HS Subtype-Specific Binding Proteins Useful for 115 Avian Influenza Diagnoses and Surveillance Field
of the Invention This invention relates to antibodies and related binding proteins for the detection of
avian influenza virus ("MV"). More particularly, the invention relates to monoclonal antibodies and
related bind§ P8t ¥ iseful for the detection of the highly pathogenic 1 EREHELHIRA and to
methods and products for the diagnosis and surveillance of such AlV infections in animals and
humans. Background of the Invention Avian influenza is a common disease in birds. Subtype
H5N1 A1V has caused an outbreak of avian influenza that is spreading incessantly to many regions of
the world (14).1 The affected areas include Europe, the Middle East and particularly Asia. According to
the World Health Organization (V¥4 @iy as-Sf=Aifd B2006 Bhestonedzundred human deaths had
occurred as a result of H5SN1 avienHihflvenke]and: ihiegsittiatiohBeemtade be deteriorating. See WHO
website (11). While AP/ infection in humans is rare, there have been times in the past in which the
occurrence of new AlV subtypes that are able to cross species barriers have caused deadly influenza
pandemics (2, 8, 10). Influenza vimses 8 8f§§§i¥%vcf‘§§%%rding to their nucleoprotein and matrix
protein antigenic specificity. These viruses are categorized mainly into A, B and C serotypes, with type
A having eight RNA viral.proteins. All. known.type A influenza viruses
originated in birds. Tﬁ]ﬁsgc%é?g%%%?éﬁ%%d%gﬁ&sﬁﬁﬁn gﬁ%‘%ﬁ%‘&%@??ﬁ% “%éé% %@?‘geggeﬁ%e%f owls and
seals, and poSé&dsthiednas hiivanSEY Wt epnamilatz sa iuientios folatve tadivideddntd subtypes

according to therabiigenia raiweidhe novelope-alyeemetRiRs HemRARAILINGS£d34s:), HI through

H16, and neuraminidases (:NAs"), NI throygh N9 (10, 12, 19). |t is believed that proteolytic cleavage of
HA protein at %?%]S}%? %%ﬁo%rﬁ%ﬁ% orev g%gg? ?ﬁé%ﬁ%fs(é}@égé%‘f@%ﬁr@d W@mgﬁaﬁ% of
2008/140415PCK ST 20lr100 keaimirs kad A2qanstion is related to the pathogenicity in avian stain and
that the presence of hydrophobic amino acids-around this cleavage site are characteristic of the ES
subtype. In addition, the Fj.. protein is believed to mediate attachment to host cell sialoside receptors

and subsequent envy by membrane fuSRFFEoMReA{ e Rseatian thennaht to

Avian influenza is a common disease in birds. Subtype HSN1 AIV bas caused an
outbreak of avian influenza that is spreading incessantly to many regions of the world
(14)." The affected areas include Europe, the Middle East and particularly Asia.
According to the World Health Organization (“WHO™), as of April 2006, about one
hundred human deaths had occurred as a resnlt of HSN1 avian influenza, and the situation
seemmns to be deteriorating. See WHO website (11). While AIV infection in humans is
rare, there have been times in the past in which the ccenrrence of new ATV subtypes that
are abie 1o cross species barriers have caused deadly influenza pandemios (2, 8, 10).

Influenza virases are classified according to their mucleoprotein and matrix protein
antigenic specificity. Thess viruses are categorized mainly inio A, B and C serotypes,
with type A having eight RNA segments that sncode ten viral proteins. All known type A

influenza viruses originated in birds. This category of virus can infect other species, such
as horses, pigs, owls and seals, and poses a threat 10 humens as well (22). Influenza A
virus is further divided into subtypes according to the antigenic nature of the envelope
glycoproteins, hemagglutinins (“HAs™), H1 through H16, and neuraminidases (“NAs™),
NI through N9 (10, 12, 19). Itis believed that proteolytic cleavage of HA protein at the

T A bibliography is provided at the end of the disclosure,



serve as a primary carnet for pentralifiting arthbadies (19). This invention relates to monoclonal
antibodies and related binding proteins that bind specifically to ASV. Wtonectional antibodies ('MAbs")
are a substantially homogeneous population of antibodies derived from 4 single antibody-producing
cell. Thus é»ﬁ’@ﬁﬁ@ﬁjdi@sdn the_ population are |(_jent|cal an_d of the same _sp%ftggéézf&r%&!yﬂ, enitopee
(5). The specificity of the: milli respopsen provider, a basis for an effective diagnostic reagent,

Monoclonal agtibodies;and binding pretenaT ?}eriﬂyeg therefrom also have found utility as therapeutic
agents.  Because of theO%s itn%a%‘%;l%%‘fgg 15 PEEESTS Wk Ffe e sl dhtareaminsalé and humans,

there is a preR¥MPAESHfBIa Teids apaeifibtiankrelabie-methios:for-Hatesting thesvi s in tissue

specimens. Inzpaiticulandbe.ahility:te detectthe yisits in.preshrved specimens, such as formally/ fixed
specimens embedded in. paraffin and in frozen sections?%é’%%bmdﬁ%gg%g‘t "'ﬁféag‘ﬁﬁfi/ to diagnose the

=y

disease and MONITOT it ProgTees T6 dats; THera WavE'Ber i b tepBitsrof effective:methods for
diagnosis of the highly pethogenicE mabNL-AR:sikaiasusing 115 subtype monoclonal antibodies.

Accordingly, th5 prqggqg@,@gg&y%g%%%gmg a brea hrduagh in the diagnosis and surveillance of
115-hil and ather H.5 stains. Summary of the I ARB R He S ReaGrRCa SR s Bresent disclosure,

monoclonal AbBARES HAd tated ey prawnsindt arkbspecificdartasanand conformational
cpitopes of thenisGesehiypeiemaeg wiininigly soprotein.arepravided. The mADs to lipear ES epitopes
are able to defect frl SN1 virus t%gdmogger. HS subtype virus stains in gehqfﬁred spécimens, such as
formalin.-fixed tissue specimens, with good SpECiichy arfusdhsitveyetificithdsethattarget
conformatiofaf'&pitoptesatestisefal ot detedtingthevinus-iifrazen:spgcimens,.and other biological

fluids. Irpestiowas: mAbdesianated TRIQ fargets ¢ .Ii@%afrvggﬁi:g%gg of hcmaggiutinin and has
demonstrated high ec[f&%?%ran*d sensitivity to viral antigen T ormailn -fted ‘TEEHEE While having
minimal effect on Troz&n gﬁ@?@&’l‘b‘?&?ﬂ?&ﬁAb designated 6BS targets a

