Monocl onal Anti bodi es Specific to Hemagglutinin fromInfluenza Virus

H5- Subt ype wachotdgesiiiTher eof FI ELD OF THE | NVENTI ON rCT/SGheos/ndopsent i on
relates to anti bodi es and rel ated :binding proteins for the detection and
treatment of avi e |rus ("An" More particularly, this

i nvention . rel éit%élgc 0 alrJriDno%Illé B OG-8 AMFFRAGCEI B R Wy pr ot ei ns
useful for the det ecinbiueng Vieas rmnsmﬁ:yb@eamwﬂe;g p&tphegeni c H5 subtypes
of AIV and to nethods and -products for the diagnosis, surveillance and
treatnent of AV infections in animals, and humans. BACKGRQJND OF THE

| NVENTI ON H5N1 avi an i nfluenza virus may becone the cause of the next

flu pandem crrfomusl vt bseaksrcgf | nfluenza A infection are an ongoi ng
public health threat and novel influenza strains can energe periodically to

vvhi ch humans have little immnity, resulting in devastating pandenics. The
' Spani sh flu" pamdesitrehnti8i8retausedobynthas N Jhaf Luenza, virus, killed

nmor e t han 40 ] o opl e Wi The origin of HIN1 may have gone

directly from% lr! §§hg%nf£0 tgl g ﬁvlﬁﬁvéngnvﬁ?wr‘itnéébéﬁ% in an

i nt ebnedi at elheibltemsu@hrla% tﬁﬁe'f'vbng ooangkivet cuasr yet mﬁlsdeﬂwzzﬁdl% -ani mal

hest (1).'. Bothaddie 1957, pandem ¢ ang, i:he %gém nde ¢aused by the H2N2
and H3N2 influenza |A bi bl i og rg@hy I'S provi 80‘? t he .

di scl osure. Pi°tSAFusdsiul d5e Pv%?"yecqllol@e{iydoﬁmtﬁ@tﬂéﬁdOéstm‘eassort ment s
in which onehD@hhotplathbkymmcadﬁp@edcypar@loxsm—{;aggd protei-nswere; repl aced by

proteins froﬂ}égﬂéyg LQ TH%p%ﬁﬁ%%Eg5Q§ g%%61llanc& and treatment of

ALV 1nfectlons in animals. and humans.
BACKGROUND OF THE INVENTION

H5N1 avian influenza virus may become the cause of the
next flu pandemic. Annual outbreaks of influenza A
infection are an ONJoing public haalth Tthreat and novel
. n;luanva strains can emerge periodically to whlch humans
have littie immunity, resulting in aﬁvastatlng pandemics.
The “Spanlsh flu” pandemic of 1818, caused by the HIN]
influenza virus, killed more than qovmillion pecple world-
wide. The origin of HINI may have gone directly from birds
to humans, or it may have involved incubation in an
intarmediate host, such as the rig or another, as yet
unidentified, animal host (1).' Both the 1957 pandemic and

the 1968 pandemic, caused by the H2ZNZ and H3INZ influenza

‘A bibliography is provided at the end of the disclosure.



The H5N1 virus has the ability to infect an unprecedented range of hosts,

i ncl udi ng Cﬁfb'}bf}é%s%?z The first confirmed instances gi-rALMobkbsi nfecting
humans took place in 1997. Hi ghly pathogenic H5NL i nfections occurred in
both poul try and humans. This was the first tinme an :avian influenza virus
transm ssion directly fromhirds.to humans had n found. Ther eafter,

acdor di ng Vort$e® WiEPae Rl - Ofbﬁerﬁ%acﬁlgﬁ”fw—ﬁ))as Ih@‘é?‘S‘ts&fBII“EIFIJifn‘r}er of hurman
H5N1 casesyhnstmcene be boii inamaousdieaks vimasost hfeastorAskanwhwacts occurred
in 2003, has reag .ot 9, esia Lep ed its first
human case’ of a(%cgn %8&%%1‘345562 %Q ﬁle Hg%flélgggg %énﬁftj}%eq%# 2005. To date,
it is the onl yTé)@uHW?y e uE epdt tt}@a§€§lilﬁy2"607mf\ﬁcfih381 confirmed human
Casesl 63 ?Bpﬁ@%éﬂbn\%ﬁe*&ﬁﬁ@bﬁ assof, W@ﬂdlﬁ@%ar:&xvoresl nftmenza viruses
are classified according to their nuc ein.an rix_pr |

anti geni c gbeﬁ?f‘foé}ftr meg’h S’ér‘a\?lcf'uset;j %ﬁg%g’?eé%@%@& anl nt‘% A, B and C
serot ypes, phweth trypeoA. hammgyepghibowCséiéﬁénwfemor@nééaerrﬁh viral.

proteins. All,known, t_DéQ? Ad nflkuenza wifuses enkgknaded i Rhrds. This
category of virus can 1 nfect other species, such as._horses, pigs, ows and

seal s, -and2pesesin PFNEat VT ShGRARST LSS YR FLFR8YLY I TATUERZES AVirus i s
further di wvieleds | KD peubt ypesi.acebedéanfr 4:0 . bheoant hgen @haaﬁur.‘e:i of the

envel ope gl ro hemag in I and
neur am ni dgéég&( C}\% BITZEREOG Sﬁtéh k}gé([(m ZELME% 5{] hQll%gl;!bge’ | eved t hat
pr ot eol yt i caskeavagecofthbAlpitdrdi aubredies PN SPIARR Temtt PEA2I $h1dl ated to

the pathogepnigitys i avoan sid akacaad tdat ke presennssef hydrophobic
ami no acids around this cl eavage site are charac%erl stic.of the subt ype.

In additi odPSPRBSHA THFOEERH i Eér“ﬁév]élﬂf“‘?‘b S8di 8t e Wt achHeitsS D host cel |
si al osi de mgceptormvand rashsequert c€nt0§5 by Twenbraneid usi che(@7y and HA
protein is tho%lght {9 SQLYE a8 2 pr bg@ﬁy Janoel £9r-nenty alhzing antibodies
(26). g durl ng an out brea an acute res&)l ratory di sease can
determi ne idksiaf | berfa Wwsck heergadséal DUt iy MHFFienz¥® season, testing of

sel ected ' pati enf:S vBheseptiRgsWetd dl&ﬁs@l rfata@ra{cd:clddle@ses wmati ble with
i nfl uenza can _hel Eoestabl i,.sh whet her _inf nza i.s I ES€ L0 a specific

| u
patient popUcAEPBRCETT REF p helt KX Q576" ptovisders dat er rﬁcﬁe how to use
their clinimelse] utdgneset sfrer cali egprosiengmand: ¢ riedrci Ag Bewpl Catory illness. A
rapid influygnza %ggt vﬁeémy a4 haﬁ%tgeémmatman s@hnuhet hafs«t anuse: an

antiviral nmedication. ests such as a viral ‘culture,

rever set r arf$ey Fhfé%epiﬂﬂ@yﬁ'ér aseh CHEPH r BERS ifor ERFEPER) ¥ idid®Ser ol ogi cal
testing arertibeneostine vrethodstnibutacesolt somy roet clye avaickabl e in a
tinmely manner. to _assist clinician ) . S pr n e rapid

di agnost i ¢ YEEEs SREF et YT na%}eosrgr%% ¢ oonaI% %ﬁ?ln%é bgtgg

i Munoassay®sE3, a4thBat Itmmﬂﬂj@ﬁes*@éhcé?@fl uéréseema d‘nt‘flﬁéﬁyl%t ai ni ng)

is the al ternagiveglo dapidehnilienza diagnostd ot estsaiigehiean be used in
many hospital |aboratories and g enerallﬁﬁcan yi el d ﬁest results in 2-4

hours. Aboveé AFE, ©§pbd ¢ ChBRd T BITRP “anE i body JerEr At10rS s fundanental to
nost currentigasuseduT aftixdugEenst t ianel andreostidfkect tvesdiagnostic met hods.
The identification,of giona di.sti.nc dndi;cated that
the HBNL vitUf&P |§ tégobﬁrégphl éaHS br%a S Be%%éeéat%%gen%%?% éﬁg antigenic

di versity. RmHvegenefii? zmaltysi! satsl‘réw ﬁ@ltﬁ?a% iaJWCt\JLPﬁuS%sref%ﬁffil Belonesi a

forma di Stdh%Ctpa%HQ&éﬁ of 5Nk, goea&atmpa@ MAUS8s sHggesksothat this
outbreak likely originated froma sin e introduction.t hat spread

t hr oughout Q%OEBBHf?yaTTE aFE§S FPPURGUICE Be” VY 9Gs&t Uf TG have avail abl e
nonocl onal caiaatrlal&@drEStMNﬁhtssem fdudalvip . r etogrddze ibndonesitaé | nf | uenza

| solates. It Lurt berwoul.dabe, uselule o ahaugnanal |.ablessucmbs which
al so cover Nietnam and i ngapore influenza isol at es.
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OBJECTS OF THE | NVENTI ON An object of this invention is to provide
nmonocl onal @RbiRestyes (" nmAbs") and rel ated bi ndi ng pr ekekasiedhgd:s bi nd
specifically to 115 subtypes of AV, particularly to H5 Indonesia API

i solates. The specificity of nonoclonal antibody responses provides a basis
for an effective diagnostic reagent. MAbs and bi ndi ng proteins derived

t her ef r om af <o °CaRe L& FEEPGF %‘é‘gt%’é’ﬁéﬁ'é‘ﬁﬂq Er&gents. mEBUNMIERY L OFITHE

I NVENTI ON (27} ,] anacicorpdaneen W d hHohgh pres elt-visnenti Qﬂmaff?nggl"@é'@l

anti bodi es [ i_ndj Qtei that are specific for

conf or mat i oﬁ%d eglk?%%%slggf af]ﬁgocﬁf 5€§/be hemagbl utinin gl ycoprotein are
provi ded. MAbs ¥evdtirpargeinconf orptddnall epi topes arseiusefut for detecting
the virus idxdda-ssues) Wairebnhave Nat,cheen, pr -%%afcggsosu‘%ﬁr% frozen tissue
speci nens aﬁn%r ot her biol ogical tissues and f . I'n parti cu?ar a mAn
desi gnat ed “38T “FAF et S HBNL " Hemdigg Pht F%}erf:tﬁdoﬁlaalllen% IIRSRATHES Al V | sol at es
from | ndonesita. rAssiecondymib] nelesisgpaned: 3ES, wtangehslaNL besaggl utiain

fromall byt..qQn S 1sQl: MAb 381 also binds to HSN2 and
H5N1/ PRS. R %éc%t?ld"@%gghélh |ssl%| %\%gﬁ fon E6mprises” & BiFRAFhY” protein

havi ng substénreral H’%P%lheleﬁﬂﬁlr@éPcaﬁabﬁmmaﬁg char &gt ey issteosifor a

confor mat i anal cbbusdibype bgﬂmﬁllugua@ﬂbr&plfbgpalaénéw sQh MAb 3Bl or 3E8.
In a further_ Aaspect theﬁ;cnventl on conpszgl ses a nethod for detecting H5
[

subtype Al ViR a Spes RhY cH1C6/pr | Seda@éfed PTG e BEAdIRPf AV with
a mAb or biindithg qéﬁ-ttﬁrwnahawn:g sibstantticakky theahomuneliogi cal- bi ndi ng

charact eri $fd4G8.0fodMb s38d 0L:3F85,L0 @%rat 'v(_:L'ﬂ repiPg dnvention relates to

i mrunof | uorescence assays i mmunohi st ochemi ca assa S Hnd “EET SA net hods
that utiliZé28G6h - HiaT6i ﬁ@iﬁf‘%‘fﬁen@q%erqaﬁ\‘iéﬁﬂl éﬁTfEﬁF& handconpri ses a
met hod for seevibying thatiihes b tslubwmdwme@hbas SPECIBN: S N1 by

addi tional |y dggecting,the, bindin he virus sanple with a binding
protein hav[%é’r%ggéu fa %P alty afﬁtemlgl ma[frﬁadl &8l aBFhfﬁ fyt *Eharatt eristics of a
mAb whi ch bi‘nds 4® m@@ream mqm:s@fglty@orp?midedmagﬁomysuﬁtsype Al V. I n

anot her aspegtent e unyentdan Jalatesat Auibaatob, %&@ dglgstion of ASV
whi ch corrprl se bi n}dl nggﬁr ot el ns havi ng substan “he I nunol ogi cal
eristi

bi ndi ng charact Bf e TS #5867 @é@or?ﬁéeRFt%m?Wﬁer can conprise a
bi ndi ng pr ctteiinihaviisg tBabst aatraaliby thespraunak ogégcad dala@Qch

char acteri st [ i.nd e m ni gase coprotein of
81- subtype%tﬁexls\(a/;§ Al @éﬁ %V%%%)OE a&}(f) OS% Fat %gb?’f)a%é)t{ﬁﬁo%mof treating

subj ect s i AFEEFRULNWER HAcHE WPV sefalte l§ué’h4aboans HSMboAT A8t rai n, whi ch

conpri se adpeRisiEriorgcl OnsUEhSUBLEe élee"faft§6¥1| Ve ATURLS. 9f pe or nore
reconbi nant rrpnocl ona bﬁantl bodi es or binding proteins or fragnments thereof

havi ng subS&tant a1y -t ke T Fmhto1 6gi 2515 it Pfﬁl Agdchat a@idrrstics of mAb 381
or 3E8. Suchapeeondsi manto@nti bodi es or antibody fragnents desirably

conprise the vagikabke, r:egi-.gn;put nst.ant gi of mAbs 381 or
3E8. BRI EF_DESCRI Pl o PR e s e PR AN 0L 8 SRS
nas indicated that uhe HONI virus is geographically broad

