinated horses were seen on Day 36

(relative dg vaceinatieRn BayrLo#iéthaday @i shalengelcitbByandd éideHoPsefsiirdhmathodinated group
had higher titers on each of thd(??se d?s than thgs,te in th%hqolngr%lsg%qa ?h(%efvg'%g)tkyevgeg\,vﬂges
LYMPHEBEPHE BHEAITECe UPRLY SLLRAIEH QIS PStetted horses from reduiction in white blood cell
countstsgen follpaings indluRnzeniticu scohatien gBn(Ry<adc0&)dWadcinaticnivljtr tadabdmisinatidst vaccine
provided statistically significant protection that was seen on.D , fo 1GOURts, and Days
2, 6, 7,175?1%"%”80‘%’?-1 ARG P SEET thes ?/%%:ginf?évg gro IBQ%%%%%%%WB%! aﬁrl% lymphocyte counts
than thpsesimihéchritrobgratsm P Lot @5, AbfoGE M endyBurpudin st (Reverky: dhalléhg® Widperfot
s oA asias ekl il iensa MusliacHR el egw comepnent vecana it included
alo

West I\fhc%l irus vaccine (Encep yelitisRhinopneumonitis-Influenza-West Nile Virus Vaccine,
EasterniMestBinl 8¢ \etEzdélad 9fle dMivirBs e sraoislpedlitbi g P Edimae NREHFh Alequi-2

virus strains ATCC Aqcrssian Nes, PTARR2. PTARSRE @nAPTAb2bcarab0hwbichdscurrently

relevant in the equine population of the Americas, Europe and Asia. Twenty-six r;c))étse .(15 vaccinates

and 11 4bseeols)Sweke vatdhated Motein Bigleek iAWl ¥1 fie derebBRY AR “Br iere mock
vaccingied with:adiuvanied media cgmpaneinefdis yaesing witheutyiralantigen: feulmapths

post-booster vaccination, horses were c‘hallen'%ed with a virulentiive,Eq ine Influenza A/eggéZ/OhioOB

virus. THESARIBNEVRIS!S Tiedugrrdit BEIR fSHEe AL HNHGE I SPAR rBESHireliGed Y5 iftiusion into
vaccingsy QL Eandiscurranthresegniaes as thepatostpestident sthagnanvaliedda cutbreaks in the

United States. Results from this 4-month DOI challenge study show significant, protective effects
from cHENERg by ot A tSATRR tﬁég}t')eéfr@g%@ %P%g%%ﬁ’%natﬁrwgfﬁﬁ% %%’vasceglrl}e}{g\%th flu
WO 201/Q35469RGIHAH 2004055564 aqchatheit peitinedtedhinchantigémsidemsaransypl drcinated

horses displayed statistically lower total clinical signs of influenza viru i . junctivitis,
and codgfihdg® —B.%f%“%e tﬁ%n%?%gtéda fraction estimated %Ckgg}/&hﬁé@ ?9%13% ?&%gé{ géélicg%%%
0.9712)%cAdiditiomadly, iviraldshep ding Svas sfatibticaly fowd), inveactintardiondds thiarccenioPhorses (P
=.0004) with.a mitigated fraction estimat e-0.79; B%: AS 053 ;

Hemag 511&%}“8% R #] I‘elﬂ)(%l o{ r@ @it%’“%%i%)é re Ss%f:ﬁ%%c g%t%/eﬁ?g i?é‘%gl%@g%c%g%ggﬁ% rggg %ﬁk%?l‘g(?g%%rélll r?o rses,
and whitelploodatalt drdiyaphociteido s rern dindas ity highér b Vallitafe§hsidés on

multile, 3y L 14 s AKPL A0S of spntothaenu e diewenear i igclal Ismpgrattiiyere

determined between the two groups. In conclusion, the data from this study demonstrate that

administf&tioeves 2neie mEfimaliind%colzhesssks odpis WBSHRITE WL EOMBIHAL A Agtaird o
administeged at 2 2hdaw e yaiigdeals 4 Rumpepihnela0epigiestes agaitstyis et chatlenge with

the Equine Influenza A/equi-2/0Ohio03 virus and provided a duration of immunity of at(i!east months
for this preféuvefERRRpie ot theriafalauahpidiisnhteS s SRicatFBf A B RS Ferc S Smposition of
the presgpiinventigRybenchalianaadwish tkqeisetdeeaaditimTypech) &ié-1.dvatenalmand
Methods = The EHV-1 viral antigen used in the vaccine \{alugtedlin tms §t¥d wa %pﬁg&‘ed on
Madin DPRFHPBOOMEK FEHEGIN HBRS LElfs S80I 1Y GPawic oiramtitrds Ware fitered, BPL indctivated,
and congentiaigs Theinaaivated yisaldgidasergdtasted foraesiduaklivecuirusmaiterinagtivation. On

completion of satisfactory residual liye virus testing, the inactivated viral fluids. w. s to
formulaf® 3 $4RLiHE WhRTcH" ’s‘bt%%ﬁ?\g%eélﬁﬁr%g%lfﬁ/%ct%e‘d%}lgno O&é%ﬁ%&ﬁé%%c@ﬁ%éﬂ%%%?&QTC-%
strain (ARG AGdessiomdiohRT-94iEr)tEfstexarkteis Tnpebtraldmetitis: W CretramcfaTa e
Accessi 0.PTA-94] 2) and Western Equine Encephalamyelkifi i (AT =cession
o PTA S DS Tt e e net s R U B s
PTA-9523); irfluenzack/dquimdphieitMarkérziod (ATCC KecassismNacP FAaE 2B aRg iBfiBnza
Alequine-2/0hio/03 (ATC cessk . PTA- j inacti NilenWir FCC
Accessig%% 8?%&%3853%% }{é%%%%?@o@dE%V%?)g%%dﬁ(%uo%%si%g%gﬁl%OO ‘/OE%}%%\Q Hﬁ\}/%b\ccine was
formulatedito peidiritmiépecificatond MrealinmegenslikiusEamenpPro Rt ERYEantiy®ihas
added to the vaccine at a pre-inactivation titer of 1079 TCID50/mL. The final formulated vaccine
contains the following ingredients per 1 mL dose: EHV-11079'99 TCID50/mL Influenza
A2/0hio/03106'7-9'5 TCID50/mL Influenza A2/Ky/951063-95 TCID50/mL Influenza
A2/NewMarket/2/931063-95 TCID50/mL Tetanus Toxoid5-10 CPU Eastern Equine
Encephalomyelitis106'7-9-2 TCID50/mL



Western Equine Encephalomyelitis1 063-9 2 PFU/mL Venezuelan Equine Encephalomyelitis1063'92
TCID50/mL West Nile Virus1079-99 TCID50/mL Adjuvant (preferably mineral 0il)100-200 ut
Glycerol10@v20£ pifadA 240 mM solution10-20 ul Diluent - DMEM containimgspsioBesstamicin (30
ug/mL of diluent volume) Formaldehyde (0.1-0.2% of diluent volume) Forty (40) horses, 4-5
months of age, were used in this study. Horses were randomly assigned to either vaccinate or control
groups and were micro-chipped and then vaccinated. Twenty horses served as vaccinates and twenty
horseswgtR, mpskmaceinatadeppEpliMotegseAl Ravses haskpegatiyaiadani(9db) &thrbserum
neutralization S§N%$t/iters prior to Initiation of the study, indicative of horses susce??}ible tfo infection.
Vaccin® /A A mimis Bty ARULBUTATy S TR dBUBYBRIMEHBELB 20 i S H RS
vaccinatg ©room, twanhohopsesininecansval groupareteiritl aditildoseofdgditnaniet EIMEM (Lot
004) containi‘ngﬁfx%ﬁlient used i(gth 9-w%/ vaccine (Gentamycin and.formaldehyde) tbultsrg/o antigens.
ChallerB® iRo SR o AURTITBHEER F7CHES SPATS Girls o PEPSInTE d 1B A4V H 8 Booster
vaccingtiefzrably Serunisa eplesiioreserdlagitalevalGationtinera daliected dfamitheavaicoindted and
control .harses prior to initial vaccination, at 21. days post first dose vaccination (day. of r
vaccindlo, B 63 G s g s O R R I BRI o
2010/0254688RCEAISRROLGFS56E64 wHbtednlovd sainpleshand wasalzbwakiswere! shtaitisthfiem each
horse on of g iyt u 0Sl-G nge, ti riod for a
total ofa[l}é%%gagtr@at?gﬁ%g%y%.%lim al %%};%t}/gv%g%%go%gc%:ﬁa%% aéi%ly %r&ggﬂﬁ f?é%é%egﬁg}téﬁe %%%?ay
observatibrigeniboaMA Lt ENGEPROCEBUREOMATL ENG HY/IRUS Morg Kendidgiigl RaRenge virus
seed usaehip this challenosgikdvvas tae st RasaR0 Qi HACHaIRR! Se6H VitdaRriEarige,Permal
(ED) cells. This challenge virus was harvested and frozen at a titer of 1062 TC1D50/mL.
INTRARIRSAY 2 ANIENGE MEsigoers. Hosgrsstcresniativie AYdiocimyrie)net xdidrrerand

analgesigeWashad minisisredintR¥enoLRinig each horse prior to challenge at a dosage of 50ug/kg of
body weight. Each horse was then challenged with approximately 106'5 TCID50 of EHV-1 strain. The

challenge viru&hi &8 mIbe R R Hh RTRPAY SN SerE6! ¥iBtucEE By 4 Kebaler IS S HEquine
AeroMagést Tseed d-Vipdieal daferapiiopadh GnERe danadahbly dhe falewingreeithadwest Wilressure
hose was fitted from an air compressor to the inlet port of the neb izer. The outlet tub \g@ hen
inserte ottt A e hEH R d We B o IHESRB S Y e U Fae (%r imately 10
psi of aibpressurelWegeipplieshitn the fdetqsoft dof Yothentaciies: Butirgrilis e/ ajpproxirately two
milliliters of a 106.2 TCID50/mL. challenge virys.fluid w, erpsolized directly intg.the nostrils of the
orse BTG EPAIE e B AR PO A AR 0 A DA AT S St
TEMPERNTdIREve at Daity nouvaingtikectalatan pendtinesnarernsoorded fdreachrofitieed®¥&Ecinated
and control horses on, llen ndl. for 14 t che maans. g&@éﬁ){ﬁlted,
electroﬁ?g?ﬁtleesr'ni%%g’tér fgsahcré@gt%r%%s%ﬂ p?o %@%%ﬁeg{gﬁgﬁ %%uresg_l\?véggrrecorded in
degreeSEQHIRNAERX (B, WHIFEBLOSDCEL GO UK Tsewd g1 (/0 25460 PC RS2 0001085564

Venous,bhlood. fram,eachofthe fduacainaiediand control norses was colleaied dailvamthray of
Challenge and for 14 days post-challenge directly into a vacutainer DiSodium EDTA tube for WBC

counts. SR8 EXeDATE PR o Nrain offisalsarasudate pisseRPioRs WsteoRisdd #18sr to
collection,of Nasephaimosal swaks nmiheRavelhhallengs.andforshdidays nastchalenge. the

nasal passages and muzzle of each of the 40 vaccinated and control horses were examined and
graded RISHRE the dradfing Anef¥e8hing i 4aHpaGy RsrbanssIdivassocttsd SubhngeEidaesBHY tough 6

were assiangg on the hasisRfithesryerinal thediseassindicaiedibyeask ofthenfolewingtes

classification: _ ) . . . .
may have one or more silent amino acid changes. Preferably, North American Dominant strains

At ~ SN b IR

also include either (and preferably both) a U to C mutation and a C to U mutation at positions
1442 and 2466 (in comparison to a North American strain, e.g. NY 99 and SEQ 1D NO.23),
respectively. Still more preferably, North American Dominant strains or isolates further include
a mutation in the nucleotide sequence éncoding the E protein and the C to U mutation at position

9352 in the sequence encoding the NS5 protein (again in comparison to a North American strain,
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(EN) Essentially notinal indicates the horse was clean and essentially free of nasal exudate, score, 0;
(C-1) Slight clear serous discharge that may be frequently observed in both diseased and normal
horses, scowealzoin/e26@2) Moderate clear serous discharge is indicative efa/defini@issmease in
volume over that normally observed, score 2; (C-3) Copious clear serous discharge that is generally
observed only in diseased horses, score 3; (VSM) Very slight mucopurulent discharge indicates that
mucus was definitely present in small amounts in either one or both nostrils, score 1.5; (SM) Slightly
mucopuyryleqyisg digahargeessily ohserved:ineneal RRhnastile Se8 2% detal MWD Mederately
mucopurulent indicates that mucoid discharges were present in large quantities in_both nostrils, score
4; and TeEREAY ﬁ’éaéwl?nlpc%?&iléni%Mca?@é’rﬁ'?ﬁ?%aﬁoﬁg%ﬁﬁﬁ%cﬁ Demyesid BiSonarg&illed both
nostrilsa 80eiR HilNRISHBEARAN G EAtior HRA LI SEATION MEIELR Snventdn Fath obseivation test
day each nasal pass Wg@of each accingted a{; control was sampled deeply by means of a sterile

ag!
swabs. SIS RGN CLAH B KRS SWEBLAEIR Fimediately placed in a single tube containing 4 mL of
chilled transp@aretivses (BucpessmMinioaloh ssentiaOMedia 00 §DMEMY st pleraerte Eyuithc2% FBS,
2X Pe ntamicin otericin B)., WO 2010/025469P,CT/U52009/ 64
For isor;g?%%pgﬁz&ér s,of @ ﬂéjav:/ie?‘?‘e%r%ﬁgg,ﬂ t]ﬁleeé(\;évta%?s%jﬁ ica 3 r%%ngc%?e% ,léﬁedlr% %eaqr%%%?ng
centrifudé&iet P00)rplorforfgminandsidSerione particathtesribedisablyasdilterepbtiasoatha 0.2.t
syringe filter prior. to. inogulation qn ti , ) rifs timedium was
ced e R e S R R e
from wiRizk fife (Giohth 2hedidpekisg Héégiiasééﬁ%aﬂ@orém’o%égiﬁblmiﬁ@}ﬁbmtmﬁti@iﬂf@glum was
allowed:nsgqdsorp LNsHe, el ORPIAYER IRE 09e Neal 3T fedl Bh waidifind NGy %ﬁég%tﬁ@mg as%
CO2 atmosphere. After the absorption period, an additional | nth of re-feed medium (DMEM containing
2-5% fetaiPerdrisdeiufPirBSnomManiphRstHinetassiBax Gehtantdesarisd 20 Emphotericin B) was
added to eachy\giiafrlioningaddition ofisederd mediaetherMRipRWareHhemincuhated @h34iC in a

CO2 incubator. Each test and control tissue culture well was examined microscopijcally for 7 days for
signs of CHpRtHe eMEEe (BBE)WSiCAroT A@iEHRAY REemeRseryl MALDWRIEHHET Jrer@gative at
the endwidhrif: day.ohsavationipedadiwearshrbbeuliues poigfreshselsanth obsavad Jagian
additional 7 days. WBC BUFFY COAT VIRUS ISOLATION Venous blood from each of the 40
vaccindt2l S e SHEBY horses was collected on the Day of Challenge and daily for 14 days
post-challengghy pagutainer ihtopdisodivem fda Thet when AT pel idngsgravithsedithentation of the
erythrocytes. in the tube o&EDTA antijqﬁqagulated blood, the plasma and white blood cells were
pipette 8#13}%‘18?6{85&1?% 2 &eerﬁﬁlénégc %’nap-cap tube. The plasma and white blood cell mixture was
centrifuged at A50QdP Mhtoeid0-1% mihatesdeupetiéy’ theowhitecivod cellsctitebiell etmwas washed
twice with 3 mL of phosphate.buffered saline (PBS) containing 2X Pen/Strep, 2X Gentamicin, and 2X
oot B e e e e e B e
serum @BS)eand NP/ St AXeGegstamiciinearisl 2xcAmmpliotericintBadnehtebufyticwagal
suspengé%ﬂtqub%%%gga mg%ldk%vt:%@oa 8%1?1%%&@(39%&?9@3@.’“ of ED cells grown ir_l az24 vv_eII tissue
culture plate from which the growth medium had been aseptically removed. Following inoculation, the
inoculum was Afloiee t8ogesErbromeielBRd omyey Mo raltis ip atImMEoRiaThahngfiddiatubator
containing,a.2% G2 aleshheE: Afieh e-AdepRUANRES At a8-384iHqRahd Kok: of tecigrgmedium

(DMEM containing 5-7% fetal bovine serum (FBS), 2mM L-gtutamine and IX Gentamicin was added to
each wanldFelawiPrrdaniiHcsr Faruag rRvERstHe Plaeymparipient yeesine of interest. Usually,

2010/025469RGT/dS2009P5RR64:0RIRAAH AT Fricd CQAIBURROAWE!Is IRaisngrde observed

microscopicallgédue to large volume of white blood cells settled on the monolayer. Thereforz‘-, at the

end of 7HaRRSIMANORIRHEHY L A rEtP oS fd <t Bn edne uGifg 6. S YTRPEISHNG IhHassHYE%s
inoculugytdibeisubaididranyas qhsensedfor T days, fan@RHEvypicatofchdlengeivirtisinieetied. SERUM

NEUTRALI%ATION TESTING PROCEDURE H—?@ tano%rd microtiter serum neutraltlzatgon test was
employ&ef PHIL Sty ARPLEE 0o rHRSERY IR HarBOHOMBRI STl plAfsE Gsiig RV ells per
dilution a8, welliditutiall demnes/ feitteachtbétipeitast pretistizadmahtedobitebrevpiisseantained 25
of serum dilution mixed with 25.p.1 of the indicator virus and 150 pl of a freshly pl d ED cell
S RS R R e S e Sl S S
strain Ak88cdn. dlltbssdivetinglicdatbbvikssnbaskatitcatipretitersarandedidetvdenk100dmRBS FSIO50/25
pl. Serum neutralizing antibody titers are expressed as Reed-Muench ID50 titers. For performance
of the test, two-fold dilutions of each test serum was made in a sterile flat bottom microtiter plate using
five replicate wells per test serum and an 8 vv“eilzd_ilution series. Dilutions were made with an adjustable
. volume single or multi-channel pipctting instrument using sterile microtiter tips. The volume of serum
added each of 5 wells of the first row was 50 p1. All other wells contained 25 ul of DMEM (no FBS).
Following serial dilution down the plate, 25 pl was discarded from the last row. 25 ul of a
pre-determined dilution of the indicator virus was added to each test well. Plates were then mixed and

incubated for one hour at 37C in 5% CO2. On conclusion of the incubation period, 150 ul of a
cricnancinn containinad 5 v 104 ED calle wae added to each tect and call control well The nlatec weaere



<0.0001 Virus shedding' 0.0028 <0.0001 0.0863 Conjunctivitis score' 0.0020 <0.0001 0.0017 SN Titers
<0.0001 <0.0001 <0.0001 VVBC 0.3064 <0.0001 <0.0001 The GLIMMIX procedure would not
converge, tinsamANGYA approach was used to evaluate the effect of vacainatiern/osassime after
challenge. Results were interpreted through the bolded values. NASAL EXUDATE EVALUATION

The vaccination group by day interaction was statistically significant for the nasal discharge scores (P
< 0.05). Statistically significant group effects were seen on Days 4, 5 and on Days 7 - 11

post-challange (owekRRsH sconesiBdiheyascinaid rauRrP i AadiWheshedaily.seares were

summed. over the post-challenge period, horses in the vaccinated groyp. had lower total scares than
those iFIRELGHERIBLY € 0Ta5m R iAot el BElin LS £ B9850 198% ASE Cl:
0.4886; {186 ost, orlARR A IirMitigaterMaction: Rasakdisehargehandpaonjvatiivilisisaoks, nasal
virus nggngjyc% étrpean ranks) Control Vaccinate P-value' Mitigated finction2

In addition, the immunogenic and vaccine compositions of the present invention can
include one or more veterinary-acceptable carriers. As used herein, “a veterinary-acceptable
carrier” includes any and all solvents, dispersion media, cell culture media and cell culture
constituents, coatings, adjuvants, stabilizing agents, diluents, preservatives, antibacterial and
antifungal agents, isotonic agents, adsorption delaying agents, and the like. “Diluents” can
include water, saline, buffered saline, dextrose, ethanol, glycerol, and the like. Isotonic agents
can include sodium chloride, dextrose, mannitol, sorbitol, and lactose, among others. Stabilizers
include albumin and alkali salts of ethylendiamintetracetic acid, among others.

“Clinical signs” of West Nile Virus, for purposes of this invention, include, but are not
limited to, symptoms or lesions associated with encephalitis, viremia, anorexia, depression,
fever, weakness, abnormal gait, paralysis of hind limbs, impaired vision, ataxia, aimless
wandering, convulsions, inability to swallow, coma, posterior weakness, paralysis, poor
coordination, depression and related behavior, tremors, convulsions, paddling of the limbs,
neurological problems, swelling of the central nervous system, death, and combinations thereof.

The clinical signs exhibited by an infected animal vary depending on the severity of infection

“Clinical Signs” of Equine Herpes virus, for purposes of this invention include, but are
not limited to, abortion, neurological deficiencies, respiratory disease, reproductive system
deficiencies and failure, and symptoms relating to the central nervous system. Additionally,
clinical symptoms of EHV 1 include, but are not limited to, the phenomenon of foals infected
with EHV 1, exhibiting respiratory complications, passing the virus to the older members of the
herd who then exhibit reproductive deficiencies, including abortion, and neurological
deficiencies, normally exhibited in the central nervous systen.

“Clinical Signs” of Eastern Equine Encephalomyelitis, Western Equine
Encephalomyelitis, and Venezuelan Equine Encephalomyelitis, for purposes of the present
invention arc those symptoms normally known to be associated with encephalomyelitis,
including, but are not limited to fever, nervous signs such as sensitivity to sound, periods of

excitement, and restlessness, brain lesions, drowsiness, drooping ears, circling, abnormal gait,
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(95% ASE CI) Nasal discharge 27.75 13.25 <0.0001 0.7250 (0.4886, 0.9614) Days shedding virus2
24.43 15.78 0.0068 0.4925 (0.1896, 0.7954) Conjunctivitis 25.80 15.20 0.0038 0.5300 (0.2463,
0.8137) 'Pwaue:froms¥Wilcoxon's rank sum test 2 Nasal discharge arckamijuwastsitis scores were
summed across all time points then ranked for the estimation of the mitigated fraction. The number of
days of viral shedding was calculated then ranked for the estimation of the mitigated fraction.
Asymptotic standard errors (ASE) were used to estimate the 95% confidence intervals (Cl). TABLE 14:

Mean nasaldischaias sppeetNizpdionsasdes9taup) Rays pasirehaliong&fonkial Maasingted
P-valu%}%g {?fmgg%? d]égtg,o gndvgc?m%%}a%]éggSﬁ?e?g(%q_s/%estggg? /lloégg ?g?'ein, refers to the absence of
adverse consequences in the vaccinated animal following vaccination, including but not limited
~ to, potential reversion of vaccine virus to virulence and clinically significant side effects, such as
persistent systemic illness or unacceptable inflammation at the site of vaccine administration,

“Reduction of the incidence and/or severity of clinical signs”™ or “reduction in the
incidence and/or severity of clinical symptoms”, as referred to herein, means reducing the
number of infected animals in a group, reducing or eliminating the number of animals exhibiting
clinical signs of infection, or reducing the severity of any clinical signs that are present in the
animals, in comparison to wild-type infection. For example, in the experiments herein, such
clinical signs included viremia, fever, antibody response, and histopathology. Preferably, these
are reduced in animals receiving the composition of the present invention by at least 10% in
comparison to animals not receiving the vaccination which may become infected. More
preferably, clinical signs are reduced in animals receiving the composition of the present
invention by at least 20%, more preferably by at least 30%, even more preferably by at least
40%, and even more preferably by at least 50%.

“Duration of Immunity,” as used herein, refers to the minimum number of days during
which an animal produces an immunogenic response such that the animal will be relatively
immune from contracting a virus and/or benefit from reduction of incidence and/or severity of
clinical signs, as described herein.

The terms “strain” and “isolate”, when used herein, are meant to be used interchangeably.

The terms “vaccing” and “immunogenic composition”, when used herein, are meant to be
used interchangeably.

Any West Nile Virus strain(s) or isolate(s) can be used in accordance with the present
invention. In a preferred embodiment, the isolate is selected from one or more of the following:
New York (Northeastern North American) Isolate (WN-NY 99), Horse Origin, 1999, New York
(Northeastern North American) Isolate (WN-NY 99), Crow Origin, 1999, United States
Department of Agricultures Isolate 292206 (USDA 2004), Donkey Origin, United States
Department of Agriculture Isolate 405330 (USDA 20053), Horse Origin, North American [solate
(WN-Texas-2002/2003), Southeast Texas Coastal Isolate 2002, Mexico (Tabasco) Isolate 2003,

and combinations thereof, and in a more preferred embodiment the isolate is selected from one or
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Days post-challenge Control Vaccinated P-value' 1 0.00 0.00 1.0000 2 0.15 0.00 0.6029 3 0.33 0.48
0.6029 4 1.08 0.23 0.0033 5 1.43 0.40 0.0004 6 1.05 0.55 0.0833 7 1.50 0.68

WO 2010/625469 PCT/AIS2009/055564

more of the following: United States Department of Agricultures Isolate 292206 (LUSDA 2004),
Donkey Origin, United States Department of Agriculture Isolate 405330 (USDA 2005), Horse
Origin, North American Isolate {(WN-Texas-2002/2003), Southeast Texas Coastal Isolate 2002,
Mexico {Tabasco) Isolate 2003, and combinations thereof. In a most preferred embodiment, the
isolate is United States Department of Agriculture Isolate 405330 (USDA 2005), Horse Origin
singularly or in combination with one or more isolates as listed above. In an additionally
preferred embodiment, those isolates which are part of the North American West Nile Virus
isolates are included. In yet another preferred embodiment North American Dominant West Nile
Virus isolates are included. In addition to those listed above, specific isolates inciude, but are
not limited to, WNO2 and isolates which have at least 1, preferably at least 2, and even more
preferably at least 3 nucleotide changes resulting in at least one amino acid change from the WN
NY99 isolates, and most preferred are strains with the amino acid change from valine to alanine
at position 159 of the envelope protein. Most preferred North American Dominant strains
include, but are not limited to: NYZ2002Nassau, NY2002Clinton, NY2002Queens, GA20021,
GA20022, TX20021, TX20022, IN2002, NY2003Albany, NY2003Suffolk, NYZOO3Chatauqua,
C0O20031, CO020032, TX2003, TX2003Harris4, TX2003Harris6, TX2003Harris7,
TX2003Harris10, AZ2004, and TX2004Harris4, and combinations thereof. The strains of West
Nile Virus useful in the vaccine or immunogenic composition of the present invention can be any
strain or isolate. In a preferred embodiment, the North American Dominant West Nile Virus
strain used is either E-159 (Horse Origin) or E-159 (Donkey Origin). A representative strain of
such a North American Dominant WNV strain includes the Horse Origin 2005 strain deposited
with the ATCC (ATCC Accession No. PTA-9409), located at 10801 University Boulevard,
Manassas, VA, 20110-2209, on August 14, 2008, under the provisions of the Budapest Treaty.
Equine Influenza strains useful in the vaccine or immunogenic composition of the present
invention can be any strain or isolate. Representative strains inciude Equi-2/0hio/03, deposited
as ATCC Accession No. PTA-9522, Equi-2/Kentucky/95, deposited as ATCC Accession No.
PTA-9523, and Equi-2/New Market/2/93, deposited as ATCC Accession No. PTA-9524.
Representative strains ATCC Accession Nos. PTA-9522, PTA-9523, and PTA-9524 were each
deposited with the ATCC at 10801 University Boulevard, Manassas, VA, 20110-2209 on
September 23, 2008, under the provisions of the Budapest Treaty.
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0.0044 8 1.68 0.63 0.0003 9 2.13 0.50 <.0001 10 1.58 0.80 0.0074 ii 0.98 0.23 0.0095 12 0.90 0.35
0.0568 13 1.23 0.90 0.2599 14 0.93 0.43 0.0833 1 The GLIMM1X procedure would not

converge, thus amANGYA approach was used to evaluate the effect of vacaingtory/os&siime on the
nasal discharge score.

Equine Herpes Virus (“EHV”) strains useful in the vaccine or immunogenic composition
of the present invention can be any strain or isolate. Representative strains include EHV Subtype
1, deposited as ATCC Accession No. PTA-9525, and EHV Subtype 4, deposited as ATCC
Accession No. PTA-9526. Representative strains ATCC Accession Nos. PTA-9525 and PTA-
0526 were cach deposited with the ATCC at 10801 University Boulevard, Manassas, VA,
20110-2209 on September 23, 2008, under the provisions of the Budapest Treaty.

Western Equine Encephalomyelitis strains uscful in the vaccine or immunogenic
composition of the present invention can be any strain or isolate. A representative strain includes
the Fleming Strain, deposited with the ATCC (ATCC Accession No. PTA-9410), located at
10801 University Boulevard, Manassas, VA, 20110-2209, on August 14, 2008, under the
provisions of the Budapest Treaty.

Venezuelan Equine Encephalomyelitis strains useful in the vaccine or immunogenic
composition of the present invention can be any strain or isolate. A representative stratn includes
the TC-83 strain, deposited with the ATCC (ATCC Accession No. PTA-9411), located at 10801
University Boulevard, Manassas, VA, 20110-2209, on August. 14, 2008, under the provisions of
the Budapest Treaty.

Eastern Equine Encephalomyelitis strains useful in the vaccine or immunogenic
composition of the present invention can be any strain or isolate. A representative strain includes
the NJO strain, deposited with the ATCC (ATCC Accession No. PTA-9412), located at 10801
University Boulevard, Manassas, VA, 20110-2209, on August 14, 2008, under the provisions of
the Budapest Treaty.

Tetanus toxoid strains useful in the vaccine or immunogenic composition of the present
invention can be any strain or isolate. A representative strain is that taken from a master seed of
Clostridium tetani from The Massachusetts Department of Public Health Institute of Laboratories
in Boston, Massachusetts.

The vaccine of the present invention is safe for administration in WNV susceptible
species, particularly equidae, at any age and at any stage of reproduction, including pregnant
females. In a preferred embodiment, the present invention is safe for administration to foals 12
months of age or older, more preferably, it i safe for administration to foals 10 months of age or
older, more preferably, it is safe for administration to foals 8 months or older, more preferably, it

is safe for administration to foals 6 months of age or older, more preferably, is safe for
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CONJUI\_IC_Z'_I’IVITIS The vaccination group, by day interaction, was statistically significant for the
conjunctivitis scores (P < 0.05). Statistically significant group effects were seen on Days 5 and 6, and
on Days 9 wixkpnstshallenge (lower scores in the vaccinated group, P <& @?@%?W@?We daily scores
were summed over the post-challenge period, horses in the vaccinated group had lower total scores
than those in the control group (P < 0.05). The mitigated fraction was estimated to be 0.5300(95%
ASE CI: 0.2463, 0.8137). TABLE 15: Mean conjunctivitis score (N = 20 horses per group) Days
post-challepge EentwkMacd natet Fovajisedtoion H.00 frobedly.0108 S0 eduinsmadoioo 1.0000

30.05 fcc))'a?g 20 1171(:)31% 540 'ag'g5e cc))i"lcﬁ e%?%&eSpgéZega%iz?ip 199%% for administration to foals 1 month of
age or older, even more preferably, it is safe for administration to foals between 1 day and 1
month of age, and, most preferably, it is safe for administration to foals 1 day of age or older.

The composition of the present invention can be administered in any conventional
manner. Examples of administration methods include any that afford access by cells of the
immune system to the immunogenic composition including oral, transdermal/intradermal,
intravenous, subcutaneous, intramuscular, intraocular, intraperitoneal, intrarectal, intravaginal,
intranasal, intragastrical, intratracheal, intrapulmonarial, or any combination thereof. In a
preferred embodiment, the vaccine 1s administered parenterally, preferably intranasally,

subcutancously, or intramuscularly, and in the most preferred embodiment the vaccing 18

administered intramuscularly.

Brief Description of the Drawings

Figure 1 is a graphical representation of the Mean Total Clinical Scores;
Fig. 2 is a graphical representation of the Proportion Shedding;

Fig. 3 is a graphical representation of the Nasal Discharge Score;

Fig. 4 is a graphical representation of Proportion Virus Shedding;

Fig. 5 is a graphical representation of Conjunctivitis Score;

Fig. 6 is a graphical representation of Serum Neutralization Titers;

Fig. 7 is a graphical representation of Proportion Positive for EHV-1;

Fig. 8is a graphical representation of Mean White Blood Cell Count;

Fig. 9 is a graphical representation of Proportion Positive {(pyrexic);

Fig. 10 is a nucleotide alignment of the HE region of WNV isolates;

Fig. 11 is a nucleotide alignment of the DE region of WNV isolates;

Fig. 12 is a nucleotide alignment of the D NS5 region of WNV isolates;
Fig. 13 is a nucleotide alignment of the H NS5 region of WNYV isolates,
Fig. 14 is a nucleotide alignment of the H WNO5 E NS5 region of WINV isolates;
Fig. 15 is a nucieotide alignment of the H WNO05 region of WNV isolates,
Fig. 16 is a nucleotide alignment of the NS5 region of WNV isolates; and
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6 0.85 0.25 <.0001 7 0.75 0.65 0.4936 8 0.45 0.35 0.4936 9 0.50 0.15 0.0168 10 0.45 0.15 0.0403

WO 2010/025469PCT/US2009/055564 Days post-challenge Control Vaccinated P-value' 11 0.50 0.05
0.0022 12 WO 2010/025469 PCT/US2009/055564

Fig. 17 is a nucleotide alignment of the E region of WNV isolates. .

Detailed Description

Examples

The following examples are set forth below to illustrate specific embodiments of the
present invention. These examples are merely illustrative and are understood not to limit the

scope or the underlying principles of the present invention.

Example 1

This example illustrates a preferred vaccine composition in accordance with the present

invention.

Materials and Methods

For preparation of working cell stock, the Master Cell Stock (MCS), consisting of the
Vero Cell Line known to propagate West Nile Virus, which was tested for purity, identity, and
karyology, was thawed and used to noculate a range of T25 up to T150 cm® vessels or 1050 cm’
roller bottles, or bioreactors or other suitable sterile vessels. Thawed cells were suspended in
growth medium at a rate of 0.0015 mL to 5.0 L per vessel, depending on vessel volume. Cells
were then incubated at 36-38°C for up to seven days. Cultures planted from frozen stock were
re-fed with medium, if needed, within thirty-six hours after planting to remove residual DMSO.
Cultures were re-fed with medium, if needed, during the growth period to remove excessive
debris, or to stimulate the growth of cultures which have not reached confluence, or to maintain
viability of confluent cultures.

Cells were passaged 1-20 times by decanting the spent medium and then by adding 5-500
mL of 0.25% Trypsin-EDTA Solution to each vessel, depending upon vessel volume. The
vessels were agitated gently until the cells slough from the surface. The cells were then removed
from the vessels by rinsing with growth medium and pooled together. Prior to noculation, cell
growth medium was decanted from Vero Working Cells that are at least 55% confluent. Virus
growth medium deseribed was added to cach vessel at 0.15 to 0.4 mL per cm’ susface arca. A

Multiplicity of Infection (MOI) of 0.000001- 0.0002 was used for infection as determined by
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0.45 0.00 0.0022 13 0.45 0.05 0.0063 14 0.35 0.05 0.0403 1 The GLIMMIX procedure would
not converge, thus an ANOVA approach was used to evaluate the effect of vaccination over time.
VIRUS ISOVATDMNFEROM NASOPHARYNGEAL SWABS The main BEFERIS3#PAESRAtion group
was statistically significant (fewer animals shedding in the vaccinated group, P <0.05). When the
number of days shedding was evaluated, horses in the vaccinated group had fewer days of virus
shedding than those in the control group (P < 0.05, Table 2). The mitigated fraction was estimated to
be 0.49254ARMLASEIC bk 896,015 4)cTABlE At Rropsstian \Rulksheditingtnasainsveats, N = 20
horses per group) Days post-challenge Control Va%cTabeéjrgrg.OO 0.00 0.000.00 2 0.050.0530.05

010 Wwere mcubdted at 36-38°C for two to five days at

During the growth period, cultures were checked for typical CPE microscopically and for
gross comtamination macroscopically. Unsuitable cultures were discarded after sterilization.
Cultures may be attenuated using standard techniques or may be used without attenuation.

The microorganisms were then harvested for production purposes. Virus fluids were

" harvested when CPE reached 85% or greater. Roller bottles were swirled to remove loose celis,
and fluids and then pooled into sterile 2 — 20 L glass, plastic, or PETG bottles, 20 L sterile
polypropylene containers ot 2 - 500L sterile stainless steel tanks containers appropriate for
clarification.

Next, the product was prepared. Clarified fluids were inactivated with Formaldehyde
Solution, USP, 0.2% by volume, or another effective inactivating agent, transferred to a
secondary container, and held at 20-25°C (room temperature) with agitation for forty-eight hours.
A sample of at least 12 mL of the inactivated fluids was taken for inactivation assurance testing
(described below) prior to concentration. After inactivation was completed, inactivated lot
material was held at 2-7°C for up to sixty days prior to concentration. A number of suitable
adjuvants may be added to the vaccine formulation, most preferably a non-metabolizable oil,
preferably mineral oil, and/or a carbomer. Typical processing steps rnay be employed such as
mixing, blending, microfluidization, and emulsification, of the adjuvant and/or the harvested
virus antigens with other ingredients.

The product was then standardized. Sufficient volumes of clarified, inactivated,
concentrated (optional) lots were combined to provide a calculated titer of at least 10 TCIDsg
per dose of each strain in the final product. Maultiple lots may be blended to achieve the titer
requirements pet dose.

The product was then assembled to final formulation. Based on the desired final serial
volume, the amounts of antigenic components, adjuvant, stabilizer and diluent were calculated as
follows:

. West Nile Virus, Horse Origin 2005 (ATCC No.PTA-9409): minimum
10" TCIDso/dose



40.200.0550.250.156 0.450.257 0.450.358 0.50 0.10 9 0.45 0.15 10 0.25 0.00 11 0.35 0.10 12
0.300.1013 0.150.00 14

WO 2010/025469 PCT/US2009/655564

b. Adjuvant: The total adjuvant concentration, preferably a non
metabolizable oil, and more preferably mineral oil and/or a carbomer, in a
serial is at least 10% v/v and is added at time of serial batching/assembly.

c. Diluent: An appropriate volume of phosphate buffered saline (PBS) is
added to bring the final volume to the desired volume.

d. Additional Formalin: An appropriate volume of 37% Formalin is added to
mnaintain an appropriate level.

e. Gentamicin Suifate

The required amounts of adjuvant and PBS were combined in a sterile vessel. The pH of
this mixture was adjusted to approximately 4.9-5.1 with 10N NaQH or SN HCI if necessary.
Clanfied, killed, concéntrated West Nile Virus, as well as Gentamicin, and Formalin were added
and the pH adjusted to 6.9 to 7.1. This was mixed at 2-6°C for at least 8 hours, not to exceed 48
hours.

The vaccine was given by typical hypodermic injection, with booster vaccinations if
desired. Most preferably, the initial dose and the booster doses were ImL volume administered
intramuscularly at 21-day intervals. The vaccination regimen of initial and booster dose was
given at the most preferred 1ml dose volume to horses, other equidae, and other WNV
susceptibie species to reduce the incidence of and or severity of clinical signs of WNV infection,
and preferably to prevent infection by WINV as well as to prevent disease due to West Nile Virus

infection for a sustained period following vaceination.

Resuits and Discussion

The vaccine was given by various appropriate parenteral routes, dose volumes, and
dosing regimens to animals of varying immunological status for WNV, including naive and those
with passive antibody, and provided for long duration of immunity up fo and exceeding at least 2
years following vaccination. The vaccine was safe for administration in WNV susceptible
species, particularly equidac, at any age and at any stage of reproduction, including pregnant

females.
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0.05 0.00 WHITE BLOOD CELL COUNTS The vaccination group by day interaction was
statistically significant for WBC counts (P < 0.05, Table ). Statistically significant group effects were
seen on Dag2@ne34aest-challenge. Horses in the vaccinated group hagdigheni/BEsepunts than
those in the control WO 20101025469PCOUS2009/055564 group, indicating the vaccine prevented
the horses from suffering the leucopenia caused by infection with EHV 1 (P < 0.05). TABLE 17: Mean
WBC counts (N = 20 horses per group) Days post-challenge Control Vaccinated P-value' 14.0413
14.4881:£,@0531 210.7963 14.1287 0.0001 3 11.1263 14.0687 0.0008 4 11.5013 131037 0.0667 5

10.741 ) . . . . .
This investigation was carried out to obtain an efficacy evaluation of a vaccine to protect

horses from challenge with West Nile Virus (WNV).

Materials and Methods

A total of 30 horses were randomly divided into groups of 15 horses each. A total of 20
horses received 2 doses of vaccine at 21-day intervals and 10 horses were used for control. Each
group of horses, Block 1 and Block 2, contained 10 vaccinated horses and 5 control horses. The
vaccine was a combination including WNV antigen, specifically an inactivated or killed North
American Dominant Strain of WNV, Horse Origin 2005 (ATCC Deposit No. PTA-9409) as well
as antigenic components of Venezuelan Equine Encephalomyelitis, TC-83 strain (ATCC Deposit
No. PTA-9411) Eastern Equine Encephalomyelitis, NJO strain (ATCC Deposit No.PTA-9412)
Western Equine Encephalomyelitis, Fleming strain (ATCC Deposit No. PTA-9410) and Tetanus

toxoid formulated approximately as follows:

Eastern Equine Encephalomyelitis 1047107 TCIDse/mL
Western Equine Encephalomyelitis 10%7°10°2 PFU/mL
Venezuelan Equine Encephalomyelitis 10%7-107* TCIDsp/mL
West Nile Virus 107 -10° TCIDsp/mL
Tetanus Toxoid 5-10 CPU/ML
Adjuvant 160-200 pul/mL
Diluent — DMEM contaiming q.8.

Gentamycin (30 png/mL of diluent volume)

Formaldehyde (0.1% of diluent volume)

All groups were challenged with intrathecal inoculation of 1 ml PBS containing
approximately10® pfu of a heterologous strain of WNV (NY99, 4132, crow isolate). The
challenge was conducted under ketamine-xylazine anesthesia.

Horses were monitored for a maximum of 14 days, then humanely euthanized. Those
that developed severe disease prior to 14 days were euthanized prematurely.

The following data were collected to assess the effectiveness of the vaceine:

® Basic clinical evaluation

s Body temperature
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11.1987 0.6001 6 9.1063 9.4187 0.7203 7 10.1563 9.9037 0.7721 8 10.7813 10.6037 0.8386 9
11.1813 12.0737 0.3065 10 11.9713 12.4187 0.6081 11 12.6713 13.2137 0.5341 12 13.2913 13.5637

0.7549 13 w0 2010/025469 PCT/US2009/655564
e Assay for viremia
. Histopathology: two sections of brainstern were evaluated by a board-

certified veterinary pathologist.

Sera collected on appropriate days were cvaluated for characterization of serologic

responses to challenge.