Because of the risk that ATV infection poses v wildlife, domesticated animals and
bumans, there is & pressing peed for z fast, specific and reliable mathod for detecting the
virus in tissue specimens. In particuiar, the ability tv Getect the viras in preserved
specimens, such as formalin fixed specimens embedded in paraliin and ip frozen sections,
s important 1o the ability to diagnose the disease and monitor 15 progress. To date, thers
have besn ne reports of effective methods for diagnosis of the highty pathogenic FISN1
ATV strains using HS subtype monociona! antibodies, Accordingly, the present invention
represents 2 breaitthrough in the diapnosis and surveillance of H5N1 and other M5 strains

el

Summsry of the Fnvention

In accordance with the present disclosure, monoclonai antibodies and related
binding proteins that are specific for lnear and conformational epitopes of the H5-
subtype hemagglutinin ghycoprotein are provided. The mAbs to Enear I5 epliopes are
able fo detect SN virus and other 25 subtype virns strains in denatured specitnens,
soch as formalin-fixed tissue specimens, with good specificity and sensitivity, while thoss
that target conformational epitopes are useful for detecting the virus in frozen specimens
and other biological fluids, ‘
In particolar, mAb designaied 7HI0 targets & linear epitope of hemagglutinin and

has demonstrated high efficacy and sensitivity to viral anfigen in formalin-fixed tssueg,

while having minimal effect on frozen tissne sections, A mAD designated 68§ targets 2
e



conformational hemagglutinin epitope and is able to bind and recognize the viral antigen in tissues that
have not been pre-treated, such as frozen tissue sp-imens and othnr biological tissues and fluid,
Monoclonal antibodies designated 8310 and 2D10 aisc micrinformatiorial hema.gglutinhir, eritnues and
pro vsfl ImZit anicheations as ridAb 638, Accordingly, the disclosure comprises a binding protein
having substantially the miuminolegical binding characteristics for a tin etbtspist berciaggiuthuiri

euitope as ;10,1 The di r ther 4 rises.a binding protein having substantially the
immupnolog %ﬁ%%r%%&%ﬁﬁ%%%ﬁgs ggg“c%{ﬁ%gﬁn@%i%)n%ﬁﬁ?gé %’gggﬁé%ey%?iﬁ%%gﬁﬁgﬂp% as th oﬁe of
r.r.Ab 6B8, BIFIE M S Rt &F Brabodiant Sife 2 SiesuHseo ARgrises nametiiod for detecting US
subtype  baispedimens whidh:comprises-detestingitheibinging of MV with,a.as.1i gr.hinding protein
having substantially-the-inaraunclegical.binding,characteristics of inAl 7310. in yet a further

em bogc’iimeﬁ?%?%%%%é%%E%%S?%éé%%’étﬁ%& for detsetifiy ﬂWﬁWﬁ%ﬁéﬁf‘ﬁg =& comprises
detecting the bindifgpinV: withiiachities orrbiricing prrotieinthervingssilastantialiyithenimmunological
binding characteristies:obinak, 638.6340:er 2D3;0,n particulas. the disclosure relates to

immunotluorescence assays, immunohisochemi cal assays and ELTS7i methods that utilize such
binding protéiid ™ CiftadbtHer BB THReRE e disedbrureorelates to st fordhettietection of AR/

which comprisesbiiding proteinsihavingssubitantiatijothe famunolgieat bindipg.characteristics of mAb
71110 ormAR:638,.8310 o2 Bee 5715 or 7310,
In a further embodiment, the disclosure comprises a method for detecting H5 subtype
AINV D a specimen wiich comprises detecing fhe binding of 7V with ¢ mAb or bmdine
protein having substantially the iremunclogical bmding chamsoterisics of maAk 7HI0, In
vet a further embodiment, the disclosure comprises a method for detecting AIV in a specimen
which comprises deteciing the  binding of ATV with & mAb or binding protein having
substantialiy the immumological binding characteristios of mAb 6B8, 8F10 or 2D10. In
particular, the disclosure relates to immunoflucrescence assays, immunohisochemical
assays and ELISA methods that utilize such binding proteing.
In another embodiment, the disclosure reiates to kits for the detection of ATV which
comprise binding proteins having substantially the mmumoiogical binding characteristics
of mAb 7HI0 or mAb 688, 8F10 or 21310,
The disciosure further relates to methods of treating subjects infected with an H$
ALV straiv, such as an HSNT ATV strain, which comprise administering o such subiec
effective amounts of ore or more monocional amdbodies or binding proteins having

substaniially the immunological binding charactaristics of mAb 688, 8F10 or 20310,



The disclosure further relates to methods of treating subjects infected with an ISIS ATV stain, such as
an H5N1 MV strain, which comprise afirninicterfrtg to such subjects effective amounts of one or more
raonocdonal antibodies or binding proteins having substantially the immunological binding
characteristics of mAl 638, 8310 or 2D10. In a first aspect, there is provided a binding protein that
binds specifically to a Linear epitope of the envelope glycoprotein of an H5 subtype of avian influenza

virus that has subgtantiallyathe inmrernglegicaleRindingis %@é&ri%@%ﬁﬁy@@%m@ /ntibady 7H10.
In & second aspect,tere s provided. a monoglonal antbody 71,119 2 preduced by hybridoma
71-110 which IS’ d_epos}lft'e‘dn Wlt?‘ﬁh% ARErican ype Cultire’Colfecfion with ACEession NGmBar
PTA-8243. substaigiyiiei mspeetogitalainsipesiifaded Biridihg protent thatismoddpecifically to a
conformational epitopeabtideservelapeqlycoprodein ofand-dmsubtippeyol aviaasinftu@nrza wyus that

has substantiatly;the immunalpgicalhinding:gharagiaristics ehmencioralantilody 588, 8510 or 2D
W. In %ougth&s{g(;&%there is provided a monoclonal antibody 6B8 as produced by hybridoma
Wi

6B8 which |sugle655|te' vith the American Type Culture Collection with Accession Number PTA 8246.
In a fifth aspect, there iditovierst dhsivnbcrvpdiiehtibstyisE 10Wgprodudédibyegbitddmé 8510 which
is depositedonftinthiAmeticaoType CulipteiColectpnnithiAcepssioprMNumben RIA-8245ha  Ina

sixth aspecf, there isarovided. MABacienalANbody. ePH0.as RIgUeRd) %@\4&{}%_%%?}5{%%9 mh:h Is

deposited with the American Type Culture Collection with Accession Number P

seventh asg)gé?; there is provided a method for detecting H5 subtype avian influenza virus in a
biological speciménadbiith eoasprisas somaicting thespeainenbaithtd bindindguedteirhthadonds
specificallydBsalingax apitepeioiithenenveiape glysopaieincolian; ibwsubliype efaManHafluenza virus
said binding,pgotein having substantially the immunological binding characteristics of monoclonal
antibody 7H10. In an eighth aspect, there is provided a method for detecting H5 subtype avian
influenza virus in X BiSiGyfeEr<pleimeRRied aompsese combedidt tHasspadisrahwhbadBmting
protein thatbifdshspecificaliyetovath tirfdrmraion dy ppiiopewf thecenvelitpd ghrsoprsteibeofan-H5
subtype of gadan influenza virus said binding protein having substantially the immunological binding

characteristics of ﬂa‘%@&%oa'é‘;?e':c?‘%gr%"?é’ p@%?de%'?ﬁ?o%c%%gip&mibody 2D10 as produced by hybridoma
21310 which is deposited with the American Type Culture Collection with Accession Number PTA-
8248.

