BINDING PROTEIN AND EPITOPE-BLOCKING ELISA FOR THE UNIVERSAL DETECTION OF
HS-SUBTYPE INFLUENZA VIRUSES Field of the Invention  This invention relates to the
development W%Zgﬁé(’é’ﬁ?g“serological assay for the detection of antibodiBS {5 HIMEMitenza viruses.
More specifically, this invention relates to the production of monoclonal antibodies which react strongly
with all known subtypes of H5 influenza virus, but which do not cross-react with non-H5 influenza
subtypes, and are used to develop epitope blocking ELISAs to detect serum antibody and related

binding protein,ta HS, inflianzs SuRly R Frbpmanserdo Ehumarerinals. @eswiston of the

Background Art  Avian influenza virusé%%l\(?)l{i? a.comm ' s§ 'IQ irds. The first infection of
subtype H5N1 AIV amorﬁgﬁgﬁffﬁpﬁla@d cte FF]Y%QH%% aﬁr%nge go{gg}gém Guangdong Province,

China, and in humans a year later in Hong Kong [1] . Since then, H5N1 AIV has caused an outbreak of
avian influenza that is spreading to many regions of the world. The affected areas to date include
Europe, the Middle East and, %%gic%lzlh%rrlly, Asia [2]. According to the latest reports from the World
Health Orga%gﬁ%%o‘ﬁ%%—%ﬁereﬁme' i ; been a total of 328 confirmed human H5N1 avian influenza
cases, 200 of which resulted in the death of the patient. Of the 328 cases, a significant majority (106
cases, 85 deaths) have bearreperieddicrmdadonesie[3i4jNceordiny tf VeHER4Ré BSrid now is in
phase 3 (of 6) of & pandemic JWQ 2009/099394PLTR(20@8M000kalest based pon the evolution
of the virus into a strain that is capable of eﬁiciengggénqbrlto h%lﬁnan tra@g,rqyﬁgggn [5]. In June,
2006, 27 of 3%“596%/‘?% - fSiesia 154 réB6itad butbredks of HI5N1 In poultry, resulting in more
than 16 milliorepesksy deattssfronpsieknbes &Hd BAMREL fo1 FrrbdamARauElyHas lost millions of
dollars to avianfluenzasthis lesshas affestestheincomes of mibiohsUfypeople whose livelihoods
depend on poultry, These outbreaks of HPALUIN) o pojltey, ad new therincsgasing number of
cases in humans, afte a cause for concern. The ability to accurate)lc}/lan Iimelﬁ(Lﬁgt 1L_k(\je presence of
the pathogensiAthERRRial 24GES Bf BRESUEe AR NN Fo §¥6rgWay in contrsliing the disease. In
addition, it catiereshicesiadiscriminatediserofiantibistied dnd:piaddethévtiorrofidsing antiviral therapy
in a timely mannar, ., ;Yadgus petheds, availablefer the diagnesisrafiafisenza include virus isolation,
detection of viral antigens by enzyme-linked immunoabsorbent assay (ELISA), molécular detection by
RT-PCR and serological tests. Standard virus-isolation procedures have the disadvantage of requiring
several days Re#&brdintd Herebbanaliny itedi’sf limited use to a clinician. The disadvantages of
RT-PCR include the high costs involved, the need for technically proficient staff, likelihood of
contamination and {hg consequent riskof false pesifivedesulismhibaddiions RCRrprimers may require
constant updating because of antigenic drift [7]. Virus neutralization, ination inhibition (HI),
ELISA and infhaA8blot 188 & ﬁFefé?r%ee itnle[féoas for }é%%iggfcai diétghi\%?s%ggﬁgwever, neutralization
assay and Himsshyrarerast censitersd HighiS 2 nisiive SATHECERETe TartfEPBIEWBing and also
are quite labos-iatensive aoritime-eersuming:ii 8k aadyseard MM 200H0993%4PET/SG2008/000043

not ideal for g scale,joutng Jesting:al serg. ELLSAias begn widalyasedsas awsnscreening too
for investigating large numbers of samples, but indirect ELISA;gg&erg; %rﬁec%rggl cially available
only for chickéft EHtPRARe ) $oFa SRy fiRs uREVaTaBY of §jecies-specific secondary antibodies of
other speciesThefurthix dinsitationaf indircetELISK g e BeBaHer hidt ditigeh iyt The most
significant disgdyantage ot the indireatdslalSfe howaver i that the Hieahtigesis known to cross-react
with the other subtypes of viruses. 45,3 sosgquRNse,the indirest Bl Is Ratadepandable method
for detection. been a total of 328 confirmed human H5N1 avian influenza

50

cases, 200 of which resulted in the death of the patient.
Of the 328 cases, a significant majority (106 cases, 85
deaths) have been reported from Indonesia [3,4]. Accecrding

to WHC, the world now is in phase 3 (of 6) of a pandemic



Most of these methods not only are cumbersome and labor intensive but also are time-consuming and
include a risk of obtaining false positive results. A further limitation of these techniques is that influenza
viruses are sefiféfEHéhome RNA viruses which are known to underd& érfiti8li&*hutations and
genetic re-assortments (antigenic drift), making it difficult to detect the virus [10]. In view of the
shortcomings of these conventional assays, and because of the risk that AlV infection poses to wildlife,
domesticateghanimals sewl hysansdhereisia high aeechfor-aimew dssay whighristrapid, easy to use
and speciiic fpr fne defaglion of (e Hp:suliupe of b The pissentinyesiigedeptesents a
breakthrougﬁ n the diaghosis and surveillance of H5 subtype of AIV. Summary In the first aspect,
there is prov[&éd a binding protein that binds specifically to an epitope of an H5 subtype of avian
influenza virus thatha®:sebstapfiany e tfinddnslogical twiding distaesistide®sF monoclonal antibody
SF8.  Inthe.gecend aspeskdheke ixprovided:a pranacignatantinedy.5Fraspreduced by hybridoma

5F8 which is_deposited with.the American u Collecti [ C lon.Number PTA-8757.
In the third a%%%%tﬁt%ee?glﬂ? %)%lvigga aJtC 6%(%%5%%&%% %vnhig%gbﬁi%%rg%%%OE%S%%;FKCQTP of H5
hemagglutinirf] - 1iFHfe RSUHF B¥peRtHRERY idprovided dimeth6d it tgé)tllr%ﬁ HE SUbtype avian
influenza virgs ima binkigiealzspeciftenswhicts champriseSecisacting theaspesimeh with an antigen
which compglq_elaggrgsoiggp%gg epvelope glysoprrisls okapdia ssibtype pfayian influenza virus
comprising sequence CNT P_and determining.whether.an antibqdy in t pecimen binds to said
epitope. Iqﬁkiﬁﬁefifwggﬁsé%ghgffe %%%v%eqy%lp kit ?orp(?ej%%ﬁ%@ I—%ggsu}%gpgg%/ian influenza virus in a
biological spéirnen siighrethprses aBiFring préteifiifat BikBsto EHpeBNTKCQTP of the
envelope glysgpeatein of ancHEsulitypewaf avianiaftucnzavitus it glydepeoteinios a portion thereof
comprising the amino.acids ol s3id epligne and fgagentedos defeatg bindiag of said binding protein
to said epitope. In accordance with the present disclos e, mor]c%céogal agtsil%odief and related
binding protéifs BpeificibiihfiaBn2a B SRy pe HA Pisteinarebrovided. The antibodies can be used
in serologicakdifigniasis of inflren zee HiEcinféctirs i imimaTdidrandaiai Setaimisamples, including
human serum.samples; Morerspegiticaly 2act antibady Canrhe useskiapg highly sensitive and specific
epitope-blockin}g LISA to dgtect influenza HE subtypes in humans and other animals. Each antibody
strongly reacfr% Wi a%%%evdriety of strains of HE subtype and does not show cross-reactivity with
non-H5 influenza SSt}EES. MRS AMG R GsEsUrE SoMBREES abiRding protein that binds to an
epitope of aniH5:s1htype of dviak influenza virlis hiaving debstntialyathevibi@binological binding
characteristics, of manogl ihady: 5E8.ormeResional anfibodys365. Therimging protein can be a
monoclonal antipot, antbody fagmant, cpimedc anibady gy umanized.agtibody and preferably is a

monoclonal SHSaY Re‘disclosur hér comprises a Ing protein which binds to an epitope
of AIV HE hefaggRaifir bERmiA6 Hed 5ef iRFRECNTRCOATS ThE T8RN ERS cShprises a
binding proteir whieh hinds:te:anlepitope obAPYHdEhermaggheinitlof aminoa@didrsequence IHPLTIGE.
In a further emhadiment, the discjpsure comprisgs & methoddar detacingndE;subtype AIV in a
biological specimen which comprises c;ontacting the §poelcim§n \ﬂ_’f}Q an, g%tiggg which contains an
epitope of an"RﬁEP&FbtﬂzBSWﬁaaaﬁjtﬁﬁﬁ%Ifc?ospr%té‘irﬁ and determining whether an antibody in the
specimen binds-fonthesdpivope oBrefé ratily tha Hindihrae teirfrafidn FORTadE I ahBbitope blocking
ELISA. Prefesablydhe epitopa;obihe HEsublypeahemaggiutinineglyespidiein intludes the sequence
CNTKCQTP opife sequence IHERIIGE, Rptbdhe LDILGE and the GHLTKOQIR epitopes exist in all

known humaf Al strau%, n essentlal\lélal known chicken H5N1 AlV strains, and in essentially

all known H5RA SPAHESHGHEF BRmAls and'Bifds ANt arevaA?StBté and highly antigenic, making
them very usefuidondliaghosingt SNt imfections (HITh&Histlosme fLrierds dhfectéd to a kit for
detecting H5 spbtype my infeclionrp &bislegisak-speeimen, wheteibdhe kit eomprises a binding
protein that binds to an epitope of the envelope gl ratein of an : qgether with
reagents for &&‘é%’ﬁ%%lb%ﬁp& e of e Bi n%?%gofg?o%é%% %? tﬁg e p%%%e%r?l iyg%%%%éc{i%ﬁﬁ%ediment, the
epitope includes #i& SBgUBNEcTCRTREOTES IR EHdIREr PHéTer a8 BB tHE &pitope includes
the sequencesHPId IGEGRPK; dr enpreferreddembodiment therkindhd prateth hassibstantially the
immunological binding characteristics of mAb 5F8. In another preferred embodiment, the binding
protein has substantially the immunological binding characteristics of mAb 1G5. Brief Description of
the Drawings Figures IA - 13. Characterization of mAb 5F8 by immunofluorescence assay (IFA)
and Western blotting. Figures 1A 1-4 show the recognition of native HAIl in HSN1 AlV-infected MDCK
cells and baculovirus expressed rHAL1 by mAb 5F8 in immunofluorescence assay. The MDCK and Sf-9
cells were infected with H5 subtypes and recombinant baculoviruses, respectively. The control was
HI9N2-infected MDCK cells and Sf-9 cells.



Figure 1B shows the recognition of HSN1 AlV by MAb 5F8 in Western blot. The purified AlV H5N1
(lanes 1-9), H5N2 (lane 10) and H5N3 (lane 11) from allantoic fluid were analyzed by 5DS-PAGE and
immobilized oM8 HitP§E&dlose membrane. The WO 2009/099394PCT/EHG8IBBI0#3 negative
control (no virus), H3N2 (lane 12), H7N1 (lane 13) HA were not recognized by MAb 5F8, which shows
the specificity of the antibodies to H5 subtypes. Figures 2A, 23, 2C and 2D. Epitope mapping of the
MAID 5F8. higuredA shews the-strategyl useddor the epiopeanagpingr Al offhEShdicated fragments

from A to E and SE1 {0, SEBwere expressed.as Hisifusionprateins. Wester blot analysis shown in
Figure 23 of fragments A to E used MAb 5F8 as the riTary al,r)ltigod}é. g:rHCAEI %59{%5&1 was used as

control. FigdR¥E tbihd e 1855Rs BFNEERrRhISERRAR TS oFsight further trincated peptides (SF1 -
SF8) which swerecans extensionmffrdgrhent avei Lifere 20 biit forcateFifftheéftdgment 5 region and
expressed as;pistiding-fusigndeptidess Riguse 2Dashowsthe fesylie bé a-Wiestemiblot analysis of point
mutants alsg expressed as, histidine-fusi [ analysi rki termine the
amino acid gg&§3§§§ bf ?ﬁg le%?%b?fo%ﬁ%ﬁ%%f? eg%?gs;l}reg C’-,A@u a\%%%s?hgcﬁvﬁﬁg 95%%;) blocking of
mAb binding Fefafive t6the EHT528/HBRALERiItSRE JHrisHAT LETR BBy iMmuniz&d chicken sera.
The results were expyessedas-théiartivastic peeart of preréantiblockingv&te (n = 5/group + standard
error (SE)). o Eguresi4Andad. Gharagiedzatigaof ARG bydinynussfivesescencenassay (IFA) and
Western blotting. Figures 4A 1-4 show that mAb 1G5 recognize tive HA in.H5N1 AlV-infected
MDCK cellsaHd %?%ei%fg’gt%%yﬁaecsulggrﬁ%ﬁﬁ Slr%srﬁung ugre%%gﬁcé& }E%C%f T %'MDCK and Sf-9 cells
were infectethaithads ifuEr fecombinarft AR CUBET IS Srespectiisfs T control was
H4N1-infected MPEK:cels andssf-feallsdFigure 43 showsstheugsogwition af#SHADY mAb 1G5 in
‘Western blof, The maqnoglonal aptibgdy reepgnizedsHatidy in.gaciheh lanes:1-dds NeeHS virus in lane
15 was not recognized b¥ 1G5, showing the antikiody's sp%{t}%ilt.y to ?Smg%%tgggrsl. of Figures 5A - 5D.
Epitope mapbihg-oPhAb - PGES Fgire s RS HGwS e strdtegy Used for the epitope mapping. All of the
indicated fragmentsdfeohmAdocE ahel SF4to SFE WeteRXpress6d sR3MisSREISHR Fragments as in
Example 1. Westen hlot analysissshowerin Higureb8-otbagments A toobtisetbmAb 1G5 as the
primary antiody, CUbALpigtel wes Lsed as sopiplestarhlplanalysassof subfragments SF1 to
the fin

SF8 and of the point mutants inal step of the epitope determination are shown in Figures Sc

and 5D, respékivdly 1t BigtirdS Bt ahd 618 hiftrdiRthat f&bd 578 and 1G5 specifically react with H5
subtype. Figure 6Arshoies thet thieeartivotiesreacted Spebiicallgwite25different samples of
Indonesian H5N. strains; Figurs 68 shows the astibeglies reacted specificallyosith Indonesian HSN1
suains (1-9), HONUZRE (10) HSNZ (11 and HENS (12), byt not AL er FZNL (13nd 14,
respectivelyy:L sse%ys Were per ormed Usin m, 5F , 1G5 or a’combination thereof as capture
antibodies ahelSsbIFeBMal BRY-ASRAYL HE1RE detetfR EhtifRRY TOoFigtife ¥ §hows that both mAb 5F8-

and mAb 1Gh-based antigen:baptike ditlSAs détettedHEOZTEIRDBO urfithaFHSNESAN
H4N1-contajning assay did-not yieldahsarbances sigaificantiv.aboverbackgreunglevels.

and surveillance of HS5 subtype of AIV.