Results and Discussion

Viremia after challenge and serum neutralization titers were considered the primary
outcome variables in this study. The first block of horses that had been vaccinated were 100%
protected from viremia after challenge in this study. In comparison, 4 of the 5 control horses
demonstrated viremia for 4-5 days post-challenge and 1 of 5 control horses demonstrated viremia
for 1 timepoint. In addition, serum neutralization titers of vaccinated horses were statistically
significantly higher than those of control horses at cach time point examined after vaccination.
Furthermore, the data estabiish that a WNV vaccine that provides a serum neutralization titer of
1:4 or higher is effective in preventing WNV viremia. The serum titers and viremia after

challenge for Block 1 is summarized in Table 1 below:

TABLE 1: Serum Tiers and Viremia for Block 1

Serum Titer Viremia After Challenge
Horge Number Treatment Day of Challenge Highest Titer
1 - Control <2 ' 390
2 Vaceinate 12 <5
3 Vaccinate 12 <3
4 Control <2 65
5 Control <2 1475
6 Vaccinate 6 ' <3
7 Vaccinate 97 <5
8 Vaceinate 10 <5
9 Vaccinate 21 <5
10 Vaccinate 35 <5
1 Vaccinate 10 <5
12 Vaccinate 24 <3
13 Vaccinate 4 <5
4 Control <2 235
15 Control <2 165
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14.7063 14.1737 0.5415 14 15.8463 14.4587 0.1121 | P-values from the ANOVA SEROLOGICAL
STUDIES Titers were log transformed prior to the statistical analysis. The vaccination group by day
interaction wasmtatigtieally significant for SN titers (P < 0.05). Statisticallymignificesstogeesp effects
were seen on Days 35 (the day of challenge) and 7 and 14 days post-challenge (study days 42 and
49). Horses in the vaccinated group had higher titers than those in the control group (P <0.05). TABLE
18: Geometric mean - serum neutralization titers (N = 20 horses per group) Study day Control

Vaccinated P-yglugik Q12981 Re38¢ Hhd0mndlndutA0 AiRAH13] 6832 da plighaliene gy 3480 6,863

0.0006 42 3.519 , -
outcome variables in the second block of horses in this study. In the second block of horses only

one vaccinate group horse displayed any timepoints of viremia throughout the challenge period.
That horse had 3 separate timepoints on 3 mornings (not those same evenings) with minimal
value readings of 5 {where <5 is negative). All control horses in the study (with the exception of
one horse which exited the study prematurely but displayed definitive WNV histopathology and
was excluded from cvaluation) showed high levels of viremia for 1-8 timepoints after chalienge.

Since viremia is a prerequisite before virus can cross the blood-brain barrier to cause
WNV encephalitis, viremia is well justified as the primary parameter for evaluation of protection
in an experimental study of this type.

This study demonstrated that 2 doses of the experimental combination vaccine
administered to foals 4 to 5 months of age reliably and effectively stimulated protective
serological serum neutralization titers. In addition the data confirm that post vaccination SN
titers as low as 1:4 resulting from vaccination using an effectively batched antigen amount of
West Nile Virus in this experimental combination vaccine protected vaccinated horses from
viremia, clinical disease, and histopathology after a severe. intrathecal challenge with a
heterologous strain of West Nile Virus.

Histopathology also was different between the two groups with the likelihood of lesions
in vaccinates being 40% less in Block 2 and 100% less in Block 1 than the likelihood of lesions
in control animals challenged with virulent West Nile virus.

In addition a Control Group horse became weak on his hind legs on Day 9 post-chalienge
and got progressively worse until he was no longer able to stand. Histopathology of the pons and
medulla from this horse showed severe encephalitis and myelitis consistent with WNV pathology
that was more prevalent than signs of disease from any other horse in this study.

Two Block 2 control horses in this study displayed 3 days cach of clinical signs relating
to infection with West Nile Virus. One other control horse had a single timepoint of weakness
due to disease. Another control horse did not display any timepoints of clinical signs, although it
had multiple days of viremia. Although several vaccinated Block 2 horses in the study had mmld
to moderate histopathological changes in tissue as a result of the intrathecal challenge of WNV,

only very mild clinical disease (mild head tremors) was noted for one vaccinate on one day of
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19.252 <0.0001 49 33.153 187.417 <0.0001 WO 2010/025469PCT/US2009/055564 P-values
from the ANOVA. Scrum neutralization titers were log (natural) transformed prior to the statistical
analysis. Regultsandsiiscussion Respiratory disease caused by equipehespasviksssiype 1 is
usually an epidemic disease of nave weanling and yearling horses that occurs in the first year of life,
usually in the fall and winter months. Signs of acute infection include fever up to 106F, viremia and
leucopenia and/or neutropenia. Nasal discharge is usually evident during febrile periods of this first
exposurg. Nadyral iiastinn Ry HYL doRstirestitifRar manssideImunlty pifhe respigjasy tract.
Indeed, horses may be re-infected naturally every 3 to 6 months throughout life. After the first
experiefEasHd RV ishiEdiftaErbAYE.ults in production of virus, but usually without clinical signs of

disease, resulting isGRENRLRMHaIst Rl ARt 38 oAt FEsQIVeIER Pihe N iHSnunogEhR @SHHRG:
herpesvirus-1 multi-component vaccine described in this report has been shown tg be efficacious in

reducinty tREYES Rt HTARTLELTSTE, ARIREFSyth BtorRCaRa vitds ShedtirFfoth hasdiceiidate of
horses chaltengedadiin atvirelentpsterolegatiostiainal Eodiamidergesiiiuttypect. Raduation in
shedding of virus from the respi y royte is important epi jologically due to this being the natural
route of%‘)l(%%ézﬁr%of]o Raive Shimals'as %glﬁé% fBFgr‘éQ’?ﬁlP&tiBﬁ o$ ﬁe‘rd 5‘%’% ﬁ%f’ﬁcﬁ?oggg%(pa&?encing a
natural hifectidrelébwas also brsafevdccinenyith n@ackisrsehieaciians; eithemsystednicfondttbe site of
vaccine administration, gbserved following vaccing use in the, study horses. In this.stu

o S T R B b B0 R it
nasal dischadges scdrescatdzonidnetiitb. Stistichiyfsigrificahigrvumeffectswerk sepmingthe
vacenah AOUIINIAPAICNOR AN DM AP AN O rllRONAlRINaR. Blopefiects for
conjunctivitis were also statistically significant on Days 5 and™6 a% 9-14 \%Ith lower scores In the
vaccinatéhgYoupl{r4dioB) trhissussighificaneeipitbertol g lvatydoe czissehwEhpusiveisasis delicate and
does NQlRUA(YEIN {H&Qﬂﬂéﬁo@l@&ﬂéﬁ%@}{ﬂg%ﬁ&ﬁ@ﬁ%‘i}dﬁiﬁﬁmﬂq{‘ﬁi@Eﬁ%ﬁ@%ﬁg%@fﬁ@ease
through nasal secretions containing virulent EHV-1 virus (Campbeéll and Studded, 1983).

Importathtffe aRetHEr PR ALtk 0ARRIES in this study, virus shedding in nasal exudates, showed
a main effect of vaccination as statistically significant (P<0.05). Horses in the WO
2010/025469REY/US2009/055564 vaccinated group also had statistically fewer days of virus shedding
than those in I.Phe control rowl) P<O.(&§ ofE Serupltgeutralization.titers wer .statiffttiﬁallé/ si%{nficam
after vaccinationl‘célr?fﬁatlﬁllpoug1 out e cha erllcgaé:}bé)rio S VEEEIRETEY VETSES Lt noFs rsef 50.05).
Humorahimrmom ity infacosabaritibgeies may be important in determining whether an EIIV-1
infection becomes a productive or limited infection event (Kidd, Smith, Hannant, et. al, 1994). Example
6 ThisiexaivrlaiNestiaigs the efficacy and 6 month duration of immunity of an immunogenic
composition of the present invention when challenged with West Nile Virus. Materials and Methods

The WNV viral 8l $isédih BREVactinereis 8 ¢85 thT§straswaspiodided dAseecells as

describaghdofaapiadd Adtetal @fvhadnansas waie JrpeRm b divideshiniaHrer pen SRR Oatag IR control
group of 5 horses. The vaccinated ?roup of 10 horses received 2 doses of vaccine at 21-da%{ intervals

cells. OFFEgRiidtioh GPEATIRYA doh USRI Ve taEnt e Thiseqiel YRaeAtigs e then used

to formylatgranaceneonhichealsa coptaiRaddnreivated ¥ epezuelan gvina Eosephalamyglitis, TC-83
strain (ATCC Accession No, PTA-9411), Eastern Equine Encephalomyelitis, NJO strain (ATCC
AccessionNBIEBTRION IR iWRdhn EYRhCHAEBRAbRYSitisEERtRY L&rdnicgiivrc Wcession
No.PTA-Q4#Q)wisdses, dnasiivatachiaflvuenze Ateciiner2 fsepiiaky@ndnEais: Accession No.

PTA-9523), influenza A/equineZ2/NewMarket/2/93 (ATCC Accession No. PTA-9524) and influenza
equine- 20N (h RS AS P D) o oGBS WRCCRIG Virus (ATCG
Accession NoESA09) Rifid -g1afius toxoid. Vaccine was formulated ta ghifiu@irspesifications for all
antigens inclu inth uct.. The.fin [thulated vaccine contajps:; ing ingredients per 1 mL
dose: EHV-11%%%EB@1%2{335%?%6§ I@%J%r%g%ZIOhio/OSlOG'716'6 T D507r§¥$ri’ﬂ/]11}le%nza

A2/KY/95106 A1 86T BKKMXU@Tze %2MNewMarket/2/931067-95 METHEDEHD:Fethnus Toxoid5-10
CPU Eastern E}%&%gﬂgﬁgr%@g%gﬁgﬁ%%%% é)%%ﬁlDSO/mL WO@Q&LW%&I%ET/U52009/055564

Western Equine Encephalo
Tetanus Toxoid 5-10 CPU

Eastern Equine Encephalomyelitis, (ATCC Deposit No. PTA-9412)10°7%? TCIDsy/mL
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Venezuelan Equine Encephalomyelitis1063-9a TCED50/triL West Nile Virus107-0-90 TC1D50/mL
Adjuvant (preferably mineral 0il)100-200 ul Glycerol100-200 ul EDTA 240 mM solution10-20 pl Diluent
- DMEM cownteimingopsss@entamicin (30 ug/mL of diluent volume) Formaldetyes A@daés2%0 of diluent
volume) Fifteen horses were used in this study. Horses were randomly assigned to either
vaccinate or control groups and then vaccinated. Ten horses served as vaccinates and five horses
were mock-vaccinated control horses. The vaccine was administered intramuscularly in a 1 mL
dose volume t@geagh of thechalsghibineuascinate QaRskach pontel received g 4hL dose of
adjuvanted DMEM containing excipients used in the 9-way vaccine (gentamycin and formaldehyde)
but no antiger]r)sF.U/m]AII groups were challenged approximately 6 months following vaccination with
intrathecal inopwiation &f AqmhP BR ssiidiningapprorduaeioifNpfirohadaetgrolpgious strain of WNV
(NY99, 4132, grow isolate). The challenge was conducted under ketamine-xylazine anesthesia.
Horses were m i 5é/ r a maximum of 14 days. Results and Discussion Viremia after challenge
was considereridheNpigans dateantesariais inthicchigysEeohprses s had bEér Vaccinated were
90% protecteqﬂgﬁgnrmyir mia after challenge in this study. In comparison, all of the 5 control horses
demonstrated virentia Tor 3-5 days post-challenge. In addition, serum neutralization titers of
vaccinated hossgewagre significantly higher than those of control har@eg&Efter vaccination. All the
vaccinated horses developed measurable serum neutralization titer, éog ing vaccination, whereas
none of the co 8‘?§(%isplayed any titer to WNV. This study demonéf? t @d:ﬁ t 2 doses of the
experimental ¢gybination vagginpkeliably and effectively stimulatedgerotgrtive serological serum
neutralization titers. WQ 2010/025469PCI/US2009/055564 Since viremia is a prerequisite before
virus can crosStHEMIobAAE T BLRHERE0 cause WNV encephalitis, Yitemia is well justified as the

primary parangpigifeiBvalvaianobpatestieniiman experimental study of this type. The results
demonstrated_that an immunogenic reaction is induced in the animals that were administered the

vaccine, and tRAPAEIREG A 1s%eHa GVEILEBRIIHG protection for at least 6 months following
vaccination. The effectiveness of the vaccine was evidenced in this example by reduction in WNV
vircmia and by'stifxetiorenthighcstremas edtradization ttessits by, Becdusé thisevedeine fs
comprised of unjque constituents including a ting non-met ' JUV. is formulated in
a low Imt ggg%/%ﬂrsﬁ & 10 E)IFOW %1121& eigﬁ."g‘ég rélr%%‘%%s%a%?f/eég%qﬁg%?& ?é%%%gﬁlé&n?%%ﬁpiaég%ge whole
inact?vaie&tvtrﬂsﬁmwtsdlm%d@% oltfin aﬂ@ﬁlghgesmmtﬁgi@aﬁpr@v&@nwed N@AHIEmerican
DOW”Q’?@WQM&@%’ ARG AJMNYeiselated itomdhe tl%@%@%@@%&ﬁ harsgnifRrovigiesymore

S

comprehensive safety and long lasting effectiveness of at least 6 months duration than other vaccines

currenthRafasteaip dmonanpeeraethe dreepetfierstihgracssfdofaccine when administered to

animals, and ipRAGEHR IR HRERISFX BRI Horses WRISBXAENRIA Hustratesithe affigacyrofone
embodiment of the immunogenic composition of the present invention including encephalomyelitis

antigen@ Rt P stanticbisia dht dintaniBrdrags Xisusmemsdscientio srayke s A6 2SH animal

immunizatiendseralodyonerr evalimiedte demonstrate efficacy of encephalomyelitis antigens and the
tetanus toxoid antigen fraction in an Enceﬁpaa,l myelitiség{hinopn umonitis-Influenza-West Nile Virus

Vaccine, inclutity BERstEimieee iy SN U dlar EHEE HAO NIRRT Sl KBSV AT ENE Y8 tanus
Toxoid.ifthe-efficaeyranddadiontintiesfere ohel lofige quinalesgepbaits. yitu sof dccinescaid, tatacius toxoid
fractions can be unequivgcally demon traﬁg?b laboratary. animal pot testing of the combination
vaccin .‘%ng%ar?s%ggﬂo% éiff%rg% o‘é’il(tz%lﬁrlé?spons'g gﬁ%‘%ﬁ%ﬁ\?@éﬁ%ﬂgﬁ gﬁ%rcs?leag?s%ﬁs\g%sd%%%ive of
vaccineximdoidiefficacyakiesice, d3oth laty@ninpab patedh dyy anchHodizanimal serdlogpevéraaldeskin this
study tq.confirm the efficac ft% imental.yaccine. The vaccine was also evaluated for safety in
animalgﬁ\r%?ﬁ |nge§8ras[e%%l\};\?%o ?1%%&2@&%%882009/055564 Horses 4-5 months of age, from
non-vaccinateBaiaresmisgerveietitampdreritteanvefticgeyrdedidbofoat\o CdmbiTatiesr atsinendontaining
nactASRERSAUCION BANDESRRDAMMEY S HEYS b6 BRBUAIR (9 A SHoPRANMNAY,
PTA-9411) Eastern Equin€ Encephalomyelitis Virus, J8 strain (ATCC Accession No.PTA-9412)
Westerhleifiginie BacapmatentGeitidigruenimeninky stFamdeaT cetaldeBs i s Worasganiwest Nile
Virus (Vgé%}/{g@sl-gg@gn@gj in2005 (ATCC Accession No. PTA-9409) Equine Herpesvints Type 1 (ATCC
Accession No. PTA-9525) (EHV-1), Influenza A/equine-2/0Ohio/03 (ATCC Accession No. PTA-9522),
Influenza A/equinc-2/Kentucky/95 (ATCC Accession No. PTA-9523), Influenza
Alequine-2/NewMarket/2/93 (ATCC Accession No. PTA-9524) and Tetanus Toxoid. Horses were
vaccinated on Day 0 and Day 21 of the study. Blood samples were collected at Day 0, Day 21 and Day
35. Day 0 and Day 35 serological results are rgported herein. In addition, the same WNV
combination vaccine used to vaccinate horses was tested for potency in guinea pigs. Data presented
in this report collectively and definitively establish the efficacy of each antigen tested (EEE, VEE,
WEE, tetanus) in this study and also confirm the safety of a WNV combination vaccine, Bulk lots of
EEE, WEE, and VEE viruses and tetanus toxoid were produced. Following growth, viral fluids were

filtered, formalin inactivated, and concentrated. The inactivated viral fluids were tested for residual live
vvirtie aftar inactivvatinn Inactivvated vviral and tovoid flinnde deceribhed ahove ware 1iced tn formiilate a



EHV-1107" TCID50/mL Influenza A2/0Ohio/031063.9-5 TCID50/mL Influenza A2/KY/951063195
TCID50/mL Influenza A2/NewMarket/2/931063-9.5 TOD50/mE Tetanus Toxoid5-10 CPU Eastern
Equine Encephalamyalitis1067192 TCID50/mL Western Equine Encephatamysiitisd®6'%192 PFU/mL
WO 2010/025469PCT/US2009/055564 Venezuelan Equine Encephalomyelitis1063-92 TCID50/mL
West Nile Virus103--9 TC1D50/mL Adjuvant (preferably mineral 0il)200-200 ul Glycerol100-200 ,ut
EDTA 240 mM solution10-20 ul Diluent - DMEM containingg.s. Gentamicin (30 ,ug/mL of diluent

volumegHRfpiatdenyde dhlc:Roahdient volume) Forty horses, four to 5 months of age, were
used in this study. Horses remained with their dams on pasture throughout the vaccinatign period and

were weaned HERUhRIPULFEWEH e WeaRGBRKLEM0E RERssoBite CRFHSLEN D8re
assigneskto Aithecane:efdhadvig: trealne pb gronpe fap daadyasihewwearaivacoRateeiimmuscularly
(IM) with a 1,0 ml dose. The primary immunization was followed three weeks later by a 1.0 ml IM
boostef‘@fc@lﬁgﬂa}?@%@ﬂgfﬁg%‘& received vaccine. Twenty horses received placebo. Guinea pigs
were also vaccinated with the same combination WNV vaccine. Horses were vaccinated and serum
samples s8idcteduidingEiaidoRdwidd(Bshedule: TABLE 19: Vaccination and Serum SamplinQ
Schedule Day,gf Teat el isalaabRIsACHRAIARAIA0d A Ale R IBRYRAERAANGL Collect

blood and give booster vaccination 35 Collect blood for final serology Guinea pigs were

vaccindtedznBaeet fhebitaeteend g théesemedutbdigtite dhpposd PrRosaas 209 dyaricfrach4(c.).

Sera fropyhosses e this studyers tested (llowing ensral guidelings Tihe aasaw was maslified to
detennine titers b testln%éat 1:2 and 1:10 dilutions for Day 0 samples and at 1:10 and 1:40 dilutions

for the SeiEBkipENBbbSIRY serum samples. Sera were tested for EEE, WEE and VEE antibody and
were tested forpkelanustoxaid2otilottough 6 were assigned on the basis of the severity of the

disease indicated by each of the following classifications:

TABLE 2: Scores for Clinical Symptoms

Score Description of symptoms Score sheet
designation
{ Essentially normal indicates the horse was clean and essentially EN
free of nasal exudate
t Slight clear serous discharge that may be frequently observed in C-1
both discased and normal horses
2 | Moderate clear serous discharge is indicative of a definite C-2
increase in volume over that normally observed
3 Copious clear serous discharge that is generally observed only in C-3
diseased horses
1.5 | Very slight mucopurulent discharge indicates that mucus was VSM
definitely present in small amounts in either one or both nostrils
2 Slightly mucopurulent is a discharge casily observed in one or SM
both nostrils
4 Moderately mucopurulent indicates that mucoid discharges were MM
present in large quantities in both nostrils
6 | Heavy mucopurulent indicates that copious amounts of a mucoid HM
discharge filled both nostrils

NASOPHARYNGEAL VIRAL ISOLATION METHGDS
On each observation test day cach nasal passage of cach vaccinated and control was
sampled deeply by means of sterile swabs. On collection, each of two swabs were immediately

placed in a single tube containing 4 mL of chilled transport medium (Dulbecco’s Mimimal
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WO 2010/025469PCT/US2009/055564 Results and Discussion Horse Serological Evaluation for EEE,
WEE and VEE At Day 0 of the Study, not all foals were sero-negative to encephalomyelitis viruses.
Five of the vagainaieddaals had significant (>1:10) residual maternal antilrodytsr@EEsdeus. In
addition, two of the vaccinated foals had residual maternal antibody (>1:10) to WEE virus. Despite
existing and potentially interfering passively acquired, maternal antibody at the time of administration
of the first dose of the WNV combination vaccine, titers for all three fractions increased substantially

(>4 fold=in 804 Ridarsegiesied E@Eﬁ&kelﬁéé@&@lﬂmmgj hrregs/tesied foOW RN and fold in

100% of horses tested for VEE) following vaccination, yet remained negative or low for the
non-vadetidRiarie & individual foal data are presented below. EEE, WEE and VEE Equine

Serological Titeys [{ARld 30 RlaguaReductiendNeusalization, Tik atiepddarge-dRokest AsticieeDay 0

=EE D%/egi?ng %)énotﬂvﬁligeEd Eg,ta )fS?())% \INpglEf(I):])fa% an\llIEltEegD %yrgg}(}{flez%aﬁgu Etcs‘ Medium was filtered
through a 0.2y syringe filter prior to inoculation on tissue culture cells. One mL of the clarified
transport medium was used to inoculate a 2 cm® one day old monolayer of ED cells grown in a
24 well tissue culture plate from which the growth medium had been aseptically removed.
Following inoculation, the inoculum was allowed to adsorb on the cell monolayer for one hour at
37° C in a humidified incubator containing a 5% CO, atmosphere. After the adsorption period,
an additional 1 mL of re-feed medium (DMEM containing 2-5% fetal bovine serum (FBS), 2mM
L-glutamine and 3X Gentamicin and 2X Amphotericin B) was added to each well. Following
addition of re-feed media the plates were then incubated at 37° C in a CO; incubator. Each test
and control tissue culture well was examined microscopically for 7 days for signs of cytopathic
effect (CPE) typical of the EHV -4 challenge virus. Wells that were negative at the end of the 7

day observation period were subcultured onto fresh cells and observed for an additional 7 days.

SERUM NEUTRALIZATION TESTING PROCEDURE

A standard microtiter serum neutralization test was employed in this study. All sera were
tested in sterile flat bottom microtiter plates using 5 wells per dilution and an 8 well dilution
series for each of thé 5 test wells, Each of the 5 test wells contained 25 pl of serum dilution
mixed with 25 ul of the indicator virus and 150 ul of a freshly planted ED cell suspension
containing approximately 5 X 10" cells. The test indicator virus used was EHV-4 HRA00S Lot
033106 SN Stock Virus. In all tests the indicator virus back titration titers ranged between 68-
149 TCIDsp/25 ul. Serum neutralizing antibody titers are expressed as Reed-Muench IDsp titers.

For performance of the test, two-fold dilutions of each test serum was made in a sterile
flat bottom microftiter plate using five replicate wells per test serum and an § well dilution series.
Dilutions were made with an adjustable volume single or multi-channel pipetting instrument
using sterile microtiter tips. The volume of serum added each of 5 welis of the first row was 50
ul.  All other wells contained 25 pl of DMEM (no FBS). Following serial dilution down the
plate, 25 1l was discarded from the last row, 25 pl of a pre-determined dilution of the indicator

virus was added to each test well. Plates were then mixed and incubated for one hour at 37°C in
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5% CO;. On conclusion of the incubation period, 150 pl of a suspension containing 5 x 10* ED
cells was added to each test and cell control well. The plates were incubated at 37° C in a CO,
incubator for 5-7 days, at which time plates were microscopically examined for CPE typical of
EHV-4. However, any other commercial available test or any test described in the prior art could

be used for this purpose.
Results and Conclusion

NASAL EXUDATE EVALUATION

The vaccination group by day interaction was statistically significant for the nasal
discharge scores (P < 0,05, Table 1). Statistically significant group effects were seen on Days 6
— 10 and Day 14 post-challenge (lower nasal scores in the vaccinated group).

When the daily scores were summed over the post-challenge period, horses in the
vaccinated group had lower total scores than those in the control group (P < 0.05, Table 1). The

mitigated fraction was estimated to be 0.824 (95% ASE CI: 0.629, 1.000).

TABLE 3: Nasal Discharge Score

Control | Vaccinate | P-value Mitigated fraction
{95% ASE CI)
Cumulative nasal discharge score 28.9 13.6 < 0.0001 | 0.824 (6.629, 1.000)

CONJUNCTIVITIS
The wvaccination group by day interaction was statistically significant for the
conjunctivitis scores, Statistically significant group effects were seen on Days 6, 7, 9, 10, 13 and

14 post-challenge (lower scores in the vaccinated group on 5 of the 6 days, P < 0.05, Figure 2).

SEROLOGICAL STUDIES

Titers were log transformed prior to the statistical analysis, The vaccination group by
day interaction was statistically significant for SN titers. Statistically significant group effects
were seen on Day 0 (pre-vaccination; control group titers > vaccinated group titers), Days 35 (the
day of challenge) and 7 and 14 days post-challenge (study days 42 and 49)'. Horses in the
vaccinated group had higher titers on Days 35, 42 and 49 than those in the control group (P <
0.05, Table 4).
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TABLE 4: Titers

Study day Control Vaccinated P-value

0 831 53.74 0.0303

21 8.25 6.51 0.1639

35 (day of challenge) 6.12 8.56 0.0495

42 4.57 7.27 0.0069
49 4.87 13.12 < 0.0661

WHITE BLOOD CELL COUNTS (WBC) AND LYMPHOCYTE COUNTS

The vaccination group by day interaction was statistically significant for WBC and
lymphocyte counts. Statistically significant group effects were seen on Days 4 — 6 (WBC) and
Days 4 and 5 (lymphocytes) post-challenge. Horses in the vaccinated group were protected from
leucopenia due to EHV4 disease and had higher WBC and lymphocyte counts than those in the
control group (P < 0.05).

DISCUSSION AND CONCLUSIONS

In this study, moderate and adequate clinical signs of EHV-4 infection were seen after
chailenge. Significantly fewer clinical signs of nasal exudate were seen in vaccinated horses on
Days 6-10 and Day 14 post-challenge. Conjunctivitis scores were significantly lower in
vaccinated horses on Days 7, 9, 10, 13, and 14 post-challenge. Despite the adequate display of
clinical signs following challenge, virus shedding in nasal swab samples was infrequent
following this EHV-4 challenge. Nasal swabs were examined by virus isolation in cell culture.

Significant group effects for WBCs and lymphocytes were seen on Days 4-6 (WBC) and
Days 4-5 (lymphocytes) with vaccinated animals showing higher WBC and lymphocyte counts
than control horses. These values establish that control horses did succumb fo the
immunosuppression brought on by infection with Herpesvirus, and also demonstrate that
vaccination with a cross-protective strain of EHV-1 allowed vaccinated horses to be more
refractive to the immunosuppressive properties of Herpesvirus infection. Additionally, horses in
the vaccinated group had higher serum neutralization titers on Days 35, 42 and 49 than those in
the control group

Data from this study confirm that horses vaccinated with a multi-component vaccine
containing EHV-1 demonstrate cross-protective immunity when challenged with a heterologous

EHV-4 challenge organism.
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Example 4
This example is to illustrate the efficacy of the combination vaccine of the present

invention as well as duration of immunity.

Materials and Methods

The influenza viral antigen used in the vaccine evaluated in this study was produced on
Madin Darby Canine Kidney (MDCK) cells. Following growth, viral fluids were filtered,
formalin inactivated, and concentrated. The inactivated viral fluids were tested for residual live
virus after inactivation. On completion of satisfactory residual live virus testing the inactivated
viral fluids were then used to formulate a vaccine which also contained inactivated Venezuelan,
TC-83 strain (ATCC Accession No. PTA-9411), Eastern, NJO strain (ATCC Accession
No.PTA-9412), and Western, Fleming strain (ATCC Accession No.PTA-9410), equine
encephalomyelitis viruses, inactivated EHV-1 (ATCC Accession No. PTA-9525), inactivated
influenza A/equine-2/Kentucky/95 (ATCC Accession No. PTA-9523) and influenza A/equine-
2/NewMarket/2/93 (ATCC Accession No. PTA-9524) viruses, inactivated West Nile Virus,
Horse Origin 2005 (ATCC Accession No. PTA-9409), and tetanus toxoid.

Vaccine was formulated to appropriate specifications for all antigens included in the
product. Influenza A/equi-2/0Ohio/03 (ATCC Accession No. PTA-9522) antigen was added to
the vaccine at a pre-inactivation titer of 10%7 TCIDsy/mL.

The final formulated vaccine contains the following ingredients per 1 mL dose:

EHV-1 10772 TCIDso/mL
Influenza A2/Ohio/03 1097 TCIDs/mL
Influenza A2/KY/95 1097 TCIDse/mL
Influenza A2/NewMarket/2/93 105792 TCIDso/mL
Tetanus Toxoid 5-10 CPU

Eastern Equine Encephalomyelitis 10972 TCIDsp/mL
Western Equine Encephalomyelitis 10°7°2 PFU/mL
Venezuelan Equine Encephalomyelitis 1047%2 TCIDsy/mL
West Nile Virus 10" TCIDse/mL
Adjuvant (preferably mineral oil) 100-200 ul
Glycerol 100-200 ul
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EDTA 240 mM solution 10-20 w
Diluent —- DMEM containing q.5.

Gentamicin (30 pg/mL of diluent volume)
Formaldehyde (0.1-0.2% of diluent volume)

Twenty-six (26) horses, 4-5 months of age, were used in this study. Fifteen horses served
as vaccmates and eleven horses were mock-vaccinated control horses.

Vaccine was administered intramuscularly in a 1 mL dose volume to each of 15 horses in
the vaccinate group. Eleven horses in the control group received & 1 mL dose of adjuvanted
DMEM (Lot 004) containing excipients used in the 9-way vaccine (Gentamicin and
formaldehyde) but no antigens. Challenge mnoculation of virulent influenza A/equi-2/Ohio/03
strain virus was performed 4 months post-booster vaccination.

Serum samples for serological evaluation were collected from the vaccinated and control
horses prior to initial vaccination, at 21 days post first dose vaccination (day of booster
vaccination), on thé day of challenge, and at 7 and 14 days post challenge. Body temperature,
whole blood samples, and nasal swabs were obtained from each horse on the day of challenge,
and daily throughout the 10 day post-challenge observation period for a total of 11 observation
days. Clinical data was also recorded daily for each horse for the 11-day observation period.
Chaﬂénge

The challenge virus seed of Influenza A/equi-2/Ohio/03 was produced in eggs. Challenge
virus was diluted on the morning of challenge 1:20 with tissue culture media to affect a titer
sufficient to cause clinical influenza in the non-vaccinated challenged horses.

Sedivet® (romifidine hydrochloride), a sedative and analgesic, was administered
intravenously to each horse prior to challenge at a dosage of 50ug/kg of body weight. Each
horse was then challenged with influenza A/equi-2/Ohio/03 virus. The challenge virus was
administered intranasally as an acrosol produced by a nebulizer into an Equine AcroMask
(Trudell Medical International, Ontario, Canada) by the following method:

Four milliliters of challenge virus were placed into the nebulizer cup in the AeroMask
device. A pressure hose was fitted from an air compressor to the inlet port of the nebulizer. The
outiet tube was then inserted into the AeroMask attached to the head of the horse being

challenged and air pressure was applied to the inlet port. During this time approximately two
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milliliters of challenge virus fluid was acrosolized directly into the nostrils of the horse being

challenged.

_TEMPERATURE

Daily tectal temperatures were recorded for each of the 26 vaccinated and control horses
on Day of Challenge and for 10 days post challenge by means of a calibrated, electronic
thermometer (GSA Electronics) probe. The daily rectal temperatures were recorded in degrees

Fahrenheit (°F).

WHITE BLOOD CELL COUNTS

Venous blood from each of the 26 vaccinated and control horses was collected daily on
the Day of Challenge and for 10 days post-challenge directly into a vacutainer Disodium EDTA
tube for WBC counts.

NASAL EXUDATE EVALUATION

All nasal exudate observations were made prior to collection of nasopharyngeal swabs.
On. the Day of Challenge and for 10 days post challenge, the nasal passages and muzzle of each
of the 26 vaccinated and control horses were examined and graded using the grading and scoring
description listed below.

The scoring grades of 0 through 6 were assigned on the basis of the severity of the

disease indicated by each of the following classification:

Table 5: Scoring Grades

Score Description of symptoms Score sheet
desigpation
0 Essentially normal indicates the horse was clean and EN
essentially free of nasal exudate
I Slight clear serous discharge that may be frequently C-1
observed in both diseased and normal horses
2 | Moderate clear serous discharge is indicative of a definite C-2
increase in volume over that normally observed
3 Copious clear serous discharge that is generally observed C-3
only in diseased horses
L5 | Very slight mucopurulent discharge indicates that mucus VSM
was definitely present in small amounts in either one or
| both nostrils
2 Stightly mucopurulent is a discharge castly observed in one SM
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Scere Description of symptoms -1 Score sheet
designation
or both nostrils
4 Moderately mucopurulent indicates that mucoid discharges MM
were present in large guantities in both nostrils
6 Heavy mucopurulent indicates that copious amounts of a BM
mucoid discharge filled both nostrils

COUGHING

Episodes of coughing on each observation day were counted for each horse during the
entirety of the observation period, whether or not the individual animal was being examined by
the investigator at that time. Observers other than the investigator recorded the number of
episodes of coughing of each individual horse during the observation period. Scoring of

coughing episodes was actual counts of coughing episodes per horse.

CONJUNCTIVITIS
Conjunctivitis was evaluated daily at the time of nasal exudate evaluation. Conjunctivitis
scores were recorded as 0 = normal; 1= mild to moderate conjunctivitis and 2 = severe

conjunctivitis.

NASOPHARYNGEAL VIRAL ISOLATION/ HEMAGGLUTINATION (HA) METHODS

On each observation test day each nasal passage of ecach vaccinated and control was
sampled deeply by means of sterile swabs. On collection, each of two swabs was immediately
placed in a singlc tube containing 4 mL of chilled transport medium (Dulbecco’s Minimal
Essential Medium (DMEM) supplemented with 2% FBS, 2X Pen/Strep, 2X Amphotericin B).

For isolation of virus, the tubes were mixed, the swabs aseptically removed, and the
medium centrifuged at 1500 rpm for 10 to 15 minutes to remove particulates. Medium was
filtered through a 0.2y syringe filter prior to inoculation on tissue culture cells. After filtration,
4-6% of sterile 85% sucrose solution was added to each sample for freezing at -80°C in order for
all samples to be tested concurrently.

All samples were tested in sterile flat bottom microtiter plates using five wells per
dilution and a 4 well dilution series for each of the 5 test wells. Upon thawing, 22 uL of the
clarified sample medium was used to inoculate one day old monolayer of MDCK-S cells from

which the growth medium had been aseptically removed and replaced with 200 pl of influenza
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growth medium (DMEM containing 5-10 units/mL of 10,000U stock solution Porcine Trypsin,
2mM L-glutamine, 1X Pen-Strep and 1X Amphotericin B). The plates were then incubated at
35° Cin a CO; mcubator for 5-7 days. After the 5-7 day incubatién period, S0ul from all wells
of the titration plates were transferred directly into a labeled 96 well vinyl HA plate. Chicken
red blood cells. were added to cach well and allowed to settie for 30-90 minutes at room
temperature. Wells were read for positive agglutination as evidence of presence of equine

influenza virus.

HEMAGGLUTINATION INHIBITION (HI) TESTING PROCEDURE

Serum samples were prepared by dispensing 0.15 ml of each sample into a test tube and
extracting with 0.3 mL of 0.01M Sodium Periodate Solution at room temperature for 15 minutes.
Glycerol Solution 3% (0.125 mlL) was added to each tube, mixed and incubated at room
temperature for 15 minutes. All samples were then heat-inactivated at 56°C for 30 minutes.

A 0.5% solution of chicken red blood cells was preparcd in PBS (SAFC catalog number
59321C) and standardized to an optical density of 0.5 at 550 nm.

Extracted serum samples were tested in duplicate in U bottom polystyrene plates using a
2-fold diiutioﬁ scheme in PBS ranging from 114 to 1:256, 25ul per well. Influenza
A/BEqui2/Ohio03 stock virus (25uL) was added to serum sample dilution. Plates were gently
tapped to mix, and incubated at room temperature for 30 minutes. After incubation, chicken red
blood cells were added to each well and incubated undisturbed at room temperature for 1 to 1.5
hours. Results were read by observing plates for pfesence or absence of agglutinated red biood
cells in each well. Antibody titer was determined as the highest dilution of serum at which

agglutination did not occur.

Results and Conclusions

When pooled across all timepoints post-challenge, vaccinated animals had lower total
clinical scores than the control animals. When the total daily scores were summed over the post-
challenge period, horses in the vaccinated group had lower total scores than those in the control
group {P < 0.05). The mitigated fraction was estimated to be 0.6485 (95% ASE CL: 0.3238,
0.9712).
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TABLE 6: Total Clinical Score

Outcome variable Vaccimation group Day Group by day
interaction
| Total clinical score’ < 0.0601 <(.0001 0.1321

! The GLIMMIX procedure would not converge, thus an ANOVA approach was used to
evaluate the effect of vaccination over time after challenge. Results were interpreted through the

bolded values.

TABLE 7:Mitigated fraction — total cumulative clinical score

Control | Vaccinate | P-value' Mitigated fraction”
(95% ASE CI)
Total cumulative 1836° | 993 0.0055 | 0.6485(0.3258,0.9712)
clinical score

! P-value from Wilcoxon’s rank sum test _

% Nasal discharge score, conjunctivitis score and coughing score were summed with day
and across all time points for each animal then ranked for the estimation of the mitigated
fraction.

* Mean rank

NASAL DISCHARGE

The main effect of vaccination was statistically significant and reduced nasal discharge
due to the influenza challenge. When pooled across all time points post-challenge, vaccinated
animals had lower nasal discharge scores than the control animals.

TABLE & Nasal Discharge Score

Outcome variable Vaccination Day Group by day
group _ interaction
Nasal discharge score’ 0.0012 <(0.0001 0.4627

! The GLIMMIX procedure would not converge, thus an ANOVA approach was used to
evaluate the effect of vaccination over time after challenge. Results were interpreted through the

bolded values.
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CONJUNCTIVITIS
For conjunctivitis, the main effect of vaccination was statistically significant. When
pooled across all time points post-challenge, vaccinated animals had reduced conjunctivitis due

to influenza infection as demonstrated by lower conjunctivitis scores than the control animals.

TABLE 9: Conjunctivitis Score

Outcome variable Vaccination group Day Group by day
interaction
Conjunctivitis score’ 0.0187 0.0001 (0.2498

" The GLIMMIX procedure would not converge, thus an ANOVA approach was used to
evaluate the effect of vaceination over time after challenge. Results were interpreted through the

bolded values.

COUGHING

Vaccine also protected against the cough resulting from equine influenza infection.
Vaccinated animals had lower scores (P < 0.05,) on Days 3, 5, 7, 8, and 9 post-challenge than
control animals.

TABLE 10: Coughing Score

Outcome variable | Vaccmation group Day Group by day
interaction
Coughing score’ 0.0004 0.0009 0.0275

" The GLIMMIX procedure would not converge, thus an ANOVA approach was used to
evaluate the effect of vaccination over time after challenge. Results were interpreted through the

bolded values.

VIRUS SHEDDING (NASAL SWARBS)
The vaccination also reduced the percent of horses shedding virus (P < 0.05). The figure
below represents that the percentage of vaccinated animals shedding virus was lower (P < 0.05)

on Days 3, 4, and 5 post-challenge than control animals.

TABLE 11: Mitigated fraction — days virus shedding

Control | Vaccinate | P-value’ Mitigated fraction®
(95% ASE CI)
?jgﬁliggg 2° 0 0.6004 0.7939 (0.5343, 1.0000)
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'P-value from Wilcoxon’s rank sum test

* The number of days of viral shedding was calculated then ranked for the estimation of
the mitigated fraction. Asymptotic standard errors (ASE) were used to estimate the 95%
confidence intervals (CI},

* The median number of days positive results was obtained from the virus isolation assay.

HI TITERS

The vaccine was also effective in eliciting protective antibody titers to equine influenza
virus. Statistically significant higher titers in the vaccinated horses were seen on Day 36
(relative to vaccination), Day 154 (the day of challenge), 159 and 164. Horses in the vaccinated

group had higher titers on each of these days than those in the control group (P < 0.05).

WBC and LYMPHOCYTE COUNTS

The vaccination also protected horses from reduction in white blood cell counts seen
following influenza virus challenge. (P < 0.05). Vaccination with the combination vaccine
provided statistically significant protection that was seen on Days 2 and 7 for WBC counts, and
Days 2, 6, 7, and 8 post-challenge. Horses in the vaccinated group had higher WBC and
lymphocyte counts than those in the control group (P < 0.05). A four month Duration of
Immunity challenge was performed to demonstrate efficacy of the influenza virus fractions of a
multi-component vaccine that included West Nile Virus vaccine (Encephalomyelitis-
Rhinopneumonitis-Influenza-West Nile Virus Vaccine, Eastern, Western & Venezuelan, Killed
Virus, Tetanus Toxoid) containing 3 Equine influenza A/equi-2 virus strains, ATCC Accession
Nos. PTA-9522, PTA-9523, and PTA-9524, cach of which is currently relevant in the equine
population of the Americas, Europe and Asia. Twenty-six horses (15 vaccinates and 11 controls)
were vaccinated twice in 3 week intervals with a I mL dose of vaccine, or were mock vaccinated
with adjuvanted media components of the vaccine without viral antigen. Four months post-
booster vaccination, horses were challenged with a virulent live Equine Influenza Alequi-
2/0hio03 virus. This virulent virus is the current Equine Influenza A/equi-2 strain recommended
for inclusion into vaccines by OIE and is currently recognized as the most pertinent strain
involved in outbreaks in the United States.