In a seventh aspect, there is provided a method for detecting H3 subtype avian influenza
virus in a biological specimen which comprises contacting the specimen with a binding protein that
binds specifically to a linear epitope of the envelope glycoprotein of an HS subtype of avian
influenza virus said binding protein having substantially the immunological binding characteristics
of monoclonal antibody 7110,

In an eighth aspect, there is provided a method for detecting H5 subtype avian influenza
virus in a biological specimen which comprises contacting the specimen with a binding protein that
binds specifically to a conformational epitope of the envelope glycoprotein of an H5 subtype of
avian influenza virus said binding protein having substantially the immunological binding
characteristics of monoclonal antibody 688, 8F10 or 2D 10.

In a ninth aspect, there is provided a kit for detecting H5 subtype avian influenza virus in a
biological specimen which comprises a binding protein that binds specifically to a linear epitope of
the envelope glycoprotein of an H5 subtype of avian influenza virus said binding protein having
substantially the immunological binding characteristics of monocional antibody 7H10 together with

reagents for the detection of binding of said binding protein to said envelope glycoprotein.
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In a ninth aspect, there is provided a kit for detecting I-15 subtype avian influenza virus in a biological
specimen which comprises a binding protein that binds specifically to a linear epitope of the envelope
glycoprotein of an H5 subtype of avian influenza virus said binding protein having substantially the
immunological binding characteristics of monoclonal antibody 7H10 together with reagents for the
detection of binding of said binding protein to said envelope glycoprotein. In a tenth aspect, there
is provided a kit for, detagting o sub i Re.2Man Rflusnza.virs A a,biological &E@%‘%ev@n‘é"sﬂ'ncﬁ‘
comprises %ig n%ng@eggtelg %‘t bér&%s ]%)e%lfl?a! toratqonformatlonal %)lt]ope of the envelope
glycoprotein of an HB SUbtype of avian in Jeh? L Virlls’ S dBIMEAY Shrotem Bding Sivstinmally the
immunologidaBitiiHY ersleRefiseersined v EldrEltartitouye6 1881e8R10or 210 Tintdgethesiwith
reagents fohthiegdetectionlof hirdingrofaaid bindingcpipiainiacsaidhavelane AleeRretRingF1o  In an
eleventh aspegs ihete i iavidsd amsthed el dirting fyihved issus speamen Infecied with, 115
subtype avign influenza virus with an effective amount of a binding proté”lﬁ that binds spec?ﬁjcally toa
. . SIVCD {2171, . . . .

linear epltopg of thé envelope glycoprotein of an HS subtype of avian influenza virus that has
substantially the idinffiridtogidakbiedingachas aoteistics ofthohot]oratmntibbay FistkOspecimbn a twelfth

aspect, thetefisiproviders aubingingiprotein-thathindsispecificallycamcaniormationalspitopg.of the
envelope glyceprote N e of avian influenza,virus that has substantially the,
immunological biEd%%%i@a%ﬁ%%ﬁ?@?‘r%oﬁ%ﬁ%éﬁf%%‘%fbéﬁ”gé’ﬁ%‘, Sﬁ%' (%irgzﬂ%fg?groésaé"ﬁ‘?treating a
subject infetet At T8 Qabisesasntipinudie A osicainbinding sbattr sepisst ofthave s prdvided a
neutralizatigiibadapél fautant of avian influenza virus strain 1-15N3 which comprises a mutation within
the epitope of theiHA seemenesei saidstaipseregnizaddy. menesional antibady G138 sych that the
mutant viru utralized. by the antibody., . a faurteenth aspect, there is provided a
neutralizatig’onl%zglgé]EE)O(ESrinIg tlgo tgo?%gg?aer}f?iﬁﬁ Séﬁszvgo\ﬁ%&g%ﬁ%ﬁ él% N‘i}tﬁ/ ﬁﬁ‘g%\‘fvg) ﬁ’c‘ﬁ%%‘fﬁ?ﬁ NS Banutation
within the dBRoPEERIAY K SBEHeHeE G ST eifrrdedyiv et eniongtaizdribdf BFA0 such
that the mutBnt Virusccanmaidye: nebjtalizicdalvthie ahtibogy. avianl haufifteently.aspect, there is provided

a neutralization es¢apeiRestaniptaviandniurnzayIuR SHANARNEARRAE)WhISh Gomprsss @ mutation

within the q@i&g@gagjmg—l@sc% uence gfa s{ai(glatstgla\i?@,E ect gnized b ,rponoclonal antibody 2D10 such

that the mutant virus cannot be neutranzéd by the Antibody Bt é%ecﬁét?(?ﬂu(%‘f‘ctﬁgfﬁ“%ﬁ‘ﬁﬁ’s

Figure 1. DIStPBUAIrP o MRerar itditede cB herbdist dB auyaniThaidetenin Rigersdiddrhpnistrate that

the mAb wasidbde. to remain stable over a substantial period of time. Figure 2. Cross-reactivity of

H5 subtype mAbswithReRATS.SHRLYBR VTSRS OF HR SURIMRG WLUSES MeRskyedn Hhassays. The
g

ibodyv ti ; h : . L1l J asioll g uenzei_” .
serum antlwo gterﬁgg?lﬁﬂgt) etr.eﬁpectlv.e viruses are indicated as follows: light sha e-no activity,

TUs, Siram WHiCh comprises a mutatio i i F it
dark shade ->'1 p ion within the epiiope of the HA sequence of said

strain recognized by monoclonal antibody 8F10 such that the mutant virus cannot be neutralized by
the antibody.

In a fifteenth aspect, there is provided a neutralization escape mutant of avian influenza
virus strain HSN1 (PR8) which comprises a mutation within the epitope of the HA sequence of said
strain recognized by monocional antibody 21310 such that the mutant virus cannot be neutralized by
the antibody.