‘with great genetic and antigenic diversity. Fhylcegenetic
analysis showing that zll viruses from Indonesia form a
distinc£ sublineage of HSN1 genctype %2 viruses suggests that
this outbreak likely originated from a single introduction
that spread throughout the country (14; 15). It would be
very useful to have available monoclonal antibodies which

specifically recognize Indonesia influenza isolates. It
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Figures 1A-1D are representative TEA i mages conparing MOCK cells infected
with APl 14u2Nleasainst MDCK cel |l s without virus infegihRambbogise | Ais an
image in which R5NL is detected in MOCK cells. In Figure 18, the nerge of
ultraviolet Iight and normal |ight indicated the individual cells infected
by virus conpared to uninfected cells. There was no fluorescence signal on
MDCK cel | s WiHEat “ofruds Afettt o9 B3vshatmiiabm gurk mes mingghe 113 shows
the merge ofiswl teayi aliettnhinghic andgapespal idighin-Gnithessame cells as in
Figure 1C. Figures 2A and 28 show nonocl onal anti body neutralization
activity of influenza virus on MDCK cells. In Figure 2A, MOXCK cells were
stained with FITC fluorescence after nonoclonal antibodies neutralized H5N1
Vi rus i nf ecdd@brs| dr MU rgveRrdPCK cells were stained with FITC

fl uorescence w thout nonocl onal antibody neutralization of R5N1 virus

i nfection. DETAILED DESCRI PTI ON OF THE | NVENTI ON The

presentinventi am ic®jedi rected st onvatbs cand sr ebap esh ant ngepebbmgi ng protei ns
that bind s ifical | w t.he_hemaggl utinin envel ope. gl ycoprotei n of NB
subt ype ofzﬁﬁgbgﬁlﬁ%r F%%ﬁar,m? ée%gg“%rb%%?éF%EISE?FgéﬁjﬁﬁnaFﬂﬁ protein
possesses tiReci Aol odgiccdp diktdireg chaf B¢t erdrsticosanfy mdb E3EL, as produced
by hybri domma38ds;sepesisked.vidh the Aperigan Type %Aéé%% Gol | ection
(ATCC) on Nhrcg 50, 2007, and assi gned Accessi on Nunber T&-8247, or

3E8, as prddlicBA“hy Ao FES S dRpo’fted M A BREEATCE on July 10,

2007, and assiggnedi Aceessnon NimbBernPTh:B85XA pkbBecinyemdienqf urt her
enbodi es t i i des_a._continuous. source of the mAbs and
bi ndi ng prg%%?ﬁg¥%§ %ﬁ%?a?ﬁsg%%ﬁ%%¥h$hgsi?R%ﬁ]|%5%ffu??$é§§'relates t o met hods
for the detection and diagnosis of H5 subtype AV infection and assay kits
that conprise the mAbs or binding proteins of the invention. In a preferred
enbodi nent, the invention further relates to nethods for verifying that the
H5 subtype MV infection is H5N1 subtype MV infection and assay kits for
meki ng such determ nation. Such diagnostic nethods can .conprise the use of
mAb or related antigen binding protein having the immunol ogi cal binding
characteristics of mAb 381 or 3E8 in conbination with a mAb or rel ated
antigen binding protein which recogni zes neuram ni dase gl ycoprotein of N
subtype ATV. One mAb which binds to a conformational epitope of
neuram ni dase fromall or essentially all H5Nl isolates fromlndonesia is
mAb 6C6, deposited with the ATCC on July. 10, 2007, and assi gned Accession
Nunber PTA-8526. Kits. can conprise a mAb or binding protein of the

i nvention which binds to H5 subtype henegglutinin glycoprotein and a mAb or
bi ndi ng protein which hinds to Ni subtype neuram ni dase gl ycoprotein.

The invention further relates to nethods of treating a subject infected
with an 115 AV strain through the admi nistration of effective amounts of
an anti body fragnent or reconbi nant anti body conprising the variable region
of one or nore antibodies or related binding proteins of the invention. In
particular, in this enbodi nent the subject is infected with an | ndonesi an

i sol ate of H5N1 subtype of MV. The antibodies of this invention also can be
adm ni stered to subjects on the advent of a possible influenza pandem c as
a precautionary neasure. In this instance, effective anpbunts of antibodies
to be adm nistered are about half of the anounts used to treat 115 AV

i nfections. Various ternms are used herein, which have the foll ow ng
meani ngs: The term "i mrunol ogi cal binding characteristics"” of a mAb
or related binding protein, in all of its grammatical forns, refers to the
specificity, affinity and cross-reactivity of the mAb or binding protein
for its antigen. The term "conformati onal epitope- refers to a mAb or
rel ated binding protein binding site that exists in the 115-subtype

hemaggl utinin glycoprotein inits natzve t hree-di nensional form



The term "binding protein” refers to a protein, including those described
bel ow, thatywpngbyses the antigen binding site of a M pkctdgRii§sent
invention or a mAb havi ng the inmunol ogi cal binding characteristics of a
mAb of the present invention. The present invention advant ageously
provi des nethods for preparing nonocl onal antibodi es having the binding
char act er i stir@gRYOOFNEHE BWENTEON| muni zi ng an animal with an | ndonesi an

i solate of MV subtype HS5NL or preparing nonoclonal antibodies having the
bi ndi ng characteristics of mAb 3E8 by immuni zing an aninmal_ wth an

| ndonesi an |soﬁateﬁ%ﬁrq%gvesﬁb%Wﬁ%ﬁ+ﬁﬁﬁseﬁﬁy“§ﬁ%%*8ﬁti%ﬁﬁPQﬁﬁ$aﬁe used as an
i Mrunogen LRt ganglat enaniémeldeslmﬁg thetdeskr &daﬂ mmnebegmm bi ndi ng
characteri%tlcs Such_ant i bodi es inc 3; ggt re, not Ilnl gf

monoc! onal “8ht THEGFEE ~* &h héri ¢ RAf | 3 sFﬁg chgmagg ﬁo i es, Fab
fraament s ahg-qroteiinsaconpravsiiag- trﬂﬁhﬁnwmgentbrqﬂhrqgn§eqmeheeﬂqﬁ mb 351

or 3E8. - Jhe mAbs of e fihe present. ifveRti gn-can pe;produced by any
t echni que tﬁat provi des for the production of antibody nol ecules b

y
cont i nuous®&¥ |79Y REST| REETAREGF 8 Sﬂ&ﬁ“ﬁ?tﬁBﬂ%e?rﬁﬂﬁiﬂﬁ SBEELETE not |inited
to, the hybﬁddﬁﬁ&wtBQbBbgUﬁuOkhgsmaihymdémehdped1nﬂ;&9£5cbyakohier and
MIstein (Nature .25 5:4 h t he human
B-cel | hyb%?%dﬁ%a ec%%? 339 5?% W%#L%?%mg%§§g£ifnnuno ogggT%%ay 4.72) and
t he EBV- hybridorid t}‘éé’hmﬁah@“«qso fEP@dﬁe@ﬁﬁfﬁén mbnerdd¥alrant i bodi es (Col e et

al .-, in Mapeghonals Aski bodips sanduCancelggihesapy Aldn zRy bizsSend NC., pp
77- 96 (1985)). Human ant i bodi es é@% e used nd . can bg %btalned by u5|ng

human hybr PdohRSq Gote LaP-aTeS - RS YN SEY U S/ A
8(7:2026-2@80) /#=ns by transform ng hunan B cells with EBV virus in vitro
(Cole et al. n n o] T Al an R
LISS pp. 77- gé?§§ﬁ%i£51 nggcﬁﬁfﬁﬁéggdg&a?-%g% %29%@ E“%?% %%Pon of
"chi meric éﬂ?i%ﬁxﬁ%ﬁ?taﬁﬁlahUhéﬁﬁzéﬁm%ﬁﬁ4Qﬁﬁﬁa sPiffbiTi son et al., 1984, J.
Bacteri ol . -45928/40:: sNeubergera ebnabrmatl:&&ﬁl Nat-uhie: 3k2: 604- 608; Takeda et
al ., 1985, hbture{§14 45 '45iQ ntrodyC|n93§que s froma nurine
ant i body nﬁﬁ@%ﬁ?@ldf”flgpr%%eﬁt FAVERt T on e 57, “mab'"381 or 3ES, toget her
wi t h genes fromrazhémerhantisbedy, rmieeemweneiﬂapmf@gﬂba@eabﬁﬁﬂw cal

activity can_ bg.used.,,ChknenhcrRnbibodi es sgfee}_;nbgsmmtco%@aew a human Sc
portion and a nurine (‘or other non-hunman ortion. Humani zed, ant i bodi es

are those Fﬁtﬁﬁ?tﬁ?tqQ? RUPFHEE (%Or 2t hér ™ 6h“ﬁﬁnﬁn)b%ﬂﬁﬁﬁgeﬁeﬁfﬁthy

det er m ni ngakegy oNo(tGoR) zalr € dhaCcomponal eghdalt @iadimaran antlbody Bot h
chineric angahg nani.zed antibodi %% ;aLe 3§@noqgo%gktl§y%i pan or humani zed
chinmeric an odi es are preferred for use in in vivo agn05|s or therapy
of human diiseasescrorradiasgrded stmmunofluAseafafiasg a682The i nventi on,

t echni ques ;desgsi bad fehithe producthoneofssingheashaiat antibedi es (U.S.
Pat ent 4,946, 778) can be adagted to provide su@gle chain antlbodles of the

pr esent |n€€ﬁP|PﬁFd%ﬂg &IGFEFohal TBRbOBY FEMOTof U BST A6 uti | i zes the
technlqueSneessﬁltmxjﬁémaf&heq¢@ﬂsimhetH@nsuﬁtyﬁabpeypneSSEDHDbcbm@N|es (Huse
at al., 198 Q5 127 R; i a
|dent|f|cat|on o c%#bﬁgﬁ %%gééﬁ%% ghkfﬁ% ?Ehgd92?¥§3%¥ggélf|C|ty for
an ant|bodfa@Pl@Heﬂﬁréséﬁﬁdiﬁ%éﬁ¥$6H“ brvins Wesitontidles) 6f anal ogs.

Anti body friagnestsgidat et Ak m&aneckatggyp& ofr thenanidihedyimakecul e can
be generated bé known technhgues _For e?agﬁ tsuch %yagnents i ncl ude but
are net | it BETEHRESF(EbY K54 fen i 2 ¢ER produced by pepsin

di gestion of tHe antibedyzwmicecubes irherfdbn feagments whiehi@wan be
generated Ry.rgduct Cod he disulfide -bridges of,4ihg ;Eé@é&)n?s b QQH@N and

t
the Fab fragnents ch can be generated by treating the anti ody nol ecul e
Wi th papalﬁu§ﬁﬁa%?%%kﬁknqﬁj é@@ﬁFﬁﬁgﬁéﬁlaﬁfWﬁﬂﬁyCP?é@%%ﬁﬁffHﬁ&ﬁ Bé gener at ed
fromany of the polvolonal or nonoclonal antibodies of the invention.
In the production of antibodies, screening for the desired anti body can be
acconpl i shed by techni ques known in the art, e.g., radioi munoassay, ELISA
(enzyne-1inked i nmunosorbent assay), "sandw ch" inmunoassays,
i mrunor adi onetri c assays, gel diffusion precipitin reactions,
i mmunodi f fusi on assays, in situ i munoassays (using colloidal gold, enzyne
or radioi sotope | abels, for exanple), western blots, precipitation
reactions, agglutination assays (e.g., gel agglutination assays,
hemaggi uti nati on assays), i mmnofl uorescence assays and
i nmunoel ect rophoresi s assays; etc. In one enbodinent, antibody binding is
detected by detecting a |label on the primary anti body. |n another
enbodi ment, the primary antibody is detected by detecting binding of a
secondary anti body or other reagent to the primary antibody. In a further