Results from this 4-month DOI challenge study show significant protective effects from

challenge by vaccination with the test vaccine, a combination West Nile Virus vaccime with flu
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>40<2 <10 <2 <10 Guinea Pig Serological Evaluation for EEE, WEE, VEE and Tetanus toxoid

Nine of ten guinea pigs vaccinated with the combination vaccine seroconverted satisfactorily at (>1:40)
to EEE virusid en@étemaguinea pigs had satisfactory titers for VEE virus (edr4)sangsexssef ten guinea
pigs seroconverted satisfactorily to WEE virus (>1:40). Also a serum pool from 10 vaccinated guinea
pigs was tested for tetanus antibody and was shown to be satisfactory with a value of 4.3 anti-toxin
units/ml (AU/ml). Guinea pig potency tests were completed and found to be satisfactory for all our

antigeng,; iNGIHEing e toxoithtEEE, Yaorahd YWikcinated MR NacaiBsWas alsnadminisiered to

horses (20 vaccinates and 20 controls) via primary immunization followed by booster immunization 3
weeks (98 CEBGHEE A/ HOLHBB 08T B R R B HRSHE Blb 2 A S TOE for al
serologiGal testinga g yiaeispansado ersepralomysitisa@nigens. yas tosterbytiliziugrddilutions (1:2
and 1:1Q for 0 samples.and 1:10 and 1:40 for Day 35 s les) in.24-well plates to determine
oy e dUins R RLTACEAR) T ST BBt PR B o S aNED e oficacy o
4 antigenis gMEE fildtion W and tethas7epoi@p thEBMEEt NV irus@@mbiHationyadaneas a 9-

antigen-containing vaccine-toxoid. Furthermore, satisfactory potency results, are substantiated WO
A e Rl g G
vaccingteddorties démuhstrate doarss bstaniial sigqiﬁc&hﬂéytb@mhmvmb@ﬂié@m&dmm&phIonving
vaccinafion. adgitanally-dhs apsensp of ahachalian algruadierse [actans i amualdhe.yaccinated
horses orygumea pigs confirms the safety o? the WNV combination vaccine In animals. Example 8
_This exmmiﬂh@mmh_@ Mﬁa@_@iﬁ@or immunogenic compos_ition in accordance with the present
invention has g, duration of immunity Qi Atleaskane yeasnMaterials angiMethads or Host agimal

vaccination and challenge at least 1 year post-booster vaccination was used to confirm duration of
immunityrerisenye sorleodiths ftge N o it HRMEIEOBh6RH Rginistered at a 21 day
RhinoppgumaniissnilugngasWiesthbile Vigds paceiag. LasiartiWeasiem kMrnezuelas, iglied Virus,
Tetanus Toxoid prepared from a North American Dominant isolate of WNYV designated North American
Equine B35 ALIIY5Sj OHRET iin4: aPPFRNAR G ARV AE TR REAA S & o oY e dients
per 1 mhigdaseiuMvO 2010/025469PCT/US2009/055564 Thirty horses (20 vaccinates and 10
controls), 4-5 months of age were used in this study. Horses were randomly assigned to one of two
treatm Ls%nge\éaccinated intramuscularly (IM) with a 1.0 mL dose of the assigned vaccine or control
produc%‘re[bnmary immunization was followed three weeks later by a 1.0 mL IM booster vaccination.
Horses were VEuUsinatethon déusinadheéhcacflicnap ort 30 daysiateniH orsesowees rahdomiyeagsigned to
cither vaceing eraniglaiaupe Tepiy forseplecaived ie yagele group recelving
VEWT/WNV/EHV-1/Influenza vaccine. Ten horses receivéd adjuvanted DMEM containing excipients
used in the vaccineﬁ(Gentamicin and formaldehyde) but no antigens. The non-metabolizable oil
adjuvantlatadpfs 2af Adsthedtrations was preferably mineral oil.  Challenge inoculation of the
virulent heterctogopE WNViNYQRistainedrus iwas pefte med.3ta daysipesidhboostenvaccidasion. The
second_cohort of horses were chall 408 days post-booster. inaculation in a similar er.
Serum Y28y i%?%ﬁ%@%ma@%%mﬁ@cﬁé@&%ﬁ? B Ofé@%iﬁg’t Sl tﬁ’i‘?é?ﬁf Ses prior
to initiakvaecinatiom bt @ik daysedo St stadasetvd etimalicds(daycatbabiierasatecihationjunainthly
post-booster, on the.day of challenge, and at 7 and 14 days post-challenge. Body temperature and
i T DR S R M T G el g g
6 post-chatieihge, wed daifpromDays T«tOiandvDial bposkthadttnyes!iCinita dataeles Bisonecorded

during those same time pefipds,for the 1 bs ion.perod. T et us; enge
virus, dgis]f:geﬁ§qemsN$gg?%assgﬁ]&nzmgatgéx%r%&%hﬂ%aiﬁ gfga%h?ni}}ecgg %fglc?w g%?cilié Ft.
Collins, locniGiethelday oNdRalkirige, Ad Stockivirassivas Hallet-thibe and ViMgstovas Bilued to the
desimd&&%gﬁ%@-@%ﬂ&@,ph%ﬁéﬁgteg% eredrgaling immediately Prgrde;nocuiation ahhersesq

Rectal temperatures were recorded for each of the vaccinated and control horses on the day before
challenglusagaotvisansgliapriushicd Yyl 6 -ddyisassion thin ddify 8t Daysiuena? pd&eredtenge by
means ofa-calibrated mlestrericatheinomele piGaSSs Hechoniask pRe. (e daiy footal Agperatures

were recorded in degrees Fahrenheit (F). ) _ _
Accession No. PTA-9522) viruses, mactivated West Nile Virus (ATCC Accession No. PTA-

9409) and tetanus toxoid.
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Venous blood from each of the vaccinated and control horses was collected on the Day of Challenge,
twice daily on Days 1-6, and daily on Days 7-10 and Day 14 days post-challenge by Vacutainer into an
SST tube. Aftsremintzfugation, scrum was aliquotted and frozen immediatedyr/ 0897635564
2010/025469PCT/US2009/055564 Vero Cells were grown in 6-well plates to continency. To
perform the plaque assay, serial 10-fold dilutions of serum were prepared in 96-well plates in BA-1
medium (MEM salts containing 1% BSA, 250 mg/L sodium bicarbonate, 50p1 gentamicin and 2.5 jig
amphotericin 13 khdnwAmnhiddi 16-6hiserum gikdiensidis mihwenginesuiatadistaeach well of
the 6- well plate and incubated for 45-60 minutes with rocking every 15 minutes, After the incubation
period, B9HEChf E@é’rt&;ﬁ‘(ﬁﬁ%@’aﬁﬁﬂd&ﬂﬁ‘t’éﬁﬁﬁ’éqﬁﬁ?\ﬂﬁﬁ‘ﬁ?ﬂlﬁ%‘fﬁ’g@r §epared A ttiBE the normal
concentration pRdfsup plemantetwitind %o iiBiss 2R0dUpenicilin imts pad1100)doséreptomycin/nit -
waimed to 45C) was added to each well. Plates were inCUba}ﬁ‘?‘;O@%Ejéiﬁf / wo days after inoculation,
2 mL of a sec overlay containing 2X agarose prepared by mixin al volumes of 2X medium and
2X agarose whsladdedaty@artowell. Plates were examined anti’ pfafG&mymbers recorded in each well

on days 3, 4 aigﬂée]g%%vwﬁ)%culatlon. The virus titer per nlloﬁfgerﬁqﬁﬁl mr%gerlal IS _cal_culat_ed as the
number of plagues if a Wwell (or average of multiple welts inoculated with the same dilution) times the

dilution for thelnviektbaing Countéatimuliplied by 10. A stah®fafd MiciDtterlserum neutralization test
was employec(lgi ta&ﬂi? %%gyd All sera were tested in sterile fla H%t@%% well microtiter plates using
five wells per dilution and an 8 well dilution series for each of the 5 test wells. Each of the 5 test wells
contained 25 FasiefsBrawnalatarhaizadiiisn 25 pl of the indi8&tor VikI®amdl150 p.L of a freshly

planted Vero gg|l syspe Mg%ﬁmmy@fmgoximately 4 X 104 cellsp{hg test indicator virus used was
WNV NY99. Serum neutralizing antibody titers are expressed as Reed-MuenchIDso titers. For

performance ofepizrstin diursidamnhstaprdieh test serumtfvere rhadesiPt-sterile flat bottom
microtiter plateyysing fiveireplicate wells per test serum and ap’8-weitditytigprseries. Dilutions were
made with an adjustable volume single or multi-channel pipetting instrument using sterile microtiter
tips. The volumel BT SEANFiEERIeY Tsad 9o 5 wells of the firdtbdPHEs 50 p.L. All other wells
contained 257@}5,5&.QMEM (no FBS). Following serial dilution gpway the plate, 25 ulL. was discarded
from the last row. 25 pt. of a pre-determined dilution of the indicator virus was added to each test wetft.
Plates were tHaAThixe® and iedubated for one hour at 37C in&¥P@D2. On conclusion of the
incubation pekigd,.150 Hh @ha %Qﬁﬂﬂ'on containing 4 x 1041¥.er0 cells were added to each test and
cell control well. The plates were incubated at 37C in a CO2 incubator for 5-7 days, at which time
plates were microgeopivdy eganinddiforCPeluysical of WNV. WO

2010/025469%9%9@%%%%’8??@%@ of Mggﬁp@m y was evaluated by a Board Certified Veterinary
ng s i

Pathologist. The scori ystem used to describe defects in the pons or medulla was as follows:

Score: 0 = no sighifigantlegiana in seeliohd}-age, raige Small ingliforkglial pedules SeattRige,
throughout the parenchyma | = mild, nonsuppurative encephalitis. Thjs is characterized by mild

‘multifocaFiSBRY A8 cEIRCTIRS At LYnfIRGRY 8L URY PIdSHcBHS i Rt AL (BB ASsHI Sl attered

multifocpkeigl Radedas-cemposedinitaliahcelsmithdastew meRRnuclaasHatammatorysiels. All
Occasionally within this grade, there mag)éé)e minimal perivascular %lﬁs;i?g%and_more_moderate

scatterd'faPAOAGREYS L i3HEFaldhER it 4R S eesAiRt S TeRZEH By G

lymphoplasmégytidipativasthibasesutiscapabinddniafiytiassels and multifocal accumulations of glial

nodules scattered throughout the parenchyma 3 - severe nonsuppurative encephalitis, characterized by
overo and (R R Bo AT RSTe HRTOTESCS B g vl RIS e Sreh i e
throughbatwite ipare pohymdlResultband Disbassioto] givarewenehe ddvérseseattidns totvdccine
admini iQn at.eith sing time paint. All 4 to 5 month old foals receivin xperimental vaccine
ere B o R T e R e e
safety dbthaidabyilee bftthe pregemt iklehitiogeagadmusttNy eontai iRy Kdrth AhreriganiDemisant WNV
antigenf;%@(%{gdj1f§odg%§§$§{%%§eﬁgagén%tingSE CHALLENGE WITH HETEROLOGOUS WEST
NILE VIRUS WO 2010/ 25469PCT/U82009/055564 VIREMTA Each of the 10 control horses
(100%) were \ifswicsforrdeldassarelagipo sehanengecrikdasiy fon Jehossewiabony isrrevNyY
vaccing,graup Were irgigs GiNGhn SIENS daySe¥anmEing.10 baraas 0% kip tewasisp! group

developed signs of encephalomyelitis consistent with West Nile Virus infection. Each of these animals
was VirdRsriTei e eastisné &y etk ghettRatiehgdothisty s mencobrNsnsa cBREYGREURE 2 YEthe 20
horses (5%) developed signs consistent with West Nile Virus infection. Notably clinical signs
progressed to death or euthanasia in 70% of_tgﬁ controls and only 5% of the vaccinates. All control
mortalities were viremic, confirming fatal encephalitis due to WNV, whereas only one of Two
vaccinated animals that died was viremic during the challenge period. SERUM NEUTRALIZATION
TITERS All vaccinated horses responded favorably to the WNV vaccine by developing protective
levels of serum neutralizing (SN) antibody following vaccination. Over one year following vaccination,

17 of 20 (85%) of vaccinated horses maintained protective SN titers. By contrast, none of the control
haorecac AdAevvelonead ricina <Nl titere nrior t0 virtilent \WNI\/ challenae Aleco Aall vvarcinated horceac



WO 2010/025469PCT/US2009/055564 acid change at the 159th amino acid in the envelope (E)
protein of the virus (when compared to the publicly available sequence for the WNV-NY99 isolate
having the AkCE1éemassion No. AF196835), which has made all such isalates snaensekyist and
prolific, thereby displacing other WNV isolates, and making this genotype dominant among
disease-causing WNV isolates in North America. Because it was prepared from the dominant
genotype, the vaccine used in this study is indicative of the unique safety and efficacy achievable with

VaCCir_‘%@l'&ﬁQ%ﬁ%Qdf@mlﬁHs?HﬁH M&%&Qﬁ?%@ QQHH@@@%&%Q'@J&? i sk REQISINREAfileand
resulting prolificacy. Notably, all previously tested WNV vaccines have been prepared from a less

prolific &k pitbimazhny geRok s aResEBrIMIReARID 3ARE $5E0ETBR 2rigitety WbsNYaE Based on
this diffggence jinpmciaie aeithpRavenasd Bapkotsin /M ing Ras seauease oviahrielificagyd. and unique
ability to cause a pandemic, the North American Dominant isolates are displacing or have displaced
NY9O9 fr i 0[5% nigue genotype and phenotype (prolificacy), and, most importantly,
the ove?vi\[/{%jr%?ﬁgégwronmeﬁ%?l%]resence of North American Dominant WNV isolates and the
absence of WNV NY99 is compelling evidence for the superiority of the North American Dominant
West NiER-LEVEERESoich superiority is confirmed by the safety and efficacy of the vaccine as
demonstratedfdRis.challanae-siudy-4Singl VREEIRERIERAIRS Srom NoRE: Aperean Lamisankisolate
North American Equine E159 (NAEE159) (ATCC Accession No PTA-9409). In this study, 4to 5
month SREHEsESvaras iRy IR X erdtindidi Ghther seuifTtsoMs dessted and frozen
VEWT/WNVERNHITEquing Jrfluenza vaccine batched at an appropriate antigen amount with the WNV
component being North American Dominant WNV antigen prepared from isolate NAEE | 59¢c(ATCC

Access@%gﬂ%fﬂ%L%Wrﬁﬁéwere intrathecally challenged at least 380 days

post-booster vaccination wit of a virulent heterologous West Nile Virus strain. Horses were
evaluated for $4diy® p osraifiditen gey fordiinioddsigns¢iativeling de mpigetisre wirrd adorinlityyediremia,

SCRIMpeyalization Wers.and isapatialpay seres Jam ssetians atihe pans andymedyly taken

after euthanasia ahd necropsy. ~Viremia atter cthallenge anhd seru utralization fiters were key

outcomeoveriabiethi thelkugRf thathwir tignNcindlativVECPyvacéimET¥ lcaieyinH oFSeschadiens been
vaccinaledmore 1R NE:ea SRR VWAV BB B uenz ok P e BRtpprotected

from viremia after challenge in this study. In comparison, 100% of control horses demonstrated viremia

post- Wradegisd SeourEEsbi st g adudidhafy lerigmmrtediization titers of

vaccinated hogsgs.were Rignificamtichigher dhan thesgtsortrakbhgrsenatot4idaysposi-challenge,
and displayed an anamnestic response t)ég)ical of an effective vaccine following heterologous, virulent

WNV cRYIEhGEe Wi aliamicRsie & dBin &t ontamIagNEIRT I AR BEiRinf VRS SntRRR
preparegdreayisolate MAaRREXdBduseskcliticad sigRsuandvaosialitydasultindframandephalamyelitis

following .heterologous challenge with virulent WNV. Vaccine efficagy. ast on ar following
vacoinaEi e ST o mAIE By HERES i AE S Gatca Br vt ahteenth, e Tehitly
demonstnadedataretheofitsidtinediwtrZodbses ofi thefekp eomehtalcambingtihn vaccine prepared at
appropriate doses of antigen including North American Dominant WNV antigen prepared from isolate
NAEE15Rmdninistseedn (9aled de: Eyenihs picaoe safehisplialy and effectively stimulated
protective serological serum neutralization titers that resulted in duration of immunity of at least one
year with protection from viremia, clinical signs, mortality, and encephalitic lesions after virulent
heterold g%ﬁﬂﬁ% with West Nile Virus. Example 9 In this study, a combination vaccine was
prepared usingdiNesithAngerican Romurantdsolaie atWNY] NartbhAmeridan HquineizlabNAEE159)

(ATCC Accession No. PTA-9409). The 14-da t second-vaccination sera samples from the guinea
i vaES oA T e AR T B S BT, G RV G e,
Easterrsidesiér thérivenezu ¢ahA KilledrMites, pTatan 1% daidid avaie coieated andriesteddal West Nile

Virus plg%%geg%d%gtiﬁ%g Jtralization (PRN). The sera from the vaccinated guinea pigs were tested for
neutralizirig an i%oay 0 both'a North American Dominant isolate of WNV and to WNV isolate NY99.

Notably, the vaccine displayed superior activity in stimulating neutralizing antibodies to North American
DominattiAABLI BB E}é WNV. These data support the conclusion of the superior efficacy
of WNV vaccines prepared from North American Dominant WNV isolates as contrasted with earlier
less effective vaccines prepared from or based on the NY99 WNV isolate. . Furthermore, a vaccine
prepared from an additional North American Dominant isolate of WNV, North American Donkey E159
(NADE159) will similarly demonstrate, as described above, the superior efficacy of such vaccines over
the former NY99 based vaccines. Hence, dat_afggm multiple North American Dominant isolates
cultivated from different host species, WO 2010/023469PCT/US2009/055564 originating from unique
North American locations, and obtained at different times in North America will confirm the unexpected
but superior efficacy of North American Dominant isolates of WNV for vaccine preparation. The
data from the plague reduction neutralization assay also established that a vaccine prepared from a

North American Dominant isolate of WNV that stimulates a titer of 1:12 or higher in vaccinated guinea
ninc that nrovidecec 5004 viral nladiie rediiction in at leact ON04 Nf vvaccinated Ariinea nine ecorralatac tn



WO 2010/025469PCT/US2009/055564 dilution experiments were performed for experimental serial
916 to validate a guinea pig assay criterion for this one-year duration of immunity (DOI) vaccine.
ExperimentaldSaiiahIdo(Comparative Efficacy Serial) Data from Expetmestad@aradsS07 is
included in this report to demonstrate that serials foiinulated with a North American Dominant isolate of
WNV antigen show superior efficacy, measured as guinea pig titers, of the relevant North American
Dominant isolates of WNV as compared to the earlier NY99 isolate. Guinea Pig Serological Evaluation

Sera were tes{ed fo§ WY ghtibedy as falowysDMestdNilel VrgdNRicaomatraim:NeataAmenican
Equine E159(NAEE159) (ATCC Accession No. PTA-9409) & North American Dongl?y Elﬁi
LAY 36 itg/mL

(NADE59) 3 e folithehescitimer ¢ Shy G - BINERIAT SH PR VA Gl
gentamysinis) Wiliepsdars Test Serum is DMEM plus 30 itg/mL gentamycin 4) Diluent for indicator virus
working solution is DMEM + 10% normal guinea pig serum (specific to WNV assay) 5) Guinea pig test

serais di : instead of 3 mL (specific to WNV assay) 8) Titers are
S S T

calculated using ) Nine of ten vaccinated guinea pigs must have an antibody
titer of 1:12 toAlemmsnlstratdatsfiidacyy vt negetiveduinegs pigerHrEsoperk nasoianaetitesisehs VEE

aseay ipahBerdinaadDistiraion serolpaical-Rualiatinips West e va Expeiinental Seral

916 Replicate | West Nile Guinea Pig Plaque Reduction I\feutralizatlo_n _ )
2010/026 46980 FUSste0 97G5EHED RestAts I 5 AuRad ARdaiader mEin & E E5ORAEE PSTYEE Indicator
Virus The siidyyiasiniiated and the guinea pigs were bled 25 days later. TABLE 23: Number of

Plaques/Sera Dilution 916 (1) 2346 8 12 16 32 ) ) .
The scoring grades of O through 6 were assigned on the basis of the severity of the

discase indicated by each of the following classification:

(EN) Essentially normal indicates the horse was clean and essentially free of nasal
exudate, score, 0; |

(C-1) Slight clear scrous discharge that may be frequently observed in both diseased and
normal horses, score 1;

(C-2) Moderate clear serous discharge is indicative of a definite increase in volume over
that normally observed, score 2;
(C-3) Copious clear serous discharge that is generally observed only in diseased horses, score 3;

(VSM) Very slight mucopurulent discharge indicates that mucus was definitely present in
small amounts in either one or both nostrils, score 1.5;
(SM) Slightly mucopurulent is a discharge easily observed in one or both nostrils, score 2;

(MM) Moderately mucopurulent indicates that mucoid discharges were present in large
quantitics in both nostrils, score 4; and

(HM) Heavy mucopurulent indicates that copious amounts of a mucoid discharge filled

both nostrils, score 6.

NASOPHARYNGEAL VIRAL ISOLATION METHODS

On each observation test day each nasal passage of each vaccinated and control was
sampled deeply by means of a sterile swabs. On collection, each of two swabs were immediately
placed in a single tube containing 4 mL of chilled transport medium (Dulbecco’s Minimal
Essential Medium (DMEM) supplemented with 2% FBS, 2X Pen/Strep, 2X Gentamicin, and 2X
Amphotericin B).
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For isolation of virus, the tubes were mixed, the swabs aseptically removed, and the
medium centrifuged at 1500 rpm for 10 minutes to rernove particulates, Medium was filtered
through a 0.2p syringe filter prior to inoculation on tissue culture cells. One mL of the clarified
transport medium was used to inoculate a 2 cm? one day old monolayer of ED cells grown in a
24 well tissue culture plate from which the growth medium had been ascptically removed.
Following inoculation, the inoculum was allowed to adsorb on the cell monolayer for one hour at
37° C m a humidified incubator containing a 5% CO, atmosphere. After the absorption period,
an additional 1 mL of re-feed medium (DMEM containing 2-5% fetal bovine serum (FBS), 2mM
L-glutamine and 3X Gentamicin and 2X Amphotericin B) was added to each well. Following
addition of re-feed media the plates were then incubated at 37° C in a CO, incubator. Each test
and control tissue culture well was examined microscopically for 7 days for signs of cytopathic
effect (CPE) typical of the EHV-1 A183 challenge virus. Wells that were negative at the end of
the 7 day observation period were subcultured onto fresh cells and observed for an additional 7

days.

WBC BUFFY COAT VIRUS ISOLATION

Venous blood from each of the 40 vaccinated and control horses was collected on the
Day of Challenge and daily for 14 days post-challenge by vacutainer into a Disodium EDTA
tube, After permitting gravity sedimentation of the erythrocytes in the tube of EDTA anti-
coagulated blood, the plasma and white blood cells were pipetted off and placed in a sterile 5 mL
snap-cap tube. The plasma and white blood cell mixture was centrifuged at 1500 RPM for 10-15
minutes to pellet the white blood cells. The pellet was washed twice with 3 mL of phosphate
buffered saline (PBS) containing 2X Pen/Strep, 2X Gentamicin, and 2X Amphotericin B. Cells
were then suspended in 4 mL of DMEM supplemented with 2% fetal bovine serum (FBS) and
2X Pen/Strep, 2X Gentamicin, and 2X Amphotericin B. One ml buffy coat suspension was
used to inoculate a 2 cm” one day old monolayer of ED cells grown in a 24 well tissue culture
plate from which the growth medium had been aseptically removed. Foliowing inoculation, the
inoculum was allowed to adsorb on the cell monolayer for one hour at 37° C in a humidified
incubator containing a 5% CO; atmosphere. After the adsorption period, an additional 1 mL of
re-feed medium (DMEM containing 5-7% fetal bovine serum (FBS), 2mM L-glutamine and 1X

Gentamicin was added to cach well. Following addition of re-feed media the plates were then
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incubated at 37° C in a CO; incubator. Wells could not be observed microscopically due to large
volume of white blood cells settled on the monolayer. Therefore, at the end of 7 days, all wells
were subcultured onto fresh ED cells using 0.5 mi of the 1% passage as inoculum. The subculture

was observed for 7 days for CPE typical of challenge virus infection.

SERUM NEUTRALIZATION TESTING PROCEDURE

A standard microtiter serum neutralization test was employed in this study. All sera were
tested in sterile flat bottom microtiter plates using five wells per dilution and an 8 well dilution
series for cach of the 5 test wells. Each of the 5 test wells contained 25 ul of serum dilution
mixed with 25 ul of the indicator virus and 150 ul of a freshly planted ED cell suspension
containing approximately 5 X 10° cells. The test indicator viris used was EHV-1 subtype 1
strain A183. In all tests the indicator virus back titration titers ranged between 109 to 263
TCIDs/25 ul. Serum neutralizing antibody titers are expressed as Reed-Muench IDs, titers.

For performance of the test, two-fold dilutions of each test serum was made in a sterile
flat bottom microtiter plate using five replicate wells per test serum and an 8 weli dilution series.
Dilutions were made with an adjustable volume single or multi-channel pipetting instrument
using sterile microtiter tips. The volume of serum added each of 5 wells of the first row was 50
ul. Al other wells contained 25 pl of DMEM (no FBS). Following serial dilution down the
plate, 25 ul was discarded from the last row. 25 ul of a pre-determined dilution of the indicator
virus was added to each test well. Plates were then mixed and incubated for one hour at 37°C in
5% CO,. On conclusion of the incubation period, 150 ul of a suspension containing 5 x 10* ED
cells was added to each test and cell control well. The plates were incubated at 37° C in a CO;
incubator for 3 days, at which time plates were microscopically examined for CPE typical of
EHV-1. Alternatively, any conventional or commercial available assay can be used or those of

skill in the art would be able to follow the guidance herein.

Resuits and Conclusion
Nasal discharge scores, nasal shedding of EHV-1 and conjunctivitis scores were
considered the primary outcome variables. All other outcomes were considered secondary.

TABLE 12: Summary of the statistical analysis (P-values)
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Outcome variable Vaccination group Day Group by day interaction
Nasal discharge score’ 0.0001 <.0001 <0.0001
Virus shedding’ 0.0028 <0.0001 0.0863
Conjunctivitis score’ 0.0020 <0.0001 0.0017
SN Titers < 0.0001 < 0.0001 < (.0001
WBC 0.3064 < 0.0001 < 0.0001

" The GLIMMIX procedure would not converge, thus an ANOVA approach was used to
evaluate the effect of vaccination over time after challenge. Results were interpreted through the

bolded values.

NASAL EXUDATE EVALUATION

The vaccination group by day interaction was statistically significant for the nasal
discharge scores (P < 0.05). Statistically significant group effects were seen on Days 4, 5 and én
Days 7 -~ 11 post-challenge (lower nasal scores in the vaccinated group, P < 0.05,). When the
daily scores were summed over the post-challenge period, horses in the vaccinated group had
lower total scores than those in the control group (P < 0.05). The mitigated fraction was
estimated to be 0.7250 (95% ASE CL: 0.4886, 0.5614).

TABLE 13: Mitigated fraction — nasal discharge and conjunctivitis scores, nasal virus

shedding (mean ranks)
Control Vaccinate P-value' Mitigated fraction®
(95% ASE CI)
Nasal discharge 27.75 13.25 < (.0001 0.7250 (0.4886, 0.9614)
Days shedding virus® 24.43 15.78 0.0068 0.4925 (0.1896, 0.7954)
Conjunctivitis 25.80 15.20 0.0038 0.5300 (0.2463, 0.8137)

! P-value from Wilcoxon’s rank sum test
? Nasal discharge and conjunctivitis scores were summed across all time points then
ranked for the estimation of the mitigated fraction. The number of days of viral shedding was

calculated then ranked for the estimation of the mitigated fraction. Asymptotic standard errors

(ASE) were used to estimate the 95% confidence intervals (CI).

TABLE 14: Mean nasal discharge score (N = 20 horses per group)

Days post-challenge

Control

Vaccinated

P-value'

0

0.00

0.00

1.0000
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Days post-challenge Control Vaccinated P-value'
1 0.00 0.00 1.0000

0.15 0.00 0.6029

3 0.33 0.48 0.6029

4 1.08 0.23 6.0033

5 1.43 0.40 0.0004

6 1.05 0.55 0.0833

7 1.50 0.68 0.0044

8 1.68 0.63 §.6603

9 2.13 0.50 <.0001

10 1.58 0.80 0.0074

11 (.98 0.23 0.00695

12 0.90 0.35 0.0568

13 1.23 0.90 0.2599

14 0.93 0.43 0.0833

' The GLIMMIX procedure would not converge, thus an ANOVA approach was used to

evaluate the effect of vaccination over time on the nasal discharge score,

CONJUNCTIVITIS

The vaccination group, by day interaction, was statistically significant for the
conjunctivitis scores (P < 0.05). Statistically significant group effects were seen on Days 5 and
6, and on Days 9 — 14 post-challenge (lower scores in the vaccinated group, P < 0.05). When the
daily scores were summed over the post-challenge period, horses in the vaccinated group had
lower total scores than those m the control group (P < 0.05). The mitigated fraction was
estimated to be 0.5300 (95% ASE CI: 02463, 0.8137).

TABLE 15: Mean conjunctivitis score (N = 20 horses per group)

Days post-chalicnge Control Vaceinated P-value®
0 0.00 0.00 1.0000
1 0.00 0.00 1.0000
2 0.00 0.00 1.0000
3 0.05 0.00 (0.7321
4 0.15 0.15 1.0000
5 0.70 .25 0.0022
6 .85 0.25 <0001
7 0.75 0.65 0.4936
8 0.45 0.35 0.4936
9 0.50 0.15 0.0168
10 0.45 0.15 6.0403
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Days post-challenge Control Vaccinated P-value'
11 0.50 0.05 0.0022
12 0.45 0.00 0.0022
13 0.45 0.05 0.0063
14 0.35 0.05 0.0403

' The GLIMMIX procedure would not converge, thus an ANOVA approach was used to

evaluate the effect of vaccination over time.

VIRUS ISOLATION FROM NASOPHARYNGEAL SWABS

The main effect of vaccination group was statistically significant (fewer animals
shedding in the vaccinated group, P < 0.05). When the number of days shedding was evaluated,
horses in the vaccinated group had fewer days of virus shedding than those in the control group
(P < 0.03, Table 2). The mitigated fraction was estimated to be 0.4925 (95% ASE CI: 0.1896,
0.7954).

TABLE 16: Proportion virus shedding (nasal swab, N = 20 horses per group)

Days post-challenge Control Vaccinated
0 ' 0.00 0.00
1 0.00 0.00
2 0.05 0.05
3 0.05 0.10
4 0.20 0.05
5 0.25 0.15
6 0.45 0.25
7 0.45 0.35
8 0.50 0.10
9 0.45 0.15
10 0.25 0.00
11 0.35 | 0.10
12 0.30 0.10
13 0.15 0.00
14 0.05 0.00

WHITE BLOOD CELL COUNTS
The vaccination group by day interaction was statistically significant for WBC counts (P
< (.05, Table 1). Statistically significant group effects were seen on Days 2 and 3 post-

challenge. Horses in the vaccinated group had higher WBC counts than those in the control
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Virus Control 50% Reduction: 39.5 Table 24: Experimental Serial 916 Replicate 11 West Nile Guinea
Pig Plague Reduction Neutralization WO 2010/025469PCT/US2009/055564 Results Using North
American Eggine: b EIMAEEL59)as Indicator Virus Guinea Pigs were ble¢d-8bdaysaaies the initiation
of the study Number of Plaques/Sera Dilution 916 (1) 23468 12 16 3264 GP1136 6 14.56.5 13.5
1817.5GP21.53.56.5

group, indicating the vaccine prevented the horses from suffering the leucopenia caused by

infection with EHV 1 (P < (.05).

TABLE 17: Mean WBC counts (N = 20 horses per group)

Days post-challenge Control Vaccinated P-vajue'
1 14.0413 14 4887 0.6081
2 10.7963 14 1287 0.0001
3 11.1263 i4.0687 0.0008
4 11.5013 13.1037 0.0667
3 10.7413 11.1987 0.6001
6 9.1063 94187 0.7203
7 10.1563 9.9037 0.7721
8 10.7813 10.6037 0.8386
9 11.1813 12.0737 0.3063
10 11.9713 12,4187 0.6081
11 12,6713 13.2137 0.5341
12 132913 13.5637 0.7549
13 14.7063 14.1737 0.5415
14 15.8463 14.4587 0.1121

! P-values from the ANOVA

SEROLOGICAL STUDIES

Titers were log transformed prior to the statistical analysis. The vaccination group by
day interaction was statistically significant for SN titers (P < 0.05). Statistically significant
group cffects were seen on Days 35 (the day of challenge) and 7 and 14 days post-challenge
(study days 42 and 49). Horses in the vaccinated group had higher titers than those in the control
group (P <0.05).

TABLE 18: Geometric mean — serum neuiralization titers (N = 20 horses per

group)
Study day Control Vaccinated P-value'
0 3.987 3.384 0.4005
21 3.190 2,624 0.3168
35 (day of chalienge) 3 480 6,863 0.0006
42 3.519 19.252 <(.0061
49 33.153 187.417 <(.0001

- 57 -



6.58.59.510.512.519GP31255222141.5344141435GP448517.516.52136.52841.5
42.5GP53.54.59.515

WO 2010/025469 PCT/US2009/055564

! Pvalues from the ANOVA. Serum neutrakization titers were Jog (natural) transformed

prior to the statistical analysis.

Results and Discussion

Respiratory discase caused by equine herpesvirus type 1 1s usually an epidemic disease of
naive weanling and yearling horses that occurs in the first year of life, usually in the fall and
winter months. Signs of acute infection include fever up to 106°F, viremia and leucopenia
and/or neutropenia. Nasal discharge is usually evident during febrile periods of this first
exposure. Natural infection by EHV-1 does not result in permanent immunity of the respiratory
tract. Indeed, horses may be re-infected naturally every 3 to 6 months throughout life. After the
first experience with this virus, re-infection results in production of virus, but usually without
clinical signs of disecase, resulting in carrier animals that act as natural reservoirs of the virus.

The equine herpesvirus-1 multi-component vaccine described in this report has been
shown to be efficacious in reducing the respiratory manifestations, clinical symptoms and virus
shedding from nasal exudate of horses challenged with a virulent heterologous strain of Equine
Herpesvirus type 1. Reduction in shedding of virus from the respiratory route is important
epidemiologicaily due to this being the natural route of exposure to naive animals as well as for
re-infection of herd mates from those experiencing a natural infection. It was also a safe vaccine
with no adverse reactions, either systemic or at the site of vaccine administration, observed
following vaccine use in the study horses.

In this study, vaccination group by day interaction showed statistical significance for the
primary outcome variables nasal discharge scores and conjunctivitis. Statistically significant
group effects were seen in the vaccinate group for nasal discharge on Days 4, 5 and on Days 7-
11 post-challenge. Group effects for conjunctivitis were also statistically significant on Days 5
and 6 and 9-14 with lower scores in the vaccinate group (P<0.05). This is significant
epidemiologically because the EHV-1 virus is delicate and does not survive in the environment
readily. Close contact is important for transmission of disease through nasal secretions
containing virulent EHV-1 virus (Campbell and Studdert, 1983).

Importantly, another pfimary outcome variable in this study, virus shedding in nasal

exudates, showed a main effect of vaccination as statisticaily significant (P<0.05). Horses in the
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vaccinated group also had statistically fewer days of virus shedding than those in the control
group (P<0.05).

Serum neutralization titers were statistically significant after vaccination and throughout
the challenge period in vaccinates versus control horses (P<0.05). Humoral immunity and
mucosal antibodies may be important in determining whether an EHV-1 infection becomes a

productive or limited infection event (Kidd, Smith, Hannant, et. al, 1994).

Example §

This example illustrates the efficacy and 6 month duration of immunity of an

immunogenic composition of the present invention when challenged with West Nile Virus.

Materials and Methods

The WNV viral antigen used in the vaccine evaluated m this study was produced on E
vero cells as described in Example 1. A total of 15 horses were randomly divided into groups,
one being a control group of 5 horses. The vaccinated group of 10 horses received 2 doses of
vaccine at 21-day intervals cells. On completion of satisfactory residual live virus testing the
inactivated viral fluids were then used to formulate a vaccine which also contained inactivated
Venezuelan Equine Encephalomyelitis, TC-83 strain (ATCC Accession No. PTA-9411), Eastern
Equine Encephalomyelitis, NJO strain (ATCC Accession No, PTA-9412), and Western Equine
Encephalomyelitis, Fleming strain (ATCC Accession No.PTA-9410) viruses, inactivated
influenza A/equine-2/Kentucky/95 (ATCC Accession No. PTA-9523), influenza A/equine-
2/NewMarket/2/93 (ATCC Accession No. PTA-9524) and influenza A/equine-2/0Ohio/03 (ATCC
Accession No. PTA-9322) viruses, inactivated West Nile Virus (ATCC Accession No. 9409) and

tetanus toxoid. Vaccine was formulated to minimum specifications for all antigens included in

the product.

The final formulated vaccine contains the following ingredients per 1 mL dose:
EHV-1 107%%° TCIDsy/mL
Influenza A2/Ohio/03 10°7%° TCIDsp/mL
Influenza A2/KY/93 10°7%% TCIDsy/mL
Influenza A2/NewMarket/2/93 10672 TCIDse/mL
Tetanus Toxoid 5-10 CPU

Eastern Equine Encephalomyelitis 10572 TCIDso/mL
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Western Equine Encephalomyelitis 1072 PFU/mL
Venezuelan Equine Encephalomyelitis 10572 TCIDsp/mL
West Nile Virus 107 TCIDsy/mL
Adjuvant (preferably mineral oi1l) 100-200 ul
Glycerol 100-200 ul
EDTA 240 mM solution 10-20 ul
Diluent - DMEM containing q.5.-

Gentamicin (30 ug/mL of diluent volume)
Formaldehyde (0.1-0.2% of diluent volume)

Fifteen horses were used in this study. Horses were randomly assigned to either
vaccinate or control groups and then vaccinated. Ten horses served as vaccinates and five horses
were mock-vaccinated control horses.

The vaccine was administered intramuscularly in a 1 mL dose volume to each of the
horses in the vaccinate group. FEach control received a 1 mL dose of adjuvanted DMEM
containing excipients used in the 9-way vaccine (gentamycin and formaldehyde) but no antigens.

All groups were challenged approximately 6 months following vaccination with
intrathecal inoculation of 1 ml PBS containing approximately 10° pfu of a heterologous strain of
WNV (NY99, 4132, crow isolate). The challenge was conducted under ketamine-xylazine
anesthesia.

Horses were monitored for a maximum of 14 days.

Results and Discussion

Viremia after challenge was considered the primary outcome variable in this study. The
horses that had been vaccinated were 90% protected from viremia after challenge in this study.
In comparison, all of the 5 control horses demonstrated viremia for 3-5 days post-challenge.

In addition, serum necutralization titers of vaccinated horses were significantly higher than
those of conirol horses after vaccination. All the vaccinated horses developed measurable serum
neutralization titers following vaccination, whereas none of the controls displayed any titer to
WNV, This study demonstrated that 2 doses of the experimental combination vaccine reliably

and effectively stimulated protective serological serum neutralization fiters.
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Since viremia is a prerequisite before virus can cross the blood-brain barrier to cause
WNV encephalitis, viremia is well justified as the primary parameter for evaluation of protection
in an experimental study of this type.

The results demonstrated that an immunogenic reaction is induced in the animals that
were administered the vaccine, and that the vaccine is effective at providing protection for at
least 6 months following vaccination. The effectiveness of the vaccine was evidenced in this
example by reduction in WNV viremia and by stimulation of high serum neutralization titers to
WNV. Because this vaccine is comprised of unique constituents including a long lasting non-
metabolizable adjuvant, is formulated in a low ImL dose volume to provide a high degree of
safety as a highly immunogenic low passage whole inactivated virus WNV isolate of recent
origin and high epidemiological prevalence (a North American Dominant WNV strain), and a
WNV isolated from the tissues of an infected horse, it provides more comprehensive safety and
long lasting effectiveness of at least 6 months duration than other vaccines currently available.
Additionally, it has the effect of providing a safe vaccine when administered to animals, and in

particular to horses.

Example 7
This example illustrates the efficacy of one embodiment of the immunogenic

composition of the present invention including encephalomyelitis antigens with tetanus toxoid

antigen.

Materials and Methods

Host animal and laboratory animal immunization/serology were evaluated to demonstrate
efficacy of encephalomyelitis antigens and the tetanus toxoid antigen fraction in an
Encephalomyelitis-Rhinopneumonitis-Influenza-West Nile Virus Vaccine, including Eastern,
Western, and Venezuelan Encephalomyelitis, Killed Virus, and Tetanus Toxoid. The efficacy
and lack of interference on equine encephalitis virus vaccines and tetanus toxoid fractions can be
unequivocally demonstrated by laboratory animal potency testing of the combination vaccine.
Demonstration of serological response following vaccination of horses is also indicative of
vaccine-toxoid efficacy. Hence, both lab animal potency and host animal serology were used in
this study to confirm the efficacy of the experimental vaccine. The vaccine was also evaluated

for safety in animals including horses.
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Plaques: 79 Virus Control 50% Reduction: 39.5 Table 25: Experimental Serial 916 Replicate Il West
Nile GuineasRigRlagpsesiReduction Neutralization WO 2010/025469PCT/852089¢05565684 Results
Using North American Equine E159(NAEE159)as Indicator Virus Guinea Pigs were bled 35 days after
initiation Number of Plaques/Sera Dilution 916 (111) 2346 8 12

Horses 4-5 months of age, from non-vaccinated mares, were vaccinated with an efficacy
serial  of WNV combination vaccine containing inactivated. Venezuelan  Equine
Encephalomyelitis Virus, TC-83 strain (ATCC Accession No. PTA-9411) Eastern Equine
Encephalomyelitis Virus, NJO strain (ATCC Accession No.PTA-9412) Western Equine
Encephalomyelitis Virus, Fleming strain (ATCC Accession No. PTA-9410) West Nile Virus
(WNV), Horse Ongin 2005 (ATCC Accession No. PTA-9409) Equine Herpesvirus Type 1
(ATCC Accession No. PTA-9525) (EHV-1), Influenza A/equine-2/0Ohio/03 (ATCC Accession
No. PTA-9522), Influenza A/equinc-2/Kentucky/95 (ATCC Accession No. PTA-9523),
Influenza A/equine-2/NewMarket/2/93 (ATCC Accession No. PTA-9524) and Tetanus Toxoid.
Horses were vaccinated on Day 0 and Day 21 of the study. Blood samples were collected at Day
0, Day 21 and Day 35. Day 0 and Day 35 serological results are reported herein.

In addition, the same WNV combination vaccine used to vaccinate horses was tested for
potency in guinea pigs. Data presented in this report collectively and definitively establish the
efficacy of each antigen tested (EEE, VEE, WEE, tetanus) in this study and also confirm the
safety of a WNV combination vaccine. |

Bulk lots of EEE, WEE, and VEE viruses and tetanus toxoid were produced. Following
growth, viral fluids were filtered, formalin inactivated, and concentrated. The inactivated viral

- fluids were tested for residual ive virus after inactivation.

Inactivated viral and toxoid fluids described above were used to formulate a vaccine that
also contained inactivated Equine Herpesvirus Type 1, inactivated influenza Alequine-
2/Kentucky/93, influenza Alequine-2/NewMarket/2/93 and influenza A/equine-2/0Ohio/03
viruses.

The vaccine was formulated to specifications for all antigens included in the product.

The final formulated vaccine contained the following ingredients per 1 ml. dose:

EHV-1 107" TCIDsy/mL
Influenza A2/Ohio/03 1079 TCIDsp/mL
Influenza A2/KY/95 1057 TCIDso/mL
Influenza A2/NewMarket/2/93 10%7° TCIDsp/mL
Tetanus Toxoid 5-16 CPU

Eastern Equine Encephalomyelitis 1072 TCIDsy/mL
Western Equine Encephalomyelitis 105792 PFU/mL
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Venezuelan Equine Encephalomyelitis 10472 TCIDsp/mL
West Nile Virus 1077 TCIDso/mL
Adjuvant (preferably mineral oil) 100-200 ul
Glycerol 100-200 ul
EDTA 240 mM solution 10-20 ul
Diluent - DMEM containing q.8.