Brief Description of the Drawings

Figure 1. Distribution of an mAb’ titer over a period of 90 days. The data in Figure |
demonstrate that the mAb was able to remain stable over a substantial period of time.

Figure 2. Cross-reactivity of H5 subtype mAbs with non-H5 subtype viruses and HS
subtype viruses measured in HI assays. The serum antibody titers against the respective viruses are

indicated as follows: light shade — no HI activity, dark shade - > 16.
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Figure 3. Western blot analysis. Reactivities of the respective mAbs with HAI protein of HSN1 virus
expressed in E. coli's total cell lysate. RPMI 1640 was used as control to the mAbs.  Figure 4.
Distribution of intensity of signals in different tissue specimens. Specimen was H5N1 AVI infected
Magpie Robir 89%Idfiekions indicated with arrows in figure). a)Brain frozelf $&&/9A7/4988%%k incubated
with mAb 6B8. Large intensity of positive signals was observed as multiple red spots. Lesions are

seen in nt%fl]gronS- quiigﬁfeg,ewa%g%fj@ﬁ’ i&%&%ﬁ@g&mﬂ@@r@s‘?@g%@&m ﬁ@ﬁ-t':lr? ere seen.
Liver paraffin section. Tissue incubated wijt ) ~Minimal lesions were seen at the
endothelium (ﬁrﬁ%eéﬂb?lfelgﬁ.v We?’%ﬁ%# i zﬁ.tﬂﬁﬁ% ev@pﬁ%&?ﬁ%%%ﬁ%l to mAb 71110.
No Si:seen. ejoutigl patiaffinidection. Tissue incubated with mAb 71110. Lesions were only seen at the
lining of the epitheli@im;gm%%%@f%ﬁggﬁgfﬁﬁgl% é}e\ﬁ/ﬁ%@ggg&ﬁgontrol to mAb 71110.

No siwere seen. . i i L )
Specimen was FSN1 AV] iufected Magpie Robin, (Signals/lesions indicated with arrows

in figure}.

@) Brain frozen section. Tissue incubated with mAb 6B8. Large intensity of
positive signals was observed as multiple red spots. Lesions are seen in
NEurons.

b} Brain frozen section. RPMI 1640 was applied as control o mAb 6B8. No
signals were seen.

¢} Liver paraffin section. Tissue incubated with mAb 7H10. Minimal
lesions were ssen at the endothelivim of the bile doct,

g} Liver paraffin section. RPMI 1640 was applied as control to mAb 7H10.
No signals seen.

&) Lung paraffin section. Tissue incubated with mAb 7H10. Lesions were
only seen at the lining of the epithelial tissues.

£ Lung paraffin section. RPMI 1640 was applied as control to mAb 7H10,
No signals were seen.

) Lung paraffin section. Tissues incubated with mAb 7H10. Lesions were
seen at the alveolar tissues,

h) Lung paraffin section, REMI 1640 was applied as control to mAb 7H10.
HNo signals were seen. )

i} Kidney paraffin section. Tissue incubated with mAb 7H10, Large quantity
of high intensity signals were distributed throughout the kidneys cells,

3 Kidney paraffin section. RPMI 1640 was applied as control to mAb 7THI0.
No signals were seen.

k) Liver paraffin section. Tissue incubated with mAb 7H10. Lesions were
seen in the hepatocytes.

B Liver paraffin section. RPMI 1640 was applied as control to mAb 7H10.
No signals were seen.

Figure 5. HS subtype mAbs were able to detect signals from HSN1 infected

tigsues dated back to year 2002,



Lung paraffin section. Tissues incubated with mAb 71110. Lesions were seen at the alveolar tissues,
h)Lung paraffin section. RPM] 1640 was applied as control to mAb 71110. No signals were seen.
Kidney paraffin section. Tissue incubated with mAb 71110. Large quantity of high intensity signals
were distrib(EEHHERUGHGUt the kidneys cells. Kidney paraffin section. RPMTE M8 tied as

control to mAb 7H10. No sian s were seen. k)Liver paraffin section. Tissue incubated with mAb 71110.

Lesions were seen igythe hepateyias: thiki vgsdearaffin section. RPM] 1640 was applied as control to
mAb 71110. No si als wer segé%%q%lggi ,%rge& H5 subtype inAbs were able to detect signals from

H5NI infected tissue® dated
c} Grey Heron's brain tissue,

d3 Chicken's brain tissue.

Figure 6. Reactivity of caphoe and detector antibody in AC-ELISA format. (a)
Different AIV subtypes were tested using an AC ELISA test. The specificity of this test
is shown when only HS AIV produces positive results. “N Cis1” is the negative control
where no virus was added to the well. (b) Different HS AIV were serially diluted with
PBS and tested in the AC ELISA. Using 0.100 as the cut-off value between positive and
negative resalts, the minimvm amount of HS AIV that can be detected with the AC
ELISA test was averaged out to be approximately 0.5 HA Unit, 7H10 and 6B§;

Figure 7. Mapping of the epitope for 7H10. A. Schematic diagram of the

= hemagglutinin protein 1, showing the clone constructs for the expression of the different
lengths of the HAI fragments and their reactivities with Mab 7H10. aa, smino acid. B.
Western Blot of 12 recombinant fasion proteins expressed in E, coli BL21, Samples were
from total cell lysates. M, marker; NC, negative control; HAL full-length HAI protein; A-
K, different fragments. C. Schematic diagram of the mutant hemagglutinin 1 fragments,
showing the clone constructs for the expression of the different mutations on the HAI
fragments and their reactivities with Mab 7H10. D. Western Blot of 9 recombinant fusion
proteins expressed in E. coli BL21. Samples were from total cell Iysates. M, marker; NC,
negative control; J, fragment J in B.