Figure 8 shows 50% blocking of mAb 1G5, relative to the CDC/523 R5HAL epitope caused by human
sera from'infected and vaccinated samples (samples 1-10: infected and recovered serum samples;
samples é%{%%l vaccinated human serum samples; sample 16: healthy human control serum)

Figures show 50% blocking of mAb 1G5 binding relative to the CDC/523 H5HAL epitope
caused by imméhize8RPickehtstra. AEE§Ge OATESHBlesIB14RFEEHS1 Wo binding
2009/099394 k€S G2008/000043; Indgreesidan stdihg imrounzed efpickerpserum samplésat a 1:30
dilution. In figure 98, samples,1-10vere HaN Jndanesianstiains inmunized chicken sggum samples
at 1:30 dilution; samples 11 and 12 were H5 subtype strains apnd samples 13-17 Wereor}loarEHS subtype

strains. THETEORMOWE R ExpreSSeifasithe arffRAERE Widarr ot 5et centBrockiltF sl
(n=5/groupSiEgdetaiiéd Description of the Invention  The present invention is directed to mAbs

and related binding prgteinsthat bind specificallyta the HAI protsin efdle KSaubtypesf£4V and to the
use of those rr@b& andsrggated binding otein inzgpito%%gl%%éigggltiugég. Thihr{wc b tegts positive
against afRAoRRIMdongsian SFainss TAIVahd other subtypes by IFA'and Western blot
analysis. depapaktcllayidie stbe mABOrreRied BRige i bihEIngeprétehlsosstesesAe h
immunological b#iding gharseteristics ©f pvAb 5F8 as produced by hybridoma 5F8, deposited with the
American Type f:nuItU{% Eg:ollgﬁ '%ra (A'Iégg(% é)glNO\é%r&t_;gr G,i%OOYE]%\ng?isgégnead Aﬁg«?ﬁ_f' Number

at [ I 0

PTA-8757. A second such mAb or re Inding protein possesses the immunological binding
character§ie§ i Ab ¥85% pro@a&&tPby hiBridorfi® 162 8epostetiwith the A‘ch or*Rlovember 6,
2007, anchasgignedataession number PTA-8756. The invention further relates to methods for the
detection and diggnasis ofH15, sultye.AR nfectign and assay Kits that comprise i mAps or binding

proteins of the invention. The commonly available serological assays for influenza are HI, AGID and

microneuftSiEftioh sty RitR5HotePibdit, tHESEYEEEhave Thair dawbalks) aRd s&ensitive and
specific semagivarasséyifon theatetettivrsof homaachtibodichn AlRckismboenwidédedrindirect

ELISA forthe detectiopof aptibodiggte;iniuenzginfection eepsuggested as,aseppitive method
for the rapig screenin% of a Iarfge numt%{eg of sabmﬁfles, but_suc 1.an assay can re%%re‘mg:qll purified
antigen afd ATSPERHibt RroSreativity amBHg HAS of difer&ntStbtypas ?ﬁﬁl is fnvention further
relates to ¢y Sehsitive Seduspectic SHIISEEBIBckingELISAEERELITA) fohgei&iing®M5 subtypes.
Various tefisi aeisethhengin whichihave thefaklowingdneaniags:topd he term Aimmunological
binding characteristi of a.mAb or_related bindi rotein, in_all of i ammatical fopmns, refers to
the specificity, aifllnit;gg@ﬁd c%gsééac%%/ﬁf ‘%the.(r%n gb]%r b#ﬁ%inﬁ%%qfféiﬁ or irtT§ll a.n%'c[%n.l gg%l’he term
Abinding BROtERTE PefeFPto BBYER ikl HidtudesithBeiiiger bifidgidhedf B1RABDF B3 present
invention gpadmAbrhawhg dre inwngnolegisal dindingdchasacteristied of achwfth df thedpresent invention.
A monoclgngl antibodyhaving-the binding chagaciersics of fnHRSEAQLMAD LGS igprepared by
immunizing an animal with recombinant HSN1 HAO protein.”Such an antigen can be used as
immunog&R-R- §BRerate aftibidtes With theTdsiret iMfunolddicadinding haFadterfics®such
antibodiegchuids) buheresadt limited#d simomoctibral zmiibodies, ickimeric aatibddrisigingle chain
antibodies, fzab.fragments and.preieinsccomprising the-antigen inding-sequenge of BrAl BF8 or mAD

1G5. . .
to said epitope.



MAID 5F8 has been found to recognize a specific epitope, comprising the amino acid sequence
CNTKCQTP, which has been shown to exist in all HSN1 strains found in humans and over 99% of all
strains from all kpown.soyrges, Jaclyding chigkens,ideptifieddo date,Jhiepitppa Hlsois-shown to be
very stable (not subject to mutatioErjr]%)I The epitope is, WO 2009/099394PCT/SG2008/000043 highly
antigenic At SRtibodRe to fiet&lifshe abe FSLEin tHRESSGATSE esE&RTNY Hhy infScted
individuali whickemakes the epitobewesy refidble prratiagnostic test PrAABLE5 has Bden found to
recognize,a speeiis £pitopes gompdsing;hiesequanced HELTHg Ewhich hasheenishowgdo exist in all
of the 1288 H5N1 strains from all sources identified to date. This epitope also.is very stable and highly
antigenic,lgﬂfc Ut%%?%nti%%ies%lf S E%ff(r)lpe aré folivd' W}%%as%run%%gess%ﬁt%ﬂy ar%i/e ﬁ%?vidual, thus
making thisepitese alsovbrdisiableunandiagaostictase 1 ey moleelenaRgtibbdydt this invention
can be ohigiwed yranwieghniougthatprovigesdor the pdustiemofantdhagy:imelesulestasy continuous

cell lines in_culture. Such methods include, but tlimited t e hybri ique-originally
developeg%?/ci%o e and’ %@Fe‘?ﬁs?%%f jf\? urjqur : 93—11'4‘ 7),8555%%% asi[ ﬁ%&%%%ecﬁ%que, the
human B-¥ehRyBRdomitecABEEtKoFB et 29832 iMfdlogy TSGR 4: 72} taPike
EBV-hybridamadaghnigee.to: producerhunan wckoclonat vatipodies (Coteratak, 1985, iHMonoclonal
Antibodies and Gancer, Theragy Alan R. Lisglpc. i, J7-98), Human gntibadigs cag:heysed and can
be obtained sing human hybridomas (Cote et al., 1983, Proc. Nat-I. Acad. Sci. U.S.A,,
80:2026-265&%"6?%%@%?&%??6 human B cells with EBV virus in vitro (Cole et al., 1985, in
Monoclonal Anthmrtiesiangd CancetEherapy LAk, Kissippl 9796, Mongovey, techhiglies
developed faritheyproductionof "chimeric; anfihodies oryumanizeg antipediess fMogrsmet al., 1984,
J. Bacterigl. 159-870; Neuberger et al.,, 1984, Naﬁurg 3]@:69{1{608;t akeda et al.b%985, N?ture
314:452-45%) BYARGEducing ¥8quéitesHom Sine antibo C N pres

mo ecullelor?l e pres%:’hﬁ‘nvention,
together Wwitmgénes frovea agfemiaitivody nedflecewPappivbtiateBibldemsil actVify, c&F be used.

Chimeric gatibedigs ate thege thaggonjain a human:Eqqertienand.asrgine (er=ethep@onzhuman) Tv
portion. WO 20Q9/099394PC.T/SG2008/000043.Humanized antibodi ret osgnj1 (5 the murine
(or other ﬁ“grﬁ}%ﬁ(rln%%?%or%rﬁté%n%% %’rity 3&%%%%?3’9 regri‘—fl)ﬁrsn EER) g#gfitﬁ%gﬁc)%rateég %%%%uman
antibody. ®6th E—hliﬁ?é?ﬂe?@ﬁ% h@hahkedantibddies BFe fonal. Stuchthunfaierhemahized
chimeric aiibogiesare preferred for use in in vivo diagnosis or therapy of human diseases or

disorders. _Apaddiianal sgadiment,othe nvenign iizes e [eadues Jesarihendor the

construction of Fab expression libraries (Huse et al., 9, Science 246: 127 ) to allow rapid and
easy identificatidn's &%@FF?@HQ@%n%ﬂmiﬁ?%e%sﬁ@ﬁ%%@&i‘ﬁ&’rﬁﬂ aRartBaay of the
present invehtions egits tledvaliVes @iEhalogsThe Antibody fragmertsthat contzdr gwsidiatype of the
antibody moleg caréggtg@pgrat@gpyﬂ(nog\g{h@ghnit%lesagor examplgs, sugh fragmentssinclude, but
are not limited to, the F(ab=)2 ra%lrrgent which can begprodu%%%g¥9§gsin digestion of the antibody
molecule; 1REEEH  Fragertd whikh Carffie GeReriiEd o5 raducing the disulfide bridges of the
F(ab=)2 fragmeft; aridl tHaiFabgragraahedinientan bagerdiged IR isatise e a8fsody molecule
with papajg-angha reduging agerle Sieh antibodyiisgmests gansbe ganeratedsfremaanyeefithe
polyclonal or monoclonal antibodies of the inventign. . . In_the production. of antibqdies, screening for
the desire%paerﬁfb%%r)} cg%lﬁg%cc%%nﬁéhgﬁ %y Fe%%nﬁqcu%s%o&:/#%n t%ggﬁh%eg% , rgr %ﬁmn%inoassay,
ELISA (ersybigififikedifiitinose et HSay) 2 sanBRidHCHAMURbas s, ifmurdrRdivhfetric assays,
gel diffusinepseeipitio reaeiions livvaprediEdsion asshys ds siurimitmpassaystusing catloidal gold,
enzyme Ogmglsaggppfﬂab&&% farexample). yiestern blots,precipitatign reactians: aggiytipation
assays (e.g., gel agglutination assays, hemagglutination assays), immunofluorescence assays and
immunoel& oﬁﬂb?%@%ss%?&%@?%?@@mﬁ@dirﬂ@ﬁﬁ affibod§ biRBhGE YeREd By detecting a
label on theLpdmary antilfodyf drabdther erthbodiment, tpe primdry abtisodyHS detectethyedetecting
binding Ofr?eﬁl%%ﬂ%mﬂﬁb%gi kothesseagent ip-thequrimagy, antibeducica furtierempediment, the
secondary antibody is labeled. Means are known in the art for detecting binding in an immunoassay
and are withinthg S%%Bgeéﬁ’?ﬁe present invention.  The 5F8 binding protein of the present invention,
as discussed below, has been found to recognize an epitope of HSN1 HA having the amino acid
sequence CNTKCQTP. This epitope has been foygd to be highly conserved in all human and
essentially all chicken influenza H5 subtypes, as well as in the great majority of influenza H5 subtype
of other species of animals and birds. Specifically, of the 1288 influenza A H5N1 HA strains available
in the NCBI Database, 99.61% (1283) contain the CNTKCQTP sequence. Of these 1288 strains, 280
are human H5N1 strains, and all of them contain this sequence. In addition, of 427 chicken HSN1
strains, all but one contain the CNTKCQTP sequence. In total, only 5 of the non-human 145 strains
contained a variation of the CNTKCQTP sequence: 1 145 strain obtained from a duck had the
sequence CNTRCQTP, 1 strain obtained from a goose had the sequence CNTRCQTP, and 2 strains
obtained from chickens had the sequence CNTKCQTL or CNAKCQTP. A total of 427 strains from

chicken, 5 strains from herons, 189 strains from ducks and 62 strains from geese were tested. The
anitone alen wace forind to be hinhlvvy concarvved in c1ich eneciac ac tirirkevve mallarde ninennce Araat



tree sparrows, peregrine falcons, black-headed gulls, golden pheasants, eagle owls, partridges,
whooper swans, ostriches, house crows, magpies, sparrows and mynas. The 1G5 binding protein
of the present invention, as discussed below, has been found to recognize an epitope of WO
2009/099394PCT/SG2008/000043 H5N1 HA having the amino acid sequence IHPLTIGE. This epitope

has been foungdebesRighly conseevediin alldman ivfluenzattysubiypespsavelk astiniall influenza

H5 subtypes of other species kno d The foregoing antibadies can be used in methods known
in the art relaﬁgg tr}){ Oég e;%%tﬂ%rﬁ or é%al?%tgﬁons %ﬁﬁé%—ﬁ gLurbtyepfés 8?%13%%?6. %\?éeLst}éPr? blotting,
ELISA, radioiffrhaieass@y imAihstictéstence dssdy, iRffiictstoiodqiédl 3SR afelthe like. In
addition, in a preferred embegiment theantibadiescanibe used inan epitgpesblocking:RHISA as
discussed in more detail below. These,assays,provi r alifativ itati

heseassaysirpuids for, the qualitative, ang auantiraivg,
deteLminatiorﬁ;{]%?tlé’ I—f’fgﬁ tey%lécof AV an foretjhe diag?mosis and surveillar?ge of at%timals or humans
infected with #EE#F#%8°7S -The present invention also includes assay and test kits for the qualitative
and/or quantitative tietecticr: Db the-& S suhtype df-Ab rBuckdssaysystemScand4estkitsigan comprise
a labeled componenl prepared. €.¢:. by Jaheling the mabarrelated binding praisinaf thepresent

invention or a binding partner thereof. The assay or test Kits furthér can comprise reagents, diluents
and instructioh’ Tof G88 &8 & wall kot %%E%ﬁﬁlé&%ﬁh@ﬂﬁﬁuﬁ&a%ye@%ﬁﬂﬁi%e@ n
certain embodimeeriswefthednvéptiop;such kits Wik containdttigast KE/mAlroe teketed bitding protein
of the inventign. companepts f&é@@é%qt}r(? immynespeeifichindingsotthe ik onrelated;pinding

n

protein to API in a biological sample, and instructions for use, depending upon Ehe method selected,

such as epitop8 Hi6Bking, EBribetitives SARAWTER SHATAE lik& FhEHifs g0t E5titair positive and
negative conteslguFhey catvbeCaifiguredo baosbdwithzaierradd andydercotautsimated

immunohistochemical slide-staiiing instrumentsnce Alvassaxditdurther gan comprise.agecond
antibody or binding

rotein that.can he, labeled or provided fqr_attachment tq a salid support (or
attached to a%%ﬁa%%ﬁ%%?t). Stk ar?b antibody o @iﬁa?n:bnpr(%é—ilﬁ ca?lugec‘s,%zr&eias‘%ﬁ'le, LJc[;‘[rﬁ%which binds
to AlV. Such second antibodiescénBitetingprowits tAACBoREIGRdE GriRonotlbridldrtivodies. A
preferred kit is, ppeto-he; usedda aReRitope-klogking:El SA- Sucha kit cosprisesa taAber related
binding protein which binds to epitope. CN-TKGQTP or to epitope IHPLTIGE e HAIl envelope
glycoprotein o an ngﬁﬁ;(ﬁ%locsag&fjtﬁg BA g ygorSFo%Sﬁlggrgg %%rt?éa rtnf%re% I?}:1(')mprising the amino
acids of the epitope and reagents for detecting binding of said binding protein to said epitope.
Monoclonal agtiediesded#dstbiype hearagglytingtion: protein can be prepared by immunizing
animals with All! or H5 protein or fragments thereof. A preferred method involves amplification of the
H5 subtype HAO gene, followed by expression of the gene, recovery and purification of H5
recombinant proteifd-H@%fse dfthe protéins aSiAtAGREYERE SEEFexahpld BNV Ehropagated
by inoculationiefehicken erelryasoxith ssayablerslramsioftaet wirus fbloweasby isolgtior ©f the viral
RNA. The HAQ, geng isamplified from 6INAgloned, inte hagieria and;than expressed.cLhe proteins

so produced can be used to immunize mice or other suitable species for production_of hybridomas.

Hybridomas df8Strefetorheir Aty 8 S8hly roaticeTfigh afffity MAbE Hat 2FE caphble of
specifically binding-tofibpreteinrand disteguishingtieen¥ir6ih other AHE sabtysds.dn aegerdance with

this invention,;one immyingglobulipsmAb, 2 (RAk determined taubegflgMisetyps.and, designated 5F8,
has been found to be strongly positive for Indonesian HS sub,tﬁes str%ins known,ﬁs well 2s for other

H5 strains, anttER&ow o éross eSStk arPStHer Stbtypes fested intluding EI7RS H3N2,

H4N2 and HOBi2- ¢ c4A Bssecond embodiment of this invention, another mAb, determined to be of
isotyptle IGM aﬁﬁg@%%f 'gd&@egﬂ&é, %@%S@%cW&x?@D&AOQQ@%EL@Tl{&@%O%/ﬁ@&Q@z@gmx{ound tg be
strongly positive for Indgnesian 115 subtype strains kn as.well as for ot 5 types, and to
show no cros<¥&5 ?&n%c}t‘ﬁtany éheerpslh%%y%/ﬁeeéil tep&sigd,g%&]cjrud %arielsil\}f,gH?m%?][\IgFm\?; %%‘g HON2.
Both mAb 5F8 ahdzt@5Helagriirerinell lepitopesagfiabNa iferhdydfutinfi eT Re 3 BAgth BY mAb 5F8 is
greater when the: twa @ntibediessare usedat the same copeentratior«Themeparate limeasr epitopes
recognized by the two antibodies increases the sensitivity for detecting the 115 antigen. The epitope
recognized by mAr 5F8 is a universal epitope and, as discussed above, the eight amino acids of that
epitope are present in all known human and almostgll of the total 1288 known 1-15N1 influenza A
sequences currently available in the gene bank. The 1G5 mAb recognizes an eight amino acid epitope
present in all human influenza H5 subtypes as well as in all HS subtype strains from other species
currently known and available in the gene bank. The distance between the two epitopes (amino acids
290-297 and amino acids 310- 317) allows for high affinity for antigen binding and detection.