Gentamicin (30 wg/mL of diluent volume)
Formaldehyde (0.1-0.2% of diluent volume)

Forty horses, four to 5 months of age, were used in this study. Horses remained with
their dams on pasture throughout the vaccination period and were weaned from their dams when
the 2-week post-booster sera were collected. Horses were assigned to either one of the two
treatment groups randomly as they were vaccinated intramuscularly (IM} with a 1.0 ml dose.
The primary immunization was followed three weeks later by a 1.0 ml IM booster vaccination.
Twenty horses received vaccine, Twenty horses received placebo.

Guinea pigs were also vaccinated with the same combination WNV vaccine.

Horses were vaccinated and serum samples collected using the following schedule:

TABLE 19: Vaccination and Serum Sampling Schedule

Day of Test Activity
0 Collect pre-vaccination blood and give primary vaccination
21 Coliect blood and give booster vaccination
33 Collect blood for final serology

Guinea pigs were vaccinated and serum collected using the schedule outlined by 9 CFR,
113.207(b) and 113.114(c.).

Sera from horses in this study were tested following general guidelines. The assay was
modified to determine titers by testing at 12 and 1:10 dilutions for Day 0 samples and at 1:10
and 1:40 dilutions for the 2-week post-booster serum samples. Sera were tested for EEE, WEE

and VEE antibody and werc tested for Tetanus toxoid antibody.
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Resuits and Biscussion

Horse Serological Evaluation for EEE, WEE and VEE

At Day 0 of the Study, not all foals were sero-negative to encephalomyelitis viruses.
Five of the vaccinated foals had significant (>1:10) residual maternal antibody to EEE virus. In
addition, two of the vaccinated foals had residual maternal antibody (>1:10) to WEE virus.
Despite existing and potentially interfering passively acquired, maternal antibody at the time of
administration of the first dose of the WNV combination vaccine, titers for all three fractions
increased substantially (>4 fold in 80% of horses tested for EEE, >4 fold in 90% of horses tested
for WEE and > 4 fold in 100% of horses tested for VEE) following vaccination, yet remained
negative or low for the non-vaccinated foals. Individual foal data are presented below.

EEE, WEE and VEE Equine Serological Titers

TABLE 20: Plague Reduction Neutralization Titration

i Day | Day § Day | Day || Day | Day |
Test | :
Asticle 0 35 4 0 35 0 35 |
I EEE | EEE § WEE | WEE || VEE | VEE §
>10 | >40 2 >40 §l <2 | »40
<2 =>4 <2 10 § <2 40
<2 >4 <2 <10 <2 =40 }
<2 | >40 § <2 10 <2 | »40 1
>10 | >40 § >10 | >40 ¥ <2 | >40 |
>10 | >40 § <2 | =40 NS | 10
P <2 | »40 § <2 | =40 f| <2 | >40 |
| >10 | >40 § 2 >40 § <2 | =40 |
<2 | >40 <2 | =40 § <2 | >40
<2 >40 § <2 >4() <2 10
<2 | »40 § <2 | >40 B <2 | =40 |
<2 P >40 § <2 1 >40 § <2 40 |
<2 40§ <2 | 40§ <2 | >40
<2 | 40 § <« 10 § <2 | =40
>10 | >40 § >10 | >40 J 2 | >40
2 | 240 § <2 10 || <2 | >40 |
<2 >4{) <2 10 <2 >4()
<2 | >40 § <2 | 40 § <2 40
<2 10§ <2 >40 f <2 | >40
i 2 >40 § <2 | >40 § <2 10
| <2 | <10 <2 | <10 § <2 10
<2 <10 <2 <10 & <2 <16
<2 | <10 | =<2 10 § <2 | <10 ]
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Guinea Pig Serological Evaluation for EEE, WEE, VEE and Tetanus toxoid

Nine of ten guinea pigs vaccinated with the combination vaccine seroconverted
satisfactorily at (>1:40) to EEE virus. Ten of ten guinea pigs had satisfactory titers for VEE
virus (>1:4) and ten of ten puinca pigs seroconverted satisfactority to WEE virus (>1:40). Also a
serum pool from 10 vaccinated guinea pigs was tested for tetanus antibody and was shown to be
satisfactory with a value of 4.3 anti-toxm units/ml (AU/ml).

Guinea pig potency tests were completed and found to be satisfactory for all four antigens
including tetanus toxoid, EEE, VEE, and WEE.

The vaccine was also administered to horses (20 vaccinates and 20 controls) via primary
immunization followed by booster immunization 3 weeks later. Fourteen days post-booster
vaccination, horses were bled and serum collected for all serological testing. Equine response to
encephalomyelitis antigens was tested utilizing 2 dilutions (1:2 and 1:10 for Day 0 samples and
1:10 and 1:40 for Day 35 samples) in 24-well plates to determine-antibody titers.

The satisfactory guinea pig potency testing conclusively establishes the efficacy of 4
antigens (VEE, EEE, WEE and tetanus toxoid) in the West Nile Virus combination vaccine as a

9- antigen-containing vaccine-toxoid. Furthermore, satisfactory potency results are substantiated
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and confirmed by host animal horse serology data in which vaccinated horses demonstrated a
substantial rise in titer to each encephalitis virus fraction following vaccination, Additionally,
the absence of observation of any adverse reactions in any of the vaccinated horses or guinea

pigs confirms the safety of the WNV combination vaccine in animals.

Example 8
This cxample illustrates that a vaccine or immunogenic composition in accordance with

the present invention has a duration of immunity of at least one year.

Materials and Methods

Host animal vaccination and chalienge at least 1 year post-booster vaccination was used
to confirm duration of immunity for the West Nile Virus antigen fraction in an
Encephalomyelitis- Rhinopneumonitis-Influenza-West Nile Virus Vaccine, Eastern, Western &
Venezuelan, Kilied Virus, Tetanus Toxoid prepared from a North American Dominant isolate of
WNV designated North American Equine E159 (NAEE159). |

TABLE 21: The final formulated vaccine contains the following ingredients per 1 mL

dose:
Fastern Equine Encephalomyelitis 10777 TCIDsg/ml
Western Equine Encephalomyelitis 105°2 PFU/mL
Venezuelan Equine Encephalomyelitis 1077 TCIDso/mL
e Vi e A 10 T
EHV-1 107 TCIDs¢/mL
Equine Influenza A2/Ohio/2003 107797 TCIDse/mlL
Equine Influenza A2/Kentucky/95 1077 TCIDse/mL
Equine Influenza A2/NewMarket/2/93 1077 TCIDse/mL
Tetanus Toxoid 5-1¢ CPU
Non-metabolizable Oil Adjuvant 160-200 L
Diluent — DMEM containing q.s.
Gentamicin 30 pg/mL of diluent volume
Formaldehyde _ 0.1% of diluent volume
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Thirty horses (20 vaccinates and 10 controls), 4-5 months of age were used 1n this study.
Horses were randomly assigned to one of two treatments and vaccinated intramuscularly (IM)
with a 1.0 mL dose of the assigned vaccine or control product. The primary immunization was
followed three weeks later by a 1.0 mL IM booster vaccination.

Horses were vaccinated once and then again about 30 days later. Horses were randomly
assigned to either vaccine or controi groups. Twenty horses recetved the vaccine group
receiving VEWT/WNV/EHV-1/Influenza vaccine. Ten horses received adjuvanted DMEM
containing excipients used in the vaccine (Gentamicin and formaldehyde) but no antigens. The
non-metabolizable oil adjuvant used for ail administrations was preferably mineral oil.

Challenge inoculation of the virulent heterologous WNV NY99 strain virus was
performed 380 days post-booster vaccination. The second cohort of horses were challenged 408
days post-booster inoculation in a similar manner.

Serum samples for serological evaluation were collected from the vaccinated and control
horses prior to initial vaccination, at 21 days post first dose vaccination (day of booster
vaccination), monthly post-booster, on the day of challenge, and at 7 and 14 days post-challenge.
Body temperature and serum samples were obtained from cach horse on the day of challenge,
twice daily on Days 1 through 6 post-challenge, and daily on Days 7-10 and Day 14 post-
challenge. Clinical data was also recorded during those same time periods for the 15-day
observation period.

The heterologous challenge virus, designated WNV NY99, was originally isolated from
the brain of an infected crow (CDC, Ft. Collins, CO). On the day of challenge, the stock virus
was thawed on ice and virus was diluted to the desired concentration in phosphate-buffered
saline irnmediately prior to inoculation of horses.

Rectal temperatures were recorded for cach of the vaccinated and control horses on the
day before challenge, day of challenge and twice daily on days 1-14, then daily on Days 14-21
post challenge by means of a calibrated, electronic thermometer {(GSA Electronics) probe. The
daily rectal temperatures were recorded in degrees Fahrenheit (°F).

Venous blood from each of the vaccinated and control horses was collected on the Day of
Challenge, twice daily on Days 1-6, and daily on Days 7-10 and Day 14 days post-challenge by

Vacutainer into an SST tube, After centrifugation, serum was aliquotted and frozen immediately.
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Virus Control Values: 51, 58, 61, 66, 78 Virus Control Average Plaques: 62 Virus Control 50%
Reduction: 31 WO 2010/025469PCT/US2009/055564 TABLE 26: Experimental Serial 916 Replicate

IV West NilgyGuinga:RighPlague Reduction Neutralization Results Using Nonthigsnenesssquine
E159(NAEE159)as Indicator Virus Guinea Pigs were bled 30 days after the initiation of the study

Number of Plaques/Sera Dilution 916 (1V) 2346 8 12 16 3264 GP111.575.520.512 17.522.5 20
25 GP2 31 -

Vero Cells were grown in 6-well plates to confluency. To perform the plaque assay,
serial 10-fold dilutions of serum were prepared in 96-weli plates in BA-1 medium (MEM salts
containing 1% BSA, 250 mg/L sodium bicarbonate, 50ul gentamicin and 2.5 pg amphotericin
B/mL in 50mM Tris, pH 7.6). Serum dilutions (0.1 mL) were incculated into each well of the 6-
well plate and incubated for 45-60 minutes with rocking every 15 minutes. After the incubation
period, 2 mL of overlay (2X medium containing MEM without phenol red prepared at twice the
normal concentration and supplemented with 4% FBS, 200 TU penicillin G/ml. and 100pg
streptomyecin/ml. — warmed to 45°C) was added to each well. Plates were incubated at 37°C.

Two days after inoculation, 2 mL of a sccond overlay containing 2X agarose prepared by
mixing equal volumes of 2X medium and 2X agarose was added to cach well. Plates were
examined and plaque numbers recorded in each well on days 3, 4 and 5 following inoculation,
The virus titer per mL of original material is calculated as the number of plaques in a well (or
average of multiple wells inoculated with the same dilution} times the dilution for the well being
counted multiplied by 10.

A standard microtiter serum neutralization test was employed in this study. All sera were
tested in sterile flat bottom 96 well microtiter plates using five wells per dilution and an 8 well
dilution series for each of the 5 test wells. Each of the 5 test wells contained 25 pL of serum
dilution mixed with 25 pL of the indicator virus and 150 pL of a freshly planted Vero cell
suspension containing approximately 4 X 10% cells. The test indicator virus used was WNV
NY99. Serum neutralizing antibody titers are expressed as Reed-Muench IDsg titers.

For performance of the test, two-fold dilutions of each test serum were made in a sterile
flat bottom microtiter plate using five replicate wells per test serum and an 8 well dilution series.
Dilutions were made with an adjustable volume single or multi-channel pipetting mstrument
using sterile microtiter tips. The volume of serum added to each of 5 wells of the first row was
50 uL. All other wells contained 25 uL of DMEM (no FBS). Following serial dilution down the
nlate, 25 uL was discarded from the last row. 25 uL of a pre-determined dilution of the indicator
virus was added to each test well. Plates were then mixed and incubated for one hour at 37°C in
5% CO,. On conclusion of the incubation period, 150 ub. of a suspension containing 4 x 104
Vero cells were added to each test and cell control well. The plates were incubated at 37°C in a
CO, incubator for 5-7 days, at which time plates were microscopically examined for CPE typicai
of WNV.

- 68 -



21.520.536.532 3027 1528.5GP31620.51823.521.51635.516.515GP4126.57111519 14
185GP541

WO 2010/625469 PCT/US2609/655564

Histopathology was evaluated by a Board Certified Veterinary Pathologist. The scoring

system used to describe defects in the pons or medulla was as follows:
Score:

(0 = no significant lesions in section

(.5 = rare, small, multifocal glial nodules scattered throughout the parenchyma

1 = mild, nonsuppurative encephalitis. This is characterized by mild multifocal perivascular
cuffs with lymphocytes and plasma cells and a rare neutrophil and scattered multifocal ghal
nodules composed of glial cells with a few mononuclear inflammatory cells.  Occasionally
within this grade, there may be minimal perivascuiar cuffing and more moderate scattered glial
nodules.

2 = moderate nonsuppurative encephalitis characterized by moderate lymphoplasmacytic
perivascular cuffs around many vessels and multifocal accumulations of glial nodules scattered
throughout the parenchyma

3 = severe nonsuppurativé encephalitis characterized by severe and thick lymphoplasmacytic

perivascular cuffing with multiple scattered glial nodules throughout the parenchyma

Results and Discussion
" There were no adverse reactions to vaccine administration at either dosing time point.
All 4 to 5 month old foals receiving the experimental vaccine were free of either systemic or
injection site adverse reactions in the study. This confirms the excellent safety of the vaccine
of the present invention against WNV containing North American Dominant WNV antigen
prepared from isolate NAEE159.
HORSE CHALLENGE WITH HETEROLOGOUS WEST NILE VIRUS
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VIREMIA
Each of the 10 control horses (100%) were viremic for at least 1 day post-challenge,

while only 2 of 20 horses (10%) in the WNV vaccine group were viremic.

CLINICAL SIGNS

Seven of the 10 horses (70%) in the control group developed signs of encephalomyelitis
consistent with West Nile Virus infection. Each of these animals was viremic for at least one
day during the challenge period. In the WNV vaccine group, 1 of the 20 horses (5%) developed
signs consistent with West Nile Virus infection. Notably clinical signs progressed to death or
euthanasia in 70% of the controls and only 5% of the vaccinates. All control mortalities were
viremic, confirming fatal encephalitis due to WNV, whereas only one of two vaccinated animals

that died was viremic during the challenge period.

SERUM NEUTRALIZATION TITERS

All vaccinated horses responded favorably to the WNV vaccine by developing protective
levels of serum neutralizing (SN) antibody following vaccination. Over one year following
vaccination, 17 of 20 (85%) of vaccinated horses maintained protective SN titers. By contrast,
none of the contro! horses developed rising SN titers prior to virulent WNV challenge. Also, all

vaccinated horses displayed an anamnestic rise in SN titers following virulent WNV challenge

HISTOPAHTOLOGY

Severity scores were provided for both the medulla and pons. Also with regard to this
efficacy parameter, WNV vaccine containing North American Dominant WNV antigen prepared
from isolate NAEE159 proved highly effective. Among the control horses, 50% displayed

severe lesions of WNV encephalitis whereas only 10% of vaccinates were similarly affected.

Discussion and Conclusions
The WNV vaccine was prepared from a viral isolate (North American Equine E159)
obtained from a horse in 2005 during the North American pandemic when a specific dominant

WNV genotype emerged. This genotype is characterized by a speeific valine to alanine amino

=70 -



3754513517.511.5# Passed 8/8 8/8 8/8 7/8 8/8 8/8 7/8 8/8 8/8 Neg. Control 1 48 39 46.5

WO 2010/62546% PCT/US2009/055564

acid change at the 159" amino acid in the envelope (E) protein of the virus (when compared to
the publicly available sequence for the WNV-NY99 isolate having fhe ATCC Accession No.
AF196835), which has made all such isolates more robust and prolific, thereby displacing other
WNV isolates, and making this genotype dominant among disease-causing WNV isolates in
North America. Because it was prepared from the dominant genotype, the vaccine used in this
study is indicative of the unique safety and efficacy achievable with vaccine prepared from all
such North American Dominant isolates with this E protein profile and resulting prolificacy.
Notably, all previously tested WNV vaccines have been prepared from a less prolific isolate of
differing genotype and E protein amino acid sequence, namely WNV NY99. Based on this
difference in nucleic acid sequence, E protein amino acid sequence, viral prolificacy, and unique
ability to cause a pandemic, the North American Dominant isolates are displacing or have
displaced NY99 from the environment. The unique genotype and phenotype (prolificacy), and,
most importantly, the overwhelming environmental presence of North American Dominant
WNYV isolates and the absence of WNV NY99 is compelling evidence for the superiority of the
North American Dominant West Nile Virus vaccine. -Such superiority is confirmed by the safety
and efficacy of the vaccine as demonstrated in this challenge study using vaccine prepared from
North American Dominant isolate North American Equine E159 (NAEE159) (ATCC Accession
No PTA-9409).

In this study, 4 to 5 month old horses were safely and effectively vaccinated with a multi-
component VEWT/WNV/EHV-1/Equine Influenza vaccine batched at an appropriate antigen
amount with the WNV component being North American Dominant WNV antigen prepared
from isolate NAEE159¢(ATCC Accession No. PTA-9409).

Study horses were intrathecally chailenged at least 380 days post-booster vaccination with
10° PFU of a virulent heterologous West Nile Virus strain. Horses were evaluated for 14 days
post-chalienge for chinical signs (including temperature and mortality), viremia, serum
neutralization titers, and histopathology scores from sections of the pons and medulla taken after
cuthanasia and necropsy.

Viremia after challenge and serum neutralization titers were key outcome variables in this
study that were highly indicative of vaccine efficacy. Horses that had been vaccinated more than
one year earlier with VEWT/WNV/EHV-1/Influenza Lot 916 were 90% protected from viremia

after challenge in this study. In comiparison, 100% of control horses demonstrated viremia post-
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EXPERIMENGAs SERL 507(Demonstrating Superior Efficacy of North pmerigagckesine El
59(NAEE159) Vaccines, and that other North American Dominant Vaccines, such as North American

Donkey E159(NADE159 will provide superior efficacy to NY99 vaccines )

challenge. Additionally, serum neutralization titers of vaccinated horses were significantly
higher than those of control horses at 14 days post-challenge, and displayed an anamnestic
response typical of an effective vaccine following heterologous, virulent WNV challenge.

In addition the vaccine containing North American Dominant WNV antigen prepared from
isolate NAEE159 reduced clinical signs and mortality resulting from encephalomyelitis
following heterologous challenge with virnlent WNV. Vaccine efficacy at least one year
following vaccination was also confirmed by reduction in lesions typical of WNV infection.

This study demonstrated for the first time that 2 doses of the experimental combination
vaccine prepared at appropriate doses of antigen including North American Dominant WNV
antigen prepared from isolate NAEE159 administered to foals 4 to 5 months of age safely,
reliably and effectively stimuiated protective serological serum neutralization titers that resulted
in duration of immunity of at least one year with protection from viremia, clinical signs,

mortality, and encephalitic Iesions after virulent heterologous challenge with West Nile Virus.

Example 9

In this study, a2 combination vaccine was prepared using a North American Dominant
isolate of WNV, North American Equine E159(NAEE159) (ATCC Accession No. PTA-9409),
The 14-day post second-vaccination scra samples from the guinea pigs vaccinated with this
Encephalomyelitis-Rhinopneumonitis-Influenza- West Nile Virus Vaccine, Eastern, Western &
Venezuelan, Killed Virus, Tetanus Toxoid were collected and tested for West Nile Virus plague
reduction neutralization (PRN). The sera from the vaccinated guinea pigs were tested for
neutralizing antibody to both a North American Dominant isolate of WNV and to WNV isolate
NY99. Notably, the vaccine displayed superior activity in stimulating neutralizing antibodies to
North American Dominant WNV, as opposed to NY99 WNV. These data support the
conciusion of the superior efficacy of WNV vaccines prepared from North American Dominant
WNYV isolates as conirasted with earlier less effective vaccines prepared from or based on the
NY99 WNYV isolate.

Furthermore, a vaccine prepared from an additional North American Dominant isolate of
WNV, North American Donkey E159 (NADE159) will similarly demonstrate, as described
above, the superior efficacy of such vaccines over the former NY99 based vaccines, Hence, data

from multiple North American Dominant isolates cultivated from different host species,
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Guinea Pig Serological Evaluation for West Nile Virus WO 2010/025469PCT/US2009/055564 TABLE
27: Experimental Serial 507 West Nile Guinea Pig Plague Reduction Neutralization Results using

WNV NY 1999 160 i€ses Indicator Virus Number of Pht ues/Sera DilutioneGuineadeigsissumber 4 8 16
32 64 GPI1 >10 >15 >15>14.5>10.5GP24557.595136P313.53.566.5

originating from unique North American locations, and obtained at different times in North
America will confirm the unexpected but superior efficacy of North American Dominant isolates
of WNV for vaccine preparation.

The data from the plaque reduction neutralization assay also established that a vaccine
prepared from a North American Dominant isofate of WNV that stimulates a titer of 1:12 or
higher in vaccinated guinea pigs that provides 50% viral plaque reduction in at least 90% of
vaccinated guinea pigs, corrclates to vaccine protection against WNV challenge in the horse and
provides for a duration of immunity of at least one year. West Nile Virus vaccination/challenge
data in the horse at an antigen inclusion level of 107°”" TCIDs, or higher per dose correlated
with these guinea pig PRN titer results and confirmed the WNV immunizing dose that provides 1
year or longer duration of immunity in the horse. The corresponding dose in guinea pigs also
stimulates serum neutralizing antibodies to a titer of at least 1:12 against North American
Dominant WNV in guinea pigs.

Data presented in this report collectively demonstrate the unexpected efficacy of vaccines
prepared from North American Dominant isolates of WNV, define the correlation between
vaccine efficacy in the horse and guinea pig serum levels of neutralizing antibody, confirm that a
1:12 titer or higher in guinea pigs identifies an effective equine vaccine providing at least one
year duration of immunity, and quite notably, demonstrate the superior efficacy of vaccines

prepared from North American Dominant WNV as contrasted with NY99 WNV.

Materials and Methods

In order to demonstrate efficacy of the West Nile Virus antigen, prepared using a North
American Dominant isolate of WNV, North American Equine E159(NAEEL59) (ATCC
Accession No. PTA-9409), in an Encephalomyelitis-Rhinopneumonitis-Influenza-West Nile
Virus Vaccine, Eastern, Western & Venezuelan, Killed Virus, Tetanus Toxoid and to establish
an effective dose measurable in horses or guinea pigs, host animal vaccination/challenge studies
were performed in conjunction with guinea pig vaccination/serology studies. In this study, 14-
day post second-vaccination sera samples from guinea pigs vaccinated with Encephalomyelitis-
Rhinopneumonitis-Influenza-West Nile Virus Vaccine, Eastern, Western & Venezuelan, Killed

Virus, Tetanus Toxoid were collected and tested. Additionally, a plague reduction neutralization
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assay was developed to measure the titer correlated to protection against challenge in the host

animal. This titer was determined to be 1:12 or higher in the guinea pig.

Vaccine Formulations

Experimental Serials (Protective Dose Vaccine)
Experimental Serials were formuiated to confirm protective antigen specifications for all
antigens in the vaccine.

TABLE 22: The final formulated vaccines contained the following ingredients per 1 mL dose:

Eastern Equine Encephalomyelitis 1077 TCIDsg/mL
Western Equine Encephalomyelitis 1052 PEU/mL
Venezuelan Equine Encephalomyelitis 1077*? TCIDsy/mL
Dot prepared fom NAE159) 107" TCIDomL
EHV-1 107" TCIDsy/mL
Equine Influenza A2/0Ohio/2003 107 TCIDsp/mL
Equine Influenza A2/Kentucky/95 107777 TCIDsp/mL
Equine Influenza A2/NewMarket/2/93 10777 TCIDse/mL
Tetanus Toxoid 5-10 CPU
Non-metabolizable Oil Adjuvant 100-200 pL
Diluent — DMEM containing q.s.
Gentamicin 30 ug/ml. of diluent volume
Formaldehyde 0.1% of dituent volume

Experimental serial 916 was formulated for host animal vaccination studies.
Experimental serial 916 is a multi-component vaccine containing VEWT-WNV-EHV-1 and 3
strains of equine influenza type A2 virus. Experimental serial 916 1s batched at -107%%7
TCIDse/mL of West Nile Virus antigen North American Equine EISYNAEE159). Itisa ImL
dose vaccine in the horse.

This vaccine was also tested in guinea pigs at the time of host animal vaccinations to

confirm the WNV efficacy and laboratory animal potency. Four replicate guinea pig sera
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dilution experiments were performed for experimental serial 916 to validate a guinea pig assay

criterion for this one-year duration of immunity (DOI) vaccine.

Experimental Serial 507 (Comparative Efficacy Serial)

Data from Experimental Serial 507 is included in this report to demonstrate that serials
formulated with a North American Dominant isolate of WNV antigen show superior efficacy,
measured as guinea pig titers, of the relevant North American Dominant isolates of WNV as

compared to the earlier NY99 isolate.

Guinea Pig Serological Evaluation

Sera were tested for WNV antibody as follows:

1 West Nile Virus Indicator Strain: North American Equine E1S3(NAEE159) (ATCC
Accession No. PTA-9409) & North American Donkey E159 (NADE159)

2) Growth medium for Vero Cells is DMEM + 5% FBS, 2 mM L-glutamine and 30 pg/mL
gentamycin

3) Diluent for Test Serum is DMEM plus 30 pg/ml. gentamycin

4) Diluent for indicator virus working solution is DMEM + 10% normal guinea pig serum
(specific to WNV assay)

5) Guinea pig test sera is diluted 1:12

7) Use 4 mL overlay instead of 3 mL (specific to WNV assay)

8) Titers are calculated using 50% plaque redaction

9} Nine of ten vaccinated guinea pigs must have an antibody titer of 2 1:12 to demonstrate

efficacy, and negative guinea pigs must be <1:4 (same criteria as VEE assay in SAM).

Resuits and Discussion
Serological Evaluation for West Nile Virus
Experimental Serial 916 Replicate I West Nile Guinea Pig

Plaque Reduction Neutralization
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>14.5>16 >17 al6.5 Virus Control Values: >24, >15, >14, >16, >.18, >20 Virus Control Average
Plaques: >17.8 Virus Control 50% Reduction: >8.9 TABLE 28: Experimental Serial 507 West Nile

Guinea Pigptaemgmedisction Neutralization Results Using North AmericairEguiigepiR{NAEELS59)as
Indicator Virus WO 2010/025469PCT/US2009/1155564 Number of Plagues/Sera Dilution Guinea Pig
Number 24 8 16 3264 GPI 17 14 18.514.519.526 GP2253.52

Results Using North American Equine EI5%(NAEE159)as Indicator Virus
The study was initiated and the guinea pigs were bled 25 days later.

TABLE 23: Number of Plaques/Sera Dilution

916 (1) 2 3 4 6 8 12 16 | 32 64
GP1

0 2 2 4 55 | 2.5 17 14 11
GP2

65 | 9.5 11 14 9 11.5 | 13 20 | 22.5
GP3

7 5 6 9.5 10 9.3 11 10 | 16.5
GP4

7 5 4 4 1 6 155 1 95 | 125
GPs _

6 45 9 7 175 1 135 | 12 16 17
GP6

1 1 25 | 15 3 8 19.5 | 19.5 | 205
GP7

9.5 8 8 155 | 175 | 2151 36 | 17.5 | 205
GPS

5 35 1 75 | 75 | 145 0 11 1265 | 265 1 275
GP9

0 2 7 6 7 12 9 105 | 11.5
GP10

45 | 45 | 553 11 22 8.5 23 29 | 305
# Passed

10/10 | 16/16 | 16/10 | 16/10 | 10/16 | 10/10 | 16/10 | 10/10 | 14/10

Neg. Control 1
68.5 | 645 | 725 | 935 | 68 82 | 895 | 785 | 71

Neg. Control 2

72 61 87 69.5 | 705 | 855 | 77.5 | 695 &8

Virus Control Values: 99. 70, 68§, 88, 77, 64
Virus Control Average Plaques: 79
Virus Control 50% Reduction: 39.5

Table 24: Experimental Serial 916 Replicate I West Nile Gumea Pig

Plaque Reduction Neutralization
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Results Using North American Equine E1S3(NAEE159)as Indicator Virus
Guinca Pigs were bled 35 days after the initiation of the study

Number of Plagues/Sera Dilution

916 (1D 2 3 4 6 8 12 16 32 64
GP1

1 3 6 6 145 | 653 13.5 18 17.5
GP2

1.5 3.5 6.5 6.5 8.5 9.5 105 1 125 19
GP3

12 5.5 22 21 415 34 41 41 | 435
GP4

4 8.5 17.5 165 | 21 36.5 28 415 42.5
GP5

3.5 4.5 9.5 15 265 | 255 1 135 23 40
GPo6

1 3 7 13.5 17.5 14 24.5 26 23
GP7

2 5.5 4.5 ii.5 | 21.5 15.5 34 26.5 28
GP8

1 1.5 2.5 3.5 4 11 9 20 17.5
GP9

13.5 18 25.5 1 295 | 295 | 355 28 37.5 43
GP10

9 8 105 ¢+ 21.5 21 20.5 27 315 | 275
# Passed

10/10 | 10/10 | 10/16 | 16/10 | 9/10 | 10/10 | 9/10 | 8/1¢ | 6/10

Neg. Control 1
69.5 67 715 | 695 | 725 73 83 68 78

Neg. Control 2

68 70.5 69 725 | 825 66 75 76 74

Virus Control Values: 99. 70, 68, 88, 77, 64
Virus Control Average Plaques: 79
Virus Control 50% Reduction: 39.5

Table 25: Experimental Serial 916 Replicate 11T West Nile Guinea Pig

Plague Reduction Neutralization
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Results Using North American Equine E159(NAEE159)as Indicator Virus
Guinea Pigs were bled 35 days after initiation

Number of Plaques/Sera Dilution

916 (I1E) 2 3 4 6 8 12 16 32 64
GPI ‘
0.5 1.5 0 0 0 1 4 6 3.5
GP2
0 0 1 0.5 0 (0 0 0 0
GP3
7.5 9 9 16 17 13.5 12 18.5 23
G4
2.5 0 0 3 2 2 3.5 ] 2.5
GPS
13.5 | 155 18 18 19.5 24 16.5 i 21.5 | 33.5
GPo6
6.5 155 | 315 10 205 1 265 ¢ 285 | 315 32
GP7 ‘
14.5 12 175 1 205 1 195 | 295 | 21.5 16 22.5 -
GPS
21 24.5 36 28 345 | 305 | 27.5 29 26
GP9
0.5 0.5 3 4 6.5 5 10 9.5 18
GP16
2.5 7.5 11 8 12.5 9 20 10.5 17
# Passed
10/10 | 10/10 | 8/1¢ | 10/10 | 9/10 | 10/10 | 16/10 | 9/10 | 8/10

Neg. Controi 1
73 615 | 795 | 535 | 385 78 57 70 63

Neg. Control 2
55 54.5 64 | 52.5 58 68.5 66 67.5 79

Virus Control Values: 51, 58, 61, 66, 78
Virus Control Average Plagques: 62
Virus Control 50% Reduction: 31
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7/10 7/10 5/10 7/20 Neg. Control | 24.5 21 22 23.5 22 25 Neg. Control 2 24 33 29 29 24.5 34.5 Virus
Control Values: 40, 38, 34, 35, 28, 23 Virus Control Average: 33 Virus Control 50% Reduction: 16.5
Discussion gigth§:008kusions Guinea pigs were vaccinated and sera tgstedsfoniiesisNile Virus
antibody. This assay established that a titer of 1:12 in vaccinated guinea pigs correlates to protection
in a horse vaccination/challenge study that provides at least one year duration of immunity for WNV
WO 2010/025469Pa/US2009/055564 vaccine prepared using a North American Dominant isolate of

WNV, such as Now gnpesicap, Eauing &ISHNAFER R cate 17 WEYTTEMIN WL giinea pig
vaccinations, WNV vaccine preparegysing a:Mafih Amgrigandagminant isolate of WNV, North
American EquinerEl 2 NAEELRR), Wasalsp pdmipisteme iodiarsss (BRiassinates and 10 controls)
via primary immunizafign.foblpaved Ly, Racsfen {umdpization 2 weskamaigizMore than one year
post-booster vaccination, horses weygsphigstad ey sidenWest Nile Virus challenge, and were
protected when compared to non-vaccinated controls. Vaccinated horses were protected from viremia,
clinical Bigns, @y igity, and encephglitig lesions a ergvirdleng heterebogpug ghallenge Wwitgy\West Nile
Virus. In addition the data substantiate the superior efficacy of WN\| vaccines prepared using
North American §pgminant WINV, as{opposéd to previously developed vaccineg derived from WNV
NY99.AJ[he sera from the vagcinated guinea pigs were testedFornentsalizingantikody: todsoth a North
American Domingpg isolate gf WNViand toWNV isolate N'Y99. Tjiters toithe isolate freguently| occurring
in North America, namely NartlsAmerigan DomndnRENAEEL59), wese consistenthys highes,sn
vaccinated guinggppigs as campared to titers to the isolate that i$ no longer reported tp be present in
nor causing disease in North) Amgricaz\iNV N¥99. tiehce,2he viaccine disptayed&aperios adtivity in
stimulating neutkgpaing antibpdies to North:American Dominant WNV, as opposed to NY99 WNV.
These data support the conclusion of thte supeéror|effitacy of WNV vaicding$ prepéaded frishd North
American Domirgps 'VVNYV isolates jas contrasted with edrlier legs effective vagcines prepared from or
based an the NY99 WNV isojate} Examiple [10).5 12 20 17 | 245 | 195 | 23.5

GP6
0 0 0 1.5 2.5 2.5 0.5 3 3
GP7
5.5 6.5 5.5 10 7 13 5.5 95 13
GP8
1 4.3 0.5 3 7.5 4.5 135 | 17.5 | 11.5
# Passed

8/8 8/8 8/8 7/8 8/8 8/8 7/8 8/8 8/8

Neg, Control 1
48 39 | 463 39 48 54 39.5 54 67.5

Neg, Contrel 2

40.5 53 44 | 44.5 54 485 | 595 | 615 | 455

Virus Control Values: 93, 53, 56, 92, 67, 44
Virus Control Average Plaques: 67.5
Virus Control 50% Reduction: 33.8
EXPERIMENTAL SERIAL 507(Demonstrating Superior Efficacy of North American Equine
E159(NAEE159) Vaccines, and that other North American Dominant Vaccines,‘ such as North
American Donkey E139%NADE159 will provide superior efficacy to NY99 vaccines )

Guinea Pig Serological Evaluation for West Nile Virus

279 .



WO 2010/025469PCT/US2009/055564

invention. MatesialscangMethods

This Example illustrates the genetic differences between-
North American WNV strains and North American Dominant WNV strains, as used in the present

Relevant areas of the genome of WpMrN¥Rganresthe North

American Dominant WNV isolates suitable for preparation of a novel, superior vaccine were
sequenced and compared to confirm the key genetic differences. Examples of North American
Dominant isolates used in vaccine preparation include North American Equine E159(NAEE159)
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Encephalomyelitis,WesternEquineEncephalomyelitis,\VenezuelanEgquine-Encephalomyelitis Virus and
Tetanus Toxoid. 4. The immunogenic composition according to any one of claims 1 to 3, wherein
said immunogenic composition comprises at least one antigen or one additional strain of Equine
Herpes Virus. 5. The immunogenic composition according to any one of claims 1 to 4, wherein said

immunogenic composition comprises at least one additional strain of Equine Herpes Virus. 6. The
immunogenic composition M?&Hﬁ%}i Wiie of cidihs 4tq>*%6’v§ﬂér>' Usaid immunogenic
composition comprises at least ong'ait TBP%H%V%&WFS%Q#N Equine Influenza Virus. 7.

The immunogenic composition accOiaih G 1B SrieRsteriifms 288 6, wherein said immunogenic
composition comprises at Jeast one adﬁiodiéional strain of Equine Influenza Virus. 8. The
immunoggrﬁgégtgfgggﬁfﬁl%&@?d?ﬁﬁ‘ : %g%%%lﬂ%é &g ?*%gﬁ%?ij‘ CHRPRHOAGGERR
composition compHeddbhe s NEHe SfhehesrEydie cﬁﬂé@%ﬁ AphAIBIRIETIN Wirus, Western
Equine Encephalomyelitis Virus, Venezuelan Equine Encephalomyelitis Virus, Equine Influenza Virus,
Equine Herpes Virus and Tetanus Toxoid. The immunogenic composition according to any one
of claims 1 to 8, wherein said West Nile Virusis'a North American Isolate. 10. The immunogenic
composition according to any one of claims 1 to 9, wherein said West Nile Virus is a North American
Dominant Isolate. 11. The immunogenic composition according to any one of claims 1 to 10,
wherein said Western Equine Encephalomyelitis Virus is the strain deposited with the ATCC under

accession number PTA-9410. 12. The immunogenic composition according to any one of claims 1
tNn 11 whereain caid \/ene7iialan Fairnne Encenhalomyvalitice \/iriice ic the <ctrain denncited with the ATCC



13. The immunogenic composition according to any one of claims 1 to 12, wherein said Eastern
Equine Encephalomyelitis Virus is the strain deposited with the ATCC under accession number
PTA-9412. wo e dmmunogenic composition according to any one opclgimmsobotesdsa« wherein said
Equine Herpes Virus is selected from the group consisting of the strains deposited with the ATCC
under accession Nos. PTA-9525 or PTA-9526, and combinations thereof 15. The immunogenic
composition according to any one of claims 6 to 14, wherein said Equine Influenza Virus is selected

from the group consisting of INflugezadWINE sques/Sera Dilution
2/0hio/03,Influenza/Equine-2/KY/95,Influenza/Equine-2/NewMarket/2/93,and combinations thereof

16. The imm INQGSRG GATRARRP agcording fo agy one gf clajms;g 10 115, 3yhereingaid Equine
Influenza Viryus is Influenza/Equine -2/0hio/03, Influenza/Equine-2/KY/95, and Influenza/Equine-2/New
Market/2/93. 17 Thggmmunogenic cpmposition accqrging|to any oneef £laims;g to|16, wherein
said Equine Influenza Virus is selected from the group consisting of the strains geposited with the
ATCC underjaccessiongygs. P TA-95P2 FXTA19523 or|PTA-9524 agd comhmatipnsjthereof 18. The
immunogeni¢ composition according|to any ope of claims 1 to 17, wherein any pf the sttains are
present in anamount figegabout T01TCHI50/MLnI01uTLID50/mE per dose. 1PsThe
immunogeni¢ composition accordingto any ope of claims 1 to 18, wherein said{immunogenic
composition further comjyrises suitable exgpienty @r pharmaceuticakcarriery | 209 Ehe immunogenic
composition according to claim 19, wherein said suitable excipients or pharmaceutical carrier is/are
selected fronp the grougsgansisting off a dikient, adguvantpantimicnabsal agems inactivating agent, and
combinations thereof 21. The inmunogenic composition according to claim 19 or 20, wherein
said adjuvant Is selectegdggpom the groupensistiag of,l a pglymier gfjacrylicigr methagrylic acid,
non-metabolized oil, and combinations thereof 22.. The immunogenjc composition a¢cording to any
one of claimg 1 to 21, wheyein said comggsition is3o Qe agminjstered t0 angquinej? 23. The
immunogeni¢ composition according ito any one of claims 1 to 22, whetein said immunogenic
composition |s to be adgpgstered in one HF mpreidoses. 18 24. ThesimmppdgenieTamposition
according to jany one of claims 1 to 23, wherein one dpse of said immupogenic composition is
formulated in 0.5m1 to &pml. 25.: The smmunggenic campositin agearslifng to any one of claims 1
to 24, wherein said immunogenic composition provides duratidn of immunity of pt least 12 months after
the administriation of o dese. 26. Thes immuriogenic Zomposiion accodding tolany one of claims
1 to 24, wherein said immunogenic composition is safé for use in foals jor horses 4 monghs of age or
older. 27! Use of arissgalinogeni¢c comiposition @ccortling tp dhydone &'taims/10 26 in the
manufacture jof a medicament for reducing the incidence or legsening the severijty of clinical symptoms
associated with or caused by West Nile Virus, wherein said medicament is to be administered to an
animal or a herd oNapirGalstinlrieed therxbf | 281 Use oban imridogeni@zompo3ition according to
any one of claims 1 to 26 in the manufacture of a medicament for reduc¢ing the incidence or lessening
the severity of clinlSagsymptats associated with 3 cguséd by|on@%r mods 6f the pathogens selected
from the group consisting of West Nile Virus, Eastern Equine Encephalomyelitig Virus, Western Equine
Encephalomyelitis Virus, Venezuelan Equine Encephalomyelitis Virus and Clostridium tetani, wherein
said medicament is to be administer€shutranvahinsalt Or & hetd36f a%hidtals in need thereof 29. Use
of an immunogenic composition accordigitd aniyderof:gkaidds 4 to 26 in the manufacture of a
medicaMient fomted fdiigRbd1micidelcé or lessening the severity of clinical symptoms associated with
or caused by one or more of the pathogens selected from the group consisting of: Eastern Equine
Encephalomyelitis Virus, Western Equine Encephalomyelitis Virus, Venezuelan Equine
Encephglomyglitis, Yir ¢S fefildag Herpes Virus and Clostridium tetani, wherein said medicament is to
be administeéred 10 an animal or a herd of animals in need thereof. 30. Use of an immunogenic
composition aggRrding; 0 Rk ANE S SRIMSHO:R28 R IheMeauiasiIRe: Al medisAment fasreducing

the incidence or lessening the severity of clinical symptoms associated with or caused by one or more

of the pathegens salectes:fropr thegraumeansisting pka NileWitais 1 BRQIRIHAWNE horse
Encephalomyelitis Virus, Western Equine Encephalomyelitis Virus, Venezuelan Equine
Encephalesmyaiifisdius gz auing HerppsoVidus, dqeise dnflugazalvisiemad Hesinniumteranly wherein
said medicament is to be administered to in an animal or a herd of animals in need thereof 31. The
use according to any one of claims 27 to 30, wherein the incidence of clinical symptoms caused by
one or more of said pathogens in a herd of animals is reduced from about 10% - 50% as compared to
a herd not receiving said medicament. 32. Jhe use according to any one of claims 27 to 31,
wherein the administration of at least one dose of said medicament provides a duration of immunity of
at least 12 months against one or more of said pathogens. 33. The use according to any one of claims
27 to 32, wherein said animal is a horse. 10-0111seq SEQUENCE LISTING <110> Hennessy
Kristina J. <120> WEST NILE VIRUS <130> 054870-130750 <160> 24




<170> Patentln version 3.3 <210> 1 <211> 608 <212> DNA <213> West Nile virus <400> 1
cggggggaat gaattcggaa ctggagttcg ggaggaggtg acccggcectg agagctgact cttgccaggg gcetgcetgatg

caagttgtca gjgaalgaagd@ccaaagt gtcacacttg aggccaaggg aggctctggg tcgagagotagggssagat
tggaaaatga ccatcattga gaagaaccgt cctacgccct aaggagtgat catttacaac aagcagagcc ttttctcaat

gggcctccaa ctatgctgat agctaaggtg getcacctat catggatgtt aaacactttc tggcccagat atgatgggaa atttggttca
gaagaccact aaactgggtt gacacagctg cttgagctgc cgtcacaaag atctccagag accaacctgg gatgtggaga

agagagagan l9ageiedd actiosaad aGletlaroInugeacaGaaa98aA tulgaragl Araakagay

ccgtccagct aactcacaaa aaaacccgga agctcgcttt aaagaactca tgaagttggc ccgcatcacg acatcggegt
gatgcg g@mﬁg&g@g@qgg&ttg agggaaagga <210> 2 <211> 608 <212> DNA <213> West Nile
virus <400> 2 cggggggaat gagttcggaa ctggagttcg ggaggaggtg acccggcctg agtgctgact ctigccaggg

getgetgaty caagiigicaAlgIaaBogdinesanagt Gieanastty FUESCARdENAGISHaIgETiSEa000GH th

ggggcaagat tggaaaatga ccatcattga gaagaaccgt cctacgccct aaggagtgat catttacaac aagcagagcc

ttttctcaat gggesicerRmciatg Glgaiiagataraoly sWeacalatbaaigJRtginaapCEme Iunagataalgatgggaa

atttggttca gaagaccact aaactgggtt gacacagctg cttgagttgc cgtcacaaag atctccagag accaacctgg

gatgtgga@nistered to horses (20 vaccinates and 10 controls) via primary immunization followed by
booster immunization 3 weeks later. More than one year post-booster vacéination, horses were
subjected to virulent West Nile Virus challenge, and were protected when compared to non-
vaccinated controls. Vaccinated horses were protected from viremia, clinical signs, mortality,
and encephalitic lesions after virulent heterologous challenge with West Nile Virus.