Detailed Description of the Invention

The present invention is directed to mAbs and related antigen-binding proteins
that bind specifically to the hemagglutinin envelope glycoprotein of HS subtype of ATV.
In particular, the mAb or related antigen-binding protein possesses the immunological
binding characteristics of mAb 7H10 as produced by hybridoma 7H10, deposited with the
American Type Cultwre Collection (ATCC) on March 20, 2007, and assigned Accession
Number PTA-8243, mAb 6B8, as produced by hybridoma 6B8, deposited with the ATCC
on March 20, 2007, and assigned Accession Number CRL PTA-8246, mAb 8F10, ag
produced by hybridoma BF10, deposited with the ATCC on March 20, 2007, and assigned
Accession Namber PTA-8245, or mAb 2D10, as produced by hybridoma 2D10, deposited



WO 2008/140415PCT/SG2007/000134 a) House Crow's brain tissue. b) Pond Heron's lung tissue. c)
Grey Heron's brain tissue. d) Chicken's brain tissue. Figure 6. Reactivity of capture-and detector
antibody in AC-ELISA format. (a) Different A1V subtypes were tested usin an AC ELISA test. The
specificity o (i tBEH ¥ Khown when only 115 MV produces positive resul CIF AP {E0HaY negative
control where no virus was added to the well. (b) Different 115 AIV were serlally diluted with PBS and

tested in the A%%I%?ngm at can 6'?eﬁ&%&i&é@?&&@%ﬁ%ﬁéﬂ%@@%'ve results, the

minimum amount e detected with the AC EUSA test was avenged out to be

approximate[{FEeBtonigiR: %&%@%ﬁnﬂom@%wmﬁmmﬂe EPHEHELTBF 7E110. A.
Schematic diggremfihehemnags WiBgHtherelbee-cansiueistatsthe expression of

the different len ?%%Sf’gg éhe llg{la%rg?ﬁgs an tht||t| |th ’\éf%%‘ %%Qmar? %nmo acid. B.

Western Blot usion pro e expresse c0| es were from total
cell lysates. Ms,&ha@kbmmM%ﬁ@éfbemvempmﬁﬁﬂmmmmﬁiff@h@ Hifferéatdratm ents. C.
Schematic diggram,of fag,mytarinemagehiinin &/ isanensgs hawingithe-slensconstructs for the

expression ofthe erent mutatlons on the H %ﬁfraé%%%s ang their reactl ies with Mab 71110, D.
Western Bloﬁgﬁﬁ?@ﬂﬂ%‘fﬁ%%ﬁlﬁ%%ﬁ & r}?’g‘g%%ﬁr @fl SRS Rere from total

cell lysates. ¥ paaiddis, Mﬁymm@hﬂ@@mﬂ*ﬁr@@%@ﬁgm@ﬂt@d w&xﬁﬁbl‘lem@%mfmﬁh of the Invention
The present ipyention s diragled to-mabs,and ilaiedntianshinging proieinsiathind specifically to

the hemagglutlnln envelope glycoprotein of H5 subtype of AlV. In particular, the mAb or related

antigen-bindipr§pété %Mﬁ@lﬁ%ﬁ%%%ﬁ%ﬂ?ﬁg TR airERERE RSP IRAD 71110 as
produced by fybridonrantibidios saposiiadvitedhe dmetisEMijpedkulivresCalaatioli§ATCC) on March
20, 2007, an%ﬁga sign d Accession Number PTA 8243, mAb 6B8, as produced by hybridoma 6B8,
deposited wi % on March 20, 2007, and assi ed Accession Number CRL PTA-8246, mAb
8F10, as produced Mybmw@h@@po‘éfh@é btk trefAtPermeonawERet 20, 2007, and assita.ed
Accession Numberf3l A:824pxR0 W&bﬁﬂw@n@mﬁ&m&e@wted with the
ATCC on March 20,2007, and ass%nﬁfi Accessjon N ber PTA-8248 Th% invention further

embodies th&&¥FiRAB S O SRTRUS e’fgﬁct’géﬂgﬁ BY &hd binding proteins of the
invention. Thesdenentioitfeiéraciaidstomtetn fntstentigendetection and dlagn05|s of 115 subtype AIV

infection and assayis et guRLRGIRS AN OLHIRURGNOIGIS: F e ugiion, The invention

additionally relates to m ating a subject infected with an 115 AlV strain through the

administratiofbeicHcarne aids s RaRabribey HRBERRE. of e lited teRsS Prdfeins of the
invention, In pamicufais fteisieibeEimendn mmnmmmmmmwwpe of AIV. The

antibodies of this i |nv% P%Oh%%aav |n|st%e£eenc%%%;%c és,&ﬂ{‘ltt;@aﬁ éﬁ%nt msmle influenza

pandemlc as a precautionary meas mstance tive amounts of antl odies to be

adm.nustereoemtemb@uhhﬁmfhw&mr&@ ag%wr@méeem@wmﬁ?mmﬁsdmmd
protein that is substantially devoid of tertiary structure.

. The term “conformational epitope” refers to a mAb or related binding protein
binding site that exists in the HS-subtype hemagghutinin glycoprotein in its native three-
dimensional form. _

The term “binding protein” refers to a protein, including those described below,
that includes the antigen binding site of a mAb of the present invention or a mAb having
the immumological binding characteristics of 2 mAb of the present invention.

The present invention advantageously provides methods for preparing monoclonal
antibodies having the binding characteristics of mAbs 8F10 or 2D10 by immmizing an
animal with ATV subtype HSN1 (PR8), preparing monoclonal antibodies having the
binding characteristics of 6B8 by immunizing an animal with H5N3 protein and preparing
monoclonal antibodies having the binding characteristics of 7HI10 by immunizing an



Various terms are used herein, which have the following meanings: The term "immunological
binding characteristics" of a mAb or related binding protein, in all of its grammatical forms, refers to the
specificity, affin:%{ and cross-reactivity of the mAb or binding protein for its antigen. The term "linear
epitope” refdts B8 8K cutive sequence of from about 4 to about 12 amino TRAFbrm an
antibody binding site. The linear epitopes of the mAbs of this invention preferably are in the region
from about amino acid..2 1o, about mipg,. acid 251 of th QQQQQQ%QEM&% in %ncoded by the HAI
viral gene. Théﬁ%‘ﬁlé%a‘?“et%% _e,?r?%%e@rn%n%%%n %3 %ﬁ%_m@\b or binding progglln, may be in a
denatured prog&heiats v 2 desivesl dramrapiegigA fipdig s haractrRgigs i elb nformational
epitope” refersigradedbpideiaiedDindingpieteinpinging sietiakexistein thaddSesubtype
hemagglutinin glycoprotein.in its native three-dimensional form. . The term."binding protein” refers to
a protein, inclﬁg}%% ?%%%gng‘égéﬁ%g%‘tébgﬁ%&? ?ﬁ%ﬁﬁg ﬁoéeégstﬁ%mgﬁ%ggk?ﬁi%%fﬁ%n&% mAD of the
present inventiegnerca shilb thavifg hs #iundlBiical binding characteristics of a mAb of the present
invention.  The pregenLipyeniien advani: H%&ﬁ@é&@@&c@&%f@ﬂﬁt&hﬁ&%@%@g monoclonal