This invention provides a convenient, highly specific and sensitive means for detecting HS subtype
AIV. One such means is an epitope blocking ELISA (ER ELISA). In an ES ELISA, specific antibodies
from positive P IAHIBIY . selected mAD from recognizing its specific é’ﬁ?ﬁ%@%f’\“%ﬁt color
development is inhibited when a color-producing reagent which binds to the selected mAb is added to
the sample. Negative sera, however, allow a strong color reaction. The assay depends on the ability of
115 influenzea:gatihodiesopresent indhe bioleogical Bsmpleatechlbek biddmy dftaselédted H5 HAI mAb to
H5N1 influeﬁgwg%grfggg@pi@@@t @@,tig@@) agisgrbed paa sk titereplate. More specifically, in an
ES ELISA of this invention, %LJE%Q @a%?%%f coa‘i\ed ﬁ"éW&ﬁ%%’é‘@l%‘ concentration of recombinant HAI

or an inactiiREG H5R1 Str&ih if & coating buffer. Ah optimal cohcentration can be determined by using

a checkerboard tifationasy &fo difertforaisdial difRibhosEC SRR AAtGEN 9 ¥Rhown positive
antibody andselecting the most favorable concentration which gives maximal optical density (0.D.)

value in the £l SA readiog. fest sera samples arecrded o eachgyeb ok (amsonierl plates and
incubated, washed and then incubated with mAb 5F8 or Gt5 s%pernéxtg% PlatessF re washed again
(o} n te

and the bouRd’mab iE'detted by The 4aGdHIBR St ﬁﬁﬁgd orseradish peroxidase (HRP)-labeled
antibody, suchras andiR#sabeledfabbiumithmeuse ahtibody "R Bidt<>fo the mAb 5F8 or 1G5.

The plates argavashed andthemineubated ywth, 8, 3 baarietramathyd benaidineaothee color-producing

reagent, such a%\g 2-Azino-bis (gﬁ%@g&%enzcgh%in&g@g@%gcigsgeoé@enylenediamine
dihydrochlorzflge.

ﬁel?é%%ﬁéﬁ iS st%ppe and the color development read. The percent inhibition of the

colorimetric ¥eactoH cauSedIRP aRtibSARSINTAG S&fpte WHich Bsdictte Bitding of the 5F8 or 1G5
mMAD to the antigersisscalt Wdtgfof eacheserumsamiple. pepThéeepit&ie btodkilg ELISA provides a

convenient, highly, specific.and.sensitive, means: fopdetecting HF sybiype AB4LThis preferred
detection method enables the detection of HA antéq]éan frgn&vggﬁgg %gu%)éype strains of AlV without

cross-reactidr froTA btfer ATV Sublyt e e EB BT 1A Can detect lower Tevels of antibody than can
be consisteritiysddtditned fnotvar ks idesthe BHBHE réRiG ST MAD 5E8UNEnib 1G5 also means
that the antiegiescanbetisec inyantigen gapiure mhiSAs( AC &L |SASY ¥ setich the antigen can be
detected fromlive wiruses orinactivated prlysegndruses ipglinicalsanples. AGHRLISA can be a rapid,
reliable and economical method for the detection of H5 nt,ic%en and can bgcq:se %) detect HSHA

antigens frofMBEFRSSyEndRthRaR FeSlafsSBPREN ST T ThePR5 Sibtype mAbs of this invention

thus are highilytadvantageous diagnostic tools. As noted above, they are highly specific for the
infectious H5N1 subtype-Al\¢aT hissspecifieity hesdeen velitied in@rvassedmentof H5N1- infected

tissue specimens obigined 1om gous suaes: SUEbanly seeflia mesasionabantivodies represent

a clear advantage fo‘?el [1 diagnosis. The mAbs can be used in a safe adndacsor% eenient diagnostic
test for the dETERHBIEEEHEIARFSD STRE folloWind BRAMPIeYHT8 [SHovided o iIStrats the present

invention and aremottodeneanstrfiedeas: kmiting.cEkample A INEXFerimengd ViRises Twenty four
isolates of IndogesiansHHN influenza strains used in this study and listed in Table 1 below (entries
1-24) were obtained from thﬁ }[}Iqtigl%a}l I@ﬁgtute of Health Regﬁama@gp%\galopment, Indonesia.

Zall'on

Other H5 and nonﬁ'—lrglé{l%?ypes weré prowd:éa(f E?/rtl]ﬁe Agri-Food and Veterinary Authority (AVA) of
Singapore (ehtries 25180 1sioREEs] )2 SRAY 20091008394 Be382008/600643 Table 1. The avian
influenza viryses;used in thissexperimens Serfeh NG5 recognizes native HA in

H5N1 AIV-infected MDCK cells and Sf-9 infected baculovirus
in immunoflucrescence assay. The MDCK and Sf-9 cells were
infected with H5 virus or recombinant HSHAR baculovirus,
respectively. The control was Hé4Nl-infected MDCK cells and
5f~9 cells.

Figure 4B shows the recognition of HSHA by mab 1G5 in

Western blot. The monoclonal antibody recognized HSHA in

6



Viruses Subtypes 1. Human/Indonesia/CDC7/06* H5N1 2, Human/Indonesia/CDC326/06* H5N1 3.
Human/Indonesia/CDC329/06* H5N1 4. Human/Indonesia/CDC370/06* H5N1 5.
Human/Indon&SLEHE38b/06* HEN1 6. Human/Indonesia/CDC523/06FCT/SC208/000043

each of lanes 1-14. Non-H5 virus in lane 15 was not
recognized by 1G5, showing the antibody’s specificity to H5
subtypes.

Figures 5A - 5D. Epitope mapping ¢f mab 1G5. Figure
5A shows the strategy used for the epitope mapping. &l of
the indicated fragments from A to E and SFl to SFE were
expressed as His-fusion fragments as in Example 1. Western
blot analysis shown in Figure 5B of fragments A to E used
mAb 1G5 as the primary antibody. C:rHAl protein was used as
control. Western blot analyses of subfragments SFL to SEB
and of the point mutants of the final step of the epitope
determination are shown in Figures 5C and 3D, respectively.

Figures 6A and 6B illustrate that mAbs 5F8 and 1G5
specifically react with H5 subtype. Figure 6A shows that
the antibodies reacted specifically with 15 different
samples of Indonesian H5N1 strains; Figure 6B shows the
antibodies reacted specifically with Indonesian HONI strains
(1-9), HS5N1/PR8 (10); EH5N2 (11) and HSN3 (12), but not H4NL
or H7N1 (13 and 14, respectively). Assays were performed
using mab 5F8, 165 or a combination therecf as capture '
antibodies and polyclonal anti-H5HARL as the detector
antibody.

Figure 7 shows that both mAb 5F8- and mAb 1G5-based
antigen capture ELISAs detected 10° TCID50 units of HO5NI.
An H4Nl-containing assay did not yield absorbances
significantly above background levels.

Figure 8 shows 50% blocking of mAb 1G5, relative to the
ChC/523 HSHAL epitope caused by human sera from infected and
vaccinated samples (samples 1-10: infected and recovered
serum samples; samples 11-15: vaccinated human serum
samples; sample 16: healthy human control serum)

Figures 9A and 9B show 50% blocking of mAb 1G5 binding
relative to the CDC/523 HBHAL epitope caused by immunized

chicken sera. In Figure 93, samples 1-14 were H3NI
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H5N1 7. Humarj/Indonesia/CD0594/06* H5N1 8. Human/Indonesia/CDC595/06* H5N1 9.
Human/Indonesia/CDC597/06* H5N1 10. Human/Indonesia/CDC610/06* H5N1 11.
Human/Indon&FZEHEEI%/06* HSN1 12. Human/Indonesia/CDC644/08% HiEi|r8/000043

Tndonesian strains immunized chicken serum sampleé at & 1:30
dilution. In Figure 9B, samples 1-10 were H5N1 Indonesian
strains immunized chicken serum samples at 1:30 dilution,
samples 11 and 12 were H5 subtype strains and samples 13-17
were non-H5 subtype strains. The results were expressed as
the arithmetic mean of percent blocking value
(n=5/group+S.E.) '

Detailed Description of the Invention

The present invention is directed to mAbs and related
binding proteins that bind specifically teo the HAL protein
of the H5 subtype of AIV and te the use of those mAbs and
related binding proteins in epitope blocking ELISAs. The
mAb tests positive against all known Indonesian strains of
HS5N1 AIV and other HS subtypes by IFA and Western blot
analysis.

In particular, one such mAb or related antigen-binding
protein possesses the immunological binding characteristics
of mAb 5F8 as produced by hybridoma 5F8, deposited with the
Bmerican Type Culture Collection (ATCC) on November 6, 2007,
and assigned Accession Number PTA-8757. A second such mhb
or related binding protein possesses the immunological
binding characteristics of mAb 1G5 as produced by hybridoma
1G5, deposited with the ATCC on November 6, 2007, and
aszsigned accession number PTA-8756. The invention further
relates to methods for the detection and diagnosis of HS
subtype AIV infection and assay kits that comprise the mAbs
or binding proteins of the invention. The commonly
available serological assays for influenza are HI, AGID and
microneutralization assay, but as noted above, these tests
have their drawbacks, and a sensitive and specific

seroclogical assay for the detection of human antibodies to
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13. Human/Indonesia/O0DC669/06* H5N1 14. Human/Indonesia/TLL01/06* H5N1 15.

Human/Indonesia/TLL02/06* H5N1 16. Duck/Indonesia/TLL60/06* H5N1 17
Human/Indon@SaP 1 P #7206 PCTISG2008/000043

ATV has been needed. Indirect ELISA for the detection of
antibodies to influenza infection has been suggested as 2
sensitive method for the rapid screening of a large number
of samples, but such an assay can require highly purified
antigen and may exhibit cross-reactivity among HAS of
different subtypes [18]. This invention further relates to
highly sensitive and specific epitope blocking ELISRs (EB
ELISA) for detecting HS subtypes.

Various terms are used herein which have the following
meanings:

The term Aimmunclogical binding characteristics@ of a
mib or related binding protein, in all of its grammatical
forms, refers to the specificity, affinity and cross-
reactivity of the mbb or kinding protein fox its antigen.

The term Abinding protein@ refers to a protein that
includes the antigen binding site of a mhb of the present
invention or a mAb having the immunological binding
characteristics of 2 mAb of the present invention.

A monoclonal antibody having the binding
characteristics of mAb 5¥8 or mAb 1G5 is prepared by
immunizing an animal with recombinant HS5N1 HAO protein.
Such an antigen can be used as immunogen to generate
antibodies with the desired immunological binding
characteristics. Such antibodies include, but are not
limited to, monoclonal antibodies, chimeric antibodies
single chain antibodies, Fab fragments and protains
comprising the antigen binding sequence of mAb 5F8 or mAb
165.

MAbL 5F8 has been found to recognize a specific epitope,
comprising the amino acid sequence CNTKCQTP, which has been
shown to exigt in all H5N1 strains found in humans and over
59% of ail strains from all known sources, including
chickens, identified to date. The epitope also is shown to

be very stable {not subject to mutations). The epitope is
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H5N1 18. Human/Indonesia/TLL298/06* H5N1 19. Human/Indonesia/TLL485/06* H5N1 20.
Human/Indonesia/TLL530/06* H5N1 21. Human/Indonesia/TLL540/06* H5N1 22.
Human/Indon&SH PB4 06* HEN1 23. Human/Indonesia/TLL561/06+H45R{2008/000043

highly antigenic, such that antibodies to the epitope are
found in the serum of essentially any infected individual,
which makes the epitope very reliable in a diagnostic test.
MAb 185 has been found to recognize a specific epitope,
comprising the sequence IHPLTIGE, which has been shown to
exist in all of the 1288 HEN1 strains from ali sources
identified to date. This epitope also is very stable and
highly antigenic, such that antibodies to the eplitope are
found in the serum of essentially any individual, thus
making this epitope also very reliable in a diagnostic test.
A monoclonal antibody of this invention can be obtained
by any technique that provides for the production of
antibody molecules by continuous cell lines in culture.
Such methods include, but are not limited to, the hybridoma
technique originally developsd by Kohler and Milstein {1975,
Nature 256:495-497), as well as the trioma technique, the
human B-cell hybridoma technigue (XKozbor et al., 19835
Immunology Today 4:725, and the EBV-hybridoma technique to
produce human monoclonal antibodies {Cole et al., 1985, in
Monoclonal Antibodies and Cancer Therapy, Alan R. Liss,
Inc., pp. 77-96). Human antibodies can be used and can be
obtained by using human hybridomas {Cote et al., 1983, Proc.
Nat=l. Acad. Sci. U.8.A., 80:2026-2030) or by transforming
human B cells with EBV virus in vitro {Cole et al., 1885, in
Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, pp.
77-96). Moreover, techniques developed for the production
of "chimeric antibodies” or “humanized antibodies"™ (Morrison
et al., 1984, J. Bacteriol. 159-870; Neuberger et al., 1984,
Nature 312:604-608; Takeda et al., 1985, Nature 314:452-454)
by introducing sequences from a murine antibody molecule of
the present invention, together with genes from a human
antibody molecule of appropriate biological activity, can be
used. Chimeric antibodies are those that contain a human Fc

portion and a murine (or other non-human} Fv portion.
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24. Human/Indonesia/TLL565/06* H5N1 25. Duck/Singapore/Singapore/97 H5N3 26.

Chicken/Singapore/Singapore/98 H5N2 27. Chicken/Singapore/Singapore/92 H4N1 28
Chicken/Sing %F89§?ﬁ%ggore/02 H3N2 JIPRLTS Gttt ss

Humanized antibodies are those in which the murine (or other
non-human) complementarity determining regions (CDR) are
incorporated into a human antibody. Both chimeric and
humanized antibodies are monoclonal. Such human oxr
numanized chimeric antibodies are preferred for use in in
vivo diagnosis or therapy of human diseases or discrders.

An additional embodiment of the invention utilizes the
techniques described for the construction of Fab expression
libraries {(Huse et al., 1989, Science 246: 1275-1281) to
allow rapid and easy identification of monocional Fab
fragments with the desired specificity for an antibody of
the present invention, or its derivatives, or analogs.

Antibody fragments that contain the idiotype of the
antibody molecule can be generated by known technigues. For
examples, such fragments include, but are not limited to,
the Flab=), fragment which can be produced by pepsin
digestion of the antibody molecule; the Fabs fragments which
can be generated by reducing the disulfide bridges of the
7 lab=), fragment, and the Fab fragments which can be
generated by treaﬁing the antibody molecule with papain and
a reducing agent. Such antibody fragments can be generated
from any of the polyclonal or monoclonal antibodies of the
invention.