In addition the data substantiate the superior efficacy of WNV vaccines prepared using

North American Dominant WNV, as opposed to previously developed vaccines derived from
WNV NY99, The sera from the vaccinated guinea pigs were tested for neutralizing antibody to
both a North American Dominant isolate of WNV and to WNV isolate NY99. Titers to the
isolate frequently occurring in North America, namely North American Dominant (NAEE159),
were consistently higher in vaccinated guinea pigs as compared to titers to the 1solate that is no
longer reported to be present in nor causing disease in North America, WNV NY99. Hence, the
vaccine displayed superior activity in stimulating neutralizing antibodies to North American
Dominant WNV, as opposed to NY99 WNV. These data support the conclusion of the superior

efficacy of WNV vaccines prepared from North American Dominant WNV isolates as contrasted

with earlier less effective vaccines prepared from or based on the NY99 WNV isolate.

Example 10
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agagagagaa tgtggctcgg ggcttggaag acatcctgecg getgggacac ttgatgggga ttgtgaaagt aagatcagag
ccgtccagct aactcacaaa aaaacccgga agctcgcttt aaagaactca tgaagttgge ccgceatcacg acatcggegt

gatgcgcccoygqdengiggasggtgaggatg agggaaagga 10-0111seq <210> 3 (rifwQ0@«xE2> DNA <213>
west Nile virus <220> <221> misc_feature <222> (57)..(57) <223>nis a, ¢, g, or t <400> 3
gcaatgcagc cagttgaaga gggaatgtca tcggaaaggc agttcgaggc gaggtgtcga gacctggggg ctgacttgga
ccagggccat ctgatggaag ttgtcaccta aaggggaagg aagtcaggac gagatgactg atgctatgtc attggcagc

titgggtgec tecaaadiit £asHoAHAROHRARAE IC BRIt A8aHE0ar Naae AlRlat anatgaausaaaiigagetc
aaccgtcatg cgccctaaac agtgattggc ctggctgttt tgtggtaaag aaaggttcgc atgtttgaag tgggagatgg tacaacatga

agagccaffi QlasioaagGicerRadaas 9eigalgasasaagactiRestategiergatgibalct acttticacca ccagatgatg
gagaatgggg cccctggacg aaagacatcc agcagaatca tggatgagga tgggaaagag ggttcatgtg accactggct
tggottagpl eapgedastyaatigritga acaaagtigt ccagagaaga acctggccgt tggagaaact aagaaagact atcgctttge
aagagtggaa atggaggagc gccaganaag gcgcgaggca catctgcggg agagaaaaaa cccggagagt gectcggagct
cgctttctgg tggR@magmwgwg&@memgmwwmg@&cﬁmﬁgﬁmme@dga@lﬂq@gQ’ébl@ét

cggcgtctt aaa cce tc a acaag.ccagct gatgg caca
aaaggéﬁ% o] g& fapd%%%‘ggd% aglgcc Sycte & cocrtcaéléc%egtcglaétJ % gg (i&a%ng%é)%é %8a§ 11> 975
<212> ENArs21 3 wastyNilgorictis <22Beren22d > nisemfdaturek228x»1(3). &@@t@@@ WignEpe)ty, or t

< .
220> fs%ﬁ%gs mlsgs_efg aturi% vaccing  preparation  include  North  American  Equine
EIS9(NAEE159) (ATCC Accession No. PTA-9409) and North American Donkey

EI59(NADE159).

Results and Conclusions

The critical Envelope (E) protein and Non-Structural 5 (NS5) protein was sequenced in
these WNV isolates using standard laboratory techniques to determine genetic
differences in nucleotide sequence as contrasted with WNV NY99. Notably, the
North American Dominant isolates, of which specific cxamples are North
American Equine EI59(NAEE159) and North American Donkey EI59(NADEIS9),
displayed the changes which characterize North American Dominant WNV isolates
and distinguish them from NY99 WNV, namely, the U to C mutation and C to U
mutation at positions 1442 and 2466, respectively, of the nucleotide sequence
encoding the E protein and the C to U mutation at position 9352 in the
sequence encoding the NS5 protein. Figs. 10-17 show the sequence alignments of various
regions of isolates, The alignments in the E region are relative to publically available reference
sequences for a NY 99 isolate (deposited in GenBank as AY590210) and a North American
Dominant isolate (WN 02 isolate) deposited in GenBank as AY590223. The alignments in the
NS5 region are also relative to publically available reference sequences for a NY 99 isolate
(deposited in GenBank as AY369442) and a North American Dominant isolate (WN 02 isolate)
deposited in GenBank as AY369440). As shown by these alignments, North American
Dominant WNYV isolates have the same sequence changes relative to the NY 99 isolate as those
defined in the definition for a North American Dominant WNV isolate. These sequences are

provided herein as SEQ ID NOS. 1-22, the full length genome of a WN99 isolate is provided as
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<222> (12)..(12) <223>nis a, c, g, or t <220> <221> misc_feature <222> (813)..(813) <223>n s a, C,
g, ort 10-0111seg <220> <221> misc_feature <222> (881)..(882) <223>n is a, ¢, g, 0 <400> 4
tcncggattc gngosasgsd@agtgaatat gaccagccag cccaatacga ggaagatgta tcpagicagaonaesagtaaa
cgacgtggca ccacgatgag atgtgaagcc cacaggctcc aaccatggga caccatcacg ggcagcagcg agtgttcaaa
tgaagtacgt gctcaacgag gtcccagaat gtgctctcga gtgccatgtt tgaagagcag aattttggga gatggtggat gcatttacaa
catgatggga gaagcagagc catttggttc gttttctcaa tgaagaccac tgggcctcca aaaactgggt tctatgctga tgaca rt
alglallage g Iaas AacIREaAIEARGARRR PATCARCRR JEARNIETR AR Ata%e IBORRIUIYG
accaccaac gaattca aatcaatgga gaggagcgcg aagagagaga at ggctcg tggcttggaa tacatcctgce
tgagtcg%[@&lgﬁ‘ggﬁﬁ%é&%fﬁﬁa%%cag ggattgaacg atagaacctg tggttaatgg ccatggccat acacgaaagc
gottgtgggc taagaaaggt ggagcgccag aggcacatct aaaaacccgg ganctcgctt gaaagaactc gtgaagttgg
ttcaggcaat gtggtacatt aaaaaggacc tggaagggac ggcggtggga aaacccctge actcaggcgt gagtacagtt
gaactatcac ggcagttatg agtggtcagg ctcctctcaa gactgacact actcccttcg tcctgaaccg ccagaaggag gtttttggcec
agagaaaaac caacagcaat gcagctttgg agaagcagtt gaagatccaa gcggggggaa tgtcacactt agagttcgga
aaggctaagg tctggagttc gaggctctgg nngaggaggt gtcgagggct cacccgacct gggggcaaga <210> 5 <211>
957 <212> DNA <213> west Nile virus <220> <221> misc_feature <222> (8)..(8) <223>nis a, c, g, or
t <220> <221> misc_feature <222> (31)..(31) <223>nis a, c, g, or t
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<220> <221> misc_feature <222> (51)..(51) <223>nis a, c, g, or t <220> <221> misc_feature <222>
(83)..(83) <223>nis a, c, g, ort <220> 10-0111seq <221> misc_feature <222> (130)..(130) <223> n
is a, ¢, g, or t <400> 5 aatggagngg tcaggctcct ctcaaaaccc ntgggacacc atcacgaatg ntaccaccat60
ggccatga€tigasactactc ccnttcggge agcagcgagt gttcaaagag aaggtggacal20 cgaaagctcn tgaaccgcca
gaaggagtga agtacgtgct caacgagacc accaactggtl80 tgtgggcgtt tttggccaga gaaaaacgtc ccagaatgtg
ctctcgagag gaattcataa240 gaaaggtcaa cagcaatgca gctttgggtg ccatgtttga agagcagaat caatggagga300

gcgccagaga agdagitalrattesiiat gByAi GemBATE) Yoo Bty 3B Eaitcttty dYgggaatgt
cacacttgcaiiasiaca 4aligaaag sgagaennaallialcelgsagaaiioganaag: sctaagpeanigcagageeat

ttggttcatg tggctcggag480 ctcgctttct ggagttcgag gcte tt tictcaatga cca cttggaagaas540
agaactca %%%?Effsggtgqga%tfﬁ’ﬁ g%‘f%ggasggeéq%%t%%%éﬂfﬁég %’i%%?g%::ogntsg ols] ggggt%%%%%%&uc%%cctggg
ggcaagathatgbifiahyalcacdgecgdt:tggy KoaoecE6GPudtoncyily Agotyandty errandigabgiataaggtgct

lgagtact gaigag0RRATR0 AtRA0qdIGhlgsrANchAleAtioRas IRARClaleCicreRaRarigaRagtoar 0
tgcgeecggc tgctgatgga agaaccgtca tggatgttat ctccagagaa gatcagagggS4C§{ggagt gaca agttgtcacc
§

tacgccctallid Aottt earebigcirarcagetirgobionghy gaRyat 4uaEgeY §adle54 cagatga
tgtggagaafGIcRGRARAIM, the ATCC under accession number PTA-9409; NAEEI59, deposit at the

United States Department of Agriculture Isolate under accession number 405330;
NY2002Nassan; NY2002Clinton; NY2002Queens; GA20021; GA20022; TX20021;
TX20022; IN2002; NY2003Albany; NY2003Suffolk; NY2003Chataugua; CO20031;
CO20032; TX2003; TX2003Harris4; TX2003Harris6; TX2003Harris7;, TX2003Harris10;
AZ2004; TX2004Harris4; and combination thereof.

2. The immunogenic composition according to claim 1, wherein said immunogenic
composition comprises at least one additional strain selected from the group consisting of
Eastern Fquine Encephalomyelitis Virus, Western Equine Encephalomyelitis Virus and

Venezuelan Equine Encephalomyelitis Virus, Tetanus Toxoid, and combinations thereof.

3. The immunogenic composition according to any one of claims 1 to 2, wherein said
immunogenic composition comprises one or more strains of Fastern FEquine
Encephalomyelitis, =~ Western  Equine  Encephalomyelitis, =~ Venezuelan  Equine

Encephalomyeliiis Virus and Tetanus Toxoid.

4. The immunogenic composition according to any one of claims 1 to 3, wherein satd
immunogenic composition comprises at least one antigen or one additional strain of Equine

Herpes Virus.

5. The immunogenic composition according to any one of claims 1 to 4, wherein said

immunogenic composition comprises at least one additional strain of Equine Herpes Virus.

6. The immunogenic composition according to any one of claims 1 to 5, wherein said
immunogenic composition comprises at least one antigen or one additional strain of Equine

Influenza Virus.
-85 -



<210> 6 <211> 961 <212> DNA <213> west Nile virus <220> <221> misc_feature <222> (30)..(30)
<223>nis a, c, g, or t <220> <221> misc_feature <222> (41)..(41) <223>nis a, ¢, g, or t <220>
<221> misc_feature <222> (62)..(63) <223>n is a, C, g, or t <220> <221> misc_feature <222>
(107)..(107) <228 heisrapopageoictocat@Osi @ ygeasdieda tacgaggdadpangthaaétrivbargetsahe

tcagacacqg giaaaalean LAHEIACHIARRINIRCICARAAGHR SHCAIACA-ap0R IHIRRE, ARGRRITCCC
tttgggtgcc tccaaaattt cactigcatt taagggaagc tctgggtttt gggcttggge caagatctat aaatgaagct tggcaccacg

aagcccacag tgggacacca cagcgagtgt tacgtgctca agaatgtgct atgtttgaag tgggagatgg tacaacatga
agagccattt ctcasigargirtetnaganc arhgatdast.eagaigcitoalgagaactangricegroaeicacgaatgt

tcaaagagaa acgagaccac ctcgagagga agcagaatca tggatgagga tgggaaagag ggttcatgtg.accactggct
tgggttacat CHGEEgHEG a‘ﬁi‘@%%?é? ot f@f%ﬂ%%qoﬁ%ca?ratarégé% §cc%%%1asct ?t%gggeésg?f‘g;g]gua%?gg
taccaccatjgephitjaciglngtgdacacyy esayclooigcabmtggttpragdieyttl anc atcagaraag glspata

219920924 A6RANAYEAR. IPARORYNNR FAHGID00Y9-A0RYAARIAR RECaHRNALL HAIADRGRL ATy
tggaagaaag aactcaggag cctgcgtgaa gttggcaccc ggacacccge atcacgagag tggggaacat cggcgtcttg

atcacggcag tcaggctcct acactactcc aaccgccaga tggccagaga gecaatgcagce cagttgaaga gggaatgtca
tcggaaaggc agtiggageGelagaiateta-oRpetHge 08 CIaRaIE0MOCAYQIetalns 1 to 8, wherein said

West Nile Virus is 2 North American Isolate.

10. The immunogenic composition according to any one of claims 1 to 9, wherein

said West Nile Virus is a North American Dominant Isolate.

11. The immunogenic composition according to any one of claims 1 to 10, wherein
said Western Equine Encephalomyelitis Virus is the strain deposited with the ATCC under

accession number PTA-9410.

12. The impmmogenic composition according to any one of claims I to 11, wherein
said Venezuelan Equine Encephalomyelitis Virus is the strain deposited with the ATCC under

accession number PTA-9411.
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<210> 7 <211> 1503 <212> DNA <213> west Nile virus <400> 7 ttcaactgcc gtggatttgg atcgatgtga
tatttggcta cacaatgaca tggggcaacg tgctctacca atttttgtcc gccactcagg ggagaatatg tactacgtga ctcaacctcc
gagtttgagg gctctgcagc ttgacgtcgg ttggaatgag ttctcgaagg agatgatgaa ccgtcagcga aacgtgctga
gctgecggact aggdaatfiggimtgurmusaic cayygdipateeragdnggaeniyaetgtigtdmg daichy &aetARacgc

aag Ctttg9&%%&&9@1&3&@@96@@9@%&%&9&@@9@ AQ0GaFIglse AR CAAgEHThatiguGaARA aagaaccalc
tactgtggag cagcatcact agt t aacaaagacg tgctggaagt cacgaagcag tggagccatt gtgtagagtg
ttcttggaadgieferatiaangech éc‘i’d% aagctgcgt gtgtgcagac ggaagcattg ttgaaagaga tcgcacggaa
cctgeggege gaaccacggt ttettggtee actgtgtgga tetgtgatag cectgtggaat aagatggaaa Page 5 gagtgtctgg

tgtctaagga cag %g ka(‘] CCC accg}cago%% (%tggt acac% %’ a&z;tgr%ag%% g%@%ccgaﬁ Cgﬁ@ﬁ%ﬁ:ac
agtig g

cagggattga atcg Fa08 &attgggcte tﬁcaag a aattgcagt
said Equine Herpes Virus is selected from the group consisting of the strains deposited with

the ATCC under accession Nos. PTA-9525 or PTA-9526, and combinations thereof.

15. The immunogenic composition according to any one of claims 6 to 14, wherein
said Equine Influenza Virus is selected from the group consisting of Influenza/Equine —
2/Ohio/03,  Influenza/Fquine-2/KY/95,  Influenza/Equine-2/New  Market/2/93,  and

combinations thercof.

16. The immunogenic composition according to any one of claims 6 to 15, wherein
said Equine Influenza Virus is Influenza/Equine —2/Ohio/03, Influenza/Equine-2/KY/95, and
Influenza/Equine-2/New Market/2/93.

17. The immunogenic composition according to any one of claims 6 to 16, wherein
said Equine Influenza Virus is selected from the group consisting of the strains deposited with
the ATCC under accession Nos. PTA-9522, PTA-9523 or PTA-9524 and combinations
thereof.

18. The immunogenic composition according to any one of claims 1 to 17, wherein
anv of the strains are present in an amount from about 10°°TCIDso/mL — 16'99TCIDs/mL per
y P p

dose,

19. The immunogenic composition according to any one of claims I to 18, wherein
said immunogenic composition further comprises suitable excipients or pharmaceutical

carrier.
20. The immunogenic composition according to claim 19, wherein said suitable

excipients or pharmaceutical carrier is/are selected from the group consisting of a diluent,

adjuvant, antimicrobial agent, inactivating agent, and combinations thereof.
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agcaacatgg caagcctacc cagttattgc gggagaagct ggacaggggc caaatttgcc cgaagtggcec acaggttgga
actaaagctt caccaatgca gttcatggac gacgttaatg acaagaggga cactgtcaag gaagggaaca 10-0111seq
acctatggcg tctgttcaaa ggctttcaag tttcttggga ctcccgcaga cacaggtcac960 ggcactgtgg tgttggaatt
gcagtacact ggcadgFatyigaccitgosa aytreisivl 020 hntdagigarcttaftdh aegeie it alteagtgggcea
gattggtcag tgleanceedA8RIGNIATI09GAACITC.CARSERIARE AlSHUM G RAIIBEARCERLCAHO0aL140
gactcataca tagtggtggg cagaggagaa caacagatca atcaccattg gcacaagtct1200 ggaagcagca ttggcaaagc
ctitacaacengtbelezsayl qadgrdyaiartdliiegtt1260 ctaggagaca cagcettggga ctitggatca gttggagggg
tgttcacctc agttgggaag1320 gctgtccatc aagtgttcgg aggagcattc cgctcactgt tcggaggcat gtcctggatal380

acgcaaggat tgct gc tctcetgttg tggatgggca tcaatgctcg tgataggtccl440 atagctcica cgc
agttggagga gttc ?ggthfcﬁﬁ?él ?g"dggé’ 3&&%‘66"3‘3@‘@%%%?& 8 éﬁ%@k%%gé 1‘29$gélgeqN£Ag<213>
west Nile ssidisos@0i Shticadstgdnitggeatyagcaavagagac ticttggaag gagtgtctgg agcaacatgg60
gtggatttgg ttctcgaagg cgacagctgc gtgactatca tgtctaagga caagcctacc120 atcgatgtga agatgatgaa
tatggaggcg gccaacctgg cagaggtccg cagttattgc180 tatttggcta ccgtcagega tctctccace aaaggetgegt
gccegaccat gggddadbePanraaearifg et areatiiy efgartteaycty @Eﬁ@é&%‘ﬁ@%&g@ﬁg‘@’?@r@%aggggc%o

tggggcaacy; gsigrauachriiggssan-adaagsalihacaralgcgeeaaalitgeddte. tgctctacca aggcaatagy
aagaaccatc ttgaaagaga atatcaagta cgaagtggcc420 atttttgtce atggaccaac tactgtggag tcgcacggaa

actattccac acaggctgga480 gccactcagg cagggagatt cagcatcact cctgeggege cttcatacac actaaagcett540
ggagaatatg gagaggijaciagiggacigt gaaceatyyt saguiettiacacoxatdcd8on thttalytyhagtctgttgg
aacaaagagy, MO0k A1gHaRale AicagRRRRA%.HEARIRIARIR HOdALGAGs e Iogaagt actglglgoa

ggaacagaga gacgttaatg

25. The jmmunogenic composition according to any one of claims 1 to 24, wherein
said immunogenic composition provides duration of immunity of at least 12 months after the

administration of one dose.

26. The immunogenic composition according to any one of claims 1 to 24, wherein

said immunogenic composition is safe for use in foals or horses 4 months of age or older.

27. Use of an immunogenic composition according to any one of claims 1 to 26 in the
manufacture of a medicament for reducing the incidence or lessening the severity of clinical
symptoms associated with or caused by West Nile Virus, wherein said medicament is to be

administered to an animal or a herd of animals in need thereof.

28. Use of an immunogenic composition according to any one of claims 1 to 26 in the
manufacture of a medicament for reducing the incidence or lessening the severity of clinical
symptoms associated with or caused by one or more of the pathogens selected from the group
consisting of West Nile Virus, Eastern Equine Encephalomyelitis Virus, Western Equine
Encephalomyelitis Virus, Venezuelan Equine Encephalomyelitis Virus and Clostridium
tetani, wherein said medicament is to be administered to an animal or a herd of animals in

need thereof
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gagtttgagg aaccacacgc cacgaagcag tctgtgatag cattgggctc acaagaggga780 gctctgcatc aagctttggce
tggagccatt cctgtggaat tttcaagcaa cactgtcaag840 ttgacgtcgg gtcatttgaa gtgtagagtg aagatggaaa
aattgcagtt gaagggaacad00 acctatggcg tctgttcaaa ggctticaag tttctiggga ctcccgecaga cacaggtcac960

ggcactgtgg tgttgdhatisgcdgatantuussacy ey Gatetsas Hecaoro 20 waraligd tittitgaa

cgacctaagg, ¢6RItIAqcA, dAtAAIcAG: Bicaane Rl 0RO HIicRM,1086CcARR0G SaAREHAAT BilcaIgatty
aattggaacc accctttggall40 gactcataca tagtggtggg cagg& agaa caacagatcae éi%%)accqe{lttg gcacaagtctlZOO

Page 6 1970RPIePWCETERMRY 48 dJractaytcy 385965 otEek §Ua#g cgctcactgt
tcggaggcat giceiggata tagets Jupaicaatgshat igaiaggicagliotgetant Gaictoe fhoasadigratis?10> 9

<211> 1376 <212> DNA <213> west Nile virus.<220> <221> mjsc_f < (1358)
5250 1 13 e, VO Ao B AT s A G g ClAS

tccatggaceiaggcagggagaigyadagytigatdadyatocoivgad aotynavmdantchagott vuggieatt gegtetgtic
tggtgttgga tageitcati-cagtggecac acatagtggt geattggcaa acacagcttg atcaagtgtt gaatatggag cgatctctee
tgacccagct actatitggc aggaagaacc aactactgtg attcagcatc gacagtggac tggaacaaag cagtgctgga
cgccacgaag ggctggagee gaagtgtaga aaaggcttte attgcagtac gaacgaccta ggccaacgct gggcagagga

agcctttaca ggactitggecqgaagagtac 5600 ecapes fGranaglie Waigiges abdggaagualatotifaaag

gagtcgcacg actcctgegg tgtgaaccac acgticttog agiactgtgt cagtetgtga attcetgt a agtttcttg
actggcacdBRLEEEG S AaG Y teHgH &3&8@‘3@%@%8&%%%8%&%’ {ct;%sg%ﬁxéiaglg&lt‘?csggg%c 8?%%}%%}?&(3@

cgtgcccyasgatanggagtittgdcdtatg caused by one or more of the pathogens selected from the group
consisting of: West Nile Virus, Eastern Equine Encephalomyelitis Virus, Western Equine
Encephalomyelitis Virus, Venezuelan Equine Encephalomyelitis Virus, Equine Herpes Virus,
Equine Influenza Virus and Clostridium tetani, wherein said medicament is to be administered

to in an animal or a herd of animals in need thereof.

31. The use according to any one of claims 27 to 30, wherein the incidence of clinical
symptoms caused by one or more of said pathogens in a herd of animals is reduced from

about 10% - 50% as compared to a herd not receiving said medicament.

32. The use according to any one of claims 27 to 31, wherein the administration of at
least one dose of said medicament provides a duration of immunity of at least 12 months

against one or more of said pathogens.

33. The use according to any one of claims 27 to 32, wherein said animal is a horse.
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agaatatcaa gaaactactc cgccttcata ggtcagggat tccatcgtga ggaggaacag tagcattggg aattttcaag
aaaaattgca ggactcccgce atggaccttg gcagattggt ttgaattgga tcaatcacca aaggagcgca gggtgttcac tgttcggagg
Page 7 ccgcagttat tgctatttgg catgggagaa gctcacaatg ggtggacagg ggctggggca cgccaaattt gectgctcta
gtacgaagtg gccatttttg cacacaggtt ggagccactc cacactaaag cttggagaat tgacaccaat gcatactatg gtggttcatg
gacctcaacc agagacgtta atggagtttgﬁﬁagg@ f@fbc caacactgtc aagttgacgt gttgaaggga
acaacctatg agacacaggt cacggcactg caaagttcct atctcgtcag cactgtcaac ccttttgttt accacccttt ggagactcat
ttggceickiag tHRyyRagra dagatiageé getctaggag ctcagttggg aaggctgtee catgtcctgg ataacgcaag
10-0111seq gattaGigng gesletcctyg ttgtggatgg gcatcaatgc tcgtgatagg tccatagetc1320 tcacgttict
cgcagttgga ggagttctgc tcttcctntc cgtgaacgtg cacgcetl376 <210> 10 <211> 1376 <212> DNA <213>
westNivir§34&4905 9P atgtggaga ctaccgtcag acaaacgtge acggcetgegg ccaaggcaat teccatggace
aggcaggeagatggagaggt tgatgactgt tcccttggag aggaaccaca atcaagcttt cgggtcattt gegtetgttc tggtgttgga

tggcttcatt ca%tggccac acatagtggt gcattggcaa acacagcttg atcaagtgtt gattgctggg tcacgtttct
<170> atentIn versioh 3.

<2L0> 1 .

<211> 608

<212> DNA

<213> west Nile virus

<400> 1 .

cggggggaat gtcacacttg catttacaac atgatgggaa agagagagaa aaaacccgga 60
gaattcggaa aggccaaggg aagcagagec atttggttca tgtggcicgg agctcgettt 120
ctggagttcg aggctctggg ttttctcaat gaagaccact ggcttggaayg aaagaactca 180
ggagoaggtg tcgagggctt gggcctccaa aaactggytt acatcctygeg tgaagrttgge 240
acccggocty ggggcaagat ctatgctgat gacacagcetg gctgggacac ccgeatcacg 300
agagctgact tggaaaatga agctaaggtg cttgagctgce ttgatgggga acatcggegt 360
cttgccaggy ccatcattga gctcacctat cgtcacaaag ttgtgaaagt gatgcgeocg 420
getgotgatg gaagaaccgt catggatgtt atctecagag aagatcagag ggggagtaga 480
caagttgtca cciacgccct aaacacttte accaacctgg ccgtecaget ggtgaggaty 540
atggaagggg aaggagtgat tggcccagat gatgiggaga aactcacaaa agggaaagga 600
cccaaagt 608
<210> 2

<211> 608

<212> DNA

<213> West Nile virus

<400> 2

cggggggaat gtcacacitg catttacaac atgatgggaa agagagagaa aaaacccgga 60
gagttcggaa aggccaaggg aagcagagec atttggttca tgtggctcgg agotcgettt 120
ctggagttcg aggctctggg ttttctcaat gaagaccact ggcttggaag aaagaactca 180
ggaggaggtg tcgagggctt gggoctecaa aaactgggtt acatcctgoy tgaagttgge 240
acccggectg ggggcaagat ctatgotgat gacacagetg gotgggacac ccgeatcacg 300
agtgctgact tggaaaatga agetaaggtg cttgagttge ttgatgggga acatcggegt 360
cttgccaggg ccatcattga getcacctat cgtcacaaag ttgtgaaagt gatgeogaccg 420
gctgetyaty gaagaaccgt catggatgit atctccagag aagatcagag ggggagtgga 480
caagttgtca cctacgccct aaacactttc accaacctgg ccgtccaget ggtgaggatg 540
atggaagggg aaggagtgat tggeccagat gatgtggaga aactcacaaa agggaaagga 600
cccaaagt 608
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gaatatggag cgatctctce tgacccagct actatttgge aggaagaacc aactactgtg attcagcatc gacagtggac
tggaacaaag cagtgctgga cgccacgaag ggctggagec gaagtgtaga aaaggctttc attgcagtac gaacgaccta
ggccaacgct gggecagagga agectttaca ggactttgga cggaggagea ggetcteetg cgeagttgga geggecaacc
accaaagctg tttgtgtgca aaaggaagca atcttgaaag gagtcgcacy actcctgegg tgtgaaccac acgttcttgg agtactgtgt
cagtctgtga attcctgtgg gtgaagatgg aagtttcttg aéfydédéggfcgecagtgg aaggtectga gaacaacaga
accaccctca tcagttggag ttccgeteac ttgtggatgg ggagttetge tggcagaggt cgtgcccgac gacaaggagt ttgacacatg
agaataicaa gaaactactc cgccttcata ggtcagggat tccatcgtga ggaggaacag tageattggg aattttcaag

aaaaf ctccege atggaccttg geagattggt ttgaattgga tcaatcacca aaggagegea gggtgttcac tgttcggagg
geatcaafgc tofécetals 1 6cgeagitat catgggagaa ggtggacagg cgccaaattt gtacgaagtg cacacaggct
cacactaaag tgacaccaat gtggttcatg agagacgtta ctcacaagag caacactgtc gttgaaggga agacacaggt
caaagitgg:; cactgtcaac accacccttt ttggcacaag gagactagcc ctcagttggg catgtcctgg tegtgatagg cgtgaacgtg

tgctati2 20 ggctggggceal80 gcctgcetcta240 gecatttttg300 ggagcecactc360 cttggagaat420
gcatérg a 6t% 4}6 agggagtttgGOO ggagctctgc660 aagttgacgt720 acaacctatg780
cacggcactg820 atctcgtcagcgo CCttttgttt960 ggagactcat1020 tctggaagcalO80 gctctaggagl140
aaggdgﬂ?cl.ZOO ataac caa 1260 tccatagctc1320
gcaatgcage tttg tgc atgtttgaag agcagaatca atggaggagc gccaganaag 60
cagttgaaga tccaaaattt tgggagatgg tggatgagga gcgcgaggca catctgcggg 120
gggaatgtca cacttgecatt tacaacatga tgggaaagag agagaaaaaa ccecggagagt 180
tcggaaaggce taagggaage agagccattt ggttcatgtg getoggaget cgetttotgg 240
agttcgaggc tctgggttit ctcaatgaag accactgget tggaagaaag aactcaggag 300
gaggtgtcga gggcttggyce ctccaaaaac tgggttacat cctgegtgaa gttggcacce 360
gacctgyggog caagatctat getgatgaca cagccggetg ggacacccge atcacgagag 420
ctgacttgga aaatgaagct aaggtgcttg agttgettga tggggaacat cggogtottg 480
ccagggecat cattgagctc acctatcgtc acaaagttygt gaaagtgatg cgcccggetg 540
ctgatggaag aaccgtcatg gatgttatct ccagagaaga tCagagggyg agtggacaag 600
ttgtcaccta cgecoctaaac actticacca acctggecgt ccagetggtyg aggatgatdg 660
aaggggaagg agtgattggc ccagatgaty tggagaaact cacaaaaggg aaaggaccca 720
aagtcaggac ctggetyttt gagaatgggg aagaaagact cagccgcatg gotgtcagtg 780
gagatgactg tgtggtaaag cccctggacg atcgetitge cacctcgete cacttoctca 840
atgctatgtc aaaggiicyc aaagacatcc aagagtggaa accgtcaact ggatggtatg 900
attggcagc 909
<210> 4
<211> 975
<212> DNA
<213> wesT Nile virus
<220>
<221> misc_Teature
<222> (3)..(3)
<223> nisa, ¢, g, or t
<220>
<221> misc_feature
<222>  (12)..(12)
<223> n is a, ¢, g, or t
<220>
<221> misc_feature
<222> (813)..(813)
<223> nis a, ¢, g, or t
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catgctl376 <210> 11 <211> 1376 <212> DNA <213> West Nile virus <400> 11 gatgtggaga
gaatatggag gcggcecaacc tggcagaggt ccgeagttat tgctatttgg60 ctaccgtcag cgatctctce accaaagctgy
cgtgcecegac catgggagaa getcacaatgl20 Page 8 acaaacgtge acggetgegg ccaaggcaat teccatggacc
aggcagggag atggagaggt tgatgactgt tcccttggag aggaaccaca atcaagcttt cgggtcattt gcgtctgttc tggtgttgga
tggeticgff cagiggecac acatagiggt geattggeaa R £§ atcaagtgtt gattgctggg tcacgtttct tgacccagct
actafttdge aggaagaaseaactactgty attcagcatc gacagtggac tggaacaaag cagtgctgga cgccacgaag
ggctiﬁa c daabigta@d Aaaggcttic attgcagtac gaacgatcta ggccaacgcet gggcagagga agectttaca |
ggac égg cfoaygagéa dhctttcdty cgcagttgga titgtgtgca aaaggaagca atcttgaaag gagtcgcacy
actccigogy tgtgaaccac acgttcttgg agtactgtgt cagtctgtga attcctgtgg gtgaagatgg aagtttcttg actggcacgg

acgcteRfgeaagtecHIR 6R AdGHg A Wta SRR LRSS EERPER§E a8 BRI fgGAtgg gfibttctge
gacaggaagt Hgacacalg.208a1alcaa geaar@alg Lacicata 49kerda U8 daaghealoa ggagpaacag

tageattggg aattttcaag aaaaattgca ggactcccge atggaccttg gcagattggt ttgaattgga tcaatcacca aaggagcgca

ggotGREAR Y §4589G LA AR TIRIRR 1O TG aR A gPPEGaL 999 JACHEEIRG caci®iggct cacactaaag
tgacageaat giggtieatgagagacgticactracangageaacagtgicrgigiegydnagacataggt caangttect
cactgtcaac accacccttt ttggcacaag gagactagec ctcagitggg catgicctgg tcgtgatagg cgtgaacgtg
ggcté@@@%ﬁgﬁffétg%t%fg%g@@ﬁt 9&%%\ %%gﬁa&%aﬁgﬁggﬁgg tc%%(gggaé%gttggaggc atg%g%a%gtttg ggagctctge
aagttgangiaagaacciaty gacgycacigoatatggtoag coititgit ggegpicteat tetggaagcasgcictaggag aaggcetgtec
ataaggeagg fcealagol calgct <2102, 12 <211 608,212 DNA 2132 st il Vigys <400> 12
cgggygyaatdaaticygaa clgyagticy 69aggagaty acceggecty agagetgact citgecaggg getgetgatg
caagtigrteacaigfnagyyt Giea contitp agit sHggg HggsttggrRtragg §er1jgggeaagat4dfyaaaatga

ceatcafig @%&E@J%@g%&&&@&Q%Q&%m@&%@@w&a%%gmé@t gggggtccaa ctatgetgat

agctaagg?g gctcacctat cafggatgtt aaacacttfc tggcccagat

gtcccagaat
gtgccatgtt
aatttrtggga
gcatttacaa
gaagcagagce
gttttctcaa
tgggccteca

tctatgctga

<210> 5

<211> 957
<212> DNA
<213>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

gtgctctcga
tgaagagcag
gatggtggat
catgatggga
catttggttc
tgaagaccac
aaaactgggt

tgaca

misc_feature
(8).

nis a, ¢, g,

-(8)

misc_feature
GL..GL

nis a, c,

g,

misc.feature
(51)..(51)
nis a, ¢, ¢,

misc_feature
(83)..(83)
n is a, ¢, g,

gaggaattca
aatcaatgga
gaggagcgeg
aagagagaga
atgtggetcg
tggcttggaa

tacatcctge

west Nile virus

or t

or t

or t

or €

taagaaaggt
ggagcgccag
aggcacatct
aaaaacccgy
ganctcgett

gaaagaactc

gtgaagtigg

pPage 3

caacagcaat
agaagcagtt
gcggggggaa
agagttcgga
tctagagttc
nngaggaggt

cacccgacct

geagetttgg
gaagatccaa
tgtcacactt
aaggctaagg
gaggctctgyg
gtcgagggct
gggggcaaga

600
660
720
780
840
200
960
975



atgatgggaa atttggttca gaagaccact aaactgggtt gacacagctg cttgagctgc cgtcacaaag atctccagag
accaacctgg gatgtggaga Page 9 agagagagaa tgtggctcgg ggcttggaag acatcctgeg getgggacac
ttgatgggga ttgtgaaagt aagatcagag ccgtccagcet aactcacaaa aaaacccgga agctcgcttt aaagaactca

tgaagttggc ccgcatcacg acatcggegt gatgcgec
ccca&@O%g&%ﬁ;@lb 608 <212>D

ho35sns

ga ggtgaggatg agggaaagga 10-0111seq
est Nile virus <400> 13 cggggggaat

gagtioggaa qtggngticgggaggaggtyg acccggectg agtgetgact cttgccaggg getgetgatg caagttgtca
atggaddiygg tctadagt gteacictty aggccaaggg aggcetctggg tcgagggctt ggggcaagat tggaaaatga

ccatcafjga gaagaaccgt cctacgecct aaggagtgat catttacaac aagcagagcc ttttctcaat gggectccaa ctatgctgat
agctaauyggunoir acctay catgyatgttaaaacactine ¢ggaceag att aagatgdgan t@tited gaagabeact aaactgggtt

gacaspaeCHIaglIge ERCaRRG AEICE AL ASEARC 00 Rl A

gaag-acatcctgcg gctgggacac tigatgggga ttgtgaaagt aaga

agagz@tggctcgg

cagag ccgtccagct aactcacaaa

222 CPEGYS HICRLRAACAS68 FRACE GG GG CHGEAt CaRAY 8RerEGoREE /t§RgECccy d8fgagtgga
A999AAgNR, 52105 1 £ e SR 524 RNA 523> sk blilenyirus 700> 14

ggtg

ggaactatcc tgggacccat agagaaggtg ccaccaactg agatagaaag gaggagcgcc cgaggcacat gaaaaaacce

cogeferReEraagatriaat Yo eddh etictcdeate ggaaciedy

gcgccagaga agcagttgaa gatccaaaat
cacatctgcg gggggaatgt cacacttgea
aacccggaga gttcggaaag gctaagggaa
ctecgetttct ggagttcgag gotctgggtt
agaactcagyg aggaggtgtc gaggocttgg
aagttggeac ccgacctggg ggcaagatct
gcatcacgag agctgacttg gaaaatgaag
atcggcgtct tgccagggece atcattgage
tgcgeeegge tgetgatgga agaaccgtcea
ggagtggaca agttgtcacc tacgccctaa
tgaggatgat ggaaggggaa ggagtgattg
<210> 6

<211> 961

<212> DNA _

<213> west Nile virus

<220>

<221> misc_feature

<222> (30)..030)

<223> nisa, c, g, or t

<220>

<221> misc _Teature

<222> (41)..(4L)

<223> nisa, ¢, g, or t

<220>

<221> misc_feature

<222> (62)..(63)

<223> nisa, ¢, g, or t

<220>

<221l> misc_Teature

<222> (107)..(107>

<223> nis a, ¢, g, or t

<400> 6

tttygggagart
tttacaacat
gcagagccat
ttctcaatga
gcctccaaaa
atgctgatga
ctaaggtgcet
tcacctatcg
tggatgtrat
acactttcac

gcccagatga

(oRYPGaeu0gadl
ggtggatgag gagcgcgagg 360
gatgggaaag agagagaaaa 420
ttggttcatyg tggctcggag 480
agaccactgg cttggaagaa 540
actgggttac atcctgegty 600
cacagccgygc tgggacacce 660
tgagttgctt gatggggaac 720
tcacaaagtt gtgaaagtga 780
ctccagagaa gatcagaggg 840
caacctgygece grecagetgg 900
tgtggagaaa ctcacaa 957

gggaccccaa tacgaggaag atgtaaactn gggaagtgga nccagggcgg tgggaaaacc

cnhgctcaac tcagacacca gtaaaatcaa gaacaggatt gaacgantca ggogtgagta
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ggagtatgat ccgaaccgec gacacgaaag gttgtgggeg gtcaacagca agagaageag ctgegggggg ggagagtteg
titctggagt tcaggaggag ggcaccecgge acgagagetg cgtettgeca ccggetgetg ggacaagtty gtgaageteg
atgactgcac ctcgaaccgc ttittggeca atgcagcttt ttgaagatce aatgtcacac gaaaggccaa tcgaggcetct gtgtcgaggg
ctgggggcaa acttggaaaa gggccat cat atggaagaac tcacctacge ctgtcaatga gtgtcaggcet tactcectte
gggcagcage cagaaggagt gaagtacgtg gagaaaddctlettdyaatg gggtgcecatg tttgaagage aaaattttgg
gagalgglediacaiiing aacalgalag.gadaagcaga aoealiiogt aggtitietc astaaagals ctigggoctc caaaaactgg

gatctatgct gatgacacag tgaagctaag gtgcttgagce tgagctcacc tatcgtcaca cgtcatggat gttatctcca cctaaacact

ttcacEEl @ PALE 1P CHERHaBCGAg ARG A ORIy AT, BRARESY A0AMIEASY] atgattthgeg
gaaagagagadeatgiggeicactgoeitgaggtiagatecicetggaiggan taaiigatyg sagttgtgaa gagaagatca tggcecgtcca
10-0111seq gctggtgagg atgatggaa aaggagt gattggccca gatgatgtgg agaaactcac9Q60 aaaagggaaa
ggac%%%%?ﬁ% §§1%é%i%%97j§t<g%& <2%%%9%’]\%\C 2%%@ 65 %Ii?é_%%r%%agfow %% tcgctgtca
catggogatyy sangaaageygtyggegil Gaggicasee YwyegndaagTatctgcygygccecggagagtidetitctgg

2aciea9R 090, O1FACaR0ALLSREOI U0 £SO, DUIOURCAAR PRBRIOR100 APuaceca

atggagtgtc’actgac aaccgccag ttggccagag gcaatgcagc cagttgaaga gggaatgtca tcggaaaggc
agttcyese by tete§ A 1gee ot FeG 8 GetbB tBf§a TEIRTg 66 SRERJARIY A HigiReR ta aadfggaagg aagt
aggcieetel Lleetlicgg,aggaapoa AGARRCPLEIIRRIICG IGRRABH! seeiiacait £aagga@aagc tetgggtttt

gggcttgggce caagatctat aaatgaagct catigagctc aaccgtcatg cgccctaaac agtgattggc caaaaccatg

geageds YtachigeRC e AR TERSE 2Tty A9RORARTAGa G aR A% R G5 %GAG88 At cté88tgaag
ctccarrdasaeoalgasecarogiggtitcacsiaicgie grjgilaiCt getiteacga cepgatlgaige ggacaocatc gitgticaaag

aacgagacca tctcgagagg agcagaatca tggatgagga tgggaaaga ttcatgtg accactggct tgggttacat
cagcféé@ﬁfﬁb%&fﬁé‘ai&fﬁﬁgﬁ@ﬁ% agag%gé%gdgcé&%g%ﬁ%%a%%g tg558cac a}ggﬁaggtgga
ccaagtggtt apiicataga £lggag 3340 gegegaggcacayagaanaag geicggagat iggangaaagacetgegtgaa
ggacaccc ct%gg aacal gaaagtgatg tcaga ccagctggtg cacaaa <210>1 11> 970 <212>
DNACQEE% esgﬁﬁl%a\%?ﬁ%a <f%6§gféa§’at%%ga%§gc§tcg?ggg%% aa %?ct(gga%gg %%?tatttgg? tociiacagcaa
gagasgraghytygeggyecyagatdticggttga tggggaacat cggcgtcttg ccagggecat 960