The foregoi i ' : _
to the det ;;gizgg/te;)sggﬂ)g; can be used 10 wethotls known ih the art relating
blotting, ELISA radioi m’runoassayO [ En’rﬁng‘sl 33?2!@&22 PEXNGayGuass Vst ern
i mmunohi st ‘ ol . assay,
may be 'a;plofggr”t galt hgssﬁyi _ ?nd_ the like. The techniques disclosed herein
subt ype Ofmﬁb\BEandrtzf;S?haTij' atl ve_fand quantitative determ nation of the Hf
i nfected w,th the,yi ‘heTde aghosifsrandr stary eifeance of Datitimal s or humans
nd test KPES %a-or h%”ﬁfer‘résﬁgioisitca:tmJet&%pﬁ-,%geﬁwdm%tﬂc_gm.-gm@i@cl udes assay
S Subtypec]ééirwt‘@rig@é% agsaa@e«f@%@ gaagugrgl‘t ative -dgt ermnation of the
conponent Ql?@c@:&%@ . b yb S e RSy Tohpri se a | abel ed
fluor escent qr s é@- gﬁ yubabed iymy .wi th a radioactive atom a
bi ndi ng pr ot ei %Hgfiqu?ggl?%g%%hegoyg%ép& %ol @(Q@ﬂo&%éﬂq%r@g‘@lﬂg rel at ed
Such assaysobia@st ikf@@%ﬁuw@hé énvetn lon, or to a i ndi ng gar ner thereof.
i nstructi ons 519{ T e |r i %%ﬁrﬁq’eﬁ@ﬁt S t $74nd
t echni ques. r o ﬁ@%iﬁ%ﬁg?ﬁﬁ%%ﬁﬂéﬂf&@h% htﬂiez;zﬁ‘}ﬂ |shﬁ§e&:‘ﬂs i nmunoassay
](c:ont gi n at =Fedst Fha™mil“of Tr 81'at & “ti’irr‘?dF%%O%%%a-lé“i@rﬁemgj%gg%naﬁﬁ\clgnr: E)?l .
o AP iﬁt :ﬂgiidﬁ{groaﬂwnfqubpn@ltﬂgwoforsére_d;mmttsortmeebafe@la‘binﬁdi ng protein
met hod sel g%?e‘din e-ag ; tﬁ%gmvgtgntgﬂggié}ﬂﬁ bYGE] QNS00 S8 sdependi ng upon the
Kits may akdd Bnoa Ahositrbe aRemy sandu Ch, o DRSEL and the |ike. The
i munohi st ocheni cal asfiil\’{tlée y?—kt_b&_ﬁﬁi@@ @rakyzens Ofradbonatetor the
i nvention RY°FHT AEF T rimgx gggglelccgrﬁt E?igf%zdy bi Ag' Ay e o hat
may be | . or binding protein that
at%/acheda?gl ;d g;. may be provided for attachrrent to a fsol id support (or
for exanpl eR %ﬁe éts%g? I ndtsc)f:t (ﬂﬁ%ﬁgﬁ Isgggydor ?! Bdijng protein my be,
: ’ . . ond antibodi es or bindin
g:}?;‘ glogisega%/obagpog; onal or nonoclonal antibodies. Monocl onalg
i muni zi ng_ ani TS %ﬁﬁei}j\e/gg?gﬁééﬁﬂeﬁbﬂt_@tm&lmzkmy\abes prepareds by
ot hod- | nvBRUBS B P TRAIT bR 6T PG FE S aBrYBe. BN oana Fol 1oued by oo
expr essi on vafut hi o ; ; : A e ol owed by
or ot ei ns and Qégﬁ?@?ggnrecﬁm wory andipuri fimedei bh W1 3% IStibt ype reconbi nant
AV is propagaced by i Sep e el g?%ﬁ?ﬁeggéﬁwwofmp exanpl e, H5NL
of 't he Vi 1S 5Pt Tisied By 581 AT OR.of Ui rar R e A e ts
a 1Tl e + g . . i
tme)n ay bgﬁéﬁg\égﬁﬁiﬂzﬁfgagﬁgs;ﬂcﬁsasgmpatgmoasemﬁammq% eadtison TIRE2FCR) and
proteins i ﬁaisnggcglugéﬁf%anﬁ'@hesﬁ??j\éltl;??\s%g% %%éggg%ja{*?%&’cs%qerbexpf ess H5
i i i - L . . : en can be used to
Wmﬁ?ggﬁagggw _W@feégm alsl & igpyeei &8- f G IpFadbt Fertof-hRy BT i%onas.
that are capabﬁ"g%f%g“eciifpﬁg%é ﬁ&ld 6‘-@%4‘*“%9&@ produsesdtighcatfiad ty mhbs
t hem from OThér TAFY %ﬁbtypesa I% ai:(r:]glrggnfzg H'5t Er?thel o S eh
found t hat Ca . : _ W the invention, it has been
recogni ze cgm :)%l(q?g!tr?i ml talmd_vlzsusmf_eummﬁ;mzau omtalkiddyty are able to
T i T T O o L o B e DG e e PrCthe
res T : . ) , scape nutants in the
e ﬁgreb;’f aq"gﬁiﬁﬁ;h’ﬁdﬁffaﬁ?@’ e Fi “F Bef CaNE HihEsT oF SONSCEFOTM o
neutralizat OnreS%ape%%fgﬁﬁl%O&l%sl- Seuﬂ_ﬂﬁldi%d gene wasucloned fromthese
ok o TRerhr S barb “of S el -5 edErh PR ABTELEL P21
ound i - . ’ o _ es were
us:ng Ihgrm I o?_Eaac:ancb_ &Esgpmwma;lq@a@ﬂom@mpenamrﬂ%qmgncgwi r med
Study Cho drAtr IBatT on6F T Thear epi topes on the protein. truncated and
' es on the protein, truncated and
mut ated fragnents are advantageously tested f P hdi i .od . an
Western blot o i m i y 1este or b'nd'ng"‘“h_mA‘bS’ e.g., b
are bi ndi ng ta;ggt :I ;nolra:m}agcmiagugi Vléé geggogp'pgﬂogs may be i genti fied tha%/
denatured HS subtype protein, such a formance in detecting
. \ _ _ : s that Cccurrin f in-fi
tiss : o g in formalin-fixed
Lissue, using i munohi st ochert cal stai i ng echods, Mappi g of, the S
effective clinical diagnosis of the ilr[:fa orm for further study and a nore
) ! . ectious HS5N1 ASV. Th
i nv . e present
Strﬁgt L(r)g g}sghgas provi ded a better understanding of the antigeni cp



hemaggl uti ni n nol ecul e of H5-subtypes of ATV. The mAbs and rel ated bi ndi ng
protei ns of Whgdgyention provide a nmeans for detectingldbsstlogh! ¥

pat hogenic virus 1n frozen sections and bi ol ogi cal speci nens. MAbs
3Bl and 3E8 are highly efficacious on frozen tissue sections but do not
detect antigen in formalin-fixed tissues. Mnoclonal antibodies 3B1 and 3E8
wer e det er pDEUROLIY DEPCRDPRELONAPPI THE tINVENTFEOR conformati onal epitopes of the
HSN1 virus. These antibodies were able to bind and to recogni ze these viral
antigens without prior treatnents to the tissue sections. ~_ This

i nvention proviTdesreoirrénientit HirghPy23peeisd ¢candPEemst ti9/é eans for
detecting HY:sybiWpecALY. plAteisUChnd®anNs:d spkber Btd SA frer aé. Each of MAb
351 and 3E8 can Ee# used as 2 cag%ure aor;gi.%od¥,ﬁsi ;&e; ael Qne, or in

conbi nat i oRETFEIUSTEd Rl BRE - Fhe IsET Bt ed *AnfT body® tanhe “aséd as the

capt ure antlinbpdy:andatrhathsarme ant ibodieenfugat ediwiiny horseradi sh

per oxi dase ,(BRP) .can be; Haad 12508t actidgARhbbodYersistice Gk hely

i mrunol ogi cal net hods to detect H5 vi ruses include, for exanple, dot-bl ot
and in sitdBPhybpF PSUFER PorvRESIome 3BL THEPEPAFRY rEF ELPSA test of this

i nventi on izgeabben tordeteciuddAcant égennd riamcHbNGn avd e i20f | Bediza virus
infecting poul try. and. humans.' i | &, ,Hndi a“’ip he_utility of the
i nvention fo ag%ljé%[f@’icngc %?%loﬁvgglﬁggﬁﬁu%ﬁbHEb?n ec%’lﬁgghség The

HE- subt ype rddscef Bshihgbr hder 3867 - havee adifdntrage s tov eIt Rer ety r ent

met hodol ogi1es 2506l agROSLE Coda0hScaEL ISt nddde -MBbs- @i hi ghky specific for
the highly infectious HE-su%

. - type Al'V. Such hi.gp}lg spe(gi fi c_ﬁonocl onal
ant i bodi es %“é’ﬁr“éé%‘ht-f“aftﬁ?éa?{?":?ﬂﬁdﬁ@ht]i’?ls? HESF T ECH B S iRV RPF Wenza
di agnosi s. Rmicabubes thearpeesenthsl mient &on,bimcimgnpcbonals aht thedy has been
reported thal, Gould debect, s qh BeaLlyndl laciladanesi AL REN culruses. The

nmonocl onal “anti bodi es ‘of the present invention can recognize ail, or
essenti al | yealelcriat anife SHENICONA T G€edd cobPettted IVn i THEONEYT 4°Ai thin the | ast
two years. Addiyt konaldns: these s9Absepravi de aisaflagaptheoment etie

di agnosti c approach f the detectiaon of.HE AP/. Frozen section slides can
be cryogeni |‘~’1“§1§i‘orgd‘ FoPTTorg SSer i 0ds B i e <a v?rgtclﬂnl tfgfgh?hrt her

di agnosi s ard asesved |demods of o nfegdfiydns. tiite tant Fbodilesyrar éllisef ul for

di agnosi s angfor o hes pisgpasatd g afrvr egeadi nantinantEbodies f ep treat nent,
and as such will be very useful 'tools in restraini n% a (?otentlal flu
pandeni c. Makingn§hReridRBBAR e of SERE FHVERI O PeHAtEs 6

neutral i zati<ibraseape: Mikant swad HE ratkandiafdivenzaindes trefome in _
‘neutral i zgt] 0 e96ane. TuLant o1 ehars e 2, AN Kius Jaiaedspy point.
mutations i'f the genes encoa ng hemaggl utinin which caused antigenic drift
in the HE vi7 W8 andeeffigetineutidl iizaPPoRr et ta0Fes A AL RIUtHAFT 24t i on
escape nmut ght,can QMade Reubhalis aldeBmbY: eesd ajiycipRect onale anti bodi es
that are effective in neutraliGng.its g?rent Vlr%\%f | n. manual screening
for escape THRSGEEs * T4 pdlénfaP Yirds SREPntltatCd  WiFR“ 5 %er t ai n

neut ral i zatdmin cart blbocku and ni nesw| fatoed aitt or aehwstrizdlehe bs HUBCK cel |'s or
chi cken ey Y05 /ol Leby 2 ohaunas; Ol SCIRRN! Adhod e LaeaRa MILARE fOr the
neutral i zation 1D i s cloned an subjected to UM gene sequencing. The

nut at ed ami %o &GYd iPs Wt'er AnAeds byTRIG GEREATI tRTPRE PRI EITEAl Vi rus
Sﬁquence, affl - 4 he nubab edeSist fab nelk Q:gffngﬁn@ﬂ?r@tf_ei[rh%lfamqéoiraﬁsirﬂSoﬁoerri si ng
the neutralization epitope re ni zed the neutralization . I n
the present™ HVerti'on, 3BT Setapes mUER "ar 56 TroMPEBNL AV° =

(A I ndonesiedtCRE6EAN2006 Hdd5t41) yh{CGemBadk Accessiwny#eCY014481; CGenBank G
# 11349715@e@a&i@ﬁd§§& glyceprotein.



neutralization nonocl onal antibody. 3E8 escape nutants arise fromthe sane
strain of Haﬁ%mﬁh¥mgy the 3E8 neutralization antibody.Mi@bde@Mesist €S are
listed in Exanple 3, Table 4, bel ow. Neutralization escape nutants
are different fromtheir parental virus in that they no | onger can be
recogni zed by certain neutralization antibodies which specifically bind to
t he parent virusie linverenenfiurhbsy tdiese mucantshead dfe cusedihe 4 muni ze

mice for newyrareclonal: anti body, peodegt EQQaJ[IO Cx%%%g? ce with the

t eachi ngs above. Anobng the new mAbs, a nonoclonal "a d%y whi ch exactly
recogni zes e Bt A e it BpEECANChEmSERBENRH Butnafbodheirasmenbe used to
provi de conpt erentaryesurvet bb@ncenbo: 8Yhanchaflienza. Viddses ot her than

t he parent Vi VA ting thi rqcess.through several generations,
further esgggEO%3§%% §”3§%%§%é?oﬁndeaﬁgegu?f?ﬁﬁm%éﬁ‘F%f?%i%@i%ﬁﬁibodies
obt ai ned. THESEtapti bddi esreapise . usedthnst reboitrrodstiof 4ure spresent
invention. dfrea:furiher enbedifmnt,of sthe.lnventdon, lt:%eargfi '%g@i. es and

rel ated biﬁgkng Erot ins of the invention _ can be aanl‘ystere to treat
subj ects suffePPht TH0m &1 EB- AN PR EEET SO peit PEUPERI Y- Si® fiest &eti on from
an H5N1 subtyrpect$ AT\LheTheveamt idsfodi essandis el adiednhi neiignprotei ps of the
i nvention 10|, st er .subjects as a_preventive neasure in

t he event 3%§§ﬁ9?%F%%gﬁ§§%Qg%%énﬁg %$l§h$§§f%%%% ﬁéﬁg%%ﬁ%ﬁ *FR&E ant i bodi es
and rel at ed® birRaFPY ftote RS tHH-BEtadRTNESE exlediti haaf sithglhe dose or in
repeated adiionhssraddOns tepit oahky iAcacslowyrelease form Adninistration
can be nade bngpx neags that enables the antibody to reach its site of
action in the body°of the suBfeli“DelFg tTedfed! B¢ Pentrhlendis! y,

i ntramusculmgaihyngsntradermal ly, orally or nasally. Typically, the antibody
| s adm nisteredrid & phanmpeeytdaatl yoagsent able. dibuent; or. carrier, such
as a sterile aqueous sol.ution, and the conposition can further Conprise one
or nore stadbifl PZefS e Ed BvanRtes rEerabPti zerall puf fépsoratretiThe exact

nmet hod of adningj stemtdone epspasictiices:and pariicul angdosage will be

determ ned adj ust ed _at e ti f _therapy, depending upon the
individualI%%gagg%gft%g“gﬁbﬁggf? gg??ﬁagiﬁt%g%ghdﬁﬁtlgﬂéﬁmﬁﬁgﬁors as the
subj ect's age, Wetdghsm genefatndicaheh, enndopde mdtusetand reéxt emt of his or
her synpt ong:zasdWeldaiagy bhecdiequaneyoof tseatsrent . to. be given, CGenerally,
t he dosage of  anti bod dm nistered is within the range of ébout 0.1 ny/ kg
t o about 1fﬂﬁfﬁﬁeﬁﬁﬂvy VgHE ey “CRECAREP by 15 "ddithi StéFed to treat

pati ents sufiershgpdr gmman HS AV infection. Typically, the dosage is
reduced by about, h I 1 ithin Lh n of about. 0.05 ng/kg to
about 0.5 ng/kg%%bg%Lﬁ%iéﬁ?? ﬁ% ﬁgg%g?nig?é%%%qﬁéaapﬁ?%%%ﬁtive measur e.