In the production of antibodies, screening for the
desired antibody can be accomplished by techniques known in
the art, e.g., radioimmunocassay, ELISA (enzyme-linked
immunosorbent assay), "sandwich" immunoassays,
immunoradiometric assays, gel diffusion precipitin
reactions, immunodiffusion assays, in situ immunoassays
{using colloidal gold, enzyme O radicisotope labels, for
example}, western blots, precipitation reactions,
agglutination assays (e.g., gel aggiutination assays,
hemagglutination assays), immunofluorescence assays and

immunoelectrophoresis assays, etc. In one embodiment,
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WO 2009/099394PCTISG2008/000043 29. Common Icra/Indonesia/F89/11/95 H7N1 30.
Chicken/Singapore/Singapore/98 HON2 31. Mandarin Duck/Singapore/Singa ore/93 H1ONS * Highly
pathogenic AIYO 2008 %igh pathogenic and low pathogenic viruses W@Férlﬁg@ﬁﬁ‘ﬁ'f@&% the allantoic
cavity of 11 day old embryonated chicken eggs. The allantoic fluid was harvested from the eggs after
48 hours incubation. Virus titers were determined using Hemagglutination assays. The virus then was
. clarified and starasbaty-30ECLAY expetimentswithylivieviraséswerelpéddrmedifia biosafety level 3

containment lahgratory. andralkihe animak@menmentsmererty resownman-Animal biosafety level
3(ABSI,3) containment laboratory in compliance with CDC/NIH ang WH rgl_rgendations [12,13]
and also werd™ Approved* ﬁy?ﬁg%gtr?éo%ﬁg% éétléﬁ%a%i%&e%%yg A?\/%{A%é%%%inistry of Health (MOH)
of Singaporeamdéleediarslonliter 45K CIICT660ARdBAES] Wa€Tnactivatid with

betapropiolagtene 4] anshtotakRNA vras extracted usig:Thzdl(Invitrbgen.€arlsbad, CA, USA). The
HAO gene Wﬁéaqmplé}i%d }gglcgmr}hgnc[m@_ ggg %qeq&t@cg%sg Meetaly(Qiagan, Germany) using

standard cloning techniques for expressian, in %(e:terla. The %Io}&r}[\?s were tragsformed into Escherichia

coli M15 pREPIESASERNt EfisTbeXpralsthe Proteint The HAT ¢

ge%reef?g% the same strain was
cloned into pEASPBAGHT, a vector used to construct a recombinant baculovirus harboring the HSN1

HAI gene (Invitrogel, Cayishad naMAyvhighdben was tisedtocintect Skeeetls propagated in Sf-900 I
medium for the development of an immungfiyoescent assaydn:srresn fapHE.Halspecific mADs.

H5N1 HA having the amino acid sequence CNTKCQTP. This
epitope has been found to be highly conserved in all human
and essentially all chicken influenza H5 subtypes, as well
as in the great majority of influenza HS subtype of other
species of animals and birds. Specifically, of the 1288
influenza A HS5N1 HA strains available in the NCBI Database,
99.61% {1283) contain the CNTKCQTP sequence. OFf these 1288
strains, 280 are human H5N1 strains, and all of them contain
this sequence. In addition, of 427 chicken HBN1 strains,
all buet one contain the CNTRCQTP sequencé. In total, only 5
of the non-human H5 strains contained a variation of the
CNTKCQTP seguence: 1 H5 strain obtained from a duck had the
sequence CNTRCQTP, 1 strain obtained from a googse had the
sequence CNTRCQTP, and Z strains obtained from chickens had
the sequence CNTKCQTL or CNAKCQTP. A total of 427 strains
from chicken, 5 strains from herons, 182 strains from ducks
and 62 strains from geese were tested. The epitops also was
found to be highly conserved in such species as turkeys,
mallards, plgeons, great barbets, green pea fowl, peacocks,
tree sparrows, peregrine falcons, black-headed gulls, golden -
pheasants, eagle owls, partridges, whooper swans, ogtriches,
house crows, magpies, sparrows and mynas. ‘

The 1G5 bindingrprotein of ﬁhe present invention, as

discussed below, has been found to recognize an epitope of
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Production of recombinant HSN1 MAO protein (rtHAO) The transformed E. coil M15 cells were
grown at 37EC to an 0D600 of 0.5 - 0.6 in Luria-Bertani (LB) medium containing ampicillin (100 gg/ml)
and protein exPREYBIRHs induced by the addition of 1 mmol/L IPTG O3 Hetirs/ Witk shaking. Cells
were pelleted and resuspended in phosphate buffered saline (PBS). The histidine fusion protein was
purified on Ni-NTA column (Quiagen, Germany) and the protein was used for analysis by SDS-PAGE
and Westerni bitt. Protiestion ofnsorodlonakantbedizsence FEUIRAEfemEEIBALB/C mice, 4-6 weeks
old, were img%ﬂr:gjggg intramusculardy: thieedimesnvigh 25 ¢8:0f secemhinant BH5MNImMAO protein in 0.1
ml of PBS, wl nlﬂuv(\é%% g%Isg&d%vé;gﬁ?ﬁaﬁ:q%guo%ng Qfﬂuﬁ%r}t;@%@,gl(ﬁs France). Mouse humoral

immune responses were monitor A and indirect enzyme linked immunosorbent assay

(ELISA). Thgdogays befbrertHeefisiit thesmictWere botsiad intravEeRdass With 25 gg of recombinant
H5N1 HAO pratebrii@d neof 2B S and spleeatéelsweretrariesteteand fused #fitnSP2/0 cells as

described preyiqusly f15L Jhe.fused gells.were sessleskin-96-well platesandtheirrsypernatants were

screened by immunofluores%efce assay. H%T@Amo,%(d%?%%dn%ra"sescé)mbi”a“t baculovirus-infected Sf9
cells, H5N2-%rfd HERF3 S Sted MBEK cellsay antigen-as deséribed below. Hybridomas in positive
wells were clome 876 Hpres ByTRRiItAGEltioHPESie trories frete thttke d?or iSdt§pe by using a
one-minute is@R¢ping kit yuetsham Binseiencer &nglandypasdesatibed:insthe manufacturer=s

protocol. The fybridoma, cullires wete hantesiecpad el datyisuias Weka os
2009/099394PCT/SG2008/000043 removeg%%( centrifugation at 400 x g for. 10 minutes. The

supernatant WS esh&Sted P 5orad G- 0R Amuliottior8§EaN e %%ggy}%ﬁ:}])or Sf-9 and MDCK
cells in 96-wellplateslwere infectatiwithagittidrerettimbirbatbieuiovrusRaiBrintp the truncated H5N1

HAI gene or AlV:HSN1Indenesiamnstains, HbN2-ant HEN3 sirains;wespestivelyo At 36 hoursor Sf-9

cells) and 24- 48 h urs%%o MDCK cel%se) c%osdt-infec%i% thg .%qj_lé:,_were fixed with 4%
para—formaI(J‘Elerllﬂl‘jyxgﬂe9 or #‘fﬁ&%—é% é‘tﬁroometemvhf)leratureeanoJIL washed three times with PBS, pH 7.4. The

fixed cells were incEbRtEE ST hy RIS EQItGrESAURSLSPRE fof SEHofRP TERS et Thsed three
times with PBSranaincrbdatedavithra x4d/ditutiprmof luetesceidssethicoyartaie {F4T 8F-conjugated

rabbit anti-moyse Jg{Dako, Renmark), Gallsyers tinsed againdadRBB:prokimscoring results in an
epifluorescence microscope (Olympus, Japan), with appropriate barrier and,excitation.filters for
optimized Flf@\%ﬁgﬁzﬁ‘tic}ﬁ&eyﬁgqﬁmﬁﬁoaIp%ﬁf%{) éalglMEfAbq 'des?fgngtaebd' ,Jlfggwggéstrongly
positive for alfindoneskakrsedinsl #ias seledeiifop epiehePaiiing BEPRirtHE ddveétopment of the
blocking ELISAdmmauneklofting the Fhesselerted mAh bR@wassavaliated by ilmemurablotting assays.

The recombing&%k@\él %@é}{ggein&%g@pée Rusified HONI. Indonesian siraing andH5N2 and H5N3

strains were frac ionated on"12% SDS-PAGE under non-reducin condition}s{hThe separated proteins

were electroXfansféRedrark® imRrsisiZdd onest nﬁ?oé:&?ulég%n%é’mﬁgﬁe.tﬁ'ﬁe rﬁ%lrlnegrane was blocked
with 5% non-fat milkindRBSadantaiting 0ne96- Fweert 26 (PESTFaeB37EC & Khbtir vFhé membrane
subsequently:-W@Szin at least the mAb or related binding protein of the

invention, components for detecting immunospecific binding
of the mAb or related binding protein to AIV in a kbioclogical
sample, and instructions for use, depending upon the method
selected, such as epitope blocking, competitive, sandwich,
and the like. The kits alsoc can contain positive and
negative controls. They can be configured to be used with
zutomated analyzers or automated immunohistochemical slide
staining instruments.

An assay kit further can comprise a second antibody or

binding protein that can be labeled or provided for
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incubated with hybridoma supernatant, rinsed in PBST and incubated with HRP-conjugated rabbit
anti-mouse Ig. The membrane bound antibody was detected with rabbit anti-mouse conjugated to
HRP. The memBARWAY developed by incubation with ECL reagents (}%ﬁ%@% "g%mg(ﬁ‘)ssciences) [16].
Epitope mapping of 5F8 To locate the epitope of 5F8, the rHAL protein was dissected into five
overlapping fragments (See Figure 2A). The corresponding fragments of DNA were PCR amplified
using gene speciitpeinterscand efdieh PEPOE-30PTeelorichager Gy} The clones were
transformed iee-€9il MispRERA conmpetent celisiiiaden, Geonahy) tarXpeass histidine fusion
proteins. The ransfarmed . il M 15 Gells werg grownsal-375248.an 81360001 £:5:0:6 in

Luria-Bertani “medium containing ampicillin (100 Rg/m1 andcplrotelg exlji)geggig{levg/as induced by
the addition Bf /| PEPFEHOF 3REURSWRA SHEKIAG "C_lfs Wt peifétad And resuspended in

phosphate buffered.spliné4PBR). Atk éxprassetfusforitpeptidas svertPidéidfor epitope mapping by
Western Blot, o< 1591 thersesond stemohthe epitepemapping, eightdurther smmtated peptides were

expressed which,were an extension of f nt_four but fruncated inthe fragment five region (Fig.
2B). These e%ﬁtdsll?ﬁ-fpa%orggﬁ?s g?é%)%lveﬁr)aé}%r%(%esse as h%dine-fu%ion,(His-fusioLr}g é)eptides as

described abRvEtaRg WErRHTLSE frwWete R bIGEHYEE. EbY AR RREFIR 14 Utants were
generated havibg geinbmations te nEdtate Byrinpradids$287=360rAl wifthe Emirerdcids were mutated

to alanine ex&%ﬁ&ﬂ%ﬁl@ézﬁ?ebvﬁ'i}@gd/v%g@%ta&%d ta glysine dna %@f&ﬁs_lcegaaﬁaatsgo%e ploint mutants
were generated using a PCR-hased site-directed mutagenesis protocol..These mutants also were
expressed a$ Bi&Fudivh %Wiﬁ@Q@%&%i’fé&%%ﬁ%&&ﬁ %3pﬁaégha%pég§%ﬁgﬁed above, and
Western blot was déeried beaé exalciydtitemmire tie SRREERRIGSTHING theXpitShe for mAb 5F8.
Testing of Sefaot e 14 ocdaterming dbe specificityafthezapitope-biecking B SALVsing $tlected mAla

5F8, human gnd chicken seiumsarmplas,peLeested gnd fae resuliwiesa compaiRgwith those of Hl
assay. The sgmp es used for the present study were divided into %Tf‘nw%'&dﬁhmken groups. The

human grou;ﬁg’é’llréigi’&?y*?% Fimarsdra §%5Vé)sedﬁ]77f‘(§)ec?ﬁﬁ8’th%ee g?oups. é[roup 1 comprised 10
serum samplesoriginating ftorhid5 Ndrinfluenza iefectead Aneretbierdd patiehtdland obtained from the
Ministry of Health (MQH).-Indepesia T he.infestion was.sopfitnedhy BER andreertified by the MOH,
Indonesia. Group 2 consiste hy volunteers.vaccinat [ ergial influenza virus
vaccine (FLUFA Ifﬁa\ﬁ“/ﬁ?ﬁftﬂ%%%?emus %Fx%]%cr%ﬁgrgE%A nggﬁﬁg%ﬁgﬁgmgggglutinin (HA) of each
of the followilF§ HeRh v RIS SHaf & AT A8 Ao RIEn 35375666 BRING ARM S oNnsin/67/2005 (H3N2) and
S/Malaysia/250612004 Grous3leorisistedfofth@ hetithy Vdlantectskndih eshavésho history of

influenza infeglign.and go-yse, of sranfluenzayaceine rhlksamples.werergartified for their status by the
MOH, Indonesia. Positive sera were, generated using groups.of chickens (n=5) from,,
non-vaccinatgé%%ft%?dﬂoclgl@hEﬁgﬁgﬁgresi%p%ﬁ?ac% glﬁgtrgam%sbc%mq%y Wi?ﬁoall 24 inactivated
Indonesian HENZE srairacIRable Bt RoPRES S bty Es PERI S5 11EN2E HARPE 199RASand HON2,
were emulsified in 18#70(SERP Kz eFranee)adiuvant tiiee atdindlwegk intestals: Bera samples were

collected on thgojd%@ed@i&ﬁemﬁb&%h%%t and ndimmupizationsrang weresevalugted for
antibodies against appropriate strains by IFA and indirect ELISA aﬁ destcrrjobn(leg?grgove er positive

sera were obRiRed Horh® cRitkPaiehheRtay ihfecRR a6 pathogenic .HBN2 or HBN3 two weeks

after virus chattérigeeBpitofie-lHecking=RErS A iObtirial cobeeptations SFII5N1 viral

antigen/recompinant HALand SR&BAR were deiebringddyceheekerboagtt titratioppte provide

near-maximal binding of 5EcseQ'ASQ‘BU'%%t%o@ggng@'é!‘ﬂ?lharﬁs'%é)'@t@:?o‘ﬂgi‘?gC?@%W highly purified,
vira

optimal concéntration of recombinarit HAT or CDC/523 H5NL1 inactivate strain at 100 gL/well
under appropfite Bioienfeat 2o riEinAs v aRE irtuliBa Jvemint &t 4"Ee('}5rn %%a%ﬁﬁ buffer (0.1 mol/L
carbonate/bicathemates pi 8:6): sAntigeh-toatébplates wwsreswashed threeriiesiwith PBS-T
(phosphate-byffgred saline b 7.5Lcantaining:05% Twvern 203 mnd menspecificisites were blocked

with 100 ILL blocking buffer, (P83 Caiing. 26 Skm Ui farhbeuh at 250 desissya samples
were serially diluted GtoftF i
determined to be of isotype IGM and designated 1G5, also has
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PBS-T, and 100 gL were added to each well and incubated for 45 minutes at 37E0. The plates were
washed four times with PBS-T and incubated with 100 gL of MAb supernatant for 1 hour at 37 EC.
Plates again WeTERAUEREY four times and the bound MAb was detected W{‘T’@(g’(ﬁ@ﬂ?gﬁ of 100 ILL of
peroxidase-labeled rabbit anti-mouse Ig diluted 1:1000, incubated for 1 hour at 37EC. After washing
with PBS-T, the plates were incubated with 100 gL of 3, 3', 5, 5'- tetramethyl benzidine (Sigma, USA).
The reactiorbwers stoppedisy hediiygoneN suifefittacie dirirthendsior tevel spmenbigecread at 450 nm.
The percentdnhibition of the, colorimetric rraction eaused hy sampleastibediest blatking the binding of
the MAD to the antigen was calculated.for eac ' nt dilutions ' formula for
percent inhikxﬁﬁoﬁra%%ﬂ%%vas?ccloanéJr“éd’gnt%s% gﬁ%lygﬁg%@?ég[%%l%%ﬁ s%r{%%)l?ogé%egative
control) X 1681 A thfe8KelFEES0FMnHtON by the test serum was considered >positive= for H51-I1A
antibodies. ResultsweiensXdpréssedmas péfcertdalgibitasn oMl birdingresiatie ¥6N¥Re inhibition
caused by thelestsamele: 4. ResiltsCharaeterizatianofynonosional antibogies: thé panel of
hybridoma clones s%cﬁgztin mADbs to H5<!1_|Aa35 atrllligeg was ggre%gl%dqué/iig&mun@ﬁgorescence (IFA)
against all 25 RdBRESBA BRI NTIUENZA Strains and other H5 and non-H5 subtypes. The results
showed that BES KD $4BAFY ARAGEBSFItH 2NINDER TRY iﬁ%b%t@&?/viﬂ?’éﬁl?%%ﬁﬁtypes and Sf-9
cells infected withchaedovites expressinyrre combihant ¢tAand lytelded positieen cytdpia@s mic
immunof'UOf@ﬁ%Bﬁ% pﬁé@égﬁi&@i@ 1A aed LA-3), whichwese identicaldodhase abtained with
rabbit anti-H5N1 sérum. All the other subt)é%es, such as H7N1, 2, H4N2 and HIN2-infected MDCK

cells did not GVFaIRSIe8E8HEe sidfalERG ™A 3RY A-%J._< & mAD 5 WSS Screened for the
ability to detectersative HAlof HENIstrainsor H8GUblYPEs andirHAl B vESER blettiRg (Figure 1B).
The mAb 5F8stranglyeaciesh with-all indengsianddbNi steaing andHbisiitgpes argeno
cross-feaction,as, ohgerveg il a1, other SUhYDES SUEN SSHINE HIN2 HEN2 and HON2, by

Western blot%ﬁg. ased upon the sengitivity and specificity of the monoclonal antibody by IFA and
Western blo€BEERABRRAEEetied fdr dpitiie MHpPRGZhd el forEss i BB BLTSA The isotype of
5F8 mAb wassdeatermiried: asJght classs Epitope KappingiofmAbecie thefirstst@p of epitope
mapp/ing, Westerh blofyesulis meqéﬁh%@%égwfa@ted with tragmentd (amine IWS f
2009/099394PCT/SG2008/000043 acids 256.t0 3 Figyres 2A and 23; in Figure23, the first "C"
stands for coﬁr@olé{fﬁ% 'y JBwé&pISSE" %Féjh%f)foarciﬁesn%é)g oéfgt?]eaﬁla%gr%%ejh%%sar%ntioned in Figure 2A).