C 961
<210> 7

<211> 1503

<212> DNA

<213> west Nile virus

<400> 7

ttcaactgcc ttggaatgag caacagagac ttcttggaag gagtgtctgg agcaacatgg 60
gtggatttgy ttctcgaagg cgacagctgc gtgactatca tgtctaagga caagcctacce 120
atcgatgtga agatgatgaa tatggaggcg gccaacctgg cagaggtcecyg cagttattgce 180
tatttggcta ccgtcagcga tctctceccacc aaagcetgcgt goccgaccat gggagaagct 240
cacaatgaca aacgigctga cccagetttt gtgtgcagac aaggégtggt ggacaggygge 300
tggggcaacg gotgeggact atttggcaaa ggaagcattyg acacatgege caaatttgec 360
tgctctacca aggcaatagyg aagaaccatc ttgaaagaga atatcaagta cgaagtggcc 420
arttttgtcc atggaccaac tactgtggag tcgcacggaa actactccac acaggttgga 480
gccactcagyg cagggagatt cagcatcact cctgcggoege ctrcacacac actaaagett 540
ggagaatatg gagaggtgac agtggactgt gaaccacggt cagggattga caccaatgca 600
tactacgtga tgactgttgg aacaaagacyg ttcttggtcc atcgtgagtg gticatggac 660
ctcaacctce cttggagcag tgctggaagt actgtgtgga ggaacagaga gacgttaatg 720
gagtttgagg aaccacacgc cacgaagcag tctgtgatag cattgggetc acaagaggga . 780
gctcetgeage aagetttgge tggagccatt cctgtggaat tttcaagcaa cactgtcaag 8490
ttgacgtcgyg gtcatttgaa gtgtagagtg aagatggaaa aattgcagtt gaagggaaca 300
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caggctcctc ctactccctt gccagaagga cagagaaaaa tgcagctttg tgaagatcca atgtcacact aaaggctaag
tcaaaacctg cgggcagcag gtgaagtacg cgtcccagaa ggtgccatgt aaattttggg tgcatttaca ggaagcagag
ggacaccatc acgaatgtac cgagtgttca aagagaaggt tgctcaacga gaccaccaac tgtgctctcg agaggaattc
ttgaagagca gaatcaatgg agatggtgga tgaggagcgc acatgatggg aaagagagag ccatttggtt catgtggcetc Page 11

caccaloqee ggacas
ttctg§agtt cagyagyagy geace

gga

10-011%5%%% g

apalogtaiagg ataa

acc cgagagctga g
gacceaecEyiy tgaggutttg gttty agaycaigyig goaagacity g asreatijgceateatt tgghagaacd ¢atctacgcec

tielea ftagacder Adalgcia g

AageLy

cca

8
Al idthece 0200

c

cacatc
caca

{ga gac

gaaaaaccgg,ggagcteget
aagttgt tgatggaagg

39!%&5 ¢agct glcatagaty ctagagactt attggeccag
aagacca Ctggcttgga aaaaactggg ttacatcctg atgacacagc cggctgggac tgcttgagtt

getigEtggEtatchgaecagif gERRC RECR T A GG ERAR AP IEAGCA8ECREBEEE8Ag athtgtgga

gaaagicedt 242 8AARYE 4339 HE-RE0C YA SAAL AU ARt

98999299 Ftggtgagga

aaagggaaag <210> 17 <211> 1503 <212> DNA <213> west Nile virus <400> 17 ttcaactgcc
gtggHEGE SREGAL G FARRTGCE ERREBRGA CATYUGGRAAcHYICEh 2tRBtES GecadttdYy ggagaataty
tactaegigaLisaacaige gagiteeeg gustesagedigagglus aaiaiegeg-gaeagtaligy tcgisagigg ttigtttcag

gactcatacag aa%ca%cattc? aatgag ttctcgaa %a at a%gfaa cC tcagcga aacgtgctga ctgcggact
aggcHatdhh %gcg BOAELS 596% f&%@‘aé&% Jactd é’&“tﬁié‘é‘&ge § 488858 acgt 3 titgge
gtcattigaa digitcana tgigesatt ctioatigag ggrcergne lagtggiguy togsemageccaackyyac cgacagetge
tatggaat%%c{%é%‘é’éc%a%%&%%a Ct&%ﬁgt C%aa'a‘tacac‘%aéﬁg%t%é%%tcgc@%atg 803 Cg%tcé‘%é aglgggetat aacaaagacg
tgctggaagt cacgaagcag tggagcca gagtg gact tcaag gcagtacact cgacctaacg caacgctaag
cagag@glagaa ctttacaacc 1503
<210> 8
<211> 1503
<212> DNA
<213> west Nile virus
<400> 8
ttcaactgcc ttggaatgag caacagagac ticttggaag gagtgtctgg agcaacatgg 60
gtggatttgg ttctegaagy cgacagetyge gtgactatca tgtctaagga caagectace 120
atcgatgtga agatgatgaa tatggaggcg gecaacctgyg cagaggtccg cagttattge 180
tatttggcta Ccgtcagega totctocace aaagctgegt geccgaccat gggagaaget 240
cacaatgaca aacgtgctga cccagetitt gtgtgeagac aaggagitggt ggacaggggc 300
tggyggcaacy gctgcggact atttggcaaa ggaagcatty acacatgege caaatttgec 360
tgctctacca aggcaatagg aagaaccatc ttgaaagaga atatcaagta cgaagtggcc 420
atttttgtcc atggaccaac tactgtggag tcgcacggaa actattcecac acaggctgga 480
gccactcagg cagggagatt cagcatcact cctgeggege cttcatacac actaaagett 540
ggagaatatg gagaggtgac agtggactgt gaaccacggt cagggattga caccaatgea 600
tactacgtga tgactgttgg aacaaagacg ttcttggtcc atcgtgagtg gttcatggac 660
ctcaacctcc cttggagcag tgctggaagt actgtgtgga ggaacagaga gacgitaatg 720
gagtttgagg aaccacacgc cacgaagcag tctgtgatag cattgggoltc acaagaggga 780
gctctgecatc aageittgge tggagecatt cctgtggaat tttcaagcaa cactgtcaag 840
ttgacgtcgg gtcatttgaa gtgtagagig aagatggaaa aattgcagtt gaagggaaca 900
acctatggcg tctgttcaaa ggotticaag tttcottggga ctcccgcaga cacaggicac 960
ggcactgtgy tgttggaatt gcagtacact ggcacggatg gaccttgcaa agttcctatce 1020
tegteagtgg cttcattgaa cgacctaacyg ccagltgyggea gattggtcac tgtcaaccet 1080
trtgtttcag tggccacgge caacgetaag gtcctgattg aattggaacc accctttgga 1140
gactcataca tagtggtggg cagaggagaa caacagatca atcaccattg gcacaagtct 1200
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ttcttggaag gagtgtctgg gtgactatca tgtctaagga gccaacctgg cagaggtccg aaagctgegt gcccgaccat
gtgtgcagac aaggagtggt ggaagcattg acacatgcgc ttgaaagaga atatcaagta tcgcacggaa actactccac
cctgeggegc cttcacacac gaaccacggt cagggattga ticttggtce atcgtgagtg actgtgtgga ggaacagaga tctgtgatag
cattgggctc cctgtggaat tttcaagcaa aagatggaaa aattgcagtt tttcttggga ctcccgcaga ggcacggatg gaccttgcaa
ccagtgggca gattggtcac gtcctgattg aattggaacclé)éé)géééfé"a atcaccattg accctcaaag gagcgcagag Page 12

agcagfalgiagradeetace Lagitatiocagggagangelygasgogune cagailigetaggaggtggcexrnggtigga
actaaagctt caccaatgca gttcatggac gacgttaatg acaagaggga cactgtcaa aa aac caggtcac

A ARSI S B G G M S AT LGS ShUMAS Y g feato aagtgttcag
acgcgagpatctgctggupgn atagcieigagcgtitetoggch ctijggatcaaggagcattcdtoigetyitg atiiyyagga
10-0111seq gttgga tgttcaccte agttgggaag cactcactat te C tat ggca tcaatgctcg
ot GHE o s e A B B 2 (o 03 <ot
DNAaL248scvest it virasc 4005928 dtcHACKIECYiFgantyg teghtgigadattgdcta ¢aeRatgaca
tggggg@acg tgctctacca ttgacgtcgg acctatggcg ggcactgtgg tcgtcagtgg tttgtticag gactcgjaca ggaagtagca
ctaggagaca gctgtccatc ttggaatgag ttctcgaagg agatgatgaa ccgtcagcga aacgtgctga gctgcggact
aggcgﬂggg gccacggc tagtggtggg ttggcaaagc cagcttggga aagtgttcgg caacgctaag cagaggagaa
ctttacaagg ctitggatca aggagcattc tctcctgttg agttggagga  gtcctgattg caacagatca accctcaaag gttggagggg

Page 7

Co Y RSl
.<220>
<221> misc_feature
<222> (1358)..(135%8)
<223> n is a, ¢, g, or t
<400> 9
gatgtggaga gaatatggag gcggccaace tggcagaggt ccgcagttat tgctatttgg 60
ctaccgtcag cgatctctce accaaagcetg cgtgcccgac catgggagaa gctcacaatg 120
acaaacgtgc tgacccagcet tttgtgtgca gacaaggagt ggtggacagg ggctggogea 180
acgactgegg actatttgge aaaggaagca ttgacacatg cgccaaattt gectgetcta 240
ccaaggcaat aggaagaacc atcitgaaag agaatatcaa gtacgaagtg gccatttttg 300
tccatggace aactactgtg gagtcgcacg gaaactactc cacacaggtt ggagccactic 360
aggcagggag attcagcatc actcctgogg cgoecttcata cacactaaag cttggagaat 420
atggagaggt gacagtggac tgtgaaccac ggtcagggat tgacaccaat gcatactatg 480
tgatgactgt tggaacaaag acgttcttgg tccatcgtga gtggttcatg gacctcaacc 540
tcccttggag cagtgcetgga agtactgtgt ggaggaacag agagacgtta atggagtttyg 600
aggaaccaca cgccacgaag cagtctgtga tageattggy ctcacaagag ggagotctge 660
atcaagcetit ggetggagee attcctgtgg aattttcaag caacactgtc aagttgacgt 720
cgggtcattt gaagtgtaga gtgaagatgg aaaaattgca gttgaaggga acaacctatg 780
gegtctottc aaaggetttc aagiticttg ggactcccgc agacacaggt cacggeactyg 840
tggtgttgga attgcagtac actggcacgg atggaccttyg caaagttcct atctecgteag 900
tggcttcatt gaacgacceta acgecagtgy gecagattggt cactgtcaac ccttttgttt 960
cagtygecac ggccaacget aaggtcctga ttgaattgga accacccttt ggagactcat 1020
acatagtggt gggcagagga gaacaacaga tcaatcacca ttggcacaag tctggaagca 1080
gcattggcaa agcctttaca accacccica aaggagegca gagactagec getctaggag 1140
acacagctty ggactttgga tcagttggag gggtgttcac ctcagtitggg aaggetgtec 1200
atcaagtgtit cggaggagca ttccgetcac tgttcggagg catgtoctgg ataacgceaag 1260



actattccac cttcatacac cagggattga atcgtgagtg ggaacagaga cattgggctc tttcaagcaa aattggaacc atcaccattg
gagcgcagag tgttcacctc tcggagg cat tcaatgctcg tcctctccgt acaggcetgga actaaagctt caccaatgca
gttcatggac gacgttaatg acaagaggga cactgtcaag accctttgga gcacaagtct actagccgct agttgggaag
gtcctggata tgataggtcc gaacgtgcat 10-0111seq <210> 19 <211> 968 <212> DNA <213> West Nile
virus <220> <221> eat > 59 $2203 £22 isc_feature
<222 %% ?f@) %%Cz %[C% %% g(z%é 221> h%s?} egatj;?eqic;czgigégl?;) (1:’1)1)§é.‘%23> nisa,c, g,
ort @ZOQKZQEXW@QM@r@WZS‘C@HIF’G@&FQ}@EﬁW@QQ@ ¢-a519E<400> 133&tgtgngan
tggctaccgt atgacaaacg gcaacggctg ctaccaaggc ttgtccatgg ctcaggcagg aatatggaga acgtgatgac
acctegattg ttga@ggaacc tgcatcaagc cgtcgggtca atggcgtcetg ctgtggtgtt cagtggctte tttcagtg

rPage 8

<211> 1376

<212> DNA

<213> west Nile virus

<400> 10

gatgtggaga gaatatggag gcggcecaacc tggcagaggt ccgcagttat tgetatitgg 60
ctaccgtcag cgatcicicC accaaagcetg cgtgeccgac catgggagaa gcetcacaatg 120
acaaacgtgc tgacccaget tttgtygtgca gacaaggagt ggtggacagg ggetggggea 180
acggctgegg actatttggc aaaggaagca ttgacacatg cgccaaattt goctgctcta 240
ccaaggcaat aggaagaaccC atcttgaaag agaatatcaa gtacgaagltg gecatititg 300
tccatggacc aactactglg gagtcgcacyg gaaactacte cacacagget ggagcecactc 360
aggcagggag attcagcatc actcctygcgg cgecttcata cacactaaag cttggagaat 420
atggagaggt gacagtggac tgtgaaccac ggtcagggat tgacaccaat gcatactacg 480
tgatgactgt tggaacaaag acgttcttgg tccatcgtga gtggttcatg gacctcaacc 540
tcecttggag cagigotgoa agtactgtgt ggaggaacag agagacgita atggagtttg 600
aggaaccaca cgccacgaag cagtctgtga tagcattggqg ctcacaagag ggagetcetge 660
atcaagcttt ggctggagcce attcctgtgg aattttcaag caacactgtc aagttgacgt 720
cgggtcattt gaagtgtaga gtgaagatgg aaaaattgca gttgaaggga acaacctatg 780
gcgtctgttc aaaggcetttc aagtttetty ggactcocge agacacaggt cacggcactyg 840
tggtgttgga attgcagtac actggcacgg atggaccttg caaagttcct atctcgtcag 900
tggcttcatt gaacgaccta acgccagtgg gcagattgot cactgtcaac ccrttigttt 960
cagtggccac ggccaacget aaggtcctga ttgaattgga accacccettt ggagactcat 1020
acatagtggt gggcagagga gaacaacaga tcaatcacca ttggcacaag tciggaagcea 1080
gcattggcaa agccttiaca accaccctca aaggagcgea gagactagec getctaggag 1140
acacagcttg ggacrttgga tcagttggag gggtgttcac ctcagtiggg aaggetgtcc 1200
atcaagigtt cggaggagca ttccgctcac tgttcggagg catgtcctgg ataacgcaag 1260
gattgctggg ggotctectg ttgtygatgg geatcaatgc tcgtgatagg tccatagcetc 1320
tcacgtttet cgcagttgga ggagttctge tettoctcte cgtgaacgtg catgcet 1376
<210> 11

<21l> 1376

<212> DNA

<213> west Nile virus

<400> 11

gatgtggaga gaatatggag gcggccaacc tggcagaggt ccgcagttar tgcetattigg 60
ctaccgtcag cgatctctcc accaaagetg cgtgoeccgac catgggagaa gctcacaatg 120



gangaatatg cagcgatctc tgctgaccca cggactattt aataggaaga accaactact gagattcagc ggtgacagtg
tgttggaaca gagcagtgct acacgccacg tttggctgga tttgaagtgt ttcaaaggct ggaattgcag attgaacgat
gaggcggcca tccaccaaag gcettttgtgt ggcaaaggaa accatcttga gtggagtcgce atcactcctg gactgtgaac
aagacgttct ggaagtactg aagcagtctg gccattcctg agagtgaaga ttcaagtttc tacactggca ctaacgccag

acctggcaga ctgcgtgecc gcagacaagg geattgacte 4 tat acggaaact cctte cacggt
B e B e 00200 ot
tattgetatt e TAt gyya Yasmstcaszue g igg iy dAc pgggot gy Gtgeyttager tugsctget caddfhcgaa gtggecattt
thcac%%%%gc%%tg%%%%%9&@8%@8&@&%&5“999&9@&@9%%@9%%5%@%&% Ic atgggcctca

cagagagacg ttaatggagf gggctcacaa gagggagctc aagcaacact g gttga gcagtigaag ggaacaacct
cgcabaies yefcadGERel BHe 2Lt CEAaL B AR aEEg [ aAERENEY 9020052910< 21135879 <212> DNA

<213d>gé{¥§2§§é\éié€ a\l&mgjcgt(ll%%%@9«:%%88%58&1&&'@%@3&%@?@4&&9%)622%@ isa, c,g,ort
<220> <221> misc_feature <222> (6)..(6) <223>nis a, c, g, or t <220> <221> misc_feature <222>

(10) (04592995 AFE2HTEIC oF 41 98IHSAE 299 EC AYA Fe LU Lo 96913 C1978) <20 nis a, ¢, g, or t
<400 26,6Hpgnagra alsaaglacgargiggceat ltlgicoat ganpoaneia gtgienegic60 gcasggaaac

tactccacac aggctggagce cactca tt tcactcc120 t t tcat
0 OROR R el P SIRaRD S0gegg st Rl oacqpdranactae

aggaaccaca cgccacgaag cagtctgtga tagcattggg ctcacaagag ggagetcetge 660
atcaagcttt ggetggagec attcctgtgg aattttcaag caacactgtc aagttgacgt 720
cgggtcattt gaagtgtaga gtgaagatgg aaaaattgca gttgaaggga acaacctatg 780
gcgtctgtitc aaaggcetttc aagtttcttyg ggactcccge agacacaggt cacégcactg 840
tggtgttgga attgcagtac actggcacgg atggaccttg caaagttcct atctcgtcag 900
tggettcatt gaacgatcta acgccagtgg gcagattggt cactgtcaac ccttttgttt 960
cagtggccac ggccaacgct aaggtcctga ttgaattgga accacccttt ggagactcat 1020
acatagtggt gggcagagga gaacaacaga tcaatcacca ttggcacaég tctggaagca 1680
gcattggcaa agectttaca accaccctca aaggagcgca gagactagee gcetctadgag 1140
acacagctty ggactttgga tcagttggag gggtgttcac ctcagttggg aaggctgtec 1200
atcaagtgtt cggaggagca ttccgcé&éc.tgtftggagg catgtcctgg ataacgcaag 1260
gattgctogg ggctctectg ttgtggatgg gcatcaatgé'tcgtgatagg teeatagetc 1320
tcacgittct cgcagttgga ggagttctge tcttcctctce cgtgaacytg catger 1376
<210> 12

<211l> 608

<212> DNA

<213> west Nile virus

<400> 12

cggggggaat gtcacacttg catttacaac atgatgggaa agagagagaa aaaacccgga 60
gaattcggaa aggccaaggg aagcagagec atttggttea tgtggetcgg agetegettt 120
ctggagticg aggctctggg ttttcetcaat gaagaccact ggcttggaag aaagaactca 180
ggaggaggtg tcgagggett gggectccaa aaactgggtt acaﬁcctgcg tgaagttggce 240
acccggecty ggggcaagatr ctatgctgat gacacagcetg gé%éggacac ccgcatcacyg 300
agagctgact tggaaaatga agctaaggtg cttgagetge ttgatgggga acatcggegt 360
cttgccaggg ccatcattga gctcacctat cgtcacaaag ttgtgaaagt gatgogcocg 420
gctgctgatg gaagaaccgt catggatgtt atctccagag aagatcagag ggggadtgga 480
caagtigtca cctacgecct aaacactitc accaacctgg ccgtccagct ggtgaggatg 540
atggaagggg aaggagtgat tggcccagat gatgtggaga aactcacaaa agggaaagga 600
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accacggtca gggattgaca ccaatgcata ctacgtgatg actgttggaa caaagacgtt240 cttggtccat cgtgagtggt
tcatggacct caacctccct tggagcagtg ctggaagtac300 tgtgtggagg aacagagaga cgttaatgga gtttgaggaa
ccacacgcca cgaagcagtc360 tgtgatagca ttgggctcac aagagggagc tctgcatcaa gctttggctg gagccattcc420
tgtggaattt tcaagcaaca ctgtcaagtt gacgtcgggt catttgaagt gtagagtgaa480 gatggaaaaa ttgcagttga
agggaacaac ctatggcgtc tgttcaaagg ctttcaagtt Qoqa:h]gfgf’é’act cccgcagaca caggtcacgg cactgtggtg
ttggaaltgeagtacactgg600 cacggatgga ccttgcaaag ttcctatcte gtcagtggct tcattgaacg agotaacgcc660
agtgggcaga ttggtcactg tcaacccttt tgtttcagtg gccacggcca acgctaaggt720 cctgattgaa ttggaaccac
cctttggaga cteatacata gtggtgggca gaggagaaca/80 acagatcaat caccattgge acaagtctgg aagcagcatt
ggcagrgsct gagaaccac840 cctcaaagga gcgcagagac tagccgctct aggagacaca gcttgggact ttggatcagt900
tggaggﬁg t‘?@ﬂ%c;gg% tt aaggc tgtccatcaa gtgttcggag gagcattccg960 cacactgttc ggangcatg979
<210¥ 27 <715 1 S DNA <213> west Nile virus <220> <221> misc _feature <222> (4)..(4)
L223A00is alg, g, ort 10-011lseq <220> <221> misc_feature <222> glzc)gééLZ) <2%’02,> nisa,c,g,o
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gagttcggaa aggccaaggg aagcagagec atttggttca tgtggetogg agetogettt 120
ctggagttcg aggctctgyg ttitctcaat gaagaccact ggoettggaag aaagaactca 180
ggaggaggtg tcgagggcett gggoctccaa aaactgggtt acatcctgeg tgaagtiggce 240
acccggectg ggggcaagat Ctatgctgat gacacagctg gctgggacac ccgcatcacyg 300

- agtgcrgact tggaaaatga agctaaggtg cttgagttge ttgatgggga acatcggegt 360
cttgccaggg ccatcattga gctcacctat cgtcacaaag ttgtgaaagt gatgogoocg 420
gctgctgatyg gaagaaccgt catggatgtt atctccagag aagatcagag ggggagtgga 480
caagttgtca cctacgccct aaacacttic accaacctgg ccgtccaget ggtgaggaty 540
atggaagggyg aaggagtgat tggcccagat gatgtggaga aactcacaaa agggaaagga 600
cccaaagt 608
<210> 14
<211> 981
<212> DNA
<213> west Nile virus
<400> 14 .
ggaactatcc ggagtatgat gtgaagctcg ctgtcaatga gtgtcaggcet cttcaaaacc 60
tgggacccat ccgaaccgoc atgactgcac tactccettc gggcagcage gagtgticaa 120
agagaaggtg gacacgaaag cicgaaccgc cagaaggagt gaagtacgig ctcaacgaga 180
ccaccaactg gttgtgggcg tttttggcca gagaaaaacy tcccagaatyg tgcetctcgag 240
agatagaaag gtcaacagca atgcagottt gggtgcecatg ttitgaagagle agaatcaatg 300
gaggagcgec agagaagcag ttgaagatcc aaaattttgyg gagatggtgg atgaggageg 360
cgaggcacat ctgcgggggg aatgtcacac trgcatttac aacatgatgg gaaagagaga 420
gaaaaaacc& ggagagttcyg gaaaggccaa gggaagcaga gecatttggt tcatgtgget 480
cggagctege tttctggagt tcgaggotct gggttttcte aatgaagatc actggeitgg 540
aagaaagaac tcaggaggag gtgtcgagygg ctrtgggectc caaaaactgg gttacatcct 600
gcgtgaagtt ggcacccgge ctgggggcaa gatctatget gatgacacag ctggctggga 660
cacccgecatc acgagagcetg acttggaaaa tgaagctaag gtgcttgagce tgcttgatgg 720
ggaacatcgg cgtcttgcca gggoecatcat tgagoetcacc tatcgtcaca aagttgtgaa 780
agtgatgcgc ccggetgetg atggaagaac cgtcatggat gttatctcca gagaagatca 840
gagyggggagt ggacaagttg tcacctacgc cctaaacact ttcaccaacc tggeegteca 900



<220> <221> misc_feature <222> (17)..(17) <223>nis a, ¢, g, 0 <220> <221> misc_feature <222>
(32)..(32) <223>nis a, c, g, 0 <220> <221> misc_feature <222> (35)..(35) <223>nis a, c, g, 0 <400>
21 agantatgga gngnngncag actacgtgat gactgttgga tcaacctccc ttggagcagt agtttgagga accacacgcc
ctctgcatca agctttggct tgacgtcggg tcattigaag cctatggcegt ctgttcaaag gcactgtggt gttggaattg cgtcagtggce
ttcattgaac ttgtttcagt ggccacggec actcatacat agt faagcagcat tggcaaagcc taggagacac
agctigegre Hgiccalsa agidHcggsag6a80 Oplt S5ddae anldageicbaG giticleaca Ctgagagtgg gtgtgccata r
trtrrrtggactgtga acaaagacgt gctggaagta acgaagcagt ggagccattc tgtagagtga gctticaagt cagtacactg
gatc AR i @8 dd Rty Jagaac tttacaacca tttggatcag ggagcattee ctectgttgt gttdgaggag
gacatcagcc anccncggtc tcttggtcca ctgtgtggag ctgtgatagce ctgtggaatt agatggaaaa ttcttgggac gcacggatgg
cagtg % ag g%agattga aacagatcaa ccctcaaagg ttggaggggt gcacactgtt ggatggg cat ttctgctctt ggcaagagct
agg gc atgcat tcgtgagtgg ttcatggacc gaacagagag acgttaatgg attgggctca caagagggag
ttcaageiac astgicaddeattgeagtty aagggaacaa tcccgcagac acaggtcacg accttgcaaa gttcctatct attggtcact
gtcaageelt attggaacca ccctttggag tcaccattgg cacaagtctg agcgcagaga ctagecgcte gttcacctca gttgggaagg

CogagacRtesiceiogaaasartgclegt galeggiesacelcicegy aeagigcald graa cs2d 0> 2%¢211> 1006
<212> DNA <213> west Nile virus 10-0111seq <220> <221> misc feature

catggccatg actgacacta ctcccttegg gcagcagcega gtgticaaag dagaaggtgga 120
cacgaaagcet gaaccgecag aaggagtgaa gtacgtgctc aacgagacca ccaactggtt 180
gtgggcgttt ttggecagag aaaaacgtcc cagaatgtgc tctcgagagg aattcataga 240
aaggtcaaca gcaatgcagC tttgggtgcc atgtttgaag agcagaatca atggaggage 300
gccagagaag cagttgaaga tccaaaattt tgggagatgg tggatgagga gcgcgaggea 360
catctgoggy gggaatgtca cacttgcatt tacaacatga tgggaaagag agagaaaaaa 420
cccggagagt tcggaaaggc caagggaage agagccattt ggttcatgtg getcggaget 480
cgctttctgg agticgagge totgggtttt ctcaatgaag accactgget tggaagaaag 540
aactcaggag gaggtgtcga gggcttggge ctccaaaaac tgggttacat cctgegtgaa 6060
gttggcacce ggectgggyy caagatctat getgatgaca cagotggcetyg ggacaccege 660
atcacgagag ctgacttgga aaatgaagct aaggtgcttg agttgettga tggggaacat 720
cggcgtcttg ccagggccat cattgagcete acctatcgtc acaaagtigt gaaagtgatg 780
cgccecggetg ctgatggaag aaccgtcatg gatgttatct ccagagaaga tcagagggyg 840
agtggacaag ttgtcaccta cgccctaaac actttcacca acctggecgt ccagetggtg - 900
aggatgatgy aaggggaagy agtgatrtggc ccagatgaty tggagaaact cacaaaaggg 960
aaaggaccca aagt 974
<210> 16

<211> 970

<212> DNA

<213> west Nile virus

<400> 16

aatggagggt caggctcctc tcaaaacctg ggacaccatc acgaatgtac caccatggec 60
atgactgaca ctactccctt cgggcagcag cgagtgttca aagagaaggt ggacacgaaa 120
gctctgaace gccagaagga gtgaagtacg tgetcaacga gaccaccaac tggttgtgag 180
cgtttttggc cagagaaaaa cgtcccagaa tgtgctctcg agaggaattc ataagaaagg 240
tcaacagcaa tgcagcetttg ggtgecatgt ttgaagagca gaatcaatgg aggagegoca 300
gagaagcagt tgaagatcca aaattttggg agatggtgga tgaggagcgce gaggeacatc 360
tgcgggggga atgtcacact tgcatttaca acatgatggg aaagagagag aaaaaacccg 420
gagagttcgy aaaggctaag ggaagcagag ccatttggtt catgtggete ggagetcget 480
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<222> (28)..(28) <223>nis a, ¢, g, or t <220> <221> misc_feature <222> (996)..(996) <223>n s a, c,
g, or t <220> <221> misc feature <222> (1004)..(1004) <223>n is a, ¢, g, or t <400> 22 agcagtgctg
gaagtactgt gtggaggnaa cagagagacg ttaatggagt ttgaggaacc60 acacgccacg aagcagtctg tgatagcatt
gggctcacaa gagggagcte tgcatcaage120 tttggetgga gecattectg tggaattttc aagcaacact gtcaagttga
cgtcgggtcalso tttgaagtgt agagtgaaga tggaaad@tPgedtftgaag ggaacaacct atggegtctg240 ttcaaaggct

ticaaglite JIag9RCLeR SH5A9ACE6R GRG0 3G £L19IAFD 300 GgagHIssskhiakaciggCca sggatggacc
ttgcaaagtt cctatctcgt cagtggcetic360 attgaacgat ctaacgccag tgggcagatt ggtcactgtc aacccettttg

tttcaGRAFPSG ¥ GG COAB I G T fGAARGY A BRI ki J§agatbeatat dtagtd ggtgggeaga
ggagnacareAgatcani6gecatigacesaasicogna gtagcaigobdiheaaagociiacaaccacss tcaaaggagc
gcagagacta gccgctctag gagacacagce600 ttgggacttt ggatcagttg ga tgtt cacctcagtt.gggaaggctg
tccatEi%@@%%gﬁttﬁﬁﬁ%%gg aﬂ?@@%&ﬁ%t%%?@t %1%‘3% %&c@%gg%%%%%%agﬁaaattgct%% gggggctetc
ctottgiggea ¢ggggatoaadycicytgabaggiccatag citicacytt 280 tgtcgeagtitggaggegitc tge®ltcct ctccgtgaac

gtgc%t cctglga%act ::%S%Aé% égc:%%%gﬁgg%%:a&%&% %ggg%adq &{tgtggaggé zlgggca(:‘?gtgttcﬁg,r(gacacaatga900

tgtggaggc tcg:;ggaatg gtacaagta CcCtgaa acgccacaag gcctagccaa datCattcag aaagctcata

agyaERgagt §iic§AEaAcgan calttE * X0 * @R LTS DHORI2A9>CoaATaRed> weliNile virus <400>

23 tgatggaagg ggaaggagtg attggcccag atgatgtgga gaaactcaca aaagggaaag 960
gacccaaagt 970
<210> 17
<211> 1503
<212> DNA
<213> west Nile virus
<400> 17
ttcaactgcc ttggaatgag caacagagac ttcttggaag gagtgtctgg agcaacatgg 60
gtggatttgg ttctcgaagg cgacagcetgc gtgactatca tgtctaagga caagcctacc 120
atcgatgtga agatgatgaa tatggaggcg gccaacctgg cagaggtccg cagttattge 180
tatttggcta ccgtcagega tetotccace aaagetgegt geccgaccat gggagaaget 240
cacaatgaca aacgtgctga cccagctttt gtgtgcagac aaggagtggt ggacaggggce 300
tggggcaacy getgeggact atttggcaaa ggaagcattg acacatgcgc caaatttgec 360
tgctctacca aggcaatagg aagaaccatc ttgaaagaga atatcaagta cgaagtggec 420
atttttgtcc atggaccaac tactgtggag tcgcacggaa actactccac acaggttgga 480
gccactcagg cagggagatt cagcatcact cctgeggege cttcacacac actaaagetrt 540
ggagaatatg gagaggtgac agtggactgt gaaccacggt cagggattga caccaatgea 600
tactacgtga tgactgtigyg aacaaagacg ttcttggtcec atcgtgagtg gttcatggac 660
ctcaacctcc cttggagcag tgctggaagt actgtgtgga ggaacagaga gacgttaatg 720
gagtttgagg aaccacacgce cacgaagceag tctgtgatag cattgggctc acaagaggga 780
gctctgcage aagettigge tggagccatt cctgtdgaat tttcaagcaa cactgtcaag 840
ttgacgtcgg gtcatttgaa gtgtagagtg aagatggaaa aattgcagrt gaagggaaca 900
acctatggcg tctgttcaaa ggctttcaag tttcitggga ctcccgcaga cacaggtcac 960
ggcactgtgg tgttggaatt gcagtacact ggcacggatg gaccttgcaa agttectatc 1020
tcgtcagtgyg cttcattgaa cgacctaacg ccagtgggca gattggtcac tgtcaaccct 1080
tttgtttcag tggccacgge caacgctaag gtccetgattg aattggaacc acccrttgga 1140
gactcataca tagtggtggg cagaggagaa caacagatca atcaccattg gcacaagtct 1200
ggaagcagca ttggcaaage cittacaacc accetcaaag gagcgeagag actagecget 1260
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agtagttcgc ctgtgtgagc tgacaaactt agtagtgttt gtgaggatta acaacaatta60 acacagtgcg agctgtttct tagcacgaag
atctcgatgt ctaagaaacc aggagggcccl20 ggcaagagcc gggctgtcaa tatgctaaaa cgcggaatgc cccgcegtgtt
gtccttgattl80 ggactgaaga gggctatgtt gagcctgatc gacggcaagg ggccaatacg atttgtgttg240 gcetctcttgg
cgttcttcag gttcacagca attgctccga cccgagcagt %ct atcga300 tggagaggtg tgaacaaaca aacagcgatg

aaacag t&j%lé_sgégtt&%@gﬁ%@%@@%@&k@&%& g -]éa? 9993CGligRKRAGYCal sARIcIgCgg

agctcaaaac aaaag ggaggaaag420 accggaattg cagtcatgat tggcctgatc gccagegtag gageagttac
CClCRtAat G0 RCaaANRIgE 3 GERReRt Hac feEEACHolaeRRY KR a At eafc gatt84B ccaacagcty

CtggQ@Q@?&%?&{a%@jﬁag%E@Q%%%@Q@S@JM@@ﬁg%@ﬁ@@@&@&atgaaigcccagta

ctgtcggctg gtaatgatcc agaagacatc660 gactgttggt gcacaaagtc agcagtctac gtcaggtat agatgcac
CanGHCHEGETID CASIHAGHE JHGRHENE GERCIGACA g agHEAS hATTdAdst cactideg 780
aacapgaagg gggctiggat ggacagcacc aaggccacaa ggtatttggt aaaaacagaa840 tcatgp#ist tgaggaacce
tggatatgcc ctggtggcag ccgtcattgg ttggatgctt900 gggagcaaca ccatgcagag agttgtgttt gtcgtgctat tgcttttggt
ggcceeagdctasy tacagctica actgecttgg aatgagcaac agagactict tggaaggagt gtctggagcal020 acatgggtgg
atttgghtel cgariggegac agctgcgtga ctatcatgtc taaggacaagl080 cctaccatcg atgtgaagat gatgaatatg

gag a%tggc?ga grq}ccgcagtlmo tattgctatt tggctaccgt cagcgatctc tccaccaaag ctgcgtgecc
gacc'é ﬁal%(f ga"]agct\f:acél5 atgacaaacg tgctgaccca gcttttgtgt gcagacaagg agtggtggacl260
agyggeiggg g8aacggcetg cggactattt ggcaaaggaa gcattgacac atgcgccaaal320 tttgectgcet ctaccaaggce
aataﬁﬁ%%%%ﬁa%ﬁ@%aﬁ%%gﬁﬁﬁ%&ﬁ&a t&f%éﬁgg%ag%@att#cﬁ%t@ggfagagc%%%actac gtggagtcge
acggpapciereipracatrgiddd giiggageca ojeaggcayg: gaganteaggaatzagicctg oygegietdc

t tal500 aagctt tat t t tt 1560
W R L N R S AR R e

atggacctca acctcccttg
240

gagcegtgc guaagtartgatytgy agyad cagagagaggil®8 gecccgaccat gggagaaget
cacaatgaca aacgtgctga cccagctttt gtgtgcagat-aaggagtggt ggacaggggc 300
tggggcaacg gctgeggact atttggcaaa ggaagcattg acacatgcge caaatttgec 360
tgctctacca aggcaatagg aagaaccatc ttgaaagaga atatcaagta cgaagtggcc 420
atttttgtec atggaccaac tactgtggag tcgcacggaa actattccac acaggctgga 480
gccactcagg cagggagatt cagcatcact cctgeggege cttcatacac actaaagett 540
ggagaatatg gagaggtgac agtggactgt gaaccacggt cagggattga caccaatgca 600
tactacgtga tgactgttgg aacaaagacg ttcttggtcc atcgtgagtg gticatggac 660
ctcaacctcc cttggagcag tgctggaagt actgtgtgga ggaacagaga gacgttaatg 720
gagttitgagg aaccacacgc cacgaagcag tctgtgatag cattgggetce acaagaggga 780
gctectgeate aagctttgge tggagccatt cctgtggaat tttcaagcaa cactgtcaag 840
ttgacgtcgy gtcatttgaa gtgtagagtg aagatggaaa aattgcagtt gaagggaaca 900
acctatggeg tctgitcaaa ggetttcaag trtcttggga ctcccgcaga cacaggtcac 960
ggcactgtgg tgttggaatt gcagtacact ggcacggatg gaccttgcaa agttcctatc 1020
tcgtcagtgg cttcattgaa cgacctaacg ccagtgggea gattggtcac tgtcaaccct 1080
tttgtttcag tggccacgge caacgctaag gtcctgattg aattggaacc accctrtgga 1140
gactcataca tagtggtggg cagaggagaa caacagatca atcaccattg gcacaagtct 1200
ggaagtagca ttggcaaagc ctttacaacc accctcaaag gagcgcagag actagccget 1260
ctaggagaca cagcttggga ctttggatca gttggagggg tgttcaccic agttgggaag 1320
gctgtccatc aagtgttcgg aggagcattc cgctcactgt tcggaggcat gtcctggata 1380
acgcaaggat tgctggggge tctcctgttg tggatgggeca tcaatgeicg tgataggtcec 1440
atagctctca cgtttctege agttggagga gttctgcetet tocictecgt gaacgtgeat 1500
gct 1503

Page 13



ttaatggagt ttgaggaacc acacgccacg aagcagtctg tgatagcatt gggctcacaal740 gagggagctc tgcatcaagc
tttggctgga gccattcctg tggaattttc aagcaacact1800 gtcaagttga cgtcgggtca tttgaagtgt agagtgaaga
tggaaaaatt gcagttgaagl1860 ggaacaacct atggcgtctg ttcaaaggct ttcaagtttc ttgggactcc cgcagacacal920
ggtcacggca ctgtggtgtt ggaattgcag tacactggca cggatggacc ttgcaaagtt1980 cctatctcgt cagtggcttc
attgaacgac ctaacgccag tgggcagatt ggtcactgtc#43 Bedeetittg titcagtgge cacggecaac getaaggtee
tgattgaatt ggaaccaccc2100 tttggagact catacatagt ggtgggcaga ggagaacaac agatcaatca ccattggcac2160
aagt a déagcattgg caaagccttt acaaccaccc tcaaaggagc gcagagacta2220 gccgctctag gagacacagc
ttgggﬁit@gg%ﬁ(ﬁagttg gaggggtgtt cacctcagtt2280 gggaaggctg tccatcaagt gttcggagga gcattccgcet
cactgitegg aggeatgirte 34Qkggataacgc aaggattgct gggggctctc ctgttgtgga tgggcatcaa tgctcgtgat2400
Page 18 aggtccatag gtgcacgctg ggagtgttca acgccacaag cgatcagttt cttttgaagg aagtcagcac tggggaaaga
ccggagagca tttggatttg gaatgtgact ctgtcctatt ggtgaagtca gagagtgact cctgggtaca gattactgcec actcgcacca
ttaccarrac cafsgacatguatigaccctt aagaggtgga tttgggggca gcagaatcta caaccagtgt ttgttgatgt ctctgggaga
ataa§§ ? c a%gsatgc} [Mgatcaggg getctagect gatcccaacc tttgecateg atcgegggge gagagaacgg ctetcacgtt
acactgggtg tacacaatga’gc?c’tagccaa ccagactgga agaatggtgt ctaaacgcct gtattttatt aggaatgtcc gtctcaccag
cga (cat ggattgaaag aatcatgtac tgataatacc agacacaaaa caggaactac ccacagagag tgcgctacca

atgaé gx ac @éé@fg@@%’é‘bccaagat ttacttacac attcgggagg ttatggtggc tggcggctgt tccctgatgt caacgacatc
tgaatclgga agadgaggag epacaggact gtaaacgcgg tcggagggct tcatgtttge cggacatttc tctcgcagtt
tgccatz'%ac tgtggaggct gatcattcag gcatcaaatg ggaccttagt caccgccacc tgcaccagaa gactcagaat

cactéggg tggaacesctgaggctcaat gtggectgag agtcacactg ccagggccca ggtcaccctg cggaaagttg
aactgdeagc ddttptg€agpccttctggtc cagcatgeca tgatgtgtta agacgtggta atcgtttctc tttctttcaa gttgaattca
aaactfgdtt tdtgtacdggtychygda agtgagagct ataacagatt ggctgttggt tcacaagtga gigttcttgg getatactga
cgctaigioa cacttggcgc aaagcgagat atggcttatc ctggcggtag gttccgetge atactgctgt aaaaagaaag
ctccgt?%?b ay gﬁt gcctgaa gtgcggtcta gctgaacact gggaatgtac ctggaaggcc ggttgatggt agtggaggat
caacégg@ict c%a git@g?qc cagtictg tggaatcctt caatcggaga gattgacttc tggacctgee gagetgcacc
gatcagacca t§ctgatatg ggtccttcge agtcetggtg ggcagctttc cttcaagata ggagaacatt 2460 2520 2580 2640

2700° 28%0 2 403 1 4 0 35403600 3660 3720
e A RS e o
tgatgeEssae Hera FReesRiAig AECE§§AYS ot UBR0 t§ oA BY Y RIsa§aafy gtctdPtcgcgatta