A singl e refSABERNEIEORY BEayr BredhPAdPYg prot einrlofies hehd mnentiron can be
adni ni st er ednbohig thefapauti GaPWDRBESHOE san oM ARt LON, Of, Ly or nore can
be adninisgg&gg.ﬁ%Lb%nthbogies tobonﬁ.or nmore generations of neutralization
escape nutants have bEEH prodtced P EUtRT antF hydited SaheF tHe @ ™881°and/ or 3E8
ant i bodi es teseréped: doeetcan be adm ni stered as therapeutic anti body
cocktails. e RSSOl Lowind oxaplesagie, ooyl ded. Lo lLustrate a

;
preferred node of practicing the invention: The i Avention s ot linited to

the detail $98f PEHATSIETPI8SC i Bint! 28 Cebafens uratieonkbh ttimetifgl | scope of the
appended claakmBordxanmile brRuadusti 80 Ohmblbs: AOMBSaninal with an

Indonesian isoclate of AIV subtype HS5NI or preparing

monoclional antibodies having the binding characteristics of

maAb 3EE by immunizing an animal with an Indonesian isclate

_of ATV subtype H3N1. Any such antigen can be used as an

B



Al live HSN2 ian uenza viruses, except H5N1/PR8, were obtained from

| ndonesi a. Ndo ok nas obt ai ned fromthe Center for Brsrasssantrol (USA).
It is a non- pat ogeni ¢ reconbinant virus that contains the HA and NA genes
of an AIV H5N1 virus that infected a human in Vietnam

(A Vi et nanf 1203/ 2004) . H5N2 ( A/ chi cken/.-Si ngapore/ 98) and H71'J1l

( A/ chi ckenhiSnageapor €£943naverte ebtabreded nomhAght - Foods& Veterinary

Authority (A, n@ol%fgéb@g@m{ﬁg Ehszﬁa@cr\.@ﬂ@cﬁgockgua@r&&%%@lag infect 9 and
11 day old e onat ed chi cken eg (Chew s Poultry Farm Si ngapore) and

al | owned tolPéb‘P atEtf BF® (R Q}éﬁél‘%ﬁll ohs. m"’Fﬁ@ﬁonaJal PHUREOTESFI ui d was dr awn
and viral mﬁﬁérm&ndebe@mﬁeém@mgcﬂn@:tmggﬂtubbmm assay ttHAyendmnact i vat ed

by RT- PR SRR H B By Ri ey el e TNOKK ATOE GBS 51 & WFe grown i m

OMEN nedi a Wit b 18%-FES at 37 C with 5% 002. Purification of the
viruses was peror mstfC@mﬁ rd-Augat | ofe&f: \inr ugncwt;ajdau@gdaﬂai; ant oic
fluids at 10,000 rpmfo m nut.es ebris, fol

I
ul tracent r iFFHgREFUH BE t"“ﬁ%t sﬁfﬁ’é’ﬁﬁﬁfafg?r %“64(§’r6gﬁc?b?ﬂ fOr aﬁ‘%m% r% The virus
pel | et was msuspengdedyi noPBSiuous ceMbnbthendln anttbodi essumer vepurds i ed from
clarified flui usj g .pLo Asabhi pityecohuen; 6 Shoma A drieh; - St. Louis,
MO, USA) ané’grgﬁ%n?ﬁ{}re?é !E::égrh ﬁr%l fi catl%n l} (Pierce I§| (E)It echnol ogy;
Rockf ord, [o9riobsa)ly ﬁea@é@? ndblx%'? hbﬁaﬁ?ﬁé‘dft @P@r“%l?frfslt”r UdBFBR%. The
anti body congenttaidns a\ﬂeﬁ@lmuhed:byQMItﬁia@haﬁlqﬁ@- 1000 rspeat E-ophot omet er
(NanoDr op Technol o ) BALB/ c .,m ce were
i muni zed WSt Pﬁ%%tqeo\‘/“& 880%%%1 i KPP ugﬁzegévei“‘ruslg > ﬁmunomgy
A/l ndonesi a#adaycke?ﬂ}H&Nﬁ wh¢ hER\hé v b datlf uveanitn iNbat ani meeduSASEBnE Seppi c,

France) ing ée xggl%fnt(zbgdms Itaper ki oneg Mo%g%bgﬁ%wggdd@&lver ed on
days 0, 14 2 Spl enocytes fromimuni zed_m ce and el oma cells

(SP2/ 0) werandc 6RPEeY SIARAYf Hsdd Fas LddScr ibed BY D3¢, G55 h-and

Schei di 99efﬂ&r@npé@\dmﬂ&yéb&bd%ms;s(elﬁ)md%azerbée;beath@cm i R ing

hypoxant hi m |n t d| ne (HAT di cyLture pedja.fromthe
hybr i domasrln S\MRWS Dgﬁ“ﬁ‘ls’fl ? T Gk )é er %P da&'sﬂ%wﬁere&teé;stea%or t he
presence ofu.speécif F&: Hita~ @@éﬁés@lagm neenALPFdoe duEA L hE ck&an/sHBNE" | nf ect ed

MDCE cel I's by, inmypofl ugrescense: assay (1 FAs, Sel echedhybri domas vere
cloned by Iimting dilution, re-identified, cloned a second tine, and

retested byAf}tlﬂ;QOdGﬁEea%%tC&ﬁlcie§h@?Fr‘3ﬂ¥e ﬁ'}‘}BPI Yo %5 nEFnas’ p%'é'dpagat ed in
ti ssue cul tudecand, frezenadues| deuicbphd ffor fih ureduseiofkxaipl e 2 Screeni ng

of mAbs by | no=fluar n a us verify the
i nteraction %lej‘tmréﬁ aa:htl“éar?ﬁlbgdyé' anﬁﬁ%% %%tdl grztfl%to\a&?aét %S el I's whi ch
had been i ndlect 6d8%i t - i FHICgEAZA- vifrgirswlﬁsoﬁa‘tﬂéﬁwelrnééné%ia/1c9r$| lcken/ H5N1

overni ght wersg, ri @§?d6(\ﬂ4id@}8PB§aﬂ_ﬁ<§§ Q5% Tvweens20 N1 uPBSz1 pHL-4k4i n 96 wel |
plates. The cells were fixed %ubatl ng themin pre-cool ed 100% et hanol

for 10 mi nub¥estiPtFREVCENY sse\ﬁé‘feéc%s i "BBERT FTPREX, P HeW nelibat ed i n
1% BSA, PBStHe frates30t mimuired ohp bl ock maspaci 61 c3Hsi, ndbggtMr tdiehant i bodi es.
Theythenwer i.ncubat I decR[E u e fluid in wells
of 86-wel | aetS fr&f{ g2 q“oa\égrgdggt}}g?%lgrﬂot% ug%ga{)ure or%o%{r}ém ght at 4 C. The
cells were WMC@EMCPBS-‘CF and Paciasst- ed Chi- - Se@gidapyientdisodi es,

fluorescent LNOE!@Q%E%ch@@é{J!H abbiha@ntd sH4SEn ad ROGhes né DekoQetermt i on,
Denmark), at a dilution of 1:100 |£| 1% BS a%t%ﬁ% for 60 _m nutes at room

t enper at ur eP°THERES | §Y ‘?retl\ﬁéfshed WiaH °5B&Y Wa¥"i'scar ded and
50% gl ycer oknidh RBS wmasi Md@d cEhaorescenvensi gimgl lsmasrecchecked under a
m croscope WA Mk LAvioleld I@Bhy oze indhLOLEcled MUK celds were used as

negative con runi froma nouse immuni zed W th |nact|vated HS5NL virus
was used as2@-Posini vECEht FHIRFIEoRPT Uy ZEBnPATIRTGRECK Tel | s i ncubat ed
with the respective hvbridoma supernatants with the controls, the hybridona
super nat ants whi ch gave posi.tive staini’ng were sel ected for cIonlng by
Liniting dilution. Stable mAn-producing hybri domas were obtained by this
procedure.



An anti body desi gnated mAb3B1 was found to bind to B5N1 hemaggl utinin from
all 25 isol@hesohisem | ndonesi a. MAb 3E8 was found to befdqgtes@mbiiz but one of
t hose isolates, A/l ndonesia/ C0C594/2006 (115N1) MAb 3B1 al so was positive in
the 1FA wi.th 1-15141/PR8 and 1-15N2. The AlWstrains reacted with these
mAbs are listed in Table 6 at the end of the Exanples section.

Repr esent atpyecldH&li. mages: dr@eshownineBizgdr erdme Béampité P8 icar&ét eri zat i on
of R5- Subt yperoAhs; ksetyhi na af ARS.ail30bYPE Ngr Was= NRY OF MBghassi Ng a nouse
mAb i sotyping kit (Amersham Bi osci ence, England) (data not shown). Both mAb
321 and 3E8 WRFFUELePRiMeEtds 1 gM  Hemmaal uti nation-1nhibition Test (H).
A constant anouxdccofiihemaggingt iinatingpr((HApcant igen dwes-raddedido each wel |
inam Croﬁ:h%qﬁrc%u%tc?f Cé)mé%gecg% NG ;BPL1 body, then was. pl aced in the

first well seri a | ates were i1 ncubated for one hour and
t hen chi ckén%fed’ 7cﬂ>o@anc@¢|a§ia(oﬁzae) t@\é?@"&ﬂﬁeﬂl%%l%a‘iﬂ?l\i@elal’tll?cfd"&ﬁt| body was
present in Tfh@hé%,&tesﬁetum&é}aleBCs mudcdhfﬂ@bnaggérhl:‘ocbdha{e@w\bf hertehe HA

antigen. -Hl negative ul d haye a ffuse f aggl uti nat ed RBCs
covering tHEV%‘b’?’tO&nﬂdflwﬁ%s v%\f e = RS .g\*%éc Wer T's Woultgl have a

wel | - ci r cunsosibett idput tONFof amvaggsum naitbeérRBﬁ,‘s (Huse et aljAb BB.in culture
fluid had Heigeblvide t5om ifufio 32, Wah dover sec | adanesi an HENL i sol ates
and with H5N2 and only about 2 w MAb 358 had no H with

| ndonesi an *F&bFat&acheseat WlBPaHSNi}? Iﬁﬁégﬁﬁ?tﬁa‘ﬂl‘i—fﬂ R the'TEnge of 16
to 32 wit hs@bl:;_m&ha:ry lrpeone sdran voNlo t salcabesseM risvaritipe; newtiral i zat i on
assay. IVEI:I& S vere usqu for determnation of 50%tissue culture

i nfections 85§age (e'FCI 550? ]Ar'ﬁll bodies with two-fold serial dilutions were
added t.o 96-wel hngdddvcarrementsl akes. cTheidi Fheeddapititsoditeshser e mi xed
with an equak; MQM%_@@LQ%Ié&ntbacgehéwﬂewgbyni{haﬁﬂzzeeaﬂr{lu@eat 00

TCl S50/ well . After a 2- hour |ncubaE| on at 37 00 in.a 5t%C02 hL{]m dified

at nospher e S*#09 A1 DFEMOERIERT 15 T8F 119 3t 65Tnk et B adTed®t o~ Sach wel | .
The pl at es rwabe) j Heubated Wrdrchl8ahowr $ratiu8¥d Oty aredhs5% 00@2zstEee nonol ayers
wer e vashed L PESa0] Lhxed.Jn 100% 6L hanabnl gt 10, inuLESye The presence

of viral pr ot el n was ect ed m)use sera agai nst the
i nfl uenza KBRgrated by 'FﬁéuEEl“SﬁfWa@ﬁéHbqené’&lQ?eFoBT‘n tenpératiure. The

fixed platesawreec Washednd tames:awnkhtPBSEn( RBS Bén@sarhdklaﬁtngbGS% Tween
20). The nouse_sera_anti bogxddll ted 1/500 in PBS-T containing 1% bovine

serum al bui"f2was% adtfed"t 3" 83t H" m@culeavﬁatn Chbat'ed”at” room tenperat ure for
1 hour. Thegghat esSwar em\nash@ﬁ fropmet Earecdm b\ﬁaghn@gﬁ%qt vd 200 99| of

hor ser adi shpergxjdasen| abeledgoak1apht sumuse LAMUROG! RhukE Br.
(DakoCytomation) diluted 1/2000 were added to each well. The plates were

i ncubat ed for 11Rot?e ATCFBERT PRIfTerarirecdind CRERTREBhed S22t i mes wit h
wash buf f erdes@aedhamdired ymean obd tae:rcsam@h%me&shdyy tprepadess Saabsnrnate (10 ngy

of o- phenyl%nedl m ne dihy Bgchl}p ga er. 20, eg%ygéogl\ﬂ}%gosphate citrate

buf fer “&ont & i (g perborate) "were ed to each well
and the pI amnmpebern‘rc@ﬁalﬁw a‘tsqfﬁb’nfpflénﬂﬂ@‘r%@ﬁéaﬁ’ér approxi mately 5

m nutes. Thef.8ackhomaas Stopped Wietha50ddskd 06 2N;subfuric acid. The
absor bance was neasured at 490 nm (A490) with Aan aut onmat ed E)'l ate

spect r ophot™GRete PR M YBRYPIBE b g ds58¥s, in situ immuncassa

{(using colloidal geold, enzyme ar radicisotope labels, for
example), westesrn bliots, precipitation r&actions,
agglutination assays (e.g., gel agglutination assays,
hemagglutination assays), immuncfluorescence assays and

immancelectrophoresis assays, 2tc. In one embodiment,

a0
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antibody binding is detected by detecting a label on the
primary antibody. In another embodiment, the primary
antibody is detected by detecting binding of a secondary
antibody or other reagent to the primary antibody. In a
further embodiment, the secondary antibody is labeled.
Means are known in the art for detecting binding in an
immunoassay and are within the scope of the present
invention.