antibodies having the binding characteristics of mAbs 8F10 or 21310 b}y immunizing an animal with
AP/ subtype HERRRESGHEGETHG ATGHERRTH Srrt e s HAo THE Hinthiy Rhdfecteristics of 6138
by immunizingsah asmitrak Withidd NG pratelindrd pripasingineneciaiplanighedies having the binding
characteristics, of 7H i NiZi n. AR it B Dy t@&,@m .antigen may be used
as an immuno%gﬁgﬁ ?8%pgge%%&a%ﬁ%ﬁ)kg§?§é§%v§%§%%uno ogical bin |§§h}‘§ aracteristics. Such
antibodies incledeimat hrdvreriFmelaridens Seruraireanst ahitiédcuiBeHss, single chain
antibodies, Falpftggmenisdansnuotainsieamprsingibe anitges indingspaugace of rnAb 7H10, 6B8S,
8F10 or 2D10. ... The,mAbs qf resent invention may be praduce any technique that provides
for the produc?%‘% %%‘%S | 1030% %ﬁ’(ﬁ?&ﬁlé@%%ngg}é |‘r11}u%ﬁzsb%%é¥ﬁslﬁlnegsgﬁngﬁﬁ%h%){a%é%ﬁrrﬁe 'hods include but
are not limited-issthes-hyh Tddifa ehmigastodisinedhbd eaveiopé dappKdivaredit Milsgein (1975, Nature
256:495-497)p a3 WelhRadBRdremacieehiguephe humang:-oell bybddemmischigus fgozbor etal,,
1983, Immunolé%PTo,da 4:72), and the EBV-hybridoma technigue t%rngge huyman monoclonal

antibodies (CEEBPEFE §8%" ORIBHEF X TS RS RAG CaA@y Ticrdh PR iss, Inc., pp.
77-96). Humairabtiedies Canchel iseghahdhadh bhso@aﬁdﬁbmﬁmmmndomas (Cote et al.,

1983, Proc. Natlufieady Sl o§a€ﬁm§9%9&%%&9@89&%@&”&”%&%&9%%@5”"S with EBV vu-us

in vitro (Cole et al.,"1985, in Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, pp. 77-96).
Moreover, tedhffiEiies tebe iS8bd/tetaiploddctith %F“‘E‘P’Fﬁf"f‘e?ﬁélaﬂﬁ%c%;@@” 6P KimhAPAed antibodies"

(Morrison et afakt@84. 21 PBGIS; 0lke 3875 NBSAP B0t Rindlng :88hablathtem 312i6R4-608; Talceda et al.,
1985, Nature 314:452-454).by introducing sequences fr r ibod lecule of the present
invention, e.g?flmﬁ; ﬁ?%&?’éﬁg?eéﬁs&ng?‘ivﬁ%b‘{ oeg%tﬁg?%vﬁﬁgiéhge%?ﬁgg%ﬁé%%ﬁrﬁ%ﬁody molecule
of appropriatevBloisgiedicae evinpen asdatcISHnel FrpinBoid siagcthestyaeadatain a human Fe
portion ?nd aﬁﬁyel.fi'@ﬁﬁéﬂﬁﬁiﬁ%@&s{ﬂé@ﬂﬁé&@aﬂé&ﬁ%&ﬂ&ﬁ%?@&%&ﬂ%@iQ&afﬁéQ&SQ indW_hich the
murine (or other non-human) complementarily, determinjng regjons , e incorporated into a
human antibé’%ﬁré%ﬂ%mm)ﬁ%pé’ﬁ%oﬁu%?éﬁ%ﬁﬁg%ﬁgg %th{i‘ﬂ%ﬁ%a%h%. J%ngqﬁn or humanized
chimeric antibégiesaispeeievedforaseiin datuindiiagrisis SR repinoihomiahiciseases or
disorders. Acgardingindfis eRIMdec IHESAesFHas i e Readustian esingle

homan or humanized chimeric antibodies are preferred for vse in in vive diagnosis or

)
(]
CE

therapy of human diseases or disorders.

Aceording to the invention, techniques described for the production of single
chain antibodies (U.S. Patent 4,946,778} can be adapted o provide single chain
antibodies of the present invention. An additional embodiment of the invention utilizes
the techniques described for the constroction of Fab expression Hbraries (Huse et al.,
1989, Science 246: 1275~1281) to allow rapid and easy identification of monoclonal Fab



chain antibodies (U.S. Patent 4,946,778) can be adapted to provide single chain antibodies of the
present invention. 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 identifi®dtid#P¥EHtoclonal Fab fragments with the desired specificBE T8 &aeoantiiody 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 fra ents include but
are not limite ARSIk oo st rRehi s E‘%{fﬁbﬁé“'ﬁg&% B PHEPEITEIESiShBf the antibody
molecule; the fedbifiva, @ntmadiich can be generated by reducing the disulfide bridges of the F(ab52
fragment, and the Fab frati ents whic n be generated by treatin ' lecule with papain
and a reducing agel"%tx.1 ‘éﬁcﬁ%’% I %lésy%%%?ﬁ%ﬁ%%gagnl%&gwﬁé%%ﬁﬁn%g%%%%@ﬁ%lydonal or
monoclonal aE@sedrs b ke iriodndess. Fﬂqﬁmﬁgtﬁmﬁ%@ﬁi@@%%éﬁng for the desired
?ntibody faﬂ %W@miﬁa%%zbﬂa@%ﬁiﬁhmdéw@z@&lasdaahﬁggmgﬁmmaggassay, ELISA |
enzyme-linked jmmunosorbent assay), "sandwjch' immunoassays, irnmunoradiometric assays, ge
diffusion precﬁ?%?@%?%’i%%%oﬁ SUR %@%ﬁ@ﬁeﬁ&ﬁﬁr@#&ﬁoﬁs‘éﬁ%%sc%"glrgéﬁoidal gold,
enzyme or rallisigetopdddiidis), fomsexatywié thoBsdtdrpblots, wrishipitabiogererttibhis tagbigtination
assays (e.0., gl ANOl BRIORRSSH aierAg A HINANpnAREaY sl KAUAPHHOIRSGAES, aSsays and