9tgCgiasac SEG1999eg4209 @%Wg@@&ggﬁgtag@@@ﬁg@%@ba@@ggeagaqwgaggcgtg 4620

ttgtgggaca ctccctcacc aaaggagtac aaaaaggggg acacgaccac cggcegtctac 4680 aggatcatga ctcgtgggct

getcd§eagP ikt SRy iddg JEERt B/ EAS WA g REAERCC 2RACEEHIG Jtacaadd Baaggagcecy
ctttigatgag £98R008864886h CaEEiadaceCalafigg8theanigigany gagaairgas tgttacggiaggaccctgg4860

ttgtccatgg accaactact gtggagtcge acggaaacta ctccacacag gctggageca 360
ctcaggcagg gagattcagce atcactccty cggcegecttce atacacacta aagcttggag 420
aatatggaga ggtgacagtg gactgtgaac cacggtcagg gattgacacc aatgcatact 480
acgtgatgac tgtiggaaca aagacgttct tggtccatcg tgagtggttc atggacctca 540
acctcecttg gagcagtget ggaagtacig tgtggaggaa cagagagacg ttaatggagt 600
tigaggaacc acacgccacg aagcagtetry tgatageatt gggotcacaa gagggagetc 660
tgcatcaage tttggetgga gecaticctyg tggaattttc aagcaacact gtcaagttga 720
cgtegoggtea titgaagtgt agagigaaga tggaaaaatt gcagttgaag ggaacaacct 780
atggcgtctg ttcaaaggcet ttcaagtttc ttgggactcc cgcagacaca ggtcacggea 840
ctgtgogtgtt ggaattgcag tacactggca cggatggacc ttgcaaagtt cctatctcgt 900
cagtggcttc attgaacgat ctaacgccag tgggcagatt nntcactgtc aaccctttig 960
tttcagtg 968
<210> 20

313 oua

<213> West Nile virus
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aaattgcagc acaagtggaa cgggcaggat gaggtgcaga tgattgtggt ggaacctggc 4920 aagaacgtta agaacgtcca
gacgaaacca ggggtgttca aaacacctga aggagaaatc 4980 ggggccgtga ctttggactt ccccactgga acatcaggct
- caccaatagt ggacaaaaac5040 ggtgatgtga ttgggcttta tggcaatgga gtcataatgc ccaacggctc atacataagcs5100
gcgatagtgc agggtgaaag gatggatgag ccaatcccag cc i%tgga acctgagatg5160 ctgaggaaaa aacagatcac
tgtactggat ctccatcccg gcgecggtaa aacaaggadé%ﬁg gccac agatcatcaa agaggccata aacagaagac
tgagaacagc cgtgctagcg5280 ccaaccaggg ttgtggctge tgagatggct gaagcactga gaggactgcec
catceyggtacs5340 cagacatcecg cagtgcccag agaacataat ggaaatgaga ttgttgatgt catgtgtcat5400 gctaccctca
ccca%%ﬁ 1'dz%i"c‘f'agggtgc cgaactacaa cctgttcgtg5460 atggatgagg ctcatttcac cgacccagct
agcattgcag qaag;agg ta,catitenaaas520 aaggtcgagce taggggagge ggcggcaata ttcatgacag ccaccccacc
aggc ctbca5580 gatccattcc cagagtccaa ttcaccaatt tccgacttac agactgagat cccggatcga5640 gettggaact
ctgg@ a alggateagq, gaatacaccyg ggaagacggt ttggtttgtgs5700 cctagtgtca agatggggaa tgagattgec
ctttgelta-aalglgci) aaagaaagtas760 gtccaattga acagaaagtc gtacgagacg gagtacccaa aatgtaagaa
cgat§atés80 Yatttthttficfadcaga catatctgaa atgggggcta acttcaagge gageagggtgs880 attgacagec
ggaagagigt gaaaccaacc atcataacag aaggagaagg gagagtgatc5940 ctgggagaac catctgcagt gacagcagct
agtgeegéec agagat igcgtatcggt 6000 agaaatcegt cgcaagttgg tgatgagtac tgttatgggg ggcacacgaa
tgaa@ % aé% % ICticg secattggac tgaggeacga atcatgetgg acaacatcaa catgccaaac 6120
gactgatcg ctcaattcta ccaaccagag cgtgagaagg tatataccat ggatggggaa6180 taccggctca gaggagaaga
gag dac tttc ngaa% ttgaggac tgcagatctg6240 ccagtttggc tggcttacaa ggttgcagcg gctggagtgt
: cataQQQan C@g@ 00 tgctttgatg gtcctaggac aaacacaatt ttagaagaca acaacgaagt
ggaagtearc6860saegadagctty gtgdaaggaa gattctgagg ccgegctgga ttgatgccag ggtgtactcg6420
gatcageRUy GRctaaaggc gttcaaggac ttcgectcgg gaaaacgttc tcagataggg6480 Page 20 10-0111seq

ctcattgaggrifcigggaaa gaigosigagigacticatgyggaagacajgggaageacttobdgagtc 60
gcacggaaac tactccacac aggetggage cactcaggea gggagattca gceatcactcc 120
tgcggegect tcatacacac taaagcttgg agaatatgga gaggtgacag tggactgtga 180
accacggtca gggattgaca ccaatgcata ctacgtgatg actgttggaa caaagacgtt 240
cttggtccat cgtgagtgygt tcatggacct caacctoect tggagcagtg ctggaagtac 300
tgtgtggagyg aacagagaga cgttaatgga gtttgaggaa ccacacgcca cgaagcagtc 360
tgtgatagca ttgggctcac aagagggagce tetgcatcaa gotttggctg gagecattcc 420
tgtggaattt tcaagcaaca ctgtcaagtt gacgtcgggt cattigaagt gtagagtgaa 480
gatggaaaaa ttgcagttga agggaacaac ctatggcgtc tgttcaaagg ctttcaagtt 540
tctigggact cccgcagaca caggtcacgg cactgtggtg ttggaattgc agtacactgg 600
cacggatgga cctigcaaag ttcctatcte gtcagtgget Teattgaacg atctaacgec 660
agtgggcaga ttogtcactg tcaacccttt tgtttcagtg gocacggeca acgctaaggt 720
cctgattgaa tiggaaccac cctttggaga ctcatacata gtggtggygca gaggagaaca 780
acagatcaat caccattggc acaagtctgg aagcagcatt ggcaaagect ttacaaccac 840
cctcaaagga gcgcagagac tagccgctct aggagacaca gcttgggact ttggatcagt 900
tggaggggtg ttcacctcag ttgggaaggc tgtccatcaa gtgttcggag gagcattccg 960
cacactgttc ggangcatg 979
<210> 21
<211> 1004
<212> DNA
<213> west Nile virus
<220>
<221> misc_feature
<222> (4)..(4)
<223> n is a, ¢, g, or t
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gacaccatgt acgttgtggc cactgcagag aaaggaggaa gagctcacag aatggccctg6600 gaggaactge cagatgctct
tcagacaatt gccttgattg ccttattgag tgtgatgacc6660 atgggagtat tcttcctect catgcagcgg aagggceattg
gaaagatagg tttgggaggc6720 gctgtcttgg gagtcgcegac ctttttctgt tggatggctg aagttccagg aacgaagatc6780
gccggaatgt tgctgcetcte ccttetcttg atgattgtge taattcctga gccagagaag6840 caacgticgc agacagacaa
ccagctagcec gtgttcctga tttgtgtcat gacccttgtg6980-2dédeadtgg cagccaacga gatgggtigg ctagataaga
ccaaggagjga cataagcagt6960 ttgtttgggc aaagaattga ggtcaaggag aatttcagca tgggagagtt tcttctggac7020
ttga ceiatadesty gtcactgtac getgtgacaa cagcggtect cactccactg7080 ctaaagcatt tgatcacgtc

%a&:@c Oagczct&aag aaacgttcag7140 gcaagtgcac tattcacact cgcgcgaggc ttccectteg

agat
tcgatf;ttgg agtgtcggct7200 ‘ctectgetag cagecggatg ctggggacaa gtcaccctca cegttacggt aacageggea 7260

acacté@@etttgccacta tgcctacatg gttcceggtt ggcaagctga ggcaatgege7320 tcageccage ggcggacage
ggcc tc %@%&_%@%ﬁr&gtagtgga tggcatcgtg7380 gccacggacg tcccagaatt agagcgcacc acacccatca
tgcagaagsaa agttggacag f440atcatgctga tettggtgtc tctagctgca gtagtagtga acccgtcetgt gaagacagta7500
cgagaagecg gaattttgat cacggccgca gecggtgacgce tttgggagaa tggagcaagc7560 tctgtttgga acgcaacaac
tgccalgnga cistgccaca tgatgcgtgg gggattggttg 7620 tcatgtctat ccataacatg gacactcata aagaacatgg
aaaastiixgqg dotaaadaga7680 ggtggggcaa aaggacgceac cttigggagag gtttggaaag aaagactcaa
ccagit§atarv4¢ sadaadagl lfcgctaggta ccgcaaagag gccatcatcg aagtcgatcg ctcageggea7800
aaacargeca ggaaagaagg caatgtcact ggagggcatc cagtctctag gggcacagca7860 aaactgagat ggctggtcga
acgg%%it cﬁ%&(‘f@g%@gaaaagt gattgacctt7920 ggatgtggaa gaggcggttg gtgttactat atggcaaccc
aaaagagagt kCaaga gt),c799,8Q,rag§gggtaca caaagggcgg tcccggacat gaagagcccc aactagtgca
aagttatgga8040 tggaacattg tcaccatgaa gagtggagtg gatgtgttct acagaccttc tgagtgttgt8100 gacaccctcc
tttgtg COgRYAYEGS gpfcaagty ctgaggttga agagcatagg8160 acgattcggg tcctigaaat ggttgaggac
tggctgrane gagrigcaaag ggaattttgc8220 gtgaaggtgc tetgtcecta catgccgaaa gtcatagaga agatggagct
gctcca2dyc828lscdgtatgdhg Yydgactggt cagaaaccca ctctcacgga attccacgea cgagatgtat8340
tggotgagic gagcttcagg caatgtggta cattcagtga atatgaccag ccaggtgctc8400

agantatgga gngnngncag tggactgtga anccncggtc agggattgac accaatgeat 60
actacgtgat gactgtigga acaaagacgt tettggtcca tcgtgagtgg ttcatggacc 120
tcaacctoce ttggageagt gotggaagta ctgtgtggag gaacagagag acgttaatgg 180
agtttgagga accacacgcc acgaagcagt ctgtgatage attgggetca caagagggag 240
ctctgeatca agctttgget ggagecattc ctgtggaatt ttcaagcaac actgtcaagt 300
tgacgtcggg tcatttgaag tgtagagtga agatggaaaa attgcagitg aagggaacaa 360
cctatggogt ctgttcaaag gotttcaagt ttettgggac tcccgeagac acaggtcacy 420
gcactgtggt gttggaattg cagtacactg gcacggatgyg accttgcaaa gttcctatct 480
cgtcagtgge ttcattgaac gatctaacgc cagtgggcag attggtcact gtcaaccctt 540
ttgtttcagt ggccacggece aacgcetaagg tcctgattga attggaacca ccctttggag 600
actcatacat agtggtgggc agaggagaac aacagatcaa tcaccattgg cacaagtcty 660
gaagcagcat tggcaaagcc tttacaacca ccctcaaagg agcgcagaga ctagoeegetce 720
taggagacac agcttgggac tttggatcag ttggaggggt gttcacctca gttgggaagg 780
ctgtccatca agtgttcgga ggagcattcc geacactgtt cggaggcatg tectggataa 840
cgcaaggatt gctgggggct ctcctgttgr ggatgggeat caatgetcgt gataggrcca 900
tagctctcac gtttctegea gttggaggag ttctgetctt cctcteccgty aacgtgeatg 960
ctgacactgg gtgtgccata gacatcagcc ggcaagagct gaga 1004
<210> 22

<211> 1006

<212> DNA

<213> west Nile virus
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ctaggaagaa tggaaaaaag gacctggaag ggaccccaat acgaggaaga tgtaaacttg 8460 ggaagtggaa
ccagggcggt gggaaaaccc ctgctcaact cagacaccag taaaatcaag 8520 Page 21 10-0111seq aacaggattg
aacgactcag gcgtgagtac agttcgacgt ggcaccacga tgagaaccac8580 ccatatagaa cctggaacta tcacggcagt
tatgatgtga agcccacagg ctccgeccagt 8640 tcgetggtca atggagtggt caggctcctc tcaaaaccat gggacaccat
cacge t>t8700 accaccatgg ccatgactga cacta Ot cagc agcgagtgtt caaagagaag8760
gtggacacga aageteetga,aecgccagaa ggagtgaagt acgtgctcaa cgagaccacc8820 aactggttgt gggcegttttt
ggcca a edacgtctita gaatgtgctc tcgagaggaa 8880 ttcataagaa aggtcaacag caatgcagct ttgggtgeca
tgtttgEega gdaddaftad 8940 ‘i’ﬁggéggagcg ccagagaagc agttgaagat ccaaaatttt gggagatggt ggatgaggag
9000«egogaggcac atctgcgggg ggaatgtcac acttgcattt acaacatgat gggaaagaga 9060 gagaaaaaac
ccgga%gﬁlt gg%f@%g%agggaagca gagcecatttg gttcatgtgg9120 ctcggagctc gctttctgga gttcgaggct
ctgggft glcaqigeaga eCagtogett9180 ggaagaaaga actcaggagg aggtgtcgag ggcttgggec tccaaaaact
gggttacatc 9240 ctgcgtgaag ttggcacccg gecctgggggce aagatctatg ctgatgacac agcetggetgg9300
gaca@%%%}a jcacgagage tgacttggaa aatgaagcta aggtgcttga getgettgat9360 ggggaacate ggegtcttge
cagggrraic atigageica raiatcgtca caaagttgtg9420 aaagtgatgc gccecggctge tgatggaaga accgtcatgg
atgttabiécadadaagato48D cafafgggga gtggacaagt tgtcacctac gecctaaaca ctttcaccaa cetggecgtc9540
cagctggiga ggatgatgga aggggaagga gtgattggcece cagatgatgt ggagaaactc 9600 acaaaaggga aaggacccaa
agtcaggagedgurtgtity gagtygggaagaaaganie8664cggrraragggattgitagigg agatgactel gtggtaaage
ccctggacga tegetttagec9720 acetegcete tt tactatgt tc tcc agtggaaa9780
ggacaa legettgec el 8 %Cg%%%%&%% §§ cqa dagk é%é?g%?gfé 9%0&%8%9 %949

ccgtcaac gat&g?at%%aﬁggcag ag dttccatttt gctcaaacc 40 ttgatcatga aagatggaag
aacatiggts et atgettgagacsia tyant Race908cge hgprftit e aslic ey BgRggcédfa tggaacgtcc
9093‘8@9&%&&9{}5@9&5Q?aﬁa%Q%&MQ%%@Q&E@%&%@%@%@%@Q&CQ fgggctcatg 10020

gccaacgcca ttigetcege fgtecetgtg aattgggtcc ctaccggaag aaccacgtgg 1 tccatccatg caggaggaga

gtggafEfRaR eeEy dGGaratitifgJA§gPRigGaaceER FTRAD G o AgEEaut htggat$laa gacaaaaccce

cagiggadaagRidpadigre dH20R gigceairit CaguanagEr AgRRBaGRIE WajalgaeagCcCtgatgy cacaagagcec
10260 cgagccacgt gggcagaaaa catccaggtg gctatcaacc aagtcagta%c aatcatcgga 10320 gatgagaagt

atgtgHAA AR Sitea @S dYP SIS PR RS LRt G o P T 058D g HEAEY Wctgtalfa! atttaatcaa
ttgtaaatag ecantajatgaipigcatasatko4dOngtgtagiidatagtagtm tifagtggicaiatgigtaaa tagttaagaa

aattttgagg 10500 agaaagtcag gccgggaagt tcccgecace ggaagitgag tagac ¢ tgcctgegac 10560 Page
o e Do L e B DeE i R S S catlt ggcacagtge
gaggewiggguga ggecusE tely CYURYE Sty CERCRgdata guayst gaay gagtag carsacctggly gccgacaatg

ttgggacttt ggatcagttg gaggggtgtt cacctcagtt gggaaggctg tcocatcaagt 660
gttcggagga gcattocgea cactgttcgg aggcatgtce tggataacge aaggattget 720
ggaggctctc ctgttgtgga tgggeatcaa tgetcgtgat aggtccatag crctcacgtt 780
tctcgeagtt ggaggagttc tgctcttcct ctccgtgaac gtgcatgetg acactygggtg 840
tgccatagac atcagecgac aagagcetgag atgtggaagt ggagtgttca tacacaatga 900
tgtggaggct tggatggacc ggtacaagta ttaccctgaa acgccacaag gectagecaa 960
gatcattcag aaagctcata aggaaggadt gtgegntcta cganca 1006
<210> 23

<211> 11029

<212> DNA

<213> wWest Nile virus

<400> 23

agtagttcgc ctgtgtgage tgacaaactt agtagtgitt gtgaggatta acaacaatta 60
acacagtgcg agertgtttct tagcacgaag atctcgatgt ctaagaaacc aggagggeoc 120
ggcaagagce gggctgtcaa tatgctaaaa cgcggaatgc cccgogtgtt gtecttgatt 180
gogactgaaga gggctatgtt gagcctgate gacggcaagyg ggccaatacg atttgtgttg 240
gctctettgg cgttettcag gitcacagea attgeltecga cccgagcagt gctggatcga 300
tggagaggtg tgaacaaaca aacagcgatyg aaacacctic tgagttitaa gaaggaacta 360
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tgaacaaagc acatgttgta gtgcagtctg gcggccctag cccgeggttt aggttagtgg atagactagg gtggctggtg
10-0111seq cgcgaagtga tccatgtaag acttcaaagc ccaatgtcag cgatagtgcc ccaggaggac ccccggtaat
ggtgttaacc aaagtgcacg gcccagcectg agaccccgtg ccacaaaaca agatcttctg ctctgcacaa gtgcgagaac
acaggatct ccctcagaac 10620 accacgctac 10680 tgggttaaca 10740 agggcgaaag 10800 gctgaagctg
10860 ccacaacaaa 10920 ccagccacac 109834192958910> 24 <211> 3433 <212> PRT <213> West
Nile yiyyscc409y edMielcosr luatdsyPsg GhelxaREe GhabysSet AlgoAly¥add\sn Mep 151015 Leu Lys
Arg Gly Met Pro Arg Val Leu Ser Leu lle Gly Leu Lys Arg 202530 Ala Met Leu Serk (51 lle Asp Gly Lys
Gly BfGI ¥ ATEPRROVR 193G %&%Q&ECL%CE%Q,&?& PREPIERG Pre Thiraf lle a Pro Thr Arg Ala
50556Q Maldgeu AspuaEadarp fagdotedeal Asndots sl ThudalgaMet kysddisg857075880 eu Leu Ser Phe
Lys Lys Glu Leu GI Thr Leu Thr Ser AIa IIe Asn 859095 A%@rggSe{ascg% L,é/éscGIn %Lys Arg Gly Gly

Page 18

Lys'Fﬁ?%ﬁ?gﬁégAl gaaagaa ¢ tcagagcaa tgga
gatgatacta tcacttatga atgcccagta ctgtcggetg gtaatgatcc agaagacatc 660
gactgttggt gcacaaagtc agcagtctac gtcaggtatyg gaagatgcac caagacacgce 720
cactcaagac gcagtcggag gtcactgaca gtgcagacac acggagaaag cactctageg 780
aacaagaagg gggcttggat ggacagcacc aaggccacaa ggtatrttggt aaaaacagaa 840
tcatggatct tgaggaaccc tggatatgec ctggtggecag ccgtcattgg ttggatgctt S00
gggagcaaca ccatgcagag agttgtgttt gtcgtgctat tgettttggt ggccccaget 260
tacagcttea actgoctigg aatgagcaac agagactict tggaaggagt gtctggagca 1020
acdtgggtgg atttggttct cgaaggcgac agctgcegtga ctatcatgic taaggacaag 1080
cctaccatey atgigaagat gatgaatatg gaggeggoeca acctggcaga ggtecgceagt 1140
tattgctatt tggctaccgt cagcgatete tccaccaaag ctgegigecce gaccatggga 1200
gaagctcaca atgacaaacg tgctgaccca gottttgtgt gcagacaagg agtggtggac 1260
aggggctoggg geaacggetg cggactattt ggcaaaggaa gcattgacac atgcgcecaaa 1320
tttgcectget ctaccaagge aataggaaga accatcttga aagagaatat caagtacgaa 1380
gtggccattt ttgtccatgg accaactact gtggagtcegc acggéaacta ctccacacag 1440
gttggagcca ctcaggcagg gagactcagc atcactcctg cggegoctic atacacacta 1500
aagcttggag aatatggaga ggtgacagtg gactgtgaac cacggtcagg gattgacacc 1560
aatgcatact acgtgatgac tgttggaaca aagacgttct tggtccatcg tgagtggttc 1620
atggacctca acctceccttg gagcagtget ggaagtactg tgtggaggaa cagagagacg 1680
ttaatggagt ttgaggaacc acacgccacg aagcagtctg tgatagcatt gggctcacaa 1740
gagggagctc tgcatcaagc tttggetgga gccattcctg tggaattttc aagcaacact 1800
gtcaagttga cgtcgggtca tttgaagtgt agagtgaaga tggaaaaatt gcagttgaag 1860
ggaacaacct atggcgtctg ttcaaaggct ttcaagtttc ttgggacicc cgcagacaca 1920
ggtcacggca ctgtggtgtt ggaattgcag tacactggca cggatggacc ttgcaaagtt 1880
cctatctegt cagtggottc attgaacgac ctaacgecag tgggcagatt ggtcactgrce 2040
aacccttttg tttcagtgge cacggccaac gctaaggtcec tgattgaatt ggaaccaccc 2100
rttggagact catacatagt ggtgggcaga ggagaacaac agatcaatca ccattggcac 2160
aagtctggaa gcagcattgg caaagccitt acaaccaccc tcaaaggagc gcagagacta 2220
gccgetcetag gagacacage ttgggacttt ggatcagttyg gaggggtgtt cacctcagtt 2280
gggaaggctg tccatcaagt gttcggagga gcattccget cactgttcegg aggcatgtec 2340
tggataacgc aaggattgct gggggcetete ctgttgtgga tgggcatcaa tgetcgtgat 2400



100105110 Val Met lle Gly Leu lle Ala Ser Val Gly Ala Val Thr Leu Ser Asn 115120125 Phe GIn Gly
Lys Val Met Met Thr Val Asn Ala Thr Asp Val Thr Asp 130135140 Val lle Thr lle Pro Thr Ala Ala Gly
Lys Asn Leu Cys lle Val Arg 145150155160 Ala Met Asp Val Gly Tyr Met Cys Asp Asp Thr lle Thr Tyr
Glu Cys 165170175 10-0111seq Pro val Leu Ser Ala Gly Asn Asp Pro Glu Asp lle Asp Cys Trp Cys
180185190 Thr Lys Ser Ala Val Tyr val Arg B ER-A8Cys Thr Lys Thr Arg 195200205 His Ser Arg
Arg Sg5AGAHg Serdeuditr vat Gratbt HisaGin it 216245220 Ser ddudsaudla AsE0LYs Lys Gly Ala
Trp Met Asp Ser Thr Lys Ala 225230235240 Thr Aré?TXf{ Leu Val LXS Tthr ig;a{utser%rg%lle Leu Arg Asn
Pro 819 RF9538285 P90 BUCTAT TR AR VAP T Ely A RISCLECR BEF Asn TAT 260265270 Met

Gin AggdtalVed Rhaeaalavah Legrhewgbeu eudvabida Rur AdaR78280285 Tyaser RREOAsn Cys Leu Gly

Asp S Cov SHATTRA0 VAT T 12 hrer Ly Ash Byecbio T o ey ol Lo et met

ro Thr le’Asp val Lys Met met
32533R38Bygttt ccagactgga gcatcaaatyg tgggaagcag tgaaggacga gctgaacact 2700
cttttgaagg agaatggtgt ggaccttagt gtcgtggttg agaaacagga gggaatgtac 2760
aagtcagcac ctaaacgcct caccgccacc acggaaaaat tggaaattgg ctggaaggee 2820
tggggaaaga gtattttatt tgcaccagaa ctcgccaaca acacctttgt ggttgatggt 2880
ccggagacca aggaatygtcc gactcagaat cgcgettgga atagottaga agtggaggat 2940
tttggatttg gtctcaccag cactcggatyg ttcctgaagyg tcagagagag caacacaact 3000
gaatgtgact cgaagatcat tggaacggct gtcaagaaca acttggcgat ccacagtgac 3060
ctgtcctatt ggattgaaag caggctcaat gatacgtgga agcitgaaag ggcagtictg 3120
ggtgaagtca aatcatgtac gtggcctgag acgcatacct tgtggggcga tggaatcctt 3180
gagagtgact tgataatacc agtcacactg gcgggaccac gaagcaatca caatcggaga 3240
cctgggtaca agacacaaaa ccagggecca tgggacgaag gccgggtaga gattgacttce 3300
gattactgcc caggaactac ggtcaccctg agtgagagcet gcggacaccg tggacctgcec 3360
actcgcacca ccacagagag cggaaagttg ataacagatt ggtgctgcag gagctgcacc 3420
ttaccaccac tgcgctacca aactgacage ggctgttggt atggtatgga gatcagacca 3480
cagagacatg atgaaaagaC cctcgtgcag tcacaagtga atgcttataa tgctgatatg 3540
attgaccctt ttcagttggg ccttctggic grgttcttgg ccacccagga ggtccticge 3600
aagaggtgga cagccaagat cagcatgcca gctatactga ttgctctgct agtcctggtg 3660
tttgggggca ttacttacac tgatgtgtta cgctatgtca tcettggtggg ggcagctttc 3720
gcagaatcta attcgggagg agacgtggta cacttggcge tcatggegac cttcaagata 3780
caaccagtgt ttatggtggc atcgtttctc aaagcgagat ggaccaacca ggagaacatt 3840
ttgttgatgt tggcggetgt tttctttcaa atggettatc acgatgeccg ccaaattctg 3900
ctctgggaga tccctgatgt gttgaattca ctggcggtag cttggatgat actgagagee 3960
ataacattca caacgacatC aaacgtggtrt gttccgetge tagccctget aacacccggyg 4020
ctgagatgct tgaatctgga tgtgtacagg atactgctgt tgatggtcgg aataggcage 4080
ttgatcaggy agaagaggag tgcagecgca aaazagaaag gagcaagtct gctatgcertg 4140
gctctagect caacaggact tttcaacccc atgatcéttg ctgctggact gattgeatgt 4200
gatcccaace gtaaacgegg atggeccgca actgaagtga tgacagetgt cggcectaatyg 4260
tttgccatcg tcggaggget ggcagagett gacattgact ccatggccat tccaatgact 4320
atcgcggggc tcatgtttge tgetttegtg atttctggga aatcaacaga tatgiggatt 4380
gagagaacgg cggacatttc ctgggaaagt gatgcagaaa ttacaggctc gagcgaaaga 4440
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Asn Met Glu Ala Ala Asn Leu Ala Glu Val Arg Ser Tyr Cys Tyr Leu 340345350 Ala Thr Val ser Asp Leu
Ser Thr Lys Ala Ala cys Pro Thr Met Gly 355360365 Glu Ala His Asn Asp Lys Arg Ala Asp Pro Ala Phe
val Cys Arg Gin 370375380 Gly Val Val Asp Arg Gly Trp Gly Asn Gly Cys Gly Leu Phe Gly Lys
385390395400 Gly Ser lle Asp Thr Cys Ala Lys Phe Ala Cys Ser Thr Lys Ala lle 405410415 Gly Arg
Thr Ile Leu Lys Glu Asn lle Lys Tyr Glu val AR TRIPHE420425430 Val His Gly Pro Thr Thr Val Glu Ser
His @iv s dor Setiityatda 4304464t 102htseq Vo Sly.Ala Tdyg@inalatGly 4@pLeu Ser lle Thr
Pro Ala Ala Pro 450455460 SertT A Tthr Lel{ucrl?g/cs Lte:tuaGI1\_( Ccsl Té/rCGlyé CC%I%J Val Thr \A%hﬁ\sp Cys

4655 383YBAGT SARPPS KR HEN T hsp TR RSH AR T97 Tyt Val met Th Val 465490495 Gly Thr
Lys ZteRpedeu cadtdiscAgg Giu TirguRte MetAspabeuassnaB8060581B teigPro TASEer Ser Ala Gly
Ser Thr Val Trp Arg Asn A Thr I HigAlg Thr Lys Gin ser
val IF:etgﬁ%ggz\é:%gggﬁbc{'caégIg%g#%gg%sa?a%%%%g% el GliRhe Gy Gl £10 Higgdla

Leu lu Gly eu His'Gin Ala Leu Ala Gly Ala lle 545550555560

Page 20

Pro ¥YedGhaPtre Seroseugeh THoYartys LatCrRPSeY GREFIgL@Y gatggttgaa 4740
ggtgrtttcc acaccctttg gcatacaaca aaaggagccg ctttgatgag cggagagggce 4800
cgectggace catactgggg cagtgtcaag gaggatcgac tttgttacgg aggaccctgg 4860
aaattgcagc acaagtggaa cgggcaggat gaggtgcaga tgattgtggt ggaacctgge 4920
aagaacgtta agaacgtcca gacgaaacca ggggtgtica aaacacctga aggagaaatc 4980
ggggccgtga ctttggactt ccccactgga acatcagget caccaatagt ggacaaaaac 5040
ggtgatgtga ttgggcttta tggcaatgga gtcataatgc ccaacggelic atacataagc 5100
gcgatagtgc agggtgaaag gatggatgag ccaatcccag ccggattcga acctgagatg 5160
ctgaggaaaa aacagatcac tgtactggat ctccatcccg gcgocggtaa aacaaggagy 5220
attctgccac agatcatcaa agaggccata aacagaagac tgagaacagce cgtgctagcg 5280
ccaaccaggg ttgtggctgce tgagatggct gaagcactga gaggactgec catccggtac 5340
cagacatccg cagtgcccag agaacataat ggaaatgaga ttgttgatgt catgtgtcat 5400
gctaccctca cccacaggct gatgtctcct cacagggtge cgaactacaa cctgticgtg 5460
atggatgagg ctcatttcac cgacccagct agcattgcag caagaggtta catttccaca 5520
aaggtcgage taggggagge ggcggcaata ttcatgacag ccaccccacc aggcacttca 5580
gatccattcc cagagtccaé ttcaccaatt tccgacttac agactgagat cccggatcega 5640
gcttggaact ctggatacga atggatcaca gaatacaccg ggaagacggt ttggtttgtg 5700
cctagrgtca agatggggaa tgagattgec ¢tttgectac aacgtgetgg aaagaaagta 5760
gtccaattga acagaaagtc gtacgagacg gagtacccaa aatgtaagaa cgatgattgg 5820
gactttgtta tcacaacaga catatctgaa atgggggcta acttcaaggc gagcagggtg 5880
attgacagcc ggaagagtgt gaaaccaacc atcataacag aaggagaagg gagagtgatc 5940
ctgggagaac catctgcagt gacagcaget agtgccgcecc agagacgtgg acgtatcggt 6000
agaaatccgt cgcaagttgy tgatgagtac tgttatgggg ggcacacgaa tgaagacgac 6060
tcgaacttcg cccattggac tgaggcacga atcatgctgg acaacatcaa catgccaaac 6120
ggactgatcg ctcaattcta ccaaccagag cgtgagaagy tatataccat ggatggggaa 6180
taccggctca gaggagaaga gagaaaaaac trtctggaac tgttgaggac tgcagatctg 6240
ccagtttggc tggcttacaa ggttgcageg getggagtgt cataccacga ccggaggtag 6300
tgetttgatg gtcctaggac aaacacaatt ttagaagaca acaacgaagt ggaagtcatc 6360
acgaagcttg gtgaaaggaa gattctgagg ccgcgetgga ttgatgccag ggtgtactcg 6420
gatcaccagg cactaaaggc gttcaaggac ttcgcctcgg gaaaacgttc tcagataggg 6480



565570575 Lys cys Arg Val Lys met Glu Lys Leu Gin Leu Lys Gly Thr Thr Tyr 580585590 Gly val Cys
Ser Lys Ala Phe Lys Phe Leu Gly Thr Pro Ala Asp Thr 595600605 Gly His Gly Thr val val Leu Glu Leu
Gin Tyr Thr Gly Thr Asp Gly 610615620 Pro Cys Lys Val Pro lle Ser ser Val Ala Ser Leu Asn Asp Leu
Thr 625630635640 Pro val Gly Arg Leu val Thr val Asn Pro Phe val Ser Val Ala Thr 645650655 Ala
Asn Ala Lys val Leu lle Glu Leu Glu Pro Pro PR&P&Ely58p Ser 660665670 Tyr lle Val Val Gly Arg Gly

Glu GirzinyigsAsbddimbtisal g s (2630685 Lyssheidaliusersegleactutys AlgRite Thr Thr Thr
Leu Lys Gly 690695700 Ala Gin Ar% Ser

Leu Ala Ala Leu Gl ASE) Thr Ala, Trp Asp Ph E%
705 PRGITEVRT TORLPEEAE GAF E BRI FERESHAP SE00R e o SSST Bris GRVVal Phe
72573@ 6323ty GlyoAla Pha ArgaGardaea Bhet®hp Gly mettSetdap hganGinc740888750 Gly Lea Leu

ch AR eIl

al LeuLea

e

lle Asn Ala Ar

Gl
Galaradegd | daboy
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o

SRR A

la Lée%dl'hr Phe Lea Ala
r Gly Cys Ala lle Asp lle
0

Ser 785700MI/BOOgtcgcgac ctrttictgt tggatggetyg aagttccagg aacgaagate 678
gcecggaatgt tgctgotcto cottotettg atgattgtyge taattcctga gccagagaag 6840
caacgttcgc agacagacaa ccagctagcc gtgttectga tttgtgtcat gacccttgtg 6900
agcgcagtgg cagccaacga gatgggttgg ctagataaga ccaagagtga cataagcagt 6960
ttgtttgggec aaagaattga ggtcaaggag aatttcagcea tgggagagtt tctrtctggac 7020
ttgaggocgyg caacagcectg gtcactgtac gotgtgacaa cageoggtcect cactccactyg 7080
Cctaaagecatt tgatcacgte agattacatc aacacctcat tgacctcaat aaacgttcay 7140
gcaagtgcac tattcacact cgcgcgagge trccccticg tcgatgrtgg agtgtcggct 7200
ctcectgetag cagccggatg ctggggacaa gtcaccctca ccgttacggt aacageggea 7260
acactccttt tttgecacta fgcctacatg gttcccggtt ggcaagetga ggcaatgege 7320
tcagcecage ggeggacage ggecggaatc atgaagaacg ctgtagtgga tggeatcgtg 7380
gccacggacyg tcccagaatt agagcgcacc acacccatca tgcagaagaa agttggacag 7440
atcatgcetga tcttggtgtc tctagctgca gtagtagtga acccgtctgt gaagacagta 7500
cgagaagccg gaattttgat cacggcecgca goggtgacge tttgggagaa tggagcaage 7560
Tctgtttgga acgeaacaac tgccatcgga ctctgocaca tcatgegtgg gggitggitg 7620
tcatgtctat ccataacatg gacactcata aagaacatgg aaaaaccagg actaaaaaga 7680
ggtggggcaa aaggacgcac cttgggagag gtttggaaag aaagactcaa ccagatgaca 7740
aaagaagagt tcactaggta ccgcaaagag gccatcatcg aagtcgateg ctcageggea 7800
aaacacgcca ggaaagaagg caatgtcact ggagggeatc cagtctcltag gggcacagea 7860
aaactgagat ggctggtcga acggaggttt ctcgaaccgg tcggaaaagt gattgacctt 7920
ggatgtggaa gaggcggttg gtgttactat atggcaaccc aadaaagagt ccaagaagtce 7980
agagggtaca caaagggcgg tcccggacat gaagagcccc aactagtgea aagttatgga 8040
tggaacattg tcaccatgaa gagtggagtg gatgtgttct acagaccttc tgagtgttgt 8100
gacaccctce tttgtgacat cggagagtcc tcgtcaagtg ctgaggttga agagcatagg 8160
acgattcggg tccttgaaat ggttgaggac tggctgcacc gagggecaag ggaatttige 8220
gtgaaggtgc tctgtcccta catgecgaaa gtcatagaga agatggaget gctccaacge 8280
cggtatgggg ggggactggt cagaaaccca ctotcacgga attccacgca cgagatgtat 8340
tgggtgagtc gagcttcagy caatgtggta cattcagtga atatgaccag ccaggtgete 8400
ctaggaagaa tggaaaaaag gacctggaag ggaccccaat acgaggaaga tgtaaacttg 8460
ggaagtggaa ccagggcggt gggaaaaccc ctgctcaact cagacaccag taaaatcaag 8520



Arg Gin Glu Leu Arg Cys Gly Ser Gly Val Phe lle His Asn Asp Val 805810815 Glu Ala Trp Met Asp Arg
Tyr Lys Tyr Tyr Pro Glu Thr Pro Gin Gly 820825830 Lea Ala Lys lle lle Gin Lys Ala His Lys Glu Gly Val
Cys Gly Lea 835840845 Arg Ser Val Ser Arg Lea Glu His Gin met Trp Glu Ala Val Lys Asp 850855860
Glu Leu Asn Thr Lea Lea Lys Glu Asn Gly Val Asp Lea Ser val Val 865870875880 Val Glu Lys Gin Glu
Gly Met Tyr Lys Ser Ala Pro Lys Arg Lea Thr%@géb% Ala Thr Thr Glu Lys Lea Glu lle Gly Trp Lys

Ala Trp Glyders SRR 1R dig et PhrytlagRre Ghpteachly AsyAsidducPheysd Val Asp Gly
915920925 Pro Glu Thr Lys Glu Cys Pro Thr Gin Asn Agg Ala Trp Asn Ser Lea 9305935940 Glu Val Glu

Asp %@Wﬁé@fg@@g%rtggﬁi@ﬂﬁfl%g‘?ﬁfr@aﬁﬁ*égﬁeg &55%6%%66%@%& AF§Blu ser Asn Thr
Thr Ghy Sy AsP Seibhysdig lleaGdy 3659 7087m IhrAlaydtal days ASdAgndtegala B&ddis Ser Asp Lea

SerT 980985990 10-01115e IIeG
1%(56 8

BBgél;?“éﬁ??feﬁ%‘ysC%%raé

S
RO
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Letdﬁ,%r%a A%I%Thr Tg_gf)lgp s Le ﬁg

Arg Ala Val Leu
1020 Gly Asp

Gly It ¢gar&lgeSexrdispdima |kcliodepgasabFhgigagt acgtgctcaa cgagaccacc 8820
aactggttgt gggcgttttt ggecagagaa aaacgtccca gaatgtgctc tcgagaggaa 8880
ttcataagaa aggtcaacag caatgcagct ttgggtgcca tgtttgaaga gcagaatcaa 8940
tggaggagcg ccagagaagc agttgaagat ccaaaatttt gggagatggt ggatgaggag 9000
cgcgaggcac atctgcgggg ggaatgtcac acttgcattt acaacatgat gggaaagaga — 2060
gagaaaaaac ccggagagtt cggaaaggcc aagggaagca gagccatttg gttcatgtgg 9120
ctcggagcte getttetgga gttcgagget ctgggttttc tcaatgaaga ccactggett 9180
ggaagaaaga actcaggagg aggtgicgag ggcttggycce tccaaaaact gggttacatc 9240
ctgcgtgaag ttggcacccg gectggggge aagatctatg ctgatgacac agotggetgg 39300 .
gacacccgca tcacgagagc tgacttggaa aatgaagcta aggtgettga getgcttgat 9360
ggggaacatc ggegtcttge cagggecatc attgagctca cctatcgtca caaagttgtg 9420
aaagtgatgc goccggetge tgatggaaga accgteatgyg atgttatcte cagagaagat 9480
cagaggggga gtggacaagt tgtcacctac gccctaaaca ctttcaccaa cctggecgte 9540
cagctggtga ggatgatgga aggggaagga gtgattggcc cagatgatgt ggagaaactc 9600
écaaaaggga aaggacccaa agtcaggacc tggctgttty agaatgggga agaaagacic 9660
agccgeatgg ctgtcagtgg agatgactgt gtggtaaagc ccctggacga tcgctitgec 8720
accrcgetcc acttcctcaa tgcetatgtca aaggttcgca aagacatcca agagiggaaa 9780
ccgtcaactyg gatggtatga ttggcagcag gitccatttt gctcaaacca tttcactgaa 9840
ttgatcatga aagatggaag aacactggtg gttccatgcec gaggacagga tgaattggta 9900
ggcagagcic gcatatctcc aggggecgga tggaacgtcc gcgacactge ttgtctgget 9960
aagtcttatg cccagatgtg getgettctg tacttccaca gaagagacct geggetcatg 10020
gccaacgeca tttgetccege tgtccctgtg aattgggtcc ctaccggaag aaccacgtgg 10080
tcecatccaty caggaggaga gtggatgaca acagaggaca tgttggaggt ctggaaccgt 10140
gtttggatag aggagaatga atggatggaa gacaaaaccc cagtggagaa atggagtgac 106200
gtcccatatt caggaaaacy agaggacatc tggtgtggca gectgattgg cacaagagee 10260
cgagccacgt gggcagaaaa catccaggtg gctatcaacc aagtcagage aatcatcgga 10320
gatgagaagt atgtggacta catgagttca ctaaagagat atgaagacac aactttggtt 10380
gaggacacag tactgtagat atttaatcaa ttgtaaatag acaatataag tatgcataaa 10440
agtgtagttt tatagtagta tttagtggtg ttagtgtaaa tagttaagaa aattttgagg 10500
agaaagtcag gccgggaagt tcccgecace ggaagttgag tagacggtge tgcectgegac 10560



102510301035 Ala Gly Pro Arg Ser Asn His Asn Arg Arg Pro Gly Tyr Lys Thr 104010451050 Gin Asn
Gin Gly Pro Trp Asp Glu Gly Arg Val Glu lle Asp Phe 105510601065 Asp Tyr Cys Pro Gly Thr Thr Val
Thr Leu Ser Glu Ser Cys Gly 107010751080 His Arg Gly Pro Ala Thr Arg Thr Thr Thr Glu Ser Gly Lys
Leu 108510901095 lle Thr Asp Trp Cys Cys Arg Ser Cys Thr Leu Pro Pro Leu Arg 110011051110 Tyr
Gin Thr Asp Ser Gly Cys Trp Tyr Gly met Glutflef%Aig % 111511201125 Gin Arg His Asp Glu Lys Thr

Leu Yal Gif-o5f GiyalAsh Alail30l324 140 dys AR AlaRsrdVietdie Axr ProiBeroGin Leu Gly Leu
Leu Val 114511501155 Val Phe Leu Ala Thr Gin Glu Val Leu Arg Lys Arg Trp Thr Ala 116011651170