The foregoing antibodies can be used in methods known
in the art relating to the detection or localization of the
HS subtype of AIV, e.g., Western blotting, ELIS2,
:adiagmmunoassay, immuncflucrescence assay,
immunoﬁistochemical assay, and the like. The technigues

disclosed herein may be applied to the gualitative and
quantitative determination of the HS subtype of AIV and to
the diagnosis and surveillance of animals or humans infected
with the virus.

The present invention alsoc includes assay and test kits
for the gualitative and/or gquantitative determination of the
HS subtype of AIV. Such assay systems and test kits may
comprise a labeled component prepared, e.g., by labeling
with a radicactive atom, a fluorescent group or an BRZYVmE,
coupling a labsl to the mAb-or related binding protsin of
the present invention, or to a binding partner thereof.

Such assay or test kits further may comprise reagents,
diluents and instructions for use, as is well known to those
skilled in immunoassay techniques.

In certain embodiments of the invention, such kits will
contain at lsast the mAb or related binding protein of the
invention, means for detecting immunospecific binding of
said mhb or related binding protein to AIV in a biological
sample, and instructions for use, depending upon the method
selected, e.g., "competitive,” “sandwich,”" "DASP" and the

like. The kits may also contain positive and negative
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controls. They may be configured to be used with automated
analyzers or automated immunohistochemical slide staining
instruments.

An assay kit of the invention may‘furthe: comprise a
second antibody or binding protein that may be labeled or
may be provided for attachment to a solid support (or
attached to & s0lid support). Such an antibody or binding
protein wmay be, for example, one that binds to AIV. Such
second antibodies or binding proteins may be polyclonal or
monoclonal antibodies.

Monoclonal antibodies to HS-~subtype hemagglutinin
protein may be prepared by immunizing animals with RIV or 1S
protein or fragments thersof. A preferred method involves
amplification of the HS-subtype HAl gene followed by
axpression of the gena, recovery and purification ¢f HS
subtype recombinant proteins and use-of the purified
proteins as immunogens. For example, HON1 AIV is propagated
by inoculation of chicken embryos with available strains of
the virus, followed by isolation of the viral RNA. The HAl
gene is amplified by reverse transcriptase polymerase chain
resction (RT-PCRY and then may pe cloned intc a baculovirus
vector that is used to express ES proteins in insect cells.
The proteins so produced then can be used to immunize mice
or other suitable species for production of hybridomas.

Hybridomas are screened for their ability T¢ progduce
high affinity mAbs that are capable of specifically binding
to H5 proteins and distinguish them from other AIV subtypes.
in accordance with the invention, it has been found that
antibodies with virus neutralization ability are able to
recognize conformational epltopes in the H3-subtype
hemagglutinin protein. This finding resulted from the
generation of virus escape mutants in the presence of each
neutralizing mAb after 1-2 réunds of selection in Madin-

Darby canine kidney (MDCK) cells. The HAl gene was cloned

12
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from these neutralization escape mutants by RT-PCR and
sequenced to identify point mutations. In this panel of
antibodies, 2 neutralization epitopes were found in mabs 3Bl
and 3EB. Neutraiization*escape ability was confirmed using
hemagglutination inhibition assays.

Hal contains 338 amino acids. To study the
distribution of linear epitopes con the protein, truncated
and mutated fragments are advantageously tested for binding
with mAbs, e.g., by Western blot or a similar techniqgue.
Linear epitopeé may be identified that are binding targets
for mhbs that give a good performance in detecting denatured
H5 subtype protein, such as that occurring in formalin-fixed
tissue, using immunohistochemical stalning methods. Mapping
of the HS subtypé mAbs in this manner provides & platform
for further study and a more sffective clinical diagnosis of
the infectious HON1 AIV. '

The present invention alsc has provided a better
understanding of the antigenic structure of the
hemagglucinin molecule of H5-subtypes of AIV. The mAbs and
related binding proteins of the iavention provide a means
for detecting this nighly pathogenic wvirus in frozen
sections and biclogical specimens.

MAbs 3Bl and 3E8 are highly efiicacious on frozen
tissue sections but do not detect antigen in formalin-fixed
tissues. Monoclonal antibodies 3Bl and 3E8 were determined
by epitope mapping to target conformational epitopes of the
HSN1 wvirus. These antibodies were able to bind and to
recognize these viral antigens without prior treatwments to
the tissue sectlons.

This invention provides convenient, highly specific and
sensitive means for detecting HS subtype AIV. One such
means i1s the BELISA format. Each of MAb 3Bl and 3E8 can be
used as a capture antibody, either aleone or in combination.

If used alone, the sslected antibody can be used as the

13
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capture antibody and that same antibody conjugated with
horseradish peroxidase (HRP) can be used as detecting
antibody.

Cther immunclogical methods to detect HS viruses
include, for exzample, dot-blot and in situ hybridization
formats.

The preferred ELISA test of this invention is able to
derect HA antigen from H5N1 avian influenza virus infecting
poultry and humans in Indonesia, indicating the utility of
the invention for detecting both avian and human HS
infections. i

The H3-subtype mpbs of this invention have advantages
cver other current methodeologies as diagnostic tools.
First, the mAbs are highly specific for the nighly
infectious HS~subtype AIV. Such highly specific monoclonal
antibodies represent a breakthrough in the field of avian

influenza diagnosis. Prior to the present invention, no
monoclonal antibody has been reported that could detect all,
or nearly all, Indonesian HSN1 viruses. The monoclonal
antibodizs of the present invention can recognize all, or
esgentially all, of the HS5N1 viruses collected in Indonesia
within the last two yvears. 2Additionally, these mibs provide
a2 safe and convenient diagnostic approach for the detection
of H> AIV. Frozep section slides can be cryogenically
stored for long periods of time and facilitate further
diagnosis and surveillance of infections. The antibodies
are usaful for diagnosis and for the preparation of
recombinant antibodies for treatment, and as such will be
very useful tocls in restraining a potential flu pandemic.

' Another embodiment of the invention relates to
neutralization escape mutants of H5 avian influenza. The
term “neutralization ascape mutant” refers to a mutant virus
raised by point mutations in the genes encoding

hemagglutinin which caused antigenic drift in the HS virus

14
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and affect neutralization epitopes. A neutralization escape
mutant can evade neubtralization by certain monoclonal
antibodies that are effective in neutralizing its parent
virus. In manual screening for escape mutants, a parental
virus is incubated with a certain neutralization antibody
and inoculated into a host, such as MDCK cells or chicken
embryos. After Z-3 rounds of screening, the escape mutant
for the neutralization mAb is cloned and subjected to HAL
gene sequencing. The mutatad amino acid is determined by
alignment with the parental wvirus sequence, and the mutated
slte indicates one of the amino acids comprising the
neutralization epitope recogﬂizad by the neuntralization mabh.

- 1In the present invention, 3Bl escape mutants arise from
HEN1 AIV (A/Indonesia/CpC669/2006 (HSN1)) (GenBank Accession
# CY014481; GenBank GI # 11349%7155) by the 3B1
neutralizatidn monoclonal antibody. 3E8 escape mutants
arise from the same strain of HS5N1 AIV by the 3E8
nentralization antibody. Mutation sites are listed in
Example 3, Table 4, below.

Neutralization escape mutants are different from their
parental virus in that they no longer can be rescognized by
certain neutralization antibodies which specifically bind to
the parent virus. In view of this, these mutants can be
used to immunize mice for new monoclonal antibody production
in accordance wWith the teachings above. among the new mAbs,
a monoclonal antibedy which exactly recognizes the mutated
epitope can be screened out and then can be used to provide
complementary survelllance to avian influenza viruses other
than the parental virus. By repeating this process through
several generations, further escape mutants can be found and
further neutralizing antibodies obtained. These antibodies
can be used in the methods of the present invention.

In a further embodiment of the invention, the

antibodies and related binding proteins of the invention
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can be administered to treat subijects suffering from an HS
AIV infection, particularly an infection from an HSN1
subtype of RIV. The antibodies and related binding proteins
of the invention also can be administered to subjects as a
preventive measure in the event of an influenza pandemic or-
threatened pandemic. The antibodies and related binding
proteins can be administered in a single dose or in rapeatead
administrations, optionally in z slow release form.
Administration can be made by any means that enables the
antibody to reach its site of action in the body of the
subject being treated, e.g., intravenously, intramuscularly,
intradermally, orally or nasally. Typically, the antibody
is administered in a pharmaceutically acceptable diluent or
carrier, such as z sterile aqueous solutian, and the
composition can further comprise one or more stabilizers,
adjuvants, solubilizers, buffers, etc. The exact method of
administration, composition and'particular dosage will be
determined and adjusted at the time of therapy, depending
upon the individual needs of the subject, taking iato
account such factors as the subject’s age, weight, general
nealth, and the nature and extent of his or her symptoms, as
well as the freguency ¢f treatment te be given. Generally,
the dosage of antibody azdministered is within the range of
about 0.1 mg/kg to about I mg/kg body weight when the
antibody is administered to treat patients suffering from an
5 RIV infection. Typically, the desage is reduced by about
half, i.e. to within the range of about §.05 mg/kg to about
0.5 mg/kyg body weight, when administered as a preventive
measure,

A single recombinant antibody or binding protein of the
invention can be administered for therapeutic purposes or a
combbination of two or more can be administered. Tf
antibodiss to one or more generations of neutralization

escape mutants have been produced, such antibodies and the
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5
| nganesi Yetapasy)
|ndonesi:%@LLO%S?%OOG(HSNl) 0. 828 0. 875
381 and/or 3E8 antibodies described above can be
iillustrate a

1.

A

A

administered as therapeutic antibody “cocktails.”

The following examples are provided to
The invention

preferred mode of practicing the invention.
is not limited to the details of the examples, but is

commensurate with the full scopes of the appended claims.

Example 1
Production of Hvbridomas
All live HON1 influenza viruses, except HSN1/PR8, were
obtained from Indonesia. HSNL/PRE was obtzined from the
Center for Disease Control (USA). It is a non-pathogenic
recombinant virus that contains the HA and N& genes of an
ATV HSN1 virus that infected a2 human in Vietnam
(A/chicken/Singapore/98) and

~

o

H5N2
were obtained from Agri-Food

These virus stocks

(K/Vietnam/1263/2004) .
{A/chicken/Singapore/9%4)

HIN1
Veterinary Authority (AVA) of Singapore.
were used to infect 9 and 11 day old embryonated chicken
eggs (Chew's Poultry Farm, Singapore) and allowed to
replicate for two generations. Then, allanteic fluid was
drawn and viral titer was determined using hemagglutinin
assay (HA}. Inactivated H5NI (A/goose/guangdong/97) was
used for RNA extraction to amplify HAl gene by RT-PCR.
(MOCE, ATCC CCL34) cells were grown

with 5% C0,.

e
C

Madin Darby kidney cells
in DMEM media with 10% FBS at 37
Purification of the viruses was performed by

centrifugation of wvirus-containing allantoic fluids at
at 40,000 rpm for 3

10,000 rpm for 30 minutes to remove debris, followed by

ultracentrifugation of the supernatant

{Sigma Aldrich; St.
(Pierce

The virus pellet was suspended in PBS.
Monoclonal antibodies were purifisd frow clarified

hours.
fluids using protein A affinity column
and Immunopure® IgM purification kit

Louis, MO, USA)Y
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Biotechnology; Rockford, IL, USA) in accordance with
manufacturer’s instructions. The antibody concentrations
were measured Dy using an ND-1000 spectrophotometer
{RanoDrop Technologieé; Wilmington, DE, USA).

BALB/c mice were immunized with inactivated avian
influenza virus of A/Indonesia/chicken/HSNL with the oil
adjuvant Montanide ISASE3 (5eppic, France) in a2 volume of
0.2 ml. Intraperitcneal injections were delivered on days
G, 14, 2B and 42. Splenocytes {rom immunized mice and
myeloma cells (S8P2/0) were collected and fused as described
by De St. Groth and Scheidigger to produce hybridomas (16).
After selection with hypoxanthine-aminopterin~thymidine
(HAT) medium, culture media from the hybridomas showing
significant growth after 14 days were tested for the
presence cf speciflec antibodies against _
A/Indonesia/chicken/HSNl infected MDCK cells by
immuncfluorescence assay (IFA). Selected hybridomas were
cloned by limiting dilution, re-identified, cloned a second
time, and retested by IFA. Onces established, the hybridoma
line was propagated in tissve culture and frozen in liquid

N, for future use.