immunoelectrophoresis assays, etc. In gne embodiment, antibody binding is detected by detecting a
label on the pFHFAREBEY. "Tﬁ%?%‘ﬂ'?@?o@‘ﬁ%Bﬁﬂﬁ?ﬁgﬂﬁmﬂ;@n&}fﬁﬁﬁi&%%ﬁ%ﬁf&ﬁpﬁo%tected by detecting
binding of a secondarshaptitndycandthabsdagenttaithciprirralysantibotipdirea firther embodiment, the
secondary anfi is.lahel in the art. I Ineing: | Immunoassay
and are withiri? (%18&% égg%%%%%ﬁ%h%%%%%ﬁ%ﬁﬁ%ﬁw é'réi’k%é%%g‘(% %&f%i%%%%g(ééan eé used in
methods know#ind iFaareseThe g thesartuitio ivmesspatichmBrId SRS EYaR? e.g., Western
blotting, ELISAsha@iopRoaae 3&saynd MHRQIIRESE0ReS R85 ImmeRistoghepical assay, and the
like. The techniﬂugastldéi:g%osed herein may be ap Iiep to the gegalitadgiveb ntg u%gtj%atgve determination
of the H5 sub(f?/p%io K acﬁzdy%etﬂrewc’ﬁlé)ésnoe 18 BNa SUTVAITARCE’ Of animals oF humans infected with the
virus.  Therpaeiiant dagiititisiralzsadridetde seh ssaljtantde sskite, fonthgslgtnghatvesaysl/or quantitative
determinationgf,thefkLashtRg, ﬁhﬁ-ﬁhﬁﬁ@%ﬁiﬁ?&%@&%@, test kit may,campsise a labeled

component prepared, e.9., by labeling wjth a radigactive atom, a fluorescent_ group or an enzyme,

coupling a laf®8 ?8%%1??%&6 AR BIRARERS Ot 8?@8%%%0?% BYG% binding partner
thereof Sucheassalnomtetikitifanthetirdyiscmnprddyr degaits pditientd amdanddryctions for us; as is
well known t%ﬁg&%g@}@gri%éww%m%ﬁw§ in g M@%ﬁ@@&gﬁenm of the invention,

such kits will contain at least the InAb or related binding protein of the invention, means for detecting
immunospecifeBRan &k fpabedr Mrats ainang Priveit fndersrashsdyreit ©mple, and
instructions fafdagedenending wiah the sipthetlisaiestadiagideompetitive," "sandwich,” "DASP" and
the like. The kits m Q contain.positive and negative.controls, They m .configured to be used
with automated ana y%e?ge 7 a o%%% irﬁ“ﬁ%ﬁ“&ﬁﬁ%{é‘é’ﬁ?ﬁ%g‘f‘gﬁﬁ‘e‘% a?rﬁ%éc?ﬁ%?ﬁl{;%éﬂﬁts. An assay

kit of the inveletrstionay nsaliration fip Hsawbbwesh & BhitondlY evianbivigumtbifAthat may be labeled or
may be providggdaratisehmentim solidsuHRRer:or atiaahacdiorsalid suppard dRughan antibody or

binding protein may he, for .example, gne that binds to ch second antjbodies or binding proteins
may be poly?:% ﬁ%}?ﬂﬁ!ﬁ?ﬁ SHEAHED %e appil tol\éle quzlzjltauve ang quantifative

determination of the HS subtype of ATV and to the diagrosis and surveillance of animals

or humang infected with the virus,

The present invention also includes assay and test kits for the gualitative and/or
guantitative determination of the H5 subtype of ATV. Such assay systems and test kits
may comprise a labeled component prepared, e.g., by labsling with a radioactive atom, a
fluorescent group or an enzyme, coupling a label to the mAb or :felated binding protein of
the preseni invention, or to a binding partner thereof, Such assay or test kits further may



Monoclonal antibodies to H5-subtype hemagglutinin protein may be prepared by immunizing animals
with ATV or H5 protein or fragments thereof. A preferred method involves amplification of the
H5-subtype HAI gene followed by expression of the gene, recovery and purification of H5 subtype
recombinan%(? BHLMHE use of the purified proteins as immunogens. For}&gﬁ%mgﬂﬁ‘%lv is
propagated by inoculation of chicken embryos with available strains of the virus, followed by isolation
of the viral RNETPRESHREGEHSTLER Shdes By iav et iipelidaponimbrassdim ireaction
(RT-PCR) andihembasybediaged.into a baculovirus vector that is used to express 1-15 proteins in
insect cells. The protgi roduced then.can be.used to.immupize mice or oté}er suitable species for
production of hybridﬁnggﬁst.ﬁ& Bﬂ%&%ﬁa%l%ﬁgéﬁ%%ng%%%ﬁé%%r eir a‘boﬂ’im%%ﬁt ?)%l{ﬂ(% high affinity
ruAbs that arerdaisa etz peiicalijapintnicto ey i distingpiskitHendifipnf other MV
subtypes. In aggetdanee wihheinve plinas bhay begnifayndihat antiboies with virs neutralization
ability are able to crieco?%nize con%?rma‘&i\ggal gg%%pes [n the H5- subtype herpgﬁ%g}j,mrotein. This
finding resulted ft6M e genaration BREES BEmUTERE T the Hrésdtfee cifeutralizing mAb
after 1-2 roundis: dkeelBetibits inaylaldillsDerbypositiimeddodepstiih BGticelibeTheysAl gene was cloned
from these ne {@é@é’ j GaRe n identi int.mutations. In
this panel of abr?ti_bpdive!:g,&%BSgeutralizat%%%%%%mﬁ%%é%%%&%%%ﬁ%un i%r?tilﬂ 35 6B8, 8F10
and 2D10. Netift&iEtisieEtpe ability was confirmed using hemagglinination inhibition assays.

HAI contains 338 aminasagids:. cFehstiudyihe disfribuionehiines: epiiepesvmihe preln, truncated and
mutated fragmen e e tested for hinding with mAbs, e.q., by Western blot or a similar
technique. Lir?e%f’fE %‘f@gﬁéé%%?%enﬁﬁ?ﬁ That are bPr%%agc aregnétté} Fosf%&ﬁggpt% l"'}ﬁive a good
performance Htdfsdrpeliharned 1 ¥acbubrpbasorsrndetraschataydoufinegdmfdnnalin-fixed
tissue, using ineEACRisioshevicahsiiBngIMathass Mepaing abibgsLls sUbREmARS in this
manner provides alplaaﬁfom{)f%{ further study and a more effective clinical dia osis of the infectious
H5N1 AlV. mf)ﬁ%cpof%seaﬁ?lr?veeﬁtion also has provided a better understanding of the antigenic
structure of the henddggtalimal mobedidetotbiBiiyistipesapinii FlueinAbg lendogelatEcsybinding
proteins of the,inyenign.Rouide AmMeans oy detectp eﬁwﬂl&gﬁ?hg%%%éﬁ%% %Qe”at“red

tissues fixed in paraffin as well as in frozen_sections and biological specimens. e ability to detect