Lys I S RISRPIEIRAR fIE e IR RIEITELASEE SFAPPE LR 1581 86948, Bife G

é(?y lle Thr Tyr Thr

Asp Ygddeetrg Tyrotabted et dhdRi19d200MakCly AlgcAlRthe fjarGdaGer AsmSer Gly Gly Asp

val Val 120512101215 HiS Leu Ala Leu Met Ala Thr Phe
Val AAIEEIPRE PEIISS KIS AFFIHh-TRE ASAEHTEIL A%F

gactagaggt tagaggagac cccgeggttt aaagtgcacy
taggtcaggg gaaggactag aggttagtgy agaccccgtg
acagcatatt gacacctggg atagactagg agatcttctg

ggcacagtgc gccgacaatg gtggerggtg gtgcgagaac

<210>
<211>
<2172>
<213>

<400>

24
3433
PRT
West

24

Met Ser Lys
1

Ley

Ala

Ala

val

65

l.eu

Arg

val

Phe

val

145

Ala

Lys

Met

Leu

50

Leu

Leu

Arg

Met

Gln

130

Met

Arg

Leu

35

Leu

ASp

Ser

Ser

Tle

115

Gly

Thr

ASP

Nile virus

Lys gro Gly

Gly
20

Ser
Ala
Arg
Phe
Ser
100
Gly
Lys

Ile

val

Met

Leu

Phe

Trp

Lys

LYS

Leu

val

Pro

Pro

Ile

Phe

Arg

70

Lys

Gln

Ile

Met

Thr

150

Tyr

Gly

Arg

AsSp

Arg

55

Gly

Glu

Lys

Ala

Met

135

Ala

Met

Pro

val

Gly

40

Phe

val

l.eu

Lys

ser

120

Thr

Ala

Cys

Gly

Leu

25

Lys

Thr

Asn

Gly

val

Gly

Asp

Lys Ser Arg
10

Ser Leu Ile

Gly Pro Ile

Ala Ile Ala
60

Lys GIn Thr
75

Thr Leu Thr
30

Gly Gly Lys

Gly ala val

Asn Ala Thr
140

Lys Asn Leu
155

Asp Thr Ile
170
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Lys lle Gin Pro val Phe
O P98 10

gcccagectyg getgaageig

Ala

Gly

Arg

45

Pro

Ala

Ser

Thr

Thr

125

ASp

Cys

Thr

acaggatct

val

Leu

30

Phe

Thr

Met

Ala

Gly

Leu

val

Ile

Tyr

Asn

15

LyS

val

Arg

Eys

Ile

95

Ile

sSer

Thr

val

Glu
175

ccacaaaaca Cccacaacaad

ctctgcacaa ccagccacac

Met
Arg
Leu
Ala
His
80

Asn
Ala
AsSN
Asp
Arg

160

Cys

i

10860
10920
10980
11029

22012251230
seq



Leu Lea Met Lea Ala Ala Val Phe Phe Gin Met Ala Tyr His Asp 125012551260 Ala Arg Gin lle Lea Lea
Trp Glu lle Pro Asp Val Leu Asn Ser 126512701275 Leu Ala Val Ala Trp Met lle Lea Arg Ala lle Thr
Phe Thr Thr 128012851290 Thr Ser Asn Val Val Val Pro Lea Lea Ala.Lea Leu Thr Pro Gly
129513001305 Leu Arg Cys Lea Asn Lea Asp val Tyr Arg lle Lea Lea Lea Met 131013151320 Val Gly
lle Gly Ser Lea lle Arg Glu Lys Arg Ser Ala Afgﬁ$1¥§?%13301335 Lys Lys Lys Gly Ala Ser Leu Lea
Cys bes Ma Lea Ala-Serallan 1 3K 34518360 Gy l:ap Rhe Asp Ria Mebllevisea Ala Ala Gly Lea lle Ala
Cys 135513601365Asp Pro Asn Arg Lyst®rg Gly Trp Pro Ala TH*GIu Val Met Thr 137013751380 Ala
Val Gly Leu Met Phe Ala lle Val Gly Gly Lea Ala Glu Lea 138513901395 Asp lle Asp Ser Met Ala lle
Pro et The llseAlaGlywhearitetvdd004d 0514 0P hegAtay AlarPheywartie 8eg Gly Lys Ser Thr Asp met
Trp lle 141514391425 Glu Arg Thr A4%sp lle Ser Trp Glu €& Asp Ala Glu lle Thr 143014351440 Gly
Ser Ser Glu Arg Val ASp val Arg Lea Asp Asp Asp Gly Asn 144514501455 Phe GIn Leu Met Asn Asp

Pro &ly AerPrad i fyselfe ANg %’E@St iﬂGO;L%BHM?_@alle%%rq mietlal@ysdieu Ala lle Ser Ala Tyr Thr
Pro Trp

ser Thr Leu Ala Asn Lys Lys Gly Ala Trp Met Asp Ser Thr Lys Ala
225 230 235 240

Thr Arg Tyr Leu val Lys Thr Glu Ser Trp Ile Leu Arg Asn Pro Gly
245 250 255

Tyr Ala Leu val Ala Ala val Ile Gly Trp Met Leu Gly Ser Asn Thr
260 265 270

Met GIn Arg val val Phe val val Leu Leu Leu Leu val Ala Pro Ala
275 280 285

Tyr Ser Phe Ash Cys Leu Gly Met Ser Asn Arg Asp Phe Leu Glu Gly
290 295 300

val ser Gly Ala Thr Trp val Asp Leu val Leu Glu Gly Asp Ser Cys
305 310 315 320

val Thr Ile Met Ser Lys Asp Lys Pro Thr Ile Asp val Lys Met Met
325 330 335

Asn Met Glu Ala Ala Asnh Leu Ala GTu val Arg Ser Tyr Cys Tyr Leu
340 345 350

Ala Thr val Ser Asp Leu Ser Thr Lys Ala Ala Cys Pro Thr Met Gly
355 360 365

Glu Ala His Asn Asp Lys Arg Ala Asp Pro Ala Phe val Cys Arg Gln
370 375 380

Gly val val Asp Arg Gly Trp Gly Asn Gly Cys Gly Leu Phe Gly Lys
385 390 395 400

Gly Ser Ile Asp Thr Cys Ala Lys phe Ala Cys Ser Thr Lys Ala Ile
405 410 415

Gly Arg Thr Ile Leu Lys Glu Asn Ile Lys Tyr Glu val Ala Ile phe
420 425 430

val His Gly Pro Thr Thr val Glu Ser His Gly Asn Tyr Ser Thr Gln
435 440 445
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147514801485 lle Lea Pro Ser Val Val Gly Phe Trp lle Thr Lea Gin Tyr Thr 149014951500 Page 28
10-0111seg Lys Arg Gly Gly Val Leu Trp Asp Thr Pro Ser Pro Lys Glu Tyr 150515101515 Lys Lys Gly
Asp Thr Thr Thr Gly val Tyr Arg lle Met Thr Arg 152015251530 Gly Leu Leu Gly Ser Tyr Gin Ala Gly
Ala Gly Val Met Val Glu 153515401545 Gly Val Phe His Thr Leu Trp His Thr Thr Lys Gly Ala Ala Leu

- 155015551560 Met Ser Gly Glu Gly Arg Leu 58P $9r Trp Gly ser val Lys 156515701575 Glu Asp
Arg Leu €ys Rye GlyrGly Pro1 Irpihya keu &inddis Lys 1hB0AAB2129ATErPAsN Gly Gin Asp Glu Val GIn
Met lle VAS¥al Glu Pro Gly 159438001605 Lys Asn Valtdds Asn val Gin Thr Lys Pro Gly Val Phe Lys
Thr 161016151620 Pro Glu Gly Glu lle Gly Ala Val Thr Leu Asp Phe Pro Thr Gly 162516301635 Thr
Ser &dy SeirProrle alalAsp kysdAgndbly Asp ¥ai Itd Glya16404 64651650 les Tyr Gly Asn Gly Val lle
Met #§8 Asn Gly Ser Tyr llé*8r 165516601665 AfY fle Val Gin Gly Glu A¥§Met Asp Glu Pro lle Pro

Ala Gly 167016751680 Phe Glu Pro Glu met Leu Arg Lys Lys Gin lle Thr Val Leu Asp

Glu Pro Arg Ser Gly Ile Asp Thr Asn Ala Tyr Tyr val Met Thr val
485 490 495

Gly Thr Lys Thr phe Leu val His Arg Glu Trp Phe Met Asp Leu Asn
500 505 510

Leu Pro Trp Ser Ser Ala Gly Ser Thr val Trp Arg Asn Arg Glu Thr
515 520 525

Leu Met Glu Phe GTu Glu Pro His Ala Thr Lys GIn Ser val Ile Ala
530 535 540

Lteu Gly Ser Gln Glu Gly Ala Leu His GIn Ala Leu Ala Gly Ala Ile
545 550 555 _ 560

pro val Glu Phe Ser Ser Asn Thr val Lys Leu Thr Ser Gly His Leu
565 570 575

Lys Cys Arg val Lys Met Glu Lys Leu Gin Leu Lys Gly Thr Thr Tyr
580 585 590

Gly val Cys Ser Lys Ala Phe Lys Phe Leu Gly Thr Pro Ala Asp Thr
585 - 600 605

Gly His Gly Thr val val Leu Glu Leu GIn Tyr Thr Gly Thr Asp Gly
610 615 620

Pro Cys Lys val Pro Ile Ser Ser val Ala Ser Leu Asn Asp Leu Thr
625 630 635 640

pro val Gly Arg Leu val Thr val Asn Pro Phe val Ser val Ala Thr
645 650 655

Ala Asn Ala Lys val ieu Ile Glu Leu Glu Pro Pro Phe Gly Asp Ser
660 665 670

Tyr Ile val val Gly Arg Gly Glu GIn GIn Ile Asn His His Trp His
675 680 685

Lys Ser Gly Ser ser Ile Gly tys Ala Phe Thr Thr Thr Leu Lys Gly
630 695 700

Ala GIn Arg Leu Ala Ala Leu Gly Asp Thr Ala Trp Asp Phe Gly Ser
705 710 715 720

Page 25



168516901695 Leu His Pro Gly Ala Gly Lys Thr Arg Arg lle Leu Pro Gin lle 170017051710 lle Lys Glu
Ala lle Asn Arg Arg Leu Arg Thr Ala Val Leu Ala 171517201725 Pro Thr Arg Val val Ala Ala Glu met
Ala Glu Ala Leu Arg Gly 173017351740 Leu Pro lle Arg Tyr Gin Thr Ser Ala Val Pro Arg Glu His Asn
174517501755 Page 29 10-0111seq Gly Asn Glu lle val Asp Val Met Cys His Ala Thr Leu Thr His
176017651770 Arg Leu Met Ser Pro His Arg PaPid 76 Tyr Asn Leu Phe Val 177517801785 met
Asp Gly plg HisPLeTThrAsh PraeAlaSerile Ala AlaArg 1791 ¢9h 1800 Gy Tyr lle Ser Thr Lys val
Glu Leu Gly Glu Ala Al2Ala lle 18051810181B3Rhe Met Thr Ala Thr Pd Pro Gly Thr Ser Asp Pro Phe
Pro Glu 182018251830 Ser Asn Ser Pro lle Ser Asp Leu Gin Thr Glu lle Pro Asp Arg 183518401845
Ala BR/ASTY SETLGHhd Wrgledirp e Fhe Gily Tyl W heGly drystiB501B55186DnThr Val Trp Phe Val Pro
Ser Val Lys Met Gi#@sn Glu Ile Ala 186518701875 Leu Cys Le?i®8In Arg Ala Gly Lys Lys val Val Gin
Leu Asn Arg 188018851890 Lys Ser Tyr Glu Thr Glu Tyr Pro Lys Cys Lys Asn Asp Asp Trp

Gly Leu Leu Gly Ala Leu Leu Leu Trp Met Gly Ile Asn Ala Arg Asp
755 760 765

Arg Ser Ile Ala Leu Thr Phe Leu Ala val Gly Gly val Leu Leu Phe
770 775 780

Leu Ser val Asn val His Ala Asp Thr Gly Cys Ala Ile Asp Ile Ser
785 790 795 800

Arg G1n Glu Leu Arg Cys Gly Ser Gly val phe Ile His Asn Asp val
805 810 815

Glu Ala Trp Met Asp Arg Tyr Lys Tyr Tyr Pro Glu Thr Pro Gin Gly
820 825 830

teu Ala Lys Ile Ile GIn Lys Ala His Lys Glu Gly val Cys Gly Leu
835 840 845

Arg Ser val ser Arg Leu Glu His Gln Met Trp Glu Ala val Lys Asp
850 855 860

Glu Leu Asn Thr Leu Leu Lys Glu Asn Gly val Asp Leu Ser val val
865 870 875 880

val Glu Lys GIn Glu Gly Met Tyr Lys Ser Ala Pro Lys Arg Leu Thr
885 890 895

Ala Thr Thr Glu Lys Leu Glu Ile Gly Trp Lys Ala Trp Gly Lys Ser
900 905 910

Tle Leu Phe Ala Pro Giu Leu Ala Asn Asn Thr phe val val Asp Gly
915 920 925

Pro Glu Thr Lys Glu Cys Pro Thr Gln Asn Arg Ala Trp Asn Ser Leu
930 935 940

Glu val Glu Asp phe Gly Phe Gly Leu Thr Ser Thr Arg Met Phe Leu
945 950 955 960

Lys val Arg Glu Ser asn Thr Thr Glu Cys Asp Ser Lys Ile Ile Gly
965 970 975

Thr ATa val Lys Asn Asn Leu Ala Ile His Ser Asp Leu Ser Tyr Trp
980 985 990
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189519001905 Asp Phe Val lle Thr Thr Asp lle Ser Glu Met Gly Ala Asn Phe 191019151920 Lys Ala
Ser Arg Val lle Asp Ser Arg Lys Ser Val Lys Pro Thr 192519301935 lle lle Thr Glu Gly Glu Gly Arg Val
lle Leu Gly Glu Pro ser 194019451950 Ala Val Thr Ala Ala Ser Ala Ala Gin Arg Arg Gly Arg lle Gly
195519601965 Arg Asn Pro Ser Gin Val Gly Asp Glu Tyr Cys Tyr Gly Gly His 197019751980 Thr Asn
Glu Asp Asp Ser Asn Phe Ala His Trp Thr Gl&9xi@1A#§eF08519901995 lle met Leu Asp Asn lle Asn Met
Pro Asa @iy, Leat-lIgAla GIn2A0029852010-10-04 1lseq Rhadyr ©in REa GluArg Glu Lys Val Tyr Thr
Met Asp Gly GR6201520202025 TyriA@pLeu Arg Gly Glu Gldd®%g Lys Asn Phe Leu Glu Leu Leu
203020352040 Arg Thr Ala AS Leu Pro Val Trp Leu Ala Tyr Lys Val Ala Ala 204520502055 Ala Gly
Val Sa5 TyTHISVASPLAED Ag dyp €ys PhepAsioGdy Pren2060206520/&uArgpT hr Asn Thr lle Leu Glu Asp
Asn Asn &W0val Glu Val lle 207528802085 Thr Lys Leu &3 &Glu Arg Lys lle Leu Arg Pro Arg Trp lle
Asp 209020952100 Ala Arg Val Tyr Ser Asp His Gin Ala Leu Lys Ala Phe Lys Asp 210521102115

Gly Asp Gly Ile Leu Glu Ser Asp Leu Ile Ile Pro val Thr Leu
1025 1030 1035

Ala Gly Pro Arg Ser Asn His Asn Arg Arg Pro Gly Tyr Lys Thr
1040 1045 1050

Gin Asn Glin Gly Pro Trp Asp Glu Gly Arg val Glu Tle Asp Phe
1055 1060 1065

Asp Tyr Cys Pro Gly Thr Thr val Thr Leu Ser Glu Ser Cys Gly
1070 1075 1080

His Arg Gly Pro Ala Thr Arg Thr Thr Thr Glu Ser Gly Lys Leu
1085 1090 1095

Ile Thr Asp Trp Cys Cys Arg Ser Cys Thr Leu Pro Pro Leu Arg
1100 1105 1110

Tyr GIn Thr Asp Ser Gly Cys Trp Tyr Gly Met Glu Ile Arg Pro
1115 1120 1125

GIn Arg His Asp Giu Lys Thr Leu val Gln ser GIn val Asn Ala
1130 1135 1140

Tyr Asn  Ala Asp Met ITe Asp Pro pPhe GIn Leu Gly Leu Leu val
1145 1150 1155

val Phe Leu Ala Thr GIn Glu val Leu Arg Lys Arg Trp Thr Ala
1160 1165 1170

Lys Ile Ser Met Pro Ala Ile teu Ile Ala Leu Leu Vval Leu val
1175 1180 1185

phe Gly Gly ITe Thr Tyr Thr Asp val Leu Arg Tyr val Ile Leu
1190 1195 1200

val Gly Ala Ala Phe Ala Glu Ser Asn Ser Gly Gly Asp vai val
1205 1210 1215

His Leu Ala Leu Met Ala Thr Phe Lys Ile Gin Pro val Phe Met
1220 1225 1230

val Ala Ser Phe Leu Lys Ala Arg Trp Thr Asn GIn Glu Asn Ile
1235 1240 1245
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Phe Ala Ser Gly Lys Arg Ser GIn lle Gly Leu lle Glu Val Leu 212021252130 Gly Lys Met Pro Glu His
Phe Met Gly Lys Thr Trp Glu Ala Leu 213521402145 Asp Thr Met Tyr Val Val Ala Thr Ala Glu Lys Gly
Gly Arg Ala 215021552160 His Arg Met Ala Leu Glu Glu Leu Pro Asp Ala Leu Gin Thr lle
216521702175 Ala Leu lle Ala Leu Leu Ser Val Met Thr Met Gly Val Phe Phe 218021852190 Leu Leu
Met Gin Arg Lys Gly lle Gly Lys lle Gly Leu é?“@ﬁﬁ%ZZOOZZOS Ala val Leu Gly Val Ala Thr Phe
Phe Gys Tep MatAlaGiinYal 221032152220.L 101 Glydkhniys HeAlaiGlyddet Leu Leu Leu Ser Leu Leu
Leu 222522802235 Met lle Val L&5fAe Pro Glu Pro Glu L325&In Arg Ser Gin Thr 224022452250 Asp
Asn Gin Leu Ala Val Phe Leu lle Cys Val Met Thr Leu Val 225522602265 10-0111seq Ser Ala Val Ala
Ala Asa Ghy Met &lyTerp.deu dspribys Ehu Lyle 2202252280 Sar Asp lfeSer Ser Leu Phe Gly Gin Arg
lle Glu VaREys Glu 228522902295 #5n Phe Ser Met Gly € Phe Leu Leu Asp Leu Arg Pro Ala Thr
230023052310 Ala Trp Ser Leu Tyr Ala val Thr Thr Ala Val Leu Thr Pro Leu 231523202325 Leu Lys

His Lew Il Thresr Abp Typ INeASH ThriSerArau Aty Ile Thr phe Thr Thr
1280 1285 1290

Thr ser Asn val val val Pro Leu Leu Ala Leu Leu Thr Pro Gly
1295 1300 1305

Leu Arg Cys Leu Asn Leu Asp Vval Tyr Arg Ile Leu Leu Leu Met
1310 1315 1320

val Gly Ile Gly ser Leu Ile Arg Glu Lys Arg Ser Ala Ala Ala
1325 1330 1335

Lys Lys Lys Gly Ala Ser iteu Leu Cys Leu Ala Leu Ala Ser Thr
1340 1345 1350

Gly Leu Phe Asn Pro Met Ile Leu Ala Ala Gly Leu TIle Ala Cys
1355 1360 1365

ASp Pro Asn Arg Lys Arg Gly Trp Pro Ala Thr Glu val Met Thr
1370 1375 . 1380

Ala val Gly Leu Met phe Ala Ile val Gly Gly Leu Ala Glu Leu
1385 1390 1395

Asp Ile Asp Ser Met Ala Ile Pro Met Thr Ile Ala Gly Leu Met
1400 1405 1410

phe Ala Ala Phe val Tle Ser Gly Lys Ser Thr Asp Met Trp Ile

1415 1420 1425
Glu Arg Thr Ala Asp Ile Ser Trp Glu Ser Asp Ala Glu Ite Thr
1430 1435 1440

Gly ser Ser Glu Arg val Asp Vval Arg Leu Asp Asp Asp Gly Asn
1445 1450 1455

Phe GIn Leu Met asn Asp Pro Gly Ala Pro Trp Lys Ile Trp Met
1460 1465 1470

Leu Arg Met val Cys Leu Ala Tle Ser Ala Tyr Thr Pro Trp Ala
1475 1480 1485

Ile Leu Pro Ser val val Gly Phe Trp Ile Thr Leu GIn Tyr Thr
1490 1495 1500
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233023352340 Ser lle Asn Val Gin Ala Ser Ala Leu Phe Thr Leu Ala Arg Gly 234523502355 Phe Pro
Phe Val Asp Val Gly Val Ser Ala Leu Leu Leu Ala Ala 236023652370 Gly cys Trp Gly Gin Val Thr Leu
Thr Val Thr Val Thr Ala Ala 237523802385 Thr Leu Leu Phe Cys His Tyr Ala Tyr Met val Pro Gly Trp
Gin 239023952400 Ala Glu Ala met Arg Ser Ala Gin Arg Arg Thr Ala Ala Gly lle 240524102415 met
Lys Asn Ala Val val Asp Gly lle Val Ala Thr A% 881 242024252430 Glu Leu Glu Arg Thr Thr Pro
lle MeLGind-ystysctg G Giau435244244b liedMettau-tie Lew \@lSeyteu Ala Ala Val Val Val Asn
Pro 245024552460 Ser Val Lys Tai%al Arg Glu Ala Gly Ble%t2eu lle Thr Ala Ala 246524702475 Ala Val
Thr Leu Trp Glu Asn Gly Ala Ser Ser Val Trp Asn Ala 248024852490 Thr Thr Ala lle Gly Leu Cys His
lle MatsArg GlyaGlyakep tieu 249526002505/ Ser@ysArguiSer [lBeThiArpATar Leu lle Lys Asn Met Glu
Lys 251088052520 10-0111seqPro Gly Leu Lys Arg GIyGR Ala Lys Gly Arg Thr Leu Gly Glu

252525302535 Val Trp Lys Glu Arg Leu Asn Gin Met Thr Lys Glu Glu Phe Thr 254025452550

Gly Leu tLeu Gly Ser Tyr GIn Ala Gly Ala Gly val Met val Glu
1535 1540 1545

Gly val Pphe His Thr Leu Trp His Thr Thr Lys Gly Ala Ala Leu
1550 1555 1560

Met ser Gly Glu Gly Arg Leu Asp Pro Tyr Trp Gly Ser val Lys
1565 1570 1575

Glu Asp Arg Leu Cys Tyr Gly Gly Pro Trp Lys Leu GIn His Lys
1580 1585 1590

Trp Asn Gly GIn Asp Glu val GIn Met Ile val val Glu Pro Gly
1593 1600 1605

Lys Asn val Lys Asn val Gln Thr Lys Pro Gly val pPhe Lys Thr
1610 1615 1620

pro Glu Gly Glu Ile Gly Ala val Thr Leu Asp Phe Pro Thr Gly

1625 1630 1635
Thr ser Gly Ser Pro Ile val Asp Lys Asn Gly Asp val Ile Gly
1640 1645 1650

Leu Tyr Gly Asn Gly val Ile Met Pro Asn Gly Ser Tyr Ile Ser
1655 1660 1665

Ala ITe val GIn Gly Glu Arg Met Asp Glu Pro Ile Pro Ala Gly
1670 1675 1680

Phe Glu Pro Glu Met Leu Arg Lys Lys GIn Ile Thr val Leu Asp
1685 1690 1695

Leu His Pro Gly Ala Gly Lys Thr Arg Arg Ile Leu Pro Gln Ile
1700 1705 1710

I1e Lys Glu Ala Ile Asn Arg - Arg Leu Arg Thr Ala val Leu Ala
1715 1720 1725

pro Thr Arg val val Ala Ala Glu Met Ala Glu Ala Leu Arg Gly
1730 1735 1740

Leu Pro Ile Arg Tyr Gin Thr Ser Ala val Pro Arg Glu His Asn
1745 1750 1755
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Arg Tyr Arg Lys Glu Ala lle lle Glu Val Asp Arg Ser Ala Ala 255525602565 Lys His Ala Arg Lys Glu Gly
Asn Val Thr Gly Gly His Pro Val 257025752580 Ser Arg Gly Thr Ala Lys Leu Arg Trp Leu Val Glu Arg
Arg Phe 258525902595 Leu Glu Pro Val Gly Lys Val lle Asp Leu Gly Cys Gly Arg Gly 260026052610
Gly Trp Cys Tyr Tyr Met Ala Thr Gin Lys Arg Val Gin Glu Val 261526202625 Arg Gly Tyr Thr Lys Gly
Gly Pro Gly His Glu Glu Pro Gin Leu 263026552848578 Gin Ser Tyr Gly Trp Asn lle Val Thr Met Lys
Ser Gy 264526502635 Asp Vah PheTynArgRraserGhu Gys Gys Asis Thr Leu Leu Cys
2660266528Y0 Asp lle Gly Glu SetéSer Ser Ser Ala Glu ¥aF&Iu Glu His Arg 267526802685 Thr lle Arg
Val Leu Glu Met val Glu Asp Trp Leu His Arg Gly 269026952700 Pro Arg Glu Phe Cys Val Lys Val Leu
Cys B¢ Tyt Meé Proekysra705274827 Vo VakieaGhu Tyrs aAset Gleul b4 oiaGin Arg Arg Tyr Gly Gly Gly
272027285780 Leu Val Arg Asn Pi#PLeu Ser Arg Asn Ser'Phr His Glu Met Tyr 273527402745 Trp Val
Ser Arg Ala Ser Gly Asn Val Val His Ser Val Asn Met 275027552760 Thr Ser Gin Val Leu Leu Gly Arg

Met @it bye Arg ThTarp Ly SRFEERT 7038780 Ala ser Ile Ala Ala Arg
1796 1795 1800

Gly Tyr Ile Ser Thr Lys val Glu Leu Gly Glu Ala Ala Ala Ile
1805 1810 1815

phe Met Thr Ala Thr Pro Pro Gly Thr Ser Asp Pro Phe Pro Glu
1820 1825 1830

Ser Asn Ser Pro Ile Ser Asp Leu Gin Thr Glu Ile Pro Asp Arg
1835 1840 1845

Ala Trp Asn Ser Gly Tyr Glu Trp Ile Thr Glu Tyr Thr Gly Lys
1850 1855 1860

Thr val Trp Phe val Pro Ser val Lys Met Gly Asn Glu Ile Ala
1865 1870 1875

Leu Cys Leu GIn Arg Ala Gly Lys Lys val val Gln Leu Asn Arg
1880 1885 1830

Lys Ser Tyr Glu Thr Glu Tyr Pro Lys Cys Lys Asn Asp Asp Trp
1895~ - : 1900 1905

asp phe val Ile Thr Thr Asp TIle Ser Glu Met Gly Ala Asn pPhe
1910 1915 1920

Lys Ala Ser Arg val Ile Asp Ser Arg Lys Ser val Lys Pro Thr
1925 ' 1930 1935

1le 1te Thr Glu Gly Glu Gly Arg val Ile Leu Gly Glu Pro ser
1940 1945 1950

Ala val Thr Ala Ala Ser Ala Ala GIn Arg Arg Gly Arg Ile Gly
1955 1960 1965

Arg Asn Pro Ser Gln val Gly Asp Glu Tyr Cys Tyr Gly Gly His
1870 1975 1980

Thr asn Glu Asp Asp Ser Asn Phe Ala His Trp Thr Glu Ala Arg
1985 1990 1995

Ile Met Leu ASp Ash Ile Asn Met Pro Asn Gly Leu Ile Ala Gln
2000 2005 2010
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10-0111seq Gly Pro Gin Tyr Glu Glu Asp Val Asn Leu Gly Ser Gly Thr Arg 278027852790 Ala Val Gly
Lys Pro Leu Leu Asn Ser ASp Thr Ser Lys lle Lys 279528002805 Asn Arg lle Glu Arg Leu Arg Arg Glu
Tyr Ser Ser Thr Trp His 281028152820 His ASGIu Asn His Pro Tyr Arg Thr Trp Asn Tyr His Gly Ser
282528302835 Tyr Asp Val Lys Pro Thr Gly Ser Ala Ser Ser Leu Val Asn Gly 284028452850 Val Val
Arg Leu Leu Ser Lys Pro Trp Asp Thr lle Thr s34 44<885528602865 Thr Thr Met Ala Met Thr Asp Thr
Thr Bre Pie Glyipin eI iyt 28 1OR8 704880 YahRhedym&lu kys \@ahAspuThr Lys Ala Pro Glu Pro Pro
Glu 288528902895 Gly val Lys T3#20al Leu Asn Glu Thr 3¢3Asn Trp Leu Trp Ala 290029052910 Phe
Leu Ala Arg Glu Lys Arg Pro Arg met CS Ser Arg Glu Glu 291529202925 Phe lle Arg Lys Val Asn Ser
Asn Ala AlegLeueG I jacMetcPhes20302493522940s6laet@lu &in Asn Gén TrguArg Ser Ala Arg Glu Ala Val
Glu Asp 284829502955 Pro Lys 2% Trp Glu Met Val Aspa@&f Glu Arg Glu Ala His Leu 296029652970
Arg Gly Glu Cys His Thr Cys lle Tyr Asn Met Met Gly Lys Arg 297529802985 Glu Lys Lys Pro Gly Glu
Phe Gly %%ﬁ éAlaﬂaysﬁlyaerPAog\z%rgozmﬁ)Z%m@myr "2%?5 val Ala Ala

Ala Gly val ser Tyr His Asp Arg Arg Trp Cys Phe Asp Gly Pro
2060 2065 2070

Arg Thr Asn Thr Ile Leu Glu Asp Asn Asn Glu val Glu val Ile
2075 : 2080 2085

Thr Lys teu Gly Glu Arg Lys Ile Leu Arg Pro Arg Trp Ile Asp
2090 2095 2100

Ala Arg val Tyr Ser Asp His Gln Ala Leu Lys Ala Phe Lys Asp
2105 2110 2115

Phe Ala Ser Gly Lys Arg Ser Gin Ile Gly Leu Ile Glu val teu
2120 2125 2130

Gly Lys Met Pro Glu His Phe Met Gly Lys Thr Trp Glu Ala Leu
2135 2140 2145

Asp Thr Met Tyr val val Ala Thr Ala Glu Lys Gly Gly Arg Ala

2150 2155 2160
His Arg Met Ala Leu GTu Glu Leu Pro Asp Ala Leu GlIn Thr Ile
2165 2170 2175

Ala Leu Tle Ala Leu Leu Ser Vval Met Thr Met Gly val Phe Phe
' 2180 N 2185 2190

Leu Leu Met GIn Arg Lys Gly 1Ile Gly Lys ITe Gly Leu Gly Gly
2195 2200 2205

AlTa val Leu Gly val Ala Thr Phe phe Cys Trp mMet Ala Glu val
2210 2215 2220

Pro Gly Thr Lys ITe Ala Gly Met Leu Leu Leu Ser Leu Leu Leu
2225 2230 2235

Met Ite val Leu Ile Pro Glu Pro Glu Lys GIn Arg Ser Gln Thr
2240 2245 2250

Asp Asn  Gln Leu Ala val Phe Leu Ile Cys val Met Thr Leu val
2255 2260 2265
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lle Trp Phe Met Trp Leu Gly Ala Arg Phe Leu Glu Phe Glu Ala 300530103015 Leu Gly Phe Leu Asn
Glu Asp His Trp Leu Gly Arg Lys Asn Ser 302030253030 10-0111seq Gly Gly Gly Val Glu Gly Leu
Gly Leu Gin Lys Leu Gly Tyr lle 303530403045 Leu Arg Glu val Gly Thr Arg Pro Gly Gly Lys lle Tyr Ala
Asp 305030553060 Asp Thr Ala Ely Trp Asp_Thr Arg lle Thr Arg Ala Asp Leu Glu 306530703075 Asn
Glu Ala Lys Val Leu Glu Leu Leu Asp Gly Glﬂqu%lﬁ%eﬂrg 308030853090 Leu Ala Arg Ala lle lle Glu
Leu Jér RyaArgahlialysaval veh 309534003405 tys Val MepArgyRratiasda Asp Gly Arg Thr Val Met
Asp val ZLF931153120 lle Ser ARG Blu Asp Gin Arg Gly $é8&ly Gin Val Val Thr Tyr 312531303135 Ala
Leu Asn Thr Phe Thr Asn Leu Ala val GIn Leu Val Arg met 314031453150 Met Glu Gly Glu Gly val lle
G y RPso Asp Aspe/akGladrysdiewiBl 553¥603165 3 Hrlleys Gly kg$ Gl FeduLys val Arg Thr Trp Leu Phe
Glu Asn 329931753180 Gly Glu Bi8PArg Leu Ser Arg met?¥a Val Ser Gly Asp Asp Cys 318531903195

Val Val Lys Pro Leu Asp Asp Arg Phe Ala Thr Ser Leu His Phe 3200132023210 Leu Asn Ala Met Ser
u Leu Asp Leu Arg Pro Ala Thr
Lys Wi ﬁgﬂ%lﬁygeﬂismel’re @ Gy 12’1;}% EI’_y'se %%

Ala Trp Ser Leu Tyr Ala val Thr Thr Ala val Leu Thr Pro Leu
2315 2320 2325

Leu Lys His Leu Ile Thr Ser Asp Tyr Ile Asn Thr Ser Leu Thr
. 2330 2335 2340

ser I1e Asn val GIn Ala ser Ala Leu Phe Thr Leu Ala Arg Gly
2345 2350 2355

Phe Pro Phe val Asp val Gly val Ser Ala Leu Leu Leu Ala Ala
2360 2365 2370

Gly cys Trp Gly GIn val Thr Leu Thr val Thr val Thr Ala Ala
2375 2380 2385

Thr Leu Leu Phe Cys His Tyr Ala Tyr Met val Pro Gly Trp Gln
2390 2395 2400

ala Glu Ala Met Arg Ser Ala Gln Arg Arg Thr Ala Ala Gly Ile
2405 2410 2415

Met Lys Asn Ala val val Asp Gly Ile val Ala Thr Asp val pro
2420 2425 2430

Glu Leu Glu Arg Thr Thr Pro Ile Met GIn Lys Lys Vval Gly Gln
2435 2440 2445

ITe Met Leu Ile teu val ser Leu Ala Ala val val wval Asn Pro
2450 2455 2460

ser val Lys Thr val arg Glu Ala Gly Ile Leu Ile Thr Ala Ala
2465 2470 2475

Ala val Thr Leu Trp Glu Asn Gly Ala Ser Ser val Trp Asn Ala
2480 2485 2490 .

Thr Thr Ala Ile Gly Leu Cys His Ile Met Arg Gly Gly Trp teu
2495 2500 2505

Ser Cys Leu Ser Ile Thr Trp Thr Leu Ile Lys Asn Met Glu Lys
2510 2515 2520
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321532203225 Pro Ser Thr Ely Trp Tyr Asp Trp Gin Gin Val Pro Phe Cys Ser 323032353240 Asn His
Phe Thr Glu Leu lle met Lys Asp Gly Arg Thr Leu Val 324532503255 Val Pro Cys Arg Gly Gin Asp Glu
Leu Val Gly Arg Ala Arg lle 326032653270 Ser Pro Gly Ala Gly Trp Asn val Arg Asp Thr Ala Cys Leu
Ala 327532803285 10-0111seq Lys Ser Tyr Ala Gin met Trp Leu Leu Leu Tyr Phe His Arg Arg
329032953300 Asp Leu Arg Leu Met Ala Ast W3 ¥Ps Ser Ala Val Pro Val 330533103315 Asn Trp
Val Brg Thr/Gly Arg Jorakgr drp 8ey llevHisiAda Gly 333038253380@Gly Glu Trp met Thr Thr Glu Asp
Met Leu &ld5val Trp Asn Arg 3335858403345 Val Trp lle GREGIu Asn Glu Trp Met Glu Asp Lys Thr Pro
Val 335033553360 Glu Lys Trp Ser Asp val Pro Tyr Ser Gly Lys Arg Glu Asp lle 336533703375 Trp
Cys¥aly Sep LalytlecGly Aar Leg Al ArglAladthriim iAla 838033853880T61u Asn lle Gin Val Ala lle Asn
Gin val At§%81a lle lle Gly 339534003405 Asp Glu Lys Tyr V4l Asp Tyr Met ser Ser Leu Lys Arg Tyr

Glu 341034153420 Asp Thr Tim Leu val Glu Asp Tim val Leu 34253430

Arg Tyr Arg Lys Glu Ala ITe 1Ile GTu val Asp Arg Ser Ala Ala
2555 2560 2565

Lys His Ala Arg Lys Glu Gly Asn val Thr Gly Gly His Pro val
2570 2575 2580

ser Arg Gly Thr Ala Lys Leu Arg Trp Leu val Glu Arg Arg Phe
2585 2590 2595

teuy Glu Pro val Gly Lys val 1Ile Asp Leu Gly Cys Gly Arg Gly
2600 2605 2610

Gly Trp Cys Tyr Tyr Met Ala Thr GIn tys Arg val Gin Glu val
2615 2620 2625

Arg Gly Tyr Thr Lys Gly Gly Pro Gly His Glu Glu Pro GlIn Leu
g 2630 2635 2640

val Gln Ser Tyr Gly Trp Asn Ile val Thr Met Lys Ser Gly val
2645 2650 2655

Asp val Phe Tyr Arg Pro Ser Glu Cys Cys Asp Thr leu Leu Cys
2660 2665 2670

Asp Ile Gly Glu Ser Ser Ser ser Ala Glu val Glu Glu His Arg
2675 2680 2685

Thr Tle Arg val Leu Glu Met val Glu Asp Trp Leu His Arg Gly
2690 2695 2700

Pro Arg Glu Phe Cys val Lys val Leu Cys Pro Tyr Met Pro Lys
2705 2710 2715

val Ile Glu Lys Met Glu Leu Leu GIn Arg Arg Tyr Gly Gly Gly
2720 2725 2730

Leu val Arg Asn Pro Leu Ser Arg Asn Ser Thr His Glu Met Tyr
2735 2740 2745

Trp val ser Arg Ala ser Gly Asn val val His Ser Vval Asn Met
2750 2755 2760

Thr ser G1In val teu reu Gly Arg Met Glu Lys Arg Thr Trp Lys
2765 2770 2775
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10-01l1seq
Gly Pro Gln Tyr Glu Glu Asp val Asn teu Gly Ser Gly Thr Arg
2780 2785 2790

Ala val Gly Lys Pro Leu Leu Asn Ser Asp Thr Ser Lys Ile Lys
2795 2800 2805

Asn Arg Tle Glu Arg Leu Arg Arg Glu Tyr Ser Ser Thr Trp His
2810 2815 2820

His Asp Glu Asn His Pro Tyr Arg Thr Trp Asn Tyr His Gly Ser
2825 2830 2835

Tyr val Lys Pro Thr Gly Ser Ala Ser Ser Leu val Asn Gly

Asp
2840 2845 2850

val val Arg Leu Leu Ser Lys Pro Trp Asp Thr Ile Thr Asn val
2855 2860 2865

Thr Thr Met Ala Met Thr Asp Thr Thr Pro Phe Gly Gln GlIn Arg
: 2870 2875 2880

val Phe Lys Glu Lys val Asp Thr Lys Ala Pro Glu Pro Pro Glu
2885 : 2890 2895

Gly val Lys Tyr val Leu Asn Glu Thr Thr Asn Trp Leu Trp Ala
2900 2905 2910

Phe Leu Ala Arg Glu Lys Arg Pro Arg Met Cys Ser Arg Glu Glu
2915 2920 2925

Phe I1e Arg Lys val Asn Ser Asn Ala Ala Leu Gly Ala Met Phe
2930 2935 2940

Glu Glu Gln Asn GlIn Trp Arg Ser Ala Arg Glu Ala val Glu Asp
2945 2950 2955

pPro tys Phe Trp Glu Met val Asp Glu Glu Arg Glu Ala His Leu
2960 2965 2970

Arg Gly Glu Cys His Thr Cys Ile Tyr Asn Met Met Gly Lys Arg
2975 2980 2985

Glu Lys Lys Pro Gly Glu Phe Gly Lys Ala Lys Gly Ser Arg Ala
2990 2995 3000

Ile Trp Phe Met Trp Leu Gly Ala Arg Phe Leu Glu Phe Glu Ala
3005 3010 3015 :

Leu Gly Phe teu Asn Glu Asp His Trp Leu Gly Arg Lys Asn Ser
3020 3025 3030
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10-0111seq
Gly Gly Gly val Glu Gly Leu Gly Leu GIn Lys Leu Gly Tyr Ile

3035 3040 3045
Leu Arg Glu val Gly Thr Arg Pro Gly Gly Lys Ile Tyr Ala Asp
3050 3055 3060

Asp Thr Ala Gly Trp Asp Thr Arg Ile Thr Arg Ala Asp Leu Glu
3065 3070 3075

asn Glu Ala Lys val Leu Glu Leu Leu Asp Gly Glu His Arg Arg
3080 3085 3090

Leu Ala Arg Ala ITe Ile Glu Leu Thr Tyr Arg His Lys val val
3095 3100 3105

Lys val Met Arg Pro Ala Ala Asp Gly Arg Thr val Met Asp val
3110 — 3115 3120

Ile Ser Arg Glu Asp GIn Arg Gly Ser Gly GIn val val Thr Tyr
3125 3130 3135

Ala Leu Asn Thr Phe Thr Asn Leu Ala val Gln Leu val Arg Met
3140 3145 3150

met Glu Gly Glu Gly val 17e Gly Pro Asp Asp val Glu Lys Leu
3155 3160 3165

Thr Lys Gly Lys Gly Pro Lys val Arg Thr Trp Leu Phe Glu Asn
3170 3175 3180

Gly Glu Glu Arg Leu Ser Arg Met Ala val Ser Gly Asp Asp Cys
3185 3190 3195

val val Lys Pro Leu Asp Asp Arg Phe Ala Thr Ser Leu His Phe
3200 3205 3210

Leu Asn Ala Met Ser Lys val Arg Lys Asp Ite GIn Glu Trp Lys
3215 3220 _ 3225

Pro Ser Thr Gly Trp Tyr Asp Trp Gln G1n val Pro Phe Cys Ser
3230 3235 3240

Asn His Phe Thr Glu Leu ITe Met Lys Asp Gly Thr Leu val

Arg
3245 3250 3255

val Pro Cys Arg Gly GIn Asp Glu teu val Gly Arg Ala Arg Ile
3260 3265 3270

ser Pro Gly Ala Gly Trp Asn val Arg Asp Thr Ala Cys Leu Ala
3275 3280 3285
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10-0111seq

Lys Ser Tyr Ala Gln Met Trp Leu Leu Leu Tyr Phe His Arg Arg
3280 3295 3300

Asp Leu Arg Leu Met Ala Asn Ala Ile Cys Ser Ala_ val Pro val
3305 3310 3315

Asn Trp val pro Thr Gly Arg Thr Thr Trp Ser Ile His Ala Gly
3320 3325 3330

Gly Glu Trp Met Thr Thr Glu Asp Met Leu Glu val Trp Asn Arg
3335 3340 3345

val Trp Ile Glu Glu Asn Glu Trp Met Glu Asp Lys Thr Pro val
3350 3355 3360

Glu Lys Trp Ser Asp val Pro Tyr Ser Gly Lys Arg Giu Asp Ile
3365 3370 3375

Trp Cys Gly Ser Leu Ile Gly Thr Arg Ala Arg Ala Thr Trp Ala
3380 3385 3390

Glu Asn 1Ile G1n val Ala Ile asn Gin val arg Ala Ile Ile Gly
3395 3400 3405

Asp Glu Lys Tyr val Asp Tyr Met Ser Ser lLeu Lys Arg Tyr Glu
3410 3415 3420

Asp Thr Thr Leu val Glu Asp Thr val Leu
3425 - 3430
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