Example 2
Screening of maAbs by IFA

Immuno-flucrescence assay was used to verify the
interaction between an antibody and the antigen target.
MDCK cells which had been infected with influenza virus
isolate A/Indonesia/chicken/H5NL oveinight were rinsed with
PB3~T (G.(05% Tween-Z0 in PBS, pH 7.4) in 96 well plates.
The cells were fixed by incubating them in pre-cooled 100%
ethanol for 10 minutes. The tells wers washed in PBS-T 3
times, then incubated in 1% BSA, PRS-T for 30 minutes to

plock unspecific binding of the antibodies. They then were

18



0.902 0.854 0.908 DVEM Medium 0.206 0.26 0.111 0.117 Tables 1 and 2 show

t hat mMAb3Blygnd,oh; 3E8 neutralized HSNL isol ates in igdraebRdodyigK cells.
In the presence o m)nocl onal antibody, the ELISA reading results were

reduced by approxinmately one half in conparison to those in the absence of
anti body, suggesting that the virus particles had been neutralized on the

i nfecting I\mﬁb@lebdﬂs‘w,],th 100 Becausenthackk! S £@ading: had, a,4i,gh background
while IFA i VI ill ne traI i zation tests were done by the detect

met hod of | FAGn cel P4 £ 0" CEnt FFmTPARE FETR TG4t PO EBIN4%Y of these
monocl onal @ntd bédi eBie M@hlSBQemwladhaeutmah|m{:rhenunile@mmoof al |l B5N1

| sol ates, whide b, 358, couldoaal T 3hi2e-aLL,d 501.aLes EXGeRL [0, 094, These

results were consistent with test resu |gures 2A
and 28 il | Bt Tafe MAFATHERCFART 2 X 6RYRBERVE 05 FWBEK! cett st infected with
Al V. Figuresii2Aiando 28 :showi MK szel, | sestaj nesk wid hi ELIGC fluargscence

subsequent gé&perature. The wells were washed with PBS-T. The PBS-T
was discarded and 50% glycerol in PRS was added.
Fiuorescence signals were checked under a microscope with
ultraviclet llght.

Uninfected MDCK cells were used as negative controls.
Serum from & mouse immunized with inactivated H5N1 virus was
used as a positive antibody control. By comparing MDCK
cells incubated with the respective hybridoma suparnatants
with the controls, the hybridoma supernatants which gave
positive stainingrwere selécted for clening by limiting
dilution. Stable mAb-producing hvbridomzs were obtained by
this procedure.

An antibody designated mAB3BL was found o bind to HBNL
hemagglutinin from all 25 isclates from Indonesia. Mab 3ES8
was found to bind tc all but one of those isolates,
A/Indonesia/CDC594/2006 (HSN1) . MBb 3Bl also was positive
in the IFA with HSN1/PRB and HSN2. The AIV strains reacted
with these mAbs are listed in Table 6 at the end of the
Examples section.

Representative IFA images are shown in Figure

et

Example 3
Characterization of H3-Subtype mhbs

Isotyping 9f mdbs. Isotyping was performed using & mouse

mAb lsotyping kit {Amersham Bioscience, England) (data not
shown) . Both mab 3Bl and 3E8 were determined as IgM.

1s



MAB neutralization of virus infection and absent mAb neutralizati on,
respecti velyeg 2dibtdzsadai on of virus neutralization on MDgKrg&lohsaodsag i n

chi cken enbryos. MDCK cells and 10-day ol d enbryos were used for

determ nation of 50%tissue culture infections dosage (TCID') and 50%
enbryo infectious dosage (DID'), respectively. MDCK cells (2 x 104/ nl) were
al | owed t o Hgmewal@: F3%ienO0%icant bienee; @Eiicken esdy\:es wWRLent Hrected.with

t he respec < US of dilution factor from10-1 to
10°8, “and e gubeastentyal Tnaal e urde re toored FaLTR Y and I D
The vir use@lFﬁéﬁl%@r @lased NWQ) nf eBe b’@)@twmnc@i@c&f dthethess exponenti al

phase (hi ghestesensidievict yst @emurgﬁulgéﬁgﬂlgnhl§aéeéo day 9 g&k&!" cken
enbryos. Uninfecte ceIIs nd allantoi.c fluid were used as negative

controls. THR&EScETE e ?hcchr‘l‘?a 8H* at"35- B A L ERE Wigs Bﬁg@ﬁiv%llsUSI ng the
Reed and Mi&REh watshewdedcal «eechnegue (1T pptthedy nfachbirvbty: tid er was

d T 0 / d. t.h
el ¢ each GrTuLEd Co having 100 TOIDF And SO0 Er TS 4“0 FIF Gha 100 pir |

respecti veP$ri%eri alfily PP ttvEd “ihbs 3B1 AridvSEE @\kﬁ@s&bﬁée*@b seutral i ze the
final conce@t;natimaaif Pﬁ@@TcﬁlvEma@dtﬁ@Oaﬁth of wvhd Usa0€. On1

Al I ndonesi a/ N1) and e See Table 3. The
nunbers i n%‘?aél jé‘9 HS‘L Ijgec% nltcﬁeaﬁf!g hett dﬁlﬁfjluﬁ‘ﬁc? éfit%l\ﬂ" viruses at
whi ch the #ﬂbggm@o@ﬁﬁl RBGbl e to detect and neutral ize the virus at a

final concentr adon of léo&ﬂz&@ £ 2y 500, '%'1 acOfy Vdéf Y983 g@ infected MOCK

cells and chlcken enbr Table 3 3Bl nbryo 20 40
ith diverse ndoneSLan H5N1 1solates and with B5N2 and only

about 2 with HS5NI/PRS.. Mah 3E8 had no HI with Indonesian
isolate CDCS%4, HSN2 or RSNI/PRS but had HI in the range of

16 to 32 with all other Indonesian H5N1 isolates.

Virus micro-neutralization assav. MDCKE cells wers used for

determination of 50% tissue culture infections dosage
(TCID5Q) . Antibodies with two-fold serial dilutions were
added to 96-well cell culture plates. Tha diluted
antibodies were mixed with an egual volume of diluent
containing influenza virus at 100 TCIS,,/well. After a Z-
hour incubation at 37 °C in a 5% €0, humidified atmosphere,
100 pl of MDCK cells at 1.5 x 10%/ml were added to each
well. The plates were incubated for 18 hours at 37 °C and
5% CO,. The monolayers wers washed with PBS and fixed in
100% ethanol for 10 minutes. The presence of viral protein
was detected by ELISA with mouse sera against the infiuvenza
HEN1.

The ELISA was performed at room temperature. The fixed
plates were washed 3 times with PBS-T (PBS containing 0.05%
Tween 20} . The mouse sera antibody diluted 1/500 in PRS-T

containing 1% bovine serum albumin was added to sach well
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Eni t one Mapping. 1. Linear eoitooe or conformational enitope

determ natign. Sodi um dodecyl sul fate-polyacryl am de gel_ el ectrophoresis

( SCS- PAGE) A ORESH e n bl ot t i ng were used to identify qTﬁgé[%"SIQ"ﬁ?léopes of
nonocl onal anti bodi es. SOS- PAGE and Western blotting were perforned as
descri bed by Ausubel et al. (18). The GST-tagged reconbi nant HAI from H5NL
was expressedi andusatiectedotn :l-5P6PAGE:r Reconbi nante HAL+ks about 32
kD, and th X -tagged HAl.is about 57 .. The_protein sanples
were pr epaS"'ee b;;/vg"%?%?nf;g%r% Ig‘?n%snar"fﬁ 8 k\?\ﬂ“?ﬁersaar?%l é%gufl%’e?‘“ and heated at 100
C for 5 m mMmaTesraafsierregobifiefe sigibyledhatet celdi-npsate was | oaded. Proteins
separ at ed bynSRSyPAGR Wer@:XbsHalnd 48, byy st.aidi ng b h,Soonmssie. Bl ue
(0. 25% Coomassie Brilljant Blue R-250, 40% nmet hanol and 10% gl aci al acetic
aci d) for 30U fAGtes PRRhCHEEt i nBa R eithitgit 1i R°BEstaiPRg sol uti on
(40% net hancimremd t 1080zglcachah @cetddc sagi tYneskFori tester nobd @S, @toOt ei ns
wer e transf.er,r f L. .t - nj I [ usi.ng._a Transbl ot
Col | (B o e b e o Paner e P sy Sna-GRe bl dOkEa i th 5%
non-fat ni %KAM PBSTUATE pr 6tessedhi At e Bane naidnef @s'She dot blots
above. Ehe Jrehhane d\@;&a?leOﬂsﬁ?e%M h 5% Dbenft%tinfi%alko(Eﬁi@'s{?@gumcangdla) i 3
PBS with 0.05% Tweep- 20 _( PBS: or 60 mnutes. After ocki ng, undilute
hybri donma (Puﬁﬁéﬁr?\é@?Pu"fe(fecgﬁg‘a%n‘?onqaﬁgbgg%\gsaqdnd&‘&ﬁaf’gatﬁ? t'H“€he nmenbrane for
60 mi nut es,inadiasdwit Iy oPBSE Fnpgick thigent b ncadyatced maickhy gbatinuanti - nouse

hor ser adi shriper-exi-dase-cansugated anti Bedi : iluti.an)

(DakoCyt omat. i o% for 60 m nutg%é. The rre%glr ;%neﬁ\%as%g\%ggﬁé%%adﬁg’t hq(?ahne devel oped
with ECL WEEYErReBFottasngeaate’t i ‘Pafent®fAnsrShah? BiyserEses) and
exposed t o KEDAKsSetentrinbicenkt@gi ng bkl m £ KERAK .Bi oMAX M5, USA) .

Nei t her of mAb 3B1 or mAb 3E8 reacted with reconbinant HAlI, which indicated
that the epitopes of these mAbs are conformational. 2. Selection of escape
mut ants and conformational/neutralizino epitones manoi na of HE, subtype
mAbs. Serial 10-fold dilution of parental virus

Al I ndonesi a/ ODC669/ 2006( H5N1) was m xed with an equal volunme of mAb. After
i ncubation of 1 hour at roomtenperature, the m xture was inoculated onto a
nonol ayer of MOCK cells in DMEM medi um cont ai ni ng 200 ug/ nl TPCF-treat ed
trypsin (Sigma) and 0.001% DEAE-dextran (Sigma). After 7 days at 35 C, the
vi rus supernantant was coll ected and subject to further selection. The
escape nutant was cloned and collected for RNA extraction. The point .

mut ati on responsible for the resistance to mAlo neutralization was

determ ned, by sequence alignment with the parental virus. The ability of
this mutation to allow the nmutant virus to escape mAb neutralization was
verified by neutralization assay and hemaggl utinin inhibition assay.

An escape nutant was sel ected using neutralized mAb 3E8. The escape mnut ant
was cloned and collected for RNA extraction. According to the sequence, the
poi nt nutation occurs on nucleotide 614 of the RA sequence (sequence

avai l abl e in GenBank; GenBank Accession i GY014481; CGenBank C #
113497155). Nucl eotide 614 "G' changes into "A " which results in nutation
on amino acid 205 fromarginine into lysine. Such nmutation enabl es the
mutant virus to escape antibody neutralization frommib . 3E8, which was
verified wth neutralization assays and hemaggl utinin inhibition assay.
This result indicated the mAb 3E8 targets the epitoPe containing am no acid
205 on hemaggi utinin. Another neutralization epitope was identified for mAb
331 using the sane nethod. The results are indicated in Table 4, which
shows the | ocation of mAb neutralization epitopes on the henmaggl utinin

nol ecul e of My (A/Indonesi a/ 0D0669/ R5N1). Tabl e .4 Escape
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Mut ant Nucl eoti de Nucl eoti de Change Ami no acid Am no acid Change 3S1 512 G
to T 171 Sekobfohiss»3E8 614 G to A 205

PCT/SG2008/000313
Table 1
MA+Virus virus
MAbL3BL #1 $2 #3 #4
%/ lndonesia/chicken/60/2006 (H5N1) 0.569] 0.6321 1.18711.213
A/Indonesia/CDCT/2005 (HEND) 0.661 0.614 1.3411.398
&/Indones ia/COC370/2006 (H5N1) 0.791 0.825 1.669 | 1.712
A/Indonesia/CDCS94 /2006 (KINT) 0.686 0.682 1.59 1.87
A/Indonesia/CDCB23/ 2006 (HBNL) 0.267 0.281 1.178 | 1.041
A/indonesia/TLLODE/2006 (HSN1) 0.524 0.523 1.27 1 1.211
A/Incenesia/TLLOL1 /2006 (HON1) 0.279 0.288 0.634 0.73
A/Indonesia/TLLOLZ/ 2006 (H5HL) 0.755 0.729 1.225 41 1.308
| 1501 /PR8 0.52 0.585 0.904 1 0.893
DMEM Medium 0.2 0.193 0.228 1 D118