For the secoRdBtep Biepitofrnitisiing fiiméated paphasd 98 PdkistERded hich were an extension
of fragment faut bt ttncated in the fragment five region (represented by the diagram in Figure 2A).

These eight subfragments alsq wers expressed as histicine-fusionipeptidessas deserbed above and
were used for Western blot analysis (Eigure 2C). Westtﬁg bs!ggﬁsult%%oweg that mADb 5F8 reacted

with fragmerft®8, % 5§ 4 FidiRafing t af%cécé%ﬁope i§ Withih Tegion 28710 50071 the third and
final step, easheofsarhincackIBIZ8P %0 B0V ithe fButiiirabhdritiWas muttRedto Afanine and the
protein was expresseddea&. ol asaihistidine-fision preteiny¥esiesn biotiestlts showed positive

results with mytans YPa74, G280A NRG9A. M206A. 0008 a0d A0, Themitanis C290A

N291A, T2928A, K2 A, C294A, Q295A, T296A and 2297A showed negative results on the Western
blot. These d2t&IRdICETE tHHTRE mMbtartd o theSsmitiS BciisSvhith BROWRGE Hyative results are the
one which aredayetveddnithle &giteise amdiss, Wsoebehnh Mitaied andrsinberddsgnized by mAb 5F8.
The other mutants wereegagnized:By dhe mphb-a spite1aihesmuitations, dodisating that they are not
involved in forming the epifgpe. These daia.indicale tial thg speclfic.amino acids,layplved in the
epitope were € E)TP. M o
. antibodies present in the biological sample to klock binding

of a selected H5 HA1l mAb to H5N1 influenza antigen or

recombinant antigen adsorbed on a micro titer plate. More

specifically, in an EB ELISA of this invention, ELISA plates

are coated with an optimal concentration of recombinant HAL
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or an inactivated H5N1 strain in a coating buffer. An
optimal concentration can be determined by using a
checkerboard titration by two dimensional serial dilution of
coating antigen and a knownrpositive antibody and selecting
the most favorable concentration which gives maximal optical
density (0.D.} value in the ELISA reading. Test sera
samples are added to each well of the coated plates and
incubated, washed and then incubated with mAb 5F8 or 1G5
supernatant. Plates are washed again and the bound mADb is
detected by the addition of diluted horseradish peroxidase
(HRP) -labeled antibody, such as an HRP-labeled rabbit anti-
mouse éntibody, which binds to the mab 578 or 1G5. The
plates are washed and then incubated with 3,37,5,5'-
tetramethyl benzidine or other color-producing reagent, such
as 2,2-Azino-bis (3—ethylbenzothiazoline-6-sulfonic acid or
o-phenylenediamine dihydrochloride. The reaction is stopped
and the color development read. The percent inhibition of
the colorimetric reaction caused by antibodies in the sample
which block the binding of the 5F8 or 1G5 mAb to the antigen
is calculated for each serum sample.

The epitope blocking ELISA provides a convenlent,
highly specific and sensitive means for detecting H5 subtype
AIV. This preferred detection method enables the detection
of HA antigen from various H5 subtype strains of AIV without
cross—-reaction from other AIV subtypes. The EB ELISA can
detect lower levels of antibody than can be consistently
detected in other tests.

The strong reactivity of mAb 5F8 and mhb 1G5 alsc means
that the antibodies can be used in antigen capture ELLSAs
{AC ELISAs)} in which the antigen can be detected.from live
viruses or inactivated or lysed viruses in clinical samples.
AC-ELISA can be a rapid, reliable and economical method for
the detection of H5 antigen and can be used to detect HLHA

antigens from both poultry and human iscolates of H3NIL.
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The H5-subtype mAbs of this invention thus are highly
advantageocus diagnostic tocls. As noted above, they are
highly specific for the infectious H5NI subtype AIV. This
specificity has been verified in an assortment of HENI-
infected tissue specimens obtained from various soﬁrces.
Such highly specific monoclonal antibodies represent a clear
advantégé for H5N1 diagnosis. The mAbs can be used in a
safe and convenient diagnostic test for the detection of HS

ATV,

The following examples are provided to illustrate the

present invention and are not to be construed as limiting.

Example 1

I. Experimental
Viruses

Twenty four isoclates of Indonesian H5N1 influenza
strains used in this study and listed in Table 1 below
{entries 1-24) were obtained from the National Institute of
Health, Research and Development, Indonesia. Othexr H5 and
non-H5 subtypes were provided by the Agri-Food and
Veterinary Authority (AVA) of Singapore {(entries 25-31 of
Table 1).
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Table 1. The avian influenza viruses used in this

experiment

Serial No. | Viruses Subtypes
1. Human/Indonesia/CDCT7/06* H5N1
2. Human/Indonesia/CDC326/06% H5N1
3. Human/Indonesia/CDC329/06% HEN1
4. Human/Indonesia/CDC370/06* E5N1
5. Human/Indonesia/CDC390/06* HEN1
€. Human/Indonesia/CDC523/06% H5N1
7. Human/Indonesia/CDC594/06* H5N1
8. H5N1
Human/Indonesia/CDC535/06%
9. Human/Indonesia/CDC597/06% H5N1
10. Human/Indonesia/CDC61G/06% H3N1
11. Human/Indonesia/CDCE23/06%* HEN1
12. Human/Indonesia/CDC844/06% H5N1
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13. : Human/Indonesia/CDC669/06% H5N1
14, Human/Indonesia/TLLO1/06* HE5N1
15. Human/Indonesia/TLLO2/06% H5N1
i6. Duck/Indonesia/TLL60/06% HENL
17. Human/Indonesia/TLL177/06% H5N1
i8. Human/Indonesia/TLL298/06% H5N1
19. Human/Indonesia/TLL485/06% ESN1
20. Human/Indonesia/TLL530/06* HBEN1
z1. Human/Indonesia/TLL540/06% H5N1
22. Human/Indonesia/TLL540/06% HSNll
23. Human/Indonesia/TLL561/06% H5N1
24, Human/Indonesia/TLL565/06* HEN1
25. Duck/Singapore/Singapore/97 H5N3
26. Chicken/Singapore/Singapore/98 | H5N2
27. Chicken/Singapore/Singapore/92 .H4N1
28. Chicken/Sihgapore/Singapore/02 H3N2
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29. Common rora/Indonesia/F89%/11/95 . H7N1

30. Chicken/Singapore/Singapore/98 HON2

31. Mandarin Duck/Singapore/Singapore/23 HlONS

* Highly pathogenic AIV

Both high pathogenic and low pathogenic viruses were
inoculated in the allantoic cavity of 11 day old embryonated
chicken eggs. The alléntoic fluid was harvested from the
eggs after 48 hours incubation. Virus titers were
determined using Hemagglutination assays. The virus then
was clarified and stored at -80EC. BAll experiments with
live viruses were performed in a biosafety level 3
containment laboratory and all the animal experiments were
carried out in an Animal biosafety level 3(ABSL3)
containment laboratory in compliance with CDC/NIH and WHO
recommendations [{12,13] and also were approved by the Agri-
ood and Veterinary Agency (AVA) and Ministry of Health
(MOH} of Singapore.

Molecular cloning
H5N1 (CDC/669/Indonesia/06) was inactivated with beta-

propiclactone [14] and total RNA was extracted using Trizol
(Invitrogen, Carlsbad, CA, USA). The HAQ gene was amplified
from the cDNA and cloned into pQE-30 vector ({Qiagen,
Germany) using standard cloning techniques for expression in
bacteria. The clones were transformed into Escherichia coli
M15 pREP4 competent cells to express the protein. The HAL
gene from the same straln was cloned into pFTASTBAC-HT, =a
vector used to construct a reccmbinant baculovirus harboring
the H5N1 HAl gene (Invitrogen, Carlsbad, CA) which then was
used to infect Sf-9 cells propagated in Sf-3800 II medium for
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the development of an immuncfluorescent assay to screen for
H5 HAl-specific mAbs.

Production of recombinant H5N1 HAQ protein (rHAO)

The transformed E. coli M15 cells were grown at 37EC to
an ODgge Oof 0.5 - 0.6 in Luria-Bertani (LB) medium containing
ampicillin {100 pg/ml)} and protein expression was induced by
+he addition of 1 mmol/L IPTG for 3 hours with shaking.
Cells were pelleted and resuspended in phosphate buffered
saline (PBS). The histidine fusion protein was purified on
Ni-NTA column (Quiagen, Germany) and the protein was used

for analysis by SDS-PAGE and Western blot.

Producticn of monoclonal antibodies

Four adult female BALB/c mice, 4-6 weeks old, were
immunized intramuscularly three times with 25 pg of
recombinant H5N1 HAQ protein in 0.1 ml of PBS, which was
emulsified with an equal volume of adjuvant (SEPPIC,
France). Mouse humoral immune responses were monitored with
I¥A and indirect enzyme linked immunoscrbent assay (ELISA).

Three days before the fusion, the mice were boosted
intravenously with 25 pg of recombinant HS5N1 HAO protein in
G.l ml of PBS and spleen cells were harvested and fused with
SP2/0 cells as described previously [15]1. The fused cells
were seeded in 96-well plates and their supernatants were
screened by immunoflucrescence assay using mock-infected or
recombinant baculovirus-infected Sf9 cells, H5N2- and HON3-
infected MDCK cells as antigen as described below.
Hybridomas in positive wells were cloned two times by
limiting dilution. Positive clones were checked for isotype
by using a one-minute isotyping kit {Amersham Bicoscience,
England) as described in the manufacturer=s protocol. The

hybridoma cultures were harvested and cell debris was
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removed by centrifugation at 400 x g for 10 minutes. The

supernatant was collected and stored at -20EC.

Immunofluorescence assay (IFA)
gf~-9 and MDCK cells in 96-well plates were infected

with either recombinant baculovirus harboring the truncated
45N HAL gene oxr AIV HEN1 Indonesian strains, HBNZ and B5N3
strains, respsctively. At 36 hours (for Sf-9 cells) and 24-
48 hours (for MDCK cells) post-infection, the cells were
fixed with 4% para-formaidehyde for 30 minutes at room
temperature and washed three times.with PR3, pH 7.4. The

fixed cells were incubated with hybridoma culture fluid at

37EC for 1 hour. Cells were rinsed three times with PBS and
incubated with a 1:40 dilution of fluorescein isothiocyanate
(FITS}~conjugated rabbit anti-mcuse Ig (Dako, benmark) .
Cells were rinsed again in PBS prior to scoring results in
an epiflucrescence microscope (Olympus, Japan) with
appropriate barrier and excitation filters for optimized
FITC visualization.

One immunoglobulin, IgM MAb, designated 5F8, was
strongly positive for all Indonesian strains. It was
selected for epitope mapping and further development of the
blocking ELISA.

Immunoblotting

The selected mAb 5F8 was evaluated by immunoblotting
assays. The recombinant H5N1 HACU protein and whole purified
H5N1 Indonesian strains and H5NZ2 and HSN3 strains were
fractionated on 12% SDS~PAGE under non-reducing conditions.
The separated proteins wer¢.electro—transferred and
immobilized onto nitrocellulose membrane. The membrane was

blocked with 5% non-fat milk in PBS containing 0.1% Tween-20

(PBST) at 37EC for 1 hour. The membrane subsequently was
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incubated with hybridoma supernatant, rinsed in PBST and
incubated with HRP-conjugated rabbit anti-mouse Ig. The
membrane bound antibody was detected with rabbit anti-mouse
conjugated to HRP. The membrane was developed by incubation

with ECL reagents (Amersham Biosciences} [16].

Fpitope mapping of 5F8

To locate the epitope of 578, the rHAl protein was dissected
into five overlapping fragments (See Figure 2A}. The
corresponding fragments of DNA were PCR amplified using gene
specific primers and clones into pQE~30 vector (Qiagen,
Germany). The clones were transformed into E. coli MI5pREP4
competent cells (Qiagen, Germany) to express histidine
fusion proteins. The transformed E. coli M15 cells were
grown at 37EC to an ODgyp of 0.5-0.6 in Luria-Bertani (LB)
medium containing ampicillin (100 pg/ml) and protein
expression was induced by the addition of lmmol/L IPIG for 3
hours with shaking. Cells were pelleted and resuspended in
phoéphate buffered saline (PBS). The expressed fusion-
peptides were used for epitope mapping by Western Blot.

For the second step of the epitope mapping, eight
further truncated peptides were expressed which were an
extension of fragment four but truncated in the fragment
five region (Fig. 2B). These eight sub—fragments alsc were
expressed as histidine-fusion (His-fusion) peptideé as
described above and were used for Western blot analysis.

For the final step, 14 mutants were generated having polint
mutations‘to mutate amino acids 287-300. All of the amino
acids were mutated to alanine except the Ala-297, which was
mutated to glycine in a series of mutants. The point
mutants were generated using a PCR~based site-directed
mutagenesis protocol.

These mutants also were expressed as His-fusion
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peptides as described above, and Western blot was carried
out to exactly determine the amino acids forming the epitope
for mAb 5F8.

Testing of Sera

To determine the specificity of the epitope-blocking
ELISA using selected mib 5F8, human and chicken serum
samples were tested and the results were compared with those
of HI assay. The samples used for the present study were
divided into human and chicken groups. The human group
consisted of 25 human sera samples divided into three
groups. Group 1 comprised 10 serum samples originating from
H5N1 infiluenza infected and recovered patients and obtained
from the Ministry of Health (MOH), Indonesia. The infection
was confirmed by PCR and certified by the MOH, Indonesia.
Group 2 consisted of 5 healthy volunteers vaccinated with
commercial influenza virus vaccine (FLUARIX7) within the
previous six months. FLUARIXY contains hemagglutinin (HA) of
each of the following three virus strains: A/Solomon
Islands/3/2006 (HIN1), A/Wisconsin/67/2005 (H3N2) and
B/Malaysia/2506/2004. Group 3 consisted of 10 healthy
volunteers known to have no history of influenza infection
and no use of an influenza vaccine. All samples were
certified for their status by the MOH, Indonesia.