the virus in pArEtfiriaERbfieroprhRatimpbienté  srrlotnrsdhe aratwinae thesaaeantigens in
infected tissuecsetipans] peiflestayetl wibgrtatiarbpretess:hematiseand.ehamel have the potential
to remove the lipi velope and envel I tejns, including hemaggjutinin,.hence increasing
the difficultie ji]%l‘i?%/gi;}‘gIgsantigen&jié ec%%%%ﬁé%@%mﬁﬁ%?&éﬁa%#%%%% ﬂneogotential to provide a
safer and mofEiEc T RiayHBa R alebls Thrdeetfatims Eilonedtarisvksiresf the visiillustrated by the
examples pregeatethaeiow ek 2kblads highblyefticaciapaand sansiivedavitalaptigen in
fomsalin-fixegg%?% a‘@’z@i h%in%ea rlninignagcl effect on. frozen tissue, sectéons. This antibody allows
infected regions to be easily viscralzed under th aﬁ&‘rﬁ’%&%&%ﬁ%@ﬁwﬁﬁ &0 Hoes not have
hemagglutingtieains itirisat oe Har T e sanodotivitiben hovieveediteidnibitép ositéver results in

ininaunefluorgagensaIAs SERLRNSILWESIRINPRNRARNSIS, strong bands that correspond to the
recombinant H5NI-HA protein (MW 361§§a) are observed. In_contrast, mAbs 6B8, 8F10 and 2D10

are highly efficaciotis S B fisdGeret Micher AR Bbdemadkribieh HTRiFrRARSixed tissues.

These resultthitrgebyctpabihel pesfiotydoiimpbsitactaitnaiftisaninitaltepipe sdiarough epitope

mapping, AL L0 was I slesained a0 shinaal sallanes, ey it onivdaiect e viral antigens
e a :

. . . s
when the tissues were subjected to intensive heat treatthent. Under suc rsh antigen
virus neutralization ability are able to recognize conformational epitopes in the H5-

S

subtype hemagglutinin protein. This finding resulted from the generation of vims escape
mutants in the presence of each neutralizing mAb after 1-2 rounds of selection in Madin-
Darby canine kidney (MDCE) cells. The HA] gene was cloned from these neuiralization
escape mutants by RT-PCR and sequenced to identify point mutations. In this panel of
antibodies, 3 neutralization epitopes, namely 1, 2 and 3, were found in mAbs 6Bg, 8F10



retrieval methods, surface proteins of the virus were destroyed and left nucleoprotein of the H5N1
virus exposed. Therefore, mAbs that target linear epitopes did not work as well on frozen tissue
sections. Monoclonal antibodies CBS, 8F10 and 21)10 were determined by epitope mapping to
target confonQa%%%ﬁ%“Bﬁopes of the H5N1 virus. These antibodies were atfté &5Bifd W&o recognize
these viral antigens without prior treatments to the tissue sections. The differences in staining

intensity on diffe Issue specimens obseryed in immunohistochemical analysis reflect that the level
of viral infiItrat%é%?%@?ﬁ%%ﬁfé%ﬁg%cﬁggl%lxx%/o?’@t?r%ﬁ%gg%?ﬁ%?&aﬁ%ﬁw f&ue, individual cells
were deeply staltdtoargstisre was also a large distribution of stained cells in brain and kidney tissues.
These findings indicate thatdunas mighiaase hesmpstseversitiniceind 0/gansatihgdater stage of
viremia. Previous_lcy, intensi%/(ﬁé%sionsﬁl ngs of H5N1 infected animals have beéen reported (2, 13,
PSSR EA LR g?é%%?ﬁﬁﬁg@%?@%@f%@ﬁ%‘ﬁ%ﬁ%dﬁ@ys. Because tissue

14). However JRE
specimens utiliz&hsin.therketimdis deadingtodtisimnve fitionweieabiainad ilembimsat a late stage

of infection, th&é%mmﬁ“&%%%%@i‘?é% vea ég{gﬂfzﬁéﬁ%%ﬂo%v%a at early stages

of infection and that during later stages virus pread and conce € kidneys. These

results therefGFPYRAEREth abd a8 Hot aecepi indnambrrizadHarsusivacted of infection with HSN1
AP/ should ingindedobaindishkideeintigsmesas Walas i sIOHSSYQubiypd Risdpyeation provides
convenient, highly specific an nsitive ans fqr detectin subtype AlV. One such means is the
ELISA format.Xg ha pte *&(?%Sda §1ﬁ%5§% |h§%h$%&%s%%ﬁ6ﬁaﬁ%§§§%qy§§§%@c PrIPES 6 dies. It has
been found thiafaptiswdHbinadsn provides high optical density readings in detection of H5-subtype
ATVs in comparisonmie githes: aviRady Alene:qiirietheeembipations:Whie nothaund by any
particular theory, %%)o%s#éblg e%gnati.on oggﬁs%%ults IS thaétéhe two antibodies react with different
epitopes on tﬁgﬁ SOt ARP AP PSR AR SRPRT laests et attetitiflg multiple
binding sites. bindiMrmoefonaf Getibodids:ayaiikt conios foa deratiapitdpkighivaiaiaipeiisportant biological
functions, such.as; inafionJnhinition an rali aéi% S Ivi i Abs,against linear
epitopes are also. é%%%k%%%ggig?%g%é@g%gstic us%iﬁ%éé%rké%ore, t g%%ﬁ%ﬁﬁf%ﬁ%ﬁbs 7H10 and
6B8, which wE&%Hf&hst linear and conformational epitopes, respectively, and combine the

immunological propEhtesilify gGlasd fighvinsintigetantibody intaciompnightcontdbute greatly to the

high sensitivit gg&gu%tﬁgroc S. %gfegsagp%%&%fsusin

5 an g sg?%vggs@régs aISO@a%e used to develop
other immunological met o((;fs’to etec Viruses, such as, for examﬁlsetfol?f?/ tt and in situ

hybridization fefter@romses.pFefernba mi gimekhotethictvizatition isebie the detbottdiamntigen from

H5N1 avian iﬂgﬁ!&l@ﬁ%}!&rg&éﬁf@@éﬁﬁyE&!ﬂ&h@h@ﬁﬁ@@l@ﬂ&bﬂéﬁé@ﬁ;&%&ﬁ%’@@&@%ﬁﬁ the utility of
the inventionJor detectin, 1_both a\ﬁ;ﬁn agd r\%m n HSIHl;L infectjons, The 115-subtype mAbs of this
invention hava &t TBASTHTES iy A HEGEE T i8F agnosis has the potential to provide 2

safer and more precise diagnosis on S infecied animal and burnan tissues.
As illusirated by the examples presented below, mAb 7HIO is highly efficacions

and sensitive to viral antigen in formalin-fixed tissues while having a minimal effect on

frozen tissue sections. This antibody allows infected regions to be easily visualized under
the light microscope, Antibody 7H10 does not have hemagglutination inhibition or viral
neutralization activities; however, it exhibits positive results in immnnofiuorescence
assay and