Arg to Lys Table 4. Location of neutralization epitopes on hemaggl utinin
mol ecul e of wAbMeGALdndonesi a/ Cpc669/ 85N1) by MAbs. Pr ephylasdmeand

t herapeutics. Based upon the neutralization ability to HS5N1 on MDCK cells
and chi cken enbryos, mAb 3BI and mAb 3E8 can be used for prophyl axis. The
vari abl e region, eg., Fab, of anti-hemagglutinin nonoclonal antibodies also
can have therapeutic activity (21, 22kleRéconbi nant anti bodies from mAb 331

and mAb 3E8 can have both prophylactic and therapeutic efficiency. A
reconbi nant__‘._ap_{jbnriy cont.ai niﬂg the variable regi on of mAb 381 was _
expressed and used in the H test as folh@wavlmng EBSIQ&ﬂHSthe
expr essi on €r for human 1 gGl was pased—onrthat_deseri-bed—by ~Jpst ock et
al. (28)A kynthetic secretion | eader jand tHe nterﬁél i BéZonme #hiry site
(TRES) of Em&M&;QW&%ﬁQi/%QQOM(ﬁm firom pioREs (O 98t ac@kv"‘ﬁ‘r? Hgpd  to
replace th ﬂ“ o e cuun'n ste—mic—-t-ag—ang—const-ant ors—LDNA
clones (I.M/ASE"E**Condort™r i ¢ DA cIoné%f@Eenn@nﬁgﬁil-éﬁ3a 1(Z9) 1)
encodi ng t he:kappalt@hts chaimsC ong | D §249986) and -t g avy chain
(Cone ID 6%8i%&&fﬂweﬁewaﬁﬁ++#+ed~+e—aLLQMPLnEn9*Pg% ) ?ﬁiﬂf | ate the
cDNA encodi g 1 Re¢4r7%apt /8" 1efihs of] mib 63B1, aRRA vasspﬁeparm from
hybri doma. £ehls.and, used; bhod ddel STTan SYNLIESTS TAngom
hexanuclet-%—éesn The—t-ot-ad mngkﬁggALaﬁ'%g h1Lat 1ripéf’btions to
anplify bo %“ﬂ%@evade@P%@ﬁ@avwland |ghLE@mauns.w$$ng,Bhg 1.494

A/Indonesia/TLLO11/2006 (H581) 0.421 0.384]) 0.72] 0.702

A/Indonesia/TLLO12/2006 (HB5NL! 0.761 0.818 | 1.05%5 1.14%

HSN1/PRB 1.635 0.902 |1 0.854{ 0.308

DMEM Medium 0.206 0.26]0.111] 0.117

Tables 1 and 2 show that wAb3B1l and mAb 2ES neutralized HSNI
isolates in infected MDCK cells. In the presence of

moncclonal antibody, the ELISA reading results were reduced

he
absence of antibody, suggesting that the virus particles had

-
[

by approximately one half in comparison to those in

been neutralized oa the infecting MDCK cells.

Because the ELISA reading had a high background while
IFA is visiblie, the neutralization tests were done by the
detect method of IFA on MDCK cells to confirm the
neutralization abllity of these monoclonal antibodies. Mab
381 could neutralize the infection of all HSNI isplates,
while wmAb 2E8 could neutralize all isclates except for 594.
These results were consistent with the IFA and HI test
results.

Figures 2A and 28 illustrate mAb neutralization
activity on MDCK cells infected with AIV. Figures 22 and 2B
show MDCEK cells stained with FITC fluorescence subseguent to
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prinmers and protocols of the nouse scEv reconbi nant anti body phage system
(Amer sham BygsgbgiRe®s, Piscataway, N. J.) with the resuftikam@odaneducts cl oned
into pCR-Script (Stratagene) for sequencing. Variable region specific
prinmers were used to anplify both the heavy and |ight chain variable
regions to allow cloning into the constructed expression vector above.
Expressi onmab thecrespbtidig GORSELHCIn QAR R 884t SudethiXBri ¢ ant i body

cont ai ni ng nteQxe-_rQPiqu«%i\é%ri aebsl eec%gg uman constant regions. Chineric
ant i bodi es "Were exprésSsed UsiTg 't Re¥ Freest yl e@ 293 expr essi on syst em
(I'nvitrogen, Carlsbad, CA) to obtain antibody produced in a defined,

serum freepredi um, Constructs. engodi ng: hienbexl gGl werg transfected into
293- F cells by use of 293 fectin &I nvitrogen). Supérnatants were coll ected
120 hours ﬁ%&@%}%&@%ti SR EndeprotBihs Pparit Ped TRIGHPSprotein A

sephar ose heads:z{AnershamBiiosc-ences)tiPuei tylofird gGmas ieeafirmed using
SCS- PAGE a S N wurj fi chineric antibody with human |gGl
const ant rgg%%iga(n‘r 3:rir)fj’r)i %%Q\elsa{)?‘i <'§17%‘§3é:$rgezgill%oerrlr“Pt rom %ﬁ@%%l é%gs“t)ésted on H and
H5NL. The HEsBetiwietly- wdPGindicdaced? i TN SiedseledwoweTabl @x5wPuri fi ed
reconbi nantomAb- 381 kbn @Gkt y testkdd rus-1,80l dtes Hkatitertat 0.1

ng/ m 1) A/l ndonesi a/ CDC329/ 2006( H5N1% 128 A/l ndonesj a/ 0DC523/ 2006( H5N1) 512
A/Indonesiégaofﬁﬁﬁﬁgééﬁ%(ﬁﬂﬁﬁqff, using & series of dilution factors
from 107! to 107%, and the subsegquent allantoic fluids were

tested for TCIB,, and EIDg,. The viruses then were used to
infect poth MDCK cells at their exponential phase (highest
sensitivity to virus infection) and 10-day old chicken
embryos. Urninfected MDCK cells and allantoic fluid were
used as negatlive controls. The cells were incubated at 35
“C and CPE was observed. Using the Reed and Muench
matnematical technigue (17), the infectivity titer was
expressed as TCIDg,/100 nl and 10G0FID,,/200 ul and the
respective viruses were each diluted to having 1060 TCID,
and 500 EIDy in 50 pl and 100 pl, respectively. Serially
diluted mdbs 3Bl and 258 were able to neutralize the final
concentration ¢f 100TCID;, and 500 EIDg, of virus (e.g.
A/Indonesia/DCD669/HSNL) infecting MDCK cells and embryos.
See Table 2. The numbers in Table 3 reflect the highest
dilution ratico of HSN1l wviruses at which the mAbs were still
able to detect and neutralize the virus at a Ffinal
concentration of 100 TCIDy, and 500 EIDs, of viruses in

infected MDCK cells and chicken embryos.
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A/l ndones/ CDC623/ 2006( 85N11 64 A/ | ndonesi a/ CD0644/ 2006( HSN1) 256

Al I ndonesi 006(HS5N1) 128 The chineric antib j i abl e

regi on fro%%@%ﬁén&i ntains affinity to MV H5NL1. Inggﬁaﬂoﬁ%ﬁsﬁ% t he
advant ages of the original nmurine antibody, the chinmeric antibody of 1gGL
subtype with human constant regi on can be adm nistered to humans for

t her apeut i §abreafnent agai nst 115-subtype AlV infection. Exanple 4

Antigen Capture ELISA (AC-ELI SA) for H5NL subtype AV Identification Using
a conbi nat ion of b-606_Against. N-1 Subtype and mAb 381 or 3E8 Agai nst H5
Subt ype Sanpl lesicontjarsi ngj 115 virus can be verified as R5NL through
t he use of g conmbimatiomgf—mAb—381 or mAb 3E8 and mAb 606. An AC-ELISA is
desi gned t “Hefect HENL vilri®S. MMb 381 or 3E8 is incubated at 0.5 pg/ wel |
in 100 1_113RkBSyén jaP6 V\ﬁ|4|@ plafe (1396 Maxi sorp NUNC- nmuno pl ate)

over ni ght at—g€—After—rinsrng—the plate wwth PES-T, the coated plate is

bl ocked with 1% bovi ne serum al bum n (BSA) for 1 hour at roomtenperature.
The bl ock soltion then is discarded and inactivated H5NL isol ates diluted
in PBS at %g.lEIADu%tsii n 100 pl are added to each well and incubated for 2
hours. the“ptates—aretashed four times in wash buffer PBS-T, and 100 pl of
hor ser adi sh -pekoxéatazeit arelwed coAbio 666 didaut edi 1450 carenaddedt.o each

wel |, the phates éy&%cgyrg&%%éte—polyacrylamide gel electrophoresis

{SDS~-PRGE) and Western blotting wers used to identify linear

epitopes of monoclonal antibodies. SDS-PAGE and Western
blotting were performed as described by Ausubel et al. (18).
The GST-tagged recombinant HAI from HS5N1 was expressed and
subjected te 10% SDS-PAGE. Recombinant HAl is about 32 kD,
and the expressed GST-tagged HAL is about 57 kD. The
pretelin samples were prepared by mixing protein sample with
sample buffer and heated at 100 °C for 5 minutes. After a
brief spin, whole-cell lysate was loaded. Protsins
separated by SDS-PAGE were visualized by staining with
Coomassie Blue (0.25% Coomassie Brilliant Blue R-250, 40%
methanol and 10% glacial acetic acid) for 30 minutes and
then destained overnight in destaining solution (40%
methanol and 10% glacial acetic acid). For Western blots,
proteins were transferred from gel Lo a nitrocelliulose
membrane using a Transblot Cell (Bio~-Rad}. After
elctrotransfer, the membrane was blocked with 5% non-fat
milk in PBS-T and processed in the sare manner as the dot
lots above. The membrane was blocked with 5% non-fat milk
{Bio~Rad, Canada) in PBS with (.905% Tween-20 (PBS~-t} for &0
minutes. After blocking, undiluted hybridoma culture fluid
containing mAbs was incubated with the membrane for 60

minutes, washed with PBS~T and then incubated with goat
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i ncubated for 1 hour at roomtenperature and then washed six tinmes with

wash bufferywoQpgelundred mcroliters of prepared substggk8kddhei® of
o- phenyi enedi am ne di hydrochl ori de per 20 ml of 0.05 M phosphate citrate

buffer, pH 5.0, containing 0.03% sodi um perborate) are added to each well
and the plates are incubated at roomtenperature for approximately 5
mbnut gs. Tm@tae@@&seomlgrge%i@%ne@e}ﬂ%%aé&ﬁanghga%@t&ﬁa&&ﬂoﬁiégl d. The
absor bance |.s sur.ed at n W th an tomated plate

spect rophot{(}r‘r\%{;rgﬁ?l %ﬂ"t‘éﬁff? %?%iog]é’ﬁt?’m%%?@nifﬂrcgﬁtmﬂzl‘ét,esr'eaapﬁg i ndi cat es
that the vimsasrase sut ypentBNInd Ahsanpte: gertiawntngEdbMEsAYncan be

| dent i {1 ed isingn iy 3BLign 3ER-ANA GR6. SeARRALELY. QU Uskng t he

anti bodi es 1 n conbination provides for determ nation using a smaller virus
sanpl e. APPEREFXK “rabi®®®§ AviHH HAf| UehzaViffds APYSl &ledPys¥d to test mAb
3131 and mAlza3E8 by | FA MAbs(target) 3B1(115) 3E8(115)

Al ndonesi al chi keny.80/2008( 1515M) ., ALl ndonest a/ GG/, 2005( HEN)
HAL, which indicated that the epitopes of these mhbs are
conformational.

2. Selection of escape mutants and

conformational/neutralizing epifopes mavping of HS subtvpe

mAbs. Serial 10-fold dilution of parental virus
A/Indonesia/ChC669/2006 (HSN1) was mixed with an equal.volume
of mab. After incubation of 1 hour at yoom temperature, the
mixture was inoculated cnto =z monolayer of MDCK cells in
-DMEM medium containing'200lug/ml TPCE-treated trypsin

(Sigma) and 0.001% DERE-dextran (Sigma). After 7 days at 35
°L, the virus supernantant was collected and subject to
further selection. The escape mutant was cloned and
collected for RNA extraction. The point mutation
responsible for the resistance to mAb nentralization was
determined by seguence alignment with the parental wirus.
The ability of this mutation to allow the mutant virus to
escape mAb neutralization was verified by neutralization
assay and hemagglutinin inhibition assay.

An escape mutant was selected using neuvtralized mAb
3E8. The escape mutant was cloned and collected for RNA
extracticon. According to the seguence, the point mutation
occurs on nucleotide ©l4 of the HA sequence (seguence
available in GenBank; GenBank Accession # CY014481; GenBank
GI # 113487155} . Nucleotide 614 “5” changes inte “A,” which
results 1n mutation on amino acid 200 from arginine into
lysine. Such mutatlon enables the mutant virus to escape-

antibody neuvtralization from mAb 3EB, which was verified
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A/l ndonesi a/ CD0326/ 2006( 115N1) 1 ETErrrrrrmMErttrr terMiErrrrerrrrrnd

1111111111 %4 3dedekds>  A(1 ndonesi a/ CDC329/ 2006i HSNL)  pepisGa008/000313

A/ 1 ndonesi a/ CDC370/ 20) 6( R5N1) A/ I ndonesi a/ CDC390/ 2006( H5N1) 11111111111

with neutralization assays and hemagglutinin inhibition
assay. This result indicated the mhb 3EB targets the
epitope containing amino acid 205 on hemaggliutinin. Another
neutrajization epitope was identifisd for mBAb 3Bl using the
sameé method. The results are indicated in Table 4, which
shows the location of mAb neutralizatlon epitopes on the

hemagglutinin wmolecule of AIv (A/Indonesia/CDCEES/HENL) .

Tabls 4
Escape Nucleotide | Nucleotide | Amino acid |} Amino acid
Mutant Change Change
381 512 G to T 171 Ser te Ile
3E8 614 G tc A 205 Arg to Lys
Tabie 4. Location of neutralization epitopes on

hemagglutinin molecule of AIV (A/Indonesia/CDC663/HESNL) by
MADS . '

Proppvlsxis and therapeutics. Based upon the neutralization
ability to HON1 on MDCK cells and chicken embryos, mhb 3Bl
and mhb 3E8 can be unsed for prophylaxis,. The variable
region, eg., Fab, of anti~hemagglutinin monoclonal
antibodies also can have Therapeutic activity (21,22).
Recompinant antibodies from mAb 3Bl and mAb 3E8 can have
both prophvlactic and therapeutic efficiency.