Positive sera were generated using groups of chickens
(n=5) from non-vaccinated healthy flock. Chickens were
inoculated intramuscularly with all 24 inactivated
Indonesian HSN1 strains (Table 1) and non-H5 subtypes, such
as H3N2, H4N1l, HTN1 and HOK2, were emulsified in ISA-70
(SEPPIC, France} adjuvant twice at two week intervals. Sera
samples were collected on the 10" day after each of the 1%
and 2™ immunizations and were evaluated for antibodies
against appropriate strains by IFA and indirect BLISA as

described above. Other positive sera were obtained from
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chick experimentally infected with low pathogenic H5N2 or

HS5N3 two weeks after virus challenge.

Epitope-blocking ELISA

Optimal concentrations of H5N1 viral

antigen/recombinant HAl and 5F8 mAb were determined by
checkerboard titration to provide near-maximal binding of
5¥8 mib. U-bottomed 96-well ELISA plates were coated with
highly purified, optimal concentration of recombinant HAL or
CDC/523 H5N1 inactivated viral strain at 100 plL/well under
appropriate biological containment and incubated overnight
a* 4BC in coating buffer (0.1 mol/L carbonate/bicarbonate,
pH 9.6). BAntigen-coated plates were washed three times with
PB3S-T (phosphate-buffered saline [ph 7.3] containing 0.C5%
Tween 20) and non-specific sites were blocked with 100 ul
blocking buffer (PBS containing 5% skim ﬁilk) for 1 hour at
37EC. Test sera samples were serially diluted twofold in
PBS-T, and 100 ul were added to each well and incubated for
45 minutes at 37EC. The plates were washed four times with
PBS-T and incubated with 100 pL of MAb supernatant for 1
hour at 37 EC. Plates again were washed four times and the
bound Mab was detected by the addition of 100 uL of
peroxidase-labeled rabbit anti-mouse Ig diluted 1:1000,
inecubated for 1 hour at 37BC. After washing with PBS-T, the
plates were incubated with 100 pL of 3, 3', 5, 5'—
tetramethyl benzidine (3igma, pgga). The reacticn was
stoppaed by adding 0.1N sulfuric acid and the color
development was read at 450 nm. The percent inhibition of
the colorimetric reaction caused by sample antibedies,
blocking the binding of the MAb to the antigen was
caleulated for each serum at different dilutions by using

the formula for percent inhibition as follows:
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Percentage of inhibition = 100-[0OD {(test serum) /0D
(negative control) X 100]. A threshold of 50% inhibition by
the test serum was considered >»positive= for HS5HA
antibodies. Results were expressed as percent inhibition of
MAb binding, relative to the inhibition caused by the test

sample.

IT. Results

Characterization of monoclonal antibodies

A panel of hybridoma clones secreting mAbs to. H5HAL
antigen was screened by immunofiuorescence (IFA) against all
24 Tndonesian HSNL1 influenza strains and other H5 and non-H5
subtypes. The results showed that 5F8 MAb strongly reacted
with all MDCK cells infected with all H5 subtypes and Sf-9
cells infected with baculovirus expressing recombinant HAL
and yielded positive cytoplasmic immunofluorescence patterns
(Figures 1A-1 and 1A~3), which were identical to those
obtained with rabbit anti-H5N1 serum. All the other
subtypes, such as HIN1, H3N2, H4N2 and HINZ-infected MDCK
cells did not give a fluorescence signal (Figures 1A-2 and
1A-4). The mAb 5F8 was screened for the ability to detect
native HA1 of HSN1 strains or B5 subtypes and rHAl by
Western blotting (Figure 1B). The mAb 5F8 strongly reacted
with all Indonesian H5N1 strains and H5 subtypes and no
cross—-reaction was observed with any other subtypes such as
H7N1, H3N2, H4N2 and HON2, by Westexn blotting. Based upon
the sensitivity and specificity of the monaclonal antibody
by IFA and Western blot, 5F8 mAb was selected for epitope
mapping and then for use in EB-ELISA. The isotype of 5FB

mAb was determined as IgM class.

Epitope Mapping of mab

In the first step of epitope mapping, Western blot
results showed that mAb 5F8 reacted with fragment 5 (amino
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acids 256 to 337) (Figures 2A and 2B; in Figure 2B, the
First “C¥ stands for contzol and YA B C D E” stand for the
name of the fragment as mentioned in Figure 2A).

Foﬁ rhe second step of epitope mapping, truncated
peptides were expressed which were an extension of fragment
four but truncated in the fragment five region (represented
by the diagram in Figure 2A). These eight subfragments also
were expressed as histidine-fusion peptides as described
above and were used for Western blot analysis (Figure 2C) .
Weatern blot results showed that mAb 5F§ reacted with
fragments 8, 7, 6, 5 and 4, indicating that the epitope is
within region 287 to 300. In the third and final step, sach
of amine acids 287 to 300 in the fourth fragment was mutated
+o alanine and the protein was expressed in E. coli as a
histidine-fusion protein. Western blot results showed
positive results with mutants YZ87A, (GZ88A, N289A, M298A,
©a99A and A300G. The mutants C290A, N291A, TZ52a, KZ93A,
C294n, 0295A, T296A and P287A showed negative results on the
Western blot. These data indicate that the mutants of the
amino acids which showed negative results are the one which
are involved in the epitope and so, upon being mutated, were
not recognized by mAb 5F8. The other mutants were
recognized by the mAb in spite of the mutations, indicating
that they are not involved in forming the epitope. These
data indicate that the specific amino acids involved in the

epitope were CNTKCQTIP.
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Day 10 after 1st Immuni- zation Day 10 after 1st Immuni- nation Day 10 after 1st immuni- nation Day

10 after 2nd Immuni- nation H5N1/IndonesisCD7/06 3.6VO0. ) )
WO 2009/099394 3.6V0.48 7.8V0 40?%%?8(\;/2%6%%93&%\/9'79

Epitope Blocking ELISA

The diagnostic efficacy of an epitope blocking ELISA
assay was characterized by its ability to detect HSEA
antibodies in human and chicken ssrum samples. All
recovered human sera samples from H5N1 influenza infection
tested positive in epitope-blocking ELISA performed with mAb
5F8 with mean blocking values of >50% at a dilution of >96
depending upon the recovered time from the infection (Table
3B). The HI test also showed the HI titer of 24 (lcg 2% -
25y . Samples with non-H5 vaccinated human sera showed 10-
15% inhibition at 1:5 dilution. However, hemagglutination
inhibition assay showed the HI titer of 14.4 {log 2° -

2%y, indicating cross-reactivity. The normal human sera
showed <7% blocking of the MAL binding to its antigenic
site.,

All the H5NI immunized chicken serum samples tested
positive in epitope-blocking ELISA performed with mAb 5F8
with mean blocking values of >50% at a mean serum dilution
of >47 (40-57.6) on day 10 after the first immunization.
Day 10 after the second immunization showed mean serum
dilution of >296.46 (256-328) blocking the mAb binding to
its corresponding epitope. However, the hemagglutination
inhibition assay showed the HI titer log 2% - 2% and log 2°
2% on those days (Day 7 and 14). The non-Hb subtypes
infected sera samples showed maximum blocking of 15% to 20%
at 1:2 to 1:4 dilutions. BAmong the non-H5 subtypes tested,
however, H3N2 immunized sera showed positive (log 2% in HI
test on peak day 10 after the second immunization (Table
3al.

Moreover, as shown in Figures 3A and 3B, the antibody
responses showed similar kinetics in using both rHS5HA and
H5N1 viral antigen for blocking. This study provides
demonstration of recombinant H5HA antigen as altermative
HSN1 viral antigens for blocking ELISA for the detection of
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H5N1/Indones a/ CDC326/06 3.2V0.40 7.8V0.40 43.2V4.08 296V9.79 H5N1/Indonesia/ CDC329/06
3.4V0.48 7.2V0.40 42.0V5.11 288V8.01 H5N1/Indonesia/ CDC370/06 4,2V0.40 7.20.40 43.6V4.98
304Vv9.79 H5NPMEheEs cDC390/06 3.6V0.48 7.8V0.40 44.8V7.83

antibodies.
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304V9.79 H5N1/Indonesia/ CDC523/06 4.4V0.40 8.6V0.48 57.6V4.66 328V19.53 H5N1/Indonesia/
CDC594/06 3.6V.48 7.6V0.48 40.0V4.38 304V9.79 H5N1/Indonesia/ CDC595/06 3.6V0.40 8.2V0.40

51.2V5.42 31X WYEERM /Indonesiary PCT/SG2008/000043
Takle 3z
Serum titera® at 50%
H1 log 2 titer against blocking the 5F8 mib
CDC523 H5N1 strain binding to the CDC523
Chicken ssrum ' HE5HAL epitope
antibody against (BlOCking ELISA}
viral Strain
Day 10 Day 10 Day 10 Day 10
after lst after 1lst after 1lst after 2nd
Tmmund.~ Tamuni- Tmeaand~ Tmmmund—
zation zation zation zation
H5N1/IndonesisCD7/06 | 3.6V0.48 7.8Y0.40 | 42.0¥3.22 | 304V9.79
HU5N1/Indonesia/ 3.2¥0.40 7.8¥0.40 43.2Y4.08 Z86Y9.79
CBC326/06
H5NL/Indenesia/ 3.4Y0.48 T.2¥0.40 42.0V5.11 288V8.01
CDC329/06
HS5W1/Indonesia/ 4.2Y0.40 7.2¥0.40 43.6V4.88 304V9.79
CDC370/06
H5¥1/Indonesia/ 3.6Y0.48 7.8Y0.40 44.8Y7.83 304V9.79
CDC350/06
H5N1/Indonesia/ 4.4V0.40 §.6Y0.48 57.6Y4.66 328Y19.53
©CDC523/06 :
HEN1/Indonesia/ 3.6VY.48 7.670.48 40.0%4.38 304VY5.79
CDCE94/06
HEN1/Indonesia/ 3.6Y0,40 8.,2V0.40 51, 295,42 312v8.01
CDCB95/06
B5N1/Indonesia/
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WO 2009/099394PCT/SG2008/000043 CDC597/06 4.2V0.40 7.8V0.54 44.8V6.49 272V8.01
}15N1/Indonesia/ CDC610/06 3.8V0.48 7.6V0.48 43.6V4.40 264V9.79 35N 1/Indonesia/ CDC623/06

0909 PCT/SG2Z008/000043
3.6V0.48 8.0VOE2UL%4YE 11 304v9.97 C1/5G20081
CDC597/06 4.2Y0.40 7.8V0.54 44 .8Y6.489 272¥8.01
H5N1/Indonesia/ 3.8Y0.48 7.6V0.48 43.6V4.40 264Y9.,79
Cheel10/06
H5N1/Indonesia/ 3.6Y0.48 8.0V0.52 42.4¥5,11 304V5.97
CDCH23/06
HEN1/Indenesia/ 3.89¥0.40 | 8.2V0.40 41.6V4.87 320¥21.90
CDC644/06
H5NL/Indonesia/ 4.2V0.48 8,2V0.40 44.8¥3.20 304¥92.79
CRC699/06
45N1/Indonesia/ 4.20.40 8.2Y0.40 | 48.8V¥2.65 | 312¥8.01
TLLOL/06
H5N1/Indonesia/ 3.8Y0.48 7.8Y0.40 46.4¥2.9% 264¥9.7¢
TLLOZ2/06
H5N1/Indonesia/ 3.6V0.48 7.6Y0.48 45.6V3.48 272V%.79
TLLGC/06
HEN1/Indonesia/ 4. 2V0.48 7.6Y0.48 41.2Y3.07 2REVS.TS
TLL17T/06
H5N1/Indonesia/ 3.8Y0.40 7.69¥0.48 47.2V2.65 264¥8.01
TLL298/06
HBN1/Indonesia/ 4.2¥6.40 T7.6¥0.48 46.4Y2.99 272¥9.7¢
PLL4B5/06
H5N1/Indonesial/ 3.8Y0.48 8.4Y0.48 54.4V2. 89 320¥21.90
TLLE30/06
H5N1/Indonesia/ 3.BVY0.48 L2Y0. 40 51.2V3.20 288¥8.01
TLLE35/06
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H5N1/Indonesia/ CDC644/06 3.8V0.40 8.2V0.40 41.6V4.87 320V21.90 H5N1/Indonesia/ CDC699/06
4.2V0.48 8.2V0.40 44.8V3.20 304V9.79 H5N1/Indonesia/ ILL01/06 4.2V0,40 8.2V0.40 48.8V2.65

312Vv8.01 HsNTIHYGEHRE 1LL02/06 3.8V0.48 7.8V0.40 46.4v2.99 ~ FCTSG2008/000043
HEW1/Tndonesia/ 3.6Y0.40 §.2v0.48 | 56.0Y2.52 | 296Y8.79
TLL5£0/06
H5N1/Indonesia/ 4.2V0.40 | 7.6v0.48 | 49.6v2.99 | 288Y8.01
TLLEE1/06
HEN1/Indonesia/ 4.2¥0.40 §.2V0.40 | 46.4¥2.99 | 206Y9.79
TLLE65/06
HEN2/Singapore/98 3.6Y0.48 §.4YV0.48 | 57.6V2.95 | 304¥9.79
H5N3/8ingapore/97 4.2V0.40 §.4Y0.48 51.2V1.95 328Y19.59
H3N2/8ingapors/02 2.4¥0.50 4,2¥0.40 - -
H4N1/Singapore/92 - - - ~
H7N1/8ingapore/ 94 - - - -
HONZ/Singapore/98 - - - -
H10N5/Singapore/93 - - - -

a} Serum titer at 50% blocking the mAb binding was expressed each

individual chicken serum was blotted and was found mean valuss and

expressed (n=5/group V S5.E.]

Table 3B
Human serum samples Hi titer against HBN1 Serum titer® at 50%
strain blocking the mAb hinding
H5N1 infected sera 24.0 ¥V 2.67 >96 V 13.50
(n=10}
Non=~H5 vaccinated sera 14.6 ¥ 1.6 0.0V 0.0
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_2I_E4V9.7/9 H5N1/Indonesia/ ILLE0/06 3.6V0.48 7.6V0.48 45.6V3.48 272V9.79 H5N1/Indonesia/
L177/06 4.2V0.48 7.6V0.48 41.2V3.07 256V9.79 H5N1/Indonesia/ TLL298/06.3.8V0.40 7.6V0.48
47.2v2.65 26N YPYERA /indonesia/ TLLAS5/06 4.2V0.40 7.6V0.48 FCL/oG20087000043° = =

a) Serum titer at 50% blocking the mhb binding was expressed each

individual human serum was blotted and was found mean values and

expressed (mean value/group ¥V 35.E.)

The results of the EB-FLTSA and the HI test, commonly used
for serological testing for antibodies to influenza
infection, illustrate the capacity of the ER-ELISA in
compariscn to existing séquogical tests. The results of
the testing with 10 well-defined positive human HSNIL sera
samples and 15 well-defined negative sera samples, including
5 sera from non-H5 vaccinated donors, demonstrate the
reliability of the EB-ELISA, which is able to identify all
anti-H5N1 positive sera and does not cross-react with non-H5
vaccinated sera. When serially diluted serum samples were
+ested in both the EB BELISA and the HI test, the ELISA was
able to detect lower antibody levels than the HI and did not
cross-react with non-H5 vaccinated sera samples. The HI
test, in contrast, reacted with heterclogous anti-HA
antibodies of non-HE vaccinated sera samples.

The sensitivity of the EB ELISA also was determined by
testing chicken sera samples from well~defined positive
samples from 24 H5NI Tndopesian strains, as well as HS5N2 and
H5N3 strains. Again, the results showed that the blocking
rest detects lower antibody levels than the HI test and also
tested for specificity. The EB ELISA did not cross-react

- with serial dilutions of hetérologous antinA.antibodies of
non-H5 subtypes. In the HI test, however, cross—reactivity
was observed with H3HA antibody, and the mean HI titer was
found to be log 2%°%, log 2*? on day 10 after the first and
second immunizations, respectively. Comparison of antibody
titers determined by the EB ELISA and HI revealed that the

former is superior in sensitlvity and specificity when

34



46.4v2.99 272V9.79 H5N1/Indonesia/ TLL530/06 3.8V0.48 8.4V0.48 54.4V2.99 320V21.90
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2009/099394PC3LEY854/000043 PCT/SG20087000043

examining both human and chicken sera. Although the HI test
is effective and sensitive, it requires hazardous virus
production and handling, which is a significant limitation
to its desirability. Recombinant H5HA antigen, in contrast,
can be prepared in any laboratory with cell culture
facilities, since the antigen is not infacticus and does not
represent a hazard to susceptible animals.