A recombinant antibody containing the variable region
of mAb 3Bl was expressed and used in the HI test as follows:

Design of the expression vector for human IgGl was |
pased on that described by Jostock et al. (28) A synthetic
secretion leader and the internal ribozome entry site (IRES)

of encephalomyocaditis virus from pIREs (Clontech) were used
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A/ 1 ndonesi a/ 0DC523/ 2006( R5N1) A/ 1 ndonesi a/ CD0594/ 2006( 1- 15N1)

111111, 111234 3d6d333k1:,111 A/ I ndonesi a/ 0D0623/ 2006( - 15N} rrAddobdidobsid 111
1111111111111 A/ i ndonesi a/ CD0644/ 2006( H5N1)
A1 ndonesi a/ CDC669/ 2006( H5NL1)

ro replace the multiple cloning site, myc-tag and copnstant
regions, ¢DNA clones (I.M.A.G.E. Conscortium c¢DNA clones
{Lennon, G., et al. (2%)]} encoding the Kappa light chain
{Clopne ID 6275986) and the IgGl heavy chain ({(Clone ID
$6281248) were amplified to allow insertion.

To isclate the c¢DNA encoding the variable regions of
mAb 3B1, mRNA was prepared from hybridoma cells and used in
first strand cDNA synthesis with random hexanuclectides.

The total cDNA then was used as template in reactions to
amplify both the variable heavy and light chalns using the
primers and protocols of the mouse scFv recombinant antibody
phage system (Amersham Bigsciences, Piscataway, N.J.} with
the resultiﬁg products cloned into pCR-Script [(Stratagene)
for seguencing. Variable regicon specific primers were used
te amplify both the heavy and light chain variable regions
to azllow clonlng into the constructed expression vecltor
above. Expression of the resulting construct gave rises to a
chimeric antibody contalning the mouss variable and human
constant regions.

Crimeric antibodies were expressed using the FreeStyle®
293 expression system (Invitrogen, Carlsbad, CA} to obtain
antibpody produced in a defined, ssrum—free medium.
Constructs encoding chimeric I1gGl were transfected into 293~
T cells by use of 293 fectin (Invitrogen}. Supernatants
were collected 120 hours after transfection and proteins
purified using protein A sepharose beads (Amersham
Biosciences). Purity of Igl was confirmed using SDS-PAGE
analyses.

The purified chimeric antibody with human IgGl constant
regicn and murine variable region from mAB3Bl was tested on
HI and H5N1. The HI activity was indicated in Table 5,

below:
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Ma A/l ndonesi a/ TLLOO1/ 2006( H5NL1) [TTTTMNTT

NARER
A/ 1 ndonesi 2006(HSNL) TIT1IT11111 A/ Indonesi 6( HSNL)
1112122ii3ﬁ§5$"2%?1’§0negi al TLLOCA4/ 2006( HENL) Retblitbinglly

Table 5
Purified recombinant mAb 3Bl HI activity test

Virus isolates Hl titer {at 0.1 mg/ml)
A/lndonesia/CDC328/2006{H5N1) 128
&/Indonesia/CDC523/2006 (H5N1) . 512
2/ Indonesia/CDCO%4 /2006 (H5N1) 4
A/Indonesia/COCE23/2006 (HSNL) o4
&/Indonesia/CDCE44 /2006 (HSN1) 256
&A/Indonesia/CDC669/2006 (HENL) 128 1

The chimeric antibody with variable region from mAb 3R1
maintains affinity to BRIV HOSNL. In addition to the
advantages of the original murine antibody, the chimeric
antibody of IgGl subtype with human constant region can be
administered to humans for therapeutic Lreatment against HS-

subtype AIV infection.

Example 4 ‘
Antigen Capture ELISAZ (AC-ELISA) for HSN1 subtype AIV
Identification Using & combination of mAb 6C6 Against N-1
Subtype and mab 3Bl or 3E8 Against HS Subtype

Samples containing HS virus can be verified as HS5NI1
through the use of a combipation of madb 3Bl or mAb 3E6 and
mAb 5C&. An AC-ELISA is designed to detect HS5NL virus. MAb
3Bl or 3E8 is incubated at 0.5 ug/well in 2100 ul PBS in a 96
well plate {U%6 Maxisorp NUNC-immuno plate) overnight at
4°C. After rinsing the plate with PBS-T7, the coated plate

is blocked with 1% bovine serum albumin (B33) for 1 hour at
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A/l ndonesi a/ TLLOO5/ 2006( H5N1) 1.11.11.211212122222 FEbvereenrererernrnrtl

Al I ndonesi a 06( H5N1) A1 ndonesi a/ TLLOO7/ 20Q4:% 003
Al | ndonesi a§v I L %8/4%806( H5N11 11111111,11111 A/ Indonesi a}l;%lé%%)é}deDOG( N5N1)

room temperature. The block soltion ther is discarded and
inactivated HSN1 isolates dilvted in PBS at 20 HA units in
106 pl are added to sach well and incubated for 2 hours.

the plates are washed four times in wash buffer PBS-T, and
100 nl of horseradish peroxidase-labeled mib 6C5 diluted
1/500 are added to each well. the plates are further
incubated for 1 hour at room temperature and then washed s1x
times with wash buffer. One hundred microliters of freshly
prepared substrate (10 mg of o-phenviensdizmine
dihytdrochloride per 20 ml of 0.05 M phosphate citrate
buffer, pH 5.0, containing 0.03% sodium perborate) are added
to ezch well and the plates are incubated at room
temperature for approximately 5 minutes. The reaction is
stopped with 50 ul of 2N sulfuric acid. The absorbance is
measured at 4290 nm {A,) with an automated plate
spectropnotometer (Mitenyi Biotec). A significant Rago
reading indicates that the virus is subtype H3NL., & sample
containing HSN1 AIV can be identified using mAb 3Bl or 3ESB
and 6C6 separately, but using the antibodies in combinarion

provides for determination using a smaller virus sample.
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1111111111M A/ | ndonesi a/ TLLO10/ 2006( H5N1) A/ I ndonesi a/ TLLO11/ 2006( H5N1)
A I ndonesi afgbh@diR006( HENL) A/ I ndonesi a/ TLLO13/ 20964 4cHadkhs13

APPENDIX
Table 6

Avian influenza virus A isolates used to test mab 3Bl and
mab 3E8 by IFA

Mabs (target) 3BY (H5) 3EB  (HS)
A/Indonesia/chicken/60/2006 (H5N1) + -
A/Indonesia/CDCT /2005 (H5H1) + +
A/Indonesia/CDC326/2006{HONR1) + +
A/Indonesia/CDCI29/2006 {HDNL) + +
A/Indonesia/CDC370/2006 {H5NL) + +
n/Indonesia/CDC390/2006 (HSNLY + +
B/Tndonesia/CDCS23/20046 (HONL} -+ 4+
A/Indonesia/CDC594/2006 (H5N1) o+ -
A/ Indonesia/CDCE23/2006 {HEN1) + -
A/Iindonesia/CDCE44/2006{HR5N1) <+ 5
&/Indonesia/CDC669/2006 (HOWL) + : +
A/Indonesia/TLLO01/2006 (HON1} + +
A/Indonesia/TLLO0O2/2006 (HONL) + +
A/Indonesia/TLLO03/2006 (H5N1) + +
h/Indonesia/TLLOB4/2006 (HENL) + 4
A/Indeonesia/TLLOGS/ 2008 (HONL) + +
A/Indonesia/TLLO06/2006 (HSNL) + [
A/ Indonesia/TLLOOT /2008 (HONL) + +
| A/ Indonesia/TLLOC8/ 2006 [H5N1) + +
A/ Indonesia/TLLO0S/2006 (HEN1) + +
A/ Indonesia/TLLD10/2006 {H3N]) + +
k/Ingdonesia/TLLO11/2006 {H5H1) + +
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H5N1/ PR8 Al chi cken/ Si ngapor e/ 98 (H5N2) H7N1/5G _ _
WO 2009/035412 PCT/SG2008/6000313

A/Indonesia/TLLO12/2006 (HSWL) + +
Z/Indonesia/TLLO13/2006 (HSNL) + +
HSN1/PR8 + ' -
A/chicken/Singapore/98 (HS5NZ) “+ -
HIN1/SG . - -
H3NZ -~ -
HONZ - -
HI10NS - -
Note: "+" means positive, "“-" indicates negative
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H3N2 HON2 - HI ON5 - Note; "=" nmeans positive, "-" indicates
negative WO 2009/035412 PCT/SG2008/600313
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6. The nethod of claim 3 wherein the binding protein contains a radioactive
atom is conjugated to a fluorescent molecule, or is conjugated to amtCSLLF
enzyme. 7. A nethod for detecting H5NL subtype avian influenza virus in a
bi ol ogi cal speci nen which conprises contacting the specinen with the

nmonocl oG&Allslst | body of claim 1, and with a second nonocl onal anti body that
bi nds to the neuram ni dase gl ycoprotein of an NI subtype of avian influenza
virus, said second nonocl onal antibody is nonoclonal antibody 6C6 as

produceﬁ by 1RE IR B5RIWHH IC I r lture
Collection with AccesglonyNunﬂggh%¥%?gg§g&§§¥%%%@gagﬁpgggd%(%gfgﬁgﬁgﬁﬁdlng

to an epineopan TYretCilgrpoahertion withndedesvian NambichBl-836. and det ecting t he
bi ndi ng of at |east one of (i) said nonoclonal antibody of claiml1 and (ii)
sai d second nonocl onal antibody. 8. A kit for detecting H5 subtype avian

i nfluenza viAugethid dorbdat@igdad sapesd manwmmaeafrméhﬁ@Sbtm@d@B%%hﬁaﬁ'
antibody of claim1 together with reagents for the detection of binding of
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gl ycoprotei n of an type of avian influenza virus, wherein the
nonocl onal antibody is a capture anti body and the binding protein is a

det ect b t t ted t t abl
Cemont: 1omeeliolitolabr 3 nhER R st R RGO rirA PO
monocl gi;@ﬂemaﬂ{alt Qgéﬁ(ﬁcalﬁlbuﬁ@@o kihé e%trelﬁb@ c%pi’@téﬁ%fnaﬁ I]% ; O?EJ: Q)@a&twa

anti bo is imobilized onto a solid sur . The cl alm

wher ei rtllﬂllt@%l‘frﬁ@ﬁ,ng’hpﬁeet éien&rétbﬁﬂhuﬁ@ %ﬁpﬂ&@l|atiabt)q1weméttkmbmdsngcprqt¢]gas @d to a
fl uoresgen cu of 1 8 u ated t 13. The kit of claim
8 whi oRFl o ﬁle’td?“t?op fei {élé‘ QoI hoHuRg %ﬁ%‘t%g’é‘d?et“ﬁ‘é& binds to a
confornatlonal ep|tope of the neur am ni dase gl ycoprotein of an NI subtype
of avian |nfluenza virus said second nmonocl onal antibody is nonocl onal

ant i body 608 hadnghestieicdaimp wheisi e hindeemralsincls aingorhspwe! adthodit h t he

Aneri can Type Culture Collection with Accession Nunmber PTA-8526. 14. Use
of the nonocl onal antibody of claim1l in the preparation of a nedi canent
treatiig a Sbbjnethod dffcbdinedwhirtin the Aitedbtypanadiliast b h YENE 8urkick US.

6. The method of claim 3 wherein the binding protein contains a radioactive atom, is

conjugated to a fluorescent molecule, or is conjugated to an enzyme.

7. A method for detecting HSN1 subtype avian influenza virus in a bioclogical specimen
which comprises contacting the specimen with the monoclonal antibody of claim 1, and with
a second monoclonal antibody that binds to the neuraminidase glycoprotein of an N1 subtype
of avian influenza virus, said second monoclonal antibody is monoclonal antibody 6C6 as
produced by hybridoma 6C6 which is deposited with the American Type Culture Collection
with Accession Number PTA-8526 second antibody comprise binding to an epitope that is
bound by monoclonal antibody 6C6 and detecting the binding of at least one of (i) said

monoclonal antibody of claim 1 and (ii) said second monoclonal antibody.

8. A kit for detecting H5 subtype avian influenza virus in a biological specimen which
comprises the monoclonal antibody of claim 1 together with reagents for the detection of

binding of said binding protein to said envelope glycoprotein.
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9. The kit of claim 8 which comprises a binding protein that specifically binds to the
envelope glycoprotein of an HS subtype of avian influenza virus, wherein the monocional
antibody is a capture antibody and the binding protein is a detector binding protein that

contains or is conjugated to a detectable element.

10.  The kit of claim 9 wherein at the binding protein is a monoclonal antibody.

11.  The kit of claim 9 wherein the monoclonal antibody is tmmobilized onto a solid
surface.
12. The kit of claim 9 wherein the binding protein contains a radioactive atom, is

conjugated to a fluorescent molecule, or is conjugated to an enzyme.

I13. The kit of claim 8 which further comprises a second monoclonal antibody that binds
to a conformational epitope of the neuraminidase glycoprotein of an N1 subtype of avian
influenza virus said second monoclonal antibody is monoclonal antibody 6C6 as produced by
hybridoma 6C6 which is deposited with the American Type Culture Collection with
Accession Number PTA-8526.

14, Use of the monoclonal antibody of claim 1 in the preparation of a medicament for

treating a subject infected with H5 subtype avian influenza virus.
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