Detection of antibodies to avian influenza viruses in
mammalian species, including humans, using HI assays
generally have failed, even in cases in which experimental
infection was confirmed by virus isclation [23].
Furthermore, HAs of the H1, HZ, H3, H5, and H6 subtypes have
heen shown to contain a cross-reactive epitope recognized by
anti-HA antibody [26, 27}. The EB-ELISA developed in this
study was highly specific for influenza HS5 subtypes. It can
be used for large scale sero-epidemiological studies to
determine the mode of transmission of the virus and the risk
factors associated with influenza H5 infection in human
beings, animals and birds.

The CNTKCQT? sequence of the epitope recognized by mAb
578 (aa 290-297) has been found to be highly conserved in
all human and essentially all chicken influenza HS5 subtypes.
Tt also is conserved in almost all H5 subtype strains from
other species of animals and birds. The region is not
present in any of the non~H5 hemagglutinins except Hl
subtypes and has been found in the latter only in mutated
form. The 5F8 mAb thus is particularly useful because the
stability and high immunogenicity of the epitope makes the

antibody very specific for diagnosing HS5 subtypes.

Example 2

I. Experimental
A second monoclonal antibody, designated 1G5, was
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296V9.79 H5NA LS4 08 3.6V0.48 8.4V0.48 57.6V2.99 PCTSG2000000043 ~

generated following the general procedures of Example 1 to
cbtain hybridoma supernatant. The mAb was raised against
the recombinant HAO protein, cloned from HS5N1 influenza
virus strain A/goose/Guangdong/97.
Tmmunofluorescence assay (IFA)}

Sf-9 and MDCK cells were seeded in 960 well plates and

incubated with recombinant baculovirus harboring truncated
H5N1 HAl gene and HLN1 viruses, respectively, At 36 hours
post-infection, the cells were fixed with 4%
paraformaldehyde for 30 minutes at room temperature. A1l
washes were performed with PBS, pH 7.4, Fixed cells were
incubated with hybridoma culture fluid at 37°C for 1 hourx,
washedfand incubated with a 1:50 dilution of fluorescein
isothiocyanate (FITC)-conjugated rabbit anti-mouse Ig.
Cells were washed and fluorescence was visualized using an
Clympus IX71 microscope with appropriate barrier and
excitation filters.

One mAb, designated 165, determined to be an IgM mab,
tested positive against all 24 known Indonesian strains, as
well as against other H5 subtypes by IFA and Western bict
analyses. It was selected for epitope mapping and furthexr
development of the blocking ELISA.

Immunoklotting

Immunoblotting was carried out in accordance with the.

general procedures of Example 1.

Epitope mapping of 1G5

The epitope for mAb 1G5 was mapped using a fragmented
protein over—expression protocol. To locate the epitope of
1G5, the rHAL protein was dissected into five overlapping
fragments, as shown in Figure 5A, using the protocol set
forth in Example 1.

For the second step of the epitope mapping, elght
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further truncated peptides were expressed which were an
extension of fragment four but truncated in the fragment
five region. These eight sub-fragments also were expressed
as histidine-fusion peptides as described in Example 1. For
the final step, 13 mutants were generated having point
mutations to mutate amino acids 308 - 320. All of the amino
acids were mutated to alanine in a series of mutants. The
point mutations were generated using a PCR-kased site-
directed mutagenesis protocol. The mutants also were
expressed as His-fusion peptides as described in Example 1,
and Western blot analysis was carried out to determine

exactly the amino acids forming the epitope for mAb 1G5.

Testing of Sera

The specificity of the epitope-blocking ELISA uging mAb
1G5 was determined in accordance with the procedures set

forth in Example 1.

Epitope-blocking ELISA

MAb 1G5 was used in an epitope blocking ELISA in

accordance with the teachings of Example 1.

IT1. Results

Characterization of monoclional antibody

A panel of hybridoma clones secreting mAbs to H5A1
antigen was screenad by smmunofiuorescence (IFA) against all
24 known Tndonesian HSN1 influenza strains and other H5 and
non-H5 subtypes. The results showed that mAb 1G5 strongly
ieacted with all MDCK cells infected with all HS5 subtypes
and Sf-9 cells infected with baculovirus expressing
recombinant HA1l and vielded positive cytoplasmic
immunofluorescence patterns (Figures 4A-1 and 4A-3)
identical to those obtained with rabbit anti~HON1 serum.

All the other subtypes, such as H7N1 (Figures 4A-2Z and 4A-
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-- H9N2/Singapore/98 - -- H1ONS5/Singapore/93 - - a) Serum titer at 50% blocking the mAb binding
was expressed each individual chicken serum was blotted and was found mean values and expressed

(n:5/group V%%%S“%g%ﬁé’%g Human serum samples 51 titer against HsRE AN ERh titer50%
blocking the mAb binding

4y, H3N2, H4N1l, HON2 and HIONS, did not give a fluorescent
signal. The mAb 1G5 was screened for the ability to detect
native HA1 of H5N1 strains or H5 subtypes and rHAL by
Western blotting (Figure 4B). MAb 1G5 strongly reacted with
all known Indonesian H5N1 strains and HS subtypes; no Cross-
reaction was observed with the other subtypes by Western
blotting. Based upon the sensitivity and specificity of the
monoclonal antibody by IFA and Western blot, 1G5 mAb was
selected for epitope mapping and then for use in EB-ELISA.
The isotype of mAb 1G5 was determined to be of class IgM.

Epitope Mapping of mAb 1G5

In the first step of epitope mapping, Western blot analysis
of the fragments showed that mAb 1G5 reacted with the fifth
fragment, between amino acids 256 and 337 (Figure 5B}.

Table 4
Results of Western blotting

Amino acid number Results on Western blot-1G3

rHAL 1-337 +

Fragment A 1i-75 -

61-135 -

s3]

Fragment

Fragment C 121-185 -

Pragment D 181-255 -

Fragment E 241~337 +

To further map the epitope, in the second step, 8 sub=-
fragments of the 5™ fragment were expressed as extensions

of the fourth fragment and expressed as His~fusion proteins.-
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H5N1 infected sera 24.0 V 2.67 >96 V 13.50 (n=10) Non-H5 vaccinated sera 14.6 V 1.6 0.0

WO 2009/099394 PCE/SG2008/000043

Western blot results (Figure 5C) showed that 1G5 reacted
with fragments 6, 7 and 8, indicating the epitope to be in

the region of amino acids 308 to 320.

Table 5
Results of Western blotting

Amino acid no: Result on Western blot

Sub-Ffragment 1 | 256-270 -

- Sub~fragment 2 256-280 -

Sub-fragment 3 256-290 -

Sub~-fragment 4 256-300 -

Sub-fragment b 256-310 -

Sub-fragment 6 256-320 +
Sub-fragment 7 256-330 +
Sub-fragment 8 256-337 +

These results indicated that the epitope is present in the
region between amino acids 308 and 320. The tentative
epitope for 1G5 was determined to be HNIHPLTIGECPK.

In the third step, point mutations were introduced into
the clone SF6, such that all the amino acids from 308 to 320
were mutated to alanine, one aminc acid at a time, and the
protein fragments were expressed again as His-fusion
proteins. It was observed that the mAb did not react with
the protein fragments mutated in amino acids 310 to 317 but
showed positive reactions with the others on a Western klot

(Figure 5C). From these results, it was conciuded that the
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V 0.0 WO 2009/099394PCT/SG2008/000043 a) Serum titer at 50% blocking the mAb binding was
expressed each individual human serum was blotted and was found mean values and expressed
(mean value/g‘?’&fﬁ(\’y%?ﬁ% The results of the EB-ELISA and the HI test,ngfﬁﬁ%g% f/ﬂﬁ{)s“é'd for serological
testing for antibodies to influenza infection, illustrate the capacity of the EB-ELISA in comparison to
existing serological tests. The results of the testing with 10 well-defined positive human H5N1 sera
samples and:d5twek-defineghiegdtive seba sHEdples, HBidiAgts sera from non-H5 vaccinated donors,
demonstrate the reliability of the EB-ELISA, which is able to identify all anti-H5N1 positive sera and
does not cross-react with non-H5 vaccinated sera. When serially diluted serum samples were tested in
both the EB ETTSA &nd the HI test, the ELISA was able to detect lower antibody levels than the HI and
did not crossirssct swith Hoh-PERvAEdRafid EBF BAMHieRFRESS EEEINTorirast, reacted with
heterologous anti-HA antibodies of non-H5 vaccinated sera samples. The sensitivity of the EB
ELISA also was-determirred-by testimgchicken sera sampies from WeRn-oeTir%e% %glvge%%males from
24 H5N1 Indonesiahtfaits™a% well asl H5N2 and #1513 strains. Again: the results showed thiat the
blocking test detects lower antibody leVels than the HI test and alsp tested for&p&kificity. The|FIB

ELISA did notcross-react-w eriat-difttions-efheteretogousanti=HA-antibodies of mon-A5 subtypes.
In the HI test, however, crbss-reactivitylwas obsB intibody, and the mean HI titer was
found to be lpg-2241oy onrday 10 afterthe fir '

, 3 ) unizations, respectively.
Comparisonjof antibody tifers determingd by the FIB Ef1SA and H| revealed that the former is superior
in sensitivity [and Specificity when - exanfining both tupman and chicken sera. Although the HI test is
effective and sensitive, it requires hazafdous virus production and handling, which is a significant
limitation to ths desirability, Recombinarit HSHA antigepain contrast, can be prepared in any laboratory
with cell cultyre facilities, since the antigen is not infectious.and does not represent-a-hazard-to
susceptible gnimals. Detection of antibodies ta@avian influenza lviruses in mammalian species,
including humans,-using HIl assays generally have failed;-even-in-ecpses-in-which-experimental infection
was confirmed by virus isdlation [25]. FurthermoreF Bi&diof the H1, H2, H3, H5, and H6 subtypes have
been shown ffo-contain-a-eross-reactiverepitope-recognized-by anti-HA=amntibody {26, 271 The
EB-ELISA dgveloped in this study was highly spe&f?gﬁ?r influenza [H5 subtypes. It can be used for
large scale sero=epidemiotogical-studies to-determ) me mode of fransmission of the virus and the
risk factors asociated witf influenza H% infection in“human beingsj animals and birds. The
CNTKCQTP {sequence of fhe epitope recognized bysmAb 5E8 (aa £90-297) has.been found to be
highly consefved in all human and essentially all chicken influenza {H5 subtypes. It also is canserved in
almost all HE subtype straigs from othef species ofgninals and birds. The region is not present in any
of the non-H% hemagaglutinins except H1 subtypes and has been found in.the latter-only-in-mutated
form. The 5F8 mAb thus igzparticularly yseful becamsehe stability and high immtnogenicity of the
epitope makes.the antibody.very specific-for diagresing-H5-subtypes—Exampte2——Experimental A
second mongclonal antibddy, designated 1G5, wa§ 3@ 2009/099394PCT/S62008/000043 generated
following the general-procedures-ef-Exampte-ttoobtainmhybridome supermatant. The mAD was raised
against the recombinant HAO protein, cloned from H8R2 influenza pirus strain
A/goose/Guangdongfo7- y

K320 -

15 Protein markei -

The THPLTIGE sequence of the epitope recognized by mab

1G5 has been found to be highly conserved in all human and
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Immunofluorescence assay (IFA) Sf-9 and MDCK cells were seeded in 960 well plates and
incubated with recombinant baculovirus harboring truncated HSN1 HAIl gene and H5N1 viruses,
respectively, M%@Wé‘ﬁ’%gﬁost-infection, the cells were fixed with 4% pagé%’ﬁﬁ%ﬂ&"é‘ﬁ%‘é for 30 minutes
at room temperature. All washes were performed with PBS, pH 7.4. Fixed cells were incubated with
hybridoma culture fluid at 37C for 1 hour, washed and incubated with a 1:50 dilution of fluorescein
isothiocyanate (XEC)icorjugated sabbiresesi-ideselifl €blisowdd svashiBtkahBFhdtescence was
visualized using,an Qlymaus IXZ 1 nicroscene withappropialgdharierand excisation filters.  One
mAD, designated 1G Iflete ined to be an IgM.mAb t itl i IL. 24 known Indonesian
strains, as \ﬁ@ﬁ%@%@ﬁ sf 8%1%{3% slurbty%éé%x)ytrl%ﬂx 3%%%%?3% X%?z%gg%%aeqs#%t was selected for
epitope mappibgtdrd furtiner deveRRTREACOLIR Bitcking BLISA- M unoBdting>  Immunoblotting
was carried,gift injaceordancgnmith the generselqarocedunes of xample tnHEpitopk mapping of 1G5
The epitope, for mAb 1G5 .was d_ uysi fr t roteir - ssion protocol. To locate
the epitope %ﬂ‘g}f%ﬁ%:‘?ﬁ%§ ‘rg%z%R\%vaé%ggggte%gi%ﬁ@figggvgeﬁgp% f?g%gnfents, as shown in Figure
5A, using thePSioted6 S&ttofthAmERARMHIE L. B8 RS cond step of the epitope mapping, eight
further truncated peptides were expressed which were an extension of fragment four but truncated in
the fragme@zgiyggs‘gi%o%%eﬁgh@yb-fragments also were expressed as histidine-fusion peptides
as described@’in tx%r:r?lglé?il. Faor the final step, 30/130@nggtcso\ggr%gg%%?%ﬂ%@gagg% mutations to

mutate amino acid% SJY.°AIl of the amind acids Were mutated fo a anine in.a series of mutants.

The point mugatichs wees Yeherdtdd usit AP ERBas8d SrESHre SR E MTRAGERESE Hrotocol. The
mutants alsewererexpressedras:kis-fusiompeptiges:as desthibeusinfBRamiplen bzrPWestern blot
analysis vag%&%%e%?#t &%Pgﬁ%hi'%%%Qmﬁh@iﬁi@&&dﬁctsgimmgatnelepﬁeaeﬁsn n(ijb 1G5. )
Testing of Sera The specificity of the epitope-blocking . ELISA using m 35 etermined in
accordance%ﬁ?ﬁﬁ“ﬁ?oé@diﬂe%%t]f% thwiﬁ%xgﬁ%ﬁle%ﬁ%%ﬁ%%%-gﬁ)% ‘l%g c%%ﬁé{f X\@I\SﬁAb 1G5 was
used in an epit@pessioekingiEntSAnnatcordinés VAl Bieeachifgs BFEXSMPIERYI. Results
Characterization: o€ manoclanabantinady 1 : 1 0Aqianel ofhybridomaciords seseeting mAbs to H5A1
antigen wassscggenegrtp lierrg_}m 0 @pereggqncgﬂglfébé)v%ga}in%@g%gkgg\m Indengsian HSN1 influenza
strains and oi%errjl—@ and non-1-15 subtypes. The results showed that TAP-JSGS strongly reacted with
all MDCK cé{%‘%ﬁfélﬁéﬂ‘i’rviﬂlﬂ%ﬁrE§§ﬁ%t§§éj§J &fld ‘Std et thfciad Wilh battlovirus expressing
recombinantitiAkehdngeldethpositivessytoptis miesmmehefigerddeerite paftéms f¥gures 4A-1 and
4A-3) identical to those obtained with rabbit anti-H5N1 serum.

Bxample 3 .
Development of Antigen Capture ELISA {AC~ELISA)

96-well plates (Nunc, Denmark) were coated with
purified mAbs 5F8 and/or 1G5 in 50 nl carbonate puffer (73
mM sodium bicarbonate and 30 mM sodium carbonate) and
incubated at 37°C for 1 hour or at 4°C overnight. After
each incubation step, the plates were washed 3 times with
PBS containing 0.05% Tween 20 (PBST), and all dilutions were
made in PBST containing 1% non-fat milk. The plates were
blocked by incubation with 100 pl of blocking solution (5%

non-fat milk in PBS-T at 37°C fr 1 hour, rinsed and
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All the other subtypes, such as H7N1 (Figures 4A-2 and 4A- WO 2009/099394PCTISG2008/000043
4), H3N2, H4N1, HIN2 and H1ONS, did not give a fluorescent signal. The mAb 1G5 was screened for

the ability to aBRARYERRR*HAI of HEN1 strains or H5 subtypes and rHAIWW@g?gPﬁG?ﬂ?)tting (Figure
4B). MAb 1_65 strongly reacted with all known Indonesian H5N1 strains and H5 subtypes; no
cross-reaction was observed with the other subtypes by Western blotting. Based upon the sensitivity
and specificity aishesaonaeionsd aplibody oy HFA eddh\Mesterpblot o §&5.m AlPWas selected for epitope
Etope MapLg ST A LGS T ho et s of antne mampng, Wogter bt analyeis of e
fragments sﬁ%%%daﬁl%tﬁ’ﬁﬂﬁﬁ@%%ﬁc%%%ﬁtﬁ%blﬁ?’ﬁ r%gn;n?gr%%:v%ggflg}ln%% Zcr:]iillg SZIZE(S) ;tr:](;a 337
(Figure 5B). AEiide 4 Resiits of Westerpifblgtting AR Ho BeP AR Re&hftd oW eStEm blot-1C5
rHAI 1-337 Hragment Anditny Fragme 2 61-18bubated for 1 hour at 37°C,

washed and further incubated with 100 pl of HRP-conjugated

rabbit anti-~guinea pig-immunoglobuliﬁ {diluted 1:1000}.

Color development was performed by the addition of 100 1l

TME substrate soclution; reactions were stopped by the

addition of 4M H,80; and A450 values measured using a

sunrise Tecan Remote ELISA plate reader. Working

concentrations of mAbs and monospecific antibodies were

determined by checkerboard titration.

In order to optimize the AC~ELISA, monoclonal and

polyclonal antibodies were used interchangeably as caphture

and detection antibodies. When the microtiter plate coated

with guinea pig anti-rHAl polyclonal antibody, a much lower

absorbance was recorded compared to that reccrded when the

plate coazted with mAbs as the capture antibody. Therefore,

mAbs were used as the capture antibody, while polycional

antibody served as the detector antibody. The combination

of mBb 5¥8 and mib 1G5 used as capturse antibodies gave

stronger detecticn signals than either of the mAbs alone

(Figures 6A and 6B). Combination of the two moncclonal

antibodies shows high affiriity and specificity for detecting

H5 antigen in AC-ELISA. No cross-reaction with any other

subtype was observed. Assays based on both mBb 5F8 and mAb

165 detected 102 TCIDg units of HSNL (Figure 7). An H4N1l-

containing assay did not yvield absorbances significantly

above background levels.

Mapping the two mAbs showed that they are directed to
two different epitopes of the same HAl antigen. Their
separate linear epitopes increase the sensitivity for the

detection of the H5 antigen. The epitope recognized by mAb
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- Fragment C 121-195 - Fragment D 181-255 - Fragment E 241-337 To further map the epitope,
in the second step, 8 sub-fragments of the 5th fragment were expressed as extensions of the fourth
fragment and WRHEYeEF4s His-fusion proteins.- WO 2009/099394PCTISE230EBY8643 western blot
results (Figure 5C) showed that 1G5 reacted with fragments 6, 7 and 8, indicating the epitope to be in

the region of amino acids 308 to 320. Table 5 Results of Western blotting
578 is a universal-epitope and the eight amino acids of the

epitope are present in almost all of the available 1288
influenza a H5N1 sequences in the gene bank. The epltope
recognized by mAb 1G5 is present in all 1288 infiuenza H5
subtype strains presently known and available in the gene
hank. The distance between the two epiltopes creates a high

affinity for antigen binding and detection.
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Amino acid no: Result on,Wes ern blot Sub-fragment 1 256-270 Sub-fragment 2 256-280

Sub-fragment 3 256-290 Sub- fragment 4 256-300 - Sub-fragment 5 256-310
256-320 WO 2005/099354 J PCT/SGzﬁgslfot{)m]:}[%gmem 6
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14 K320A - 15 Protein market - The IHPLTIGE sequence of the epitope recognized by mAb 1G5
has been found to be highly conserved in all human and WO 2009/099394PCT/S62008/000043
chicken ianueW?af"%%ﬁ't"ﬁ &s identified to date. The region is not present % gﬁ?%ﬁ’ﬁ%"%%n-%
hemagglutinins except certain H1 subtypes in which the epitope region contains mutations and is
non-reactive with the antibody. The 1G5 mADb thus is highly useful because the stability and high
immunogenicity of the epitope makes the antibody very specific for diagnosing H5 subtypes. Epitope
Blocking ELISA . The QéaMH%vﬁﬁ@PCyﬁ&pi@p%bmkm EA ISAmassay was characterized by its
ability to detect HSHA antibodies in human and chicken ser, les limmunized
human and chick& SeFam éampIeE fested positive Wéé%ﬁ%i%@%gﬂg% EL\fvgzt llTh5&%-31'65 with mean
blocking values oP50%4 &t asneanisarii dillifioA™t H305i Ehidkens (Sed-Efdure’s and Figures 9A and
93) and 1:10 dilutipn; ipsxovesed human serum samples (Figure 8). Moreover, samples with non-H5
vaccinated human sera showed 7-13% inhibition at 1:5 dilutions. In contrast, HI assay showed the HlI
titer 10g22. Example 3 Development of Antig Ca@gre EMLI§AE(9AC€‘1%LISO@) mic 6-well plates (Nunc,
Denmark) welre ¢ %ﬂr\}ﬁﬁﬁap ted TABS BFE snd/6r 165 n 50 U carBona'qe Butfer (73 mM sodium
bicarbonate and 30umM soaiumicarbdhiiey ant inedBaryza 37CH8! 1R6G o at e overnight. After
each incubation step, the-pjates.were washers3dimes aiteRB3iBoataining:0.05%Bween 20 (PBST),
and all dilutions w; re ma ér} P%%T %g%nlg 1% non-fat milk. The plates were blocked by
incubation with 10 ploof blocking solution (5% non-fat milk in PBS-T at 37C fr 1 hour, rinsed and
incubated with 50 pl of purified highly pathogenic H5SN1 Indonesian strains/low pathogenic AlV H5
subtypes (H5N1/PR8, H5N2 and H5N3)/other non-H5 subtypes at 37C for 1 hour. After rinsing,
1001.11 of guinea pig monospecific antibody IgG (1:500 dilution) were added, incubated for 1 hour at
37C, washed and further incubated with 100 pl of HRP-conjugated rabbit anti-guinea pig
immunoglobulin (diluted 1:1000). Color development was performed by the addition of 100 pl TMB
substrate solution; reactions were stopped by the addition of 4M H2S0O4 and A450 values measured
using a
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sunrise Tecan Remote ELISA plate reader. Working concentrations of mAbs and monospecific
antibodies were determined by checkerboard titration. In order to optimize the AC-ELISA,
monoclonal and polyclonal antibodies were used interchangeably as capture and detection antibodies.
When the microtiter plate coated with guinea pig anti-ran polyclonal antibody, a much lower
absorbance was yggorded compared to that recorded when the plate coated with mAbs as the capture
antibody. Therefore, mAbs were used as the capture antibody, while polyclonal antibody served as the
detector antibody. The combination of mAb 5F8 and mAb 1G5 used as capture antibodies gave
stronger detection signal® thanditerof ¥he nAbsaioRd (Figuses 6AFARa BB). TorfBination of the two
monoclonal agtibegdias skows high affiniypand speeificityifer detectihgbuantigern imAE-ELISA. No
cross-reaction with any other subtype was serv%% Assays based on hoth.mAb 5F8 and mAb 1G5
detected 102 Sl%ﬁtffﬁl%jﬁl tSE%‘F 13@}%%%9%3%\% 4?!3113%%%?&%??18&%5%5}? érlg ngt%yi%l% absorbances
significantly aoveBasiigroant 1&¢eTs. SFEMapping the two mAbs showed that they are directed to two
different epitopes of the same HA' antigen. Their separate linear epitopes increase the sensitivity for
the detection of the H5 antigen..The epitope. re ize Ab ;
2009/099394PCUSijQO%%}?gog)O%%l ?51&5 @%Eﬁf@ggg %%{652 éﬁdxt%g%ﬁlgﬁtsar%ino acids of the epitope
are present ifFaRAGSCAEbf Y aPaiTable 3 ZHS MitieFRa a8 HERI-88Genéds Fi e geke bank. The
epitope recogntzech&ydnAb HEons presenirit-alby288 infldenzaniHbsubtypeéistriims presently known
and available in the gene bank. The distance between the two epitopes creates a high affinity for
antigen binding and detection. References 1. World Health Organization (WHO). H5N1 Avian
influenza: Timeline 8f majoeveite 28077 RvaiA0RIaH-PwivitiitSintiEsfdisease/avian influenza/
timeline _ 28 mdfadfnAtcessad38ySeptember 2007. 2. World Health Organization (WHO). H5N1
Avian influenza: Timeline of major events. 2007. Available at
htto://www.whoint/csr/disease/avian_influenza/timeline2 007 06 21pdf. Accessed g18 September 2007.
3. World Health Drgdiion ®iTH G ERntiatReiNGmEEr SHESHire FXmERCases of Avian
Influenza A/(H5M 1) Reported tbeWi4OtEd Septeniter 2007 inailableat:Culture

http:/lww.who ipt/esHdisgasglavian Jnfluenza/cewtev/c asgs dable 2007 09 10/enfindex.html _ _ _
September 2007. Accessed 20 4. World Health Organization (WHO). Avian influenza-situation in
Indonesia-update 16. Available at http://www.who.int/csr/don/2007 09 10/en/index.html. Accessed 20
September 2007. 5.5MouhidrJatkS, Cokee R, Howprepad iscEardpetor paidéiRictinfluenza?

Analysis of national plans. daneet 2096; 367:1405-11.
6. The binding protein of claim 5 which is a
monoclonal antibody, a single chain antibody, an antibody

fragment, a chimeric antibody or a humanized antibody.

7. The binding protein of claim 6 which is a

monocleonal antibedy.
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1, which is a r’h%n%%%%a]l%n%%o%éf Egsﬁg%ggr%a%ﬁ%%t%%%%%n antibody fragment, a chimeric antibody
or a humanized antibody. 3. The binding protein of claim 1 which is a monoclonal antibody. 4.
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CNTKCQTP of H5 hemagglutinin. 6. The binding protein of claim 5 which is a monoclonal
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7. The binding protein of claim 6 which is a monoclonal antibody. 8. A method of detecting HS
subtype avian influenza virus in a biological specimen which comprises contacting the specimen with
an antigen which comprises an epitope of the envelope glycoprotein of an HE subtype of avian
influenza virus comprising sequence CNTKCQTP and determining whether an antibody in the
specimen binds to said epitope. 9. The method of claim 8, which further comprises contacting said
sample and antigen with a binding_protein having substantially the immunoplogical binding
characteristics of mdrioclofiaf ahtibSdy $FS ahtt Fetermimng Hsw A& of BaidiRéthg protein binds to
said antigen. virdd. fhe nisthodafcidins 9 ahesrinvsaickbindingrprosteinsiskalnonetlonal antibody.
11. The meﬂ;g@&é&l@mﬂgt whargin the monoglanahantiely isantihody-RRS asdroduced by
hybridoma 5F8 de%){séited with the America(;}%%v_gg Coiglture, CoIIeIcl%'cin under AccessiorhNumber

PTA-8757. 915 S hietRod ofthaiilr 85 Whersin Said det@fmimation s ads iH an &Pitope blocking

assay. 181 ackirforcdstecting HPsublype aviensnfluearavirestia atbiolcgiéalcsgecisen which
comprises a higdigg;pratgin.that bingds ta-epitope GNIKER TR afhersnvelope glycapratein of an HE

subtype of av'galn igfluenza \Qrus, tk%e glg/c.ocproteliré or a portion thereof comprising the amino acids of
said epitope anlcflreléléqelﬁgcforea%tec?ingaﬁindﬁ‘?g of Said binding protein to said epitope. 14. The kit
of claim 13 wherein said binding protein has the immunological binding characteristics of monoclonal
antibody 5F8. 154 Therkit ok elaimsl % 1wherein said reagenriscan-dekect whetbeesaid binding
protein is blocked from hinding to said glycopratein by the presence in said biglogical specimen of an
antibody Whic%arsécé%ﬁizlenémgé%igﬁfocpaégo %‘% léjl cS%raortaelfgt.erls%é.CE kﬁ%omrﬁgﬁ%%%n%inding protein
that binds to epitolde”ENTREQTP. 17. A kit comprising monoclonal antibody 5F8. 1 SEQUENCE
LISTING <110> mookkan, Prabakaran

15. The kit of c¢laim 13, wherein said reagents can
detect whether said binding protein is blocked from binding
to said glycoprotein by the presence in said biclogical
gpecimen of an antibody which recognizes said epitope of

said glycoprotein.
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Padubidhri, Nayana Prabhu velumani, Sumathy Kwang, Hwei-Sing Jimmy <120> Bindin9 Protein and
Epitope-Blockin9 ELISA for the universal Detection of H5-subtype Influenza viruses <130>
2577-185.EP <150> PCT/SG2008/000043 <151> 2008-02-05 <160> 7 <170> Patentln version 3.5
<210> 1 <211> 8 <212> PRT <213> Avian influenza virus <400> 1 Cys Asn Thr Lys Cys GIn Thr Pro
15 <210> 2 <211> 8 <212> PRT <213> Avian influenza virus <400> 2 lle His Pro Leu Thr lle Gly Glu
15 <210> 3

16. A kit comprising a binding protein that binds to

epitope CNTKCQTP.

17. A kit comprising monoclonal antibody 5F8.
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<211> 10 <212> PRT <213> Avian influenza virus <400> 3 His Pro Leu Thr lle Gly Glu Cys Pro Lys
1510 <210> 4 <211> 8 <212> PRT <213> duck influenza virus <400> 4 Cys Asn Thr Arg Cys GIn Thr
Pro 15 <210> 5 <211> 8 <212> PRT <213> chicken influenza virus Cys Asn Thr Lys Cys GIn Thr Leu
15 <210> 6 <211> 8 <212> PRT <213> chicken i{1fluenza virus <400> 6

SEQUENCE LISTING

Mookkan, Prabakaran

<110>
padubidhri, Nayana Prabhu
velumani, Sumathy
Kwang, Hwei-Sing Jimmy

<120> Binding Protein and Epitope-Blocking ELISA for the tniversal
petection of H5-subtype Influenza viruses

<130> 2577-~185.EP

<150> PCT/5G2008/000043

<151> 2008-02-05

<160> 7

<170> PatentIn version 3.5

<210> 1

<211l> 8

<212> PRT

<213> Avian influenza virus

<400> L

Cvs Asn Thr Lys Cys GIn Thr Pro

1 5

<210> 2

<211l> 8

<212> PRT

<213> aAvian influenza virus

<400> 2

Ile His Pro Leu tThr Ile Gly Glu

1 5

<210> 3

<211> 10

<212> PRT

<213> Avian influenza virus

<400> 3

His Pro Leu Thr Ite Gly Glu Cys Pro Lys

1 5 10

<210> 4

<211> 8

<212> PR

<213> duck influenza virus

<400> 4

Cys Asn Thr Arg Cys Gin Thr Pro
1 5

<210>
<211>
<212>
<213>

<400>

5

R

PRT

chicken influenza virus

5



Cys Asn Ala Lys Cys GIn Thr Pro 15 <210> 7 <211> 13 <212> PRT <213> Avian influenza virus
<400> 7 His Asn lle His Pro Leu Thr lle Gly Glu Cys Pro Lys 1510

Cys Asn Thr Lys gys Gln Thr Leu
1

<210> b

<211> 8§

<212> PRT

<213> chicken influenza virus

<400> 6
Cys Asn Ala Lys Cys GlIn Thr Pro
1 5

<210> 7

<211> 13

<212> PRT

<213> Avian influenza virus

<400> 7

His Asn Ile His Pro teu Thr Ile Gly Glu Cys Pro Lys
1 5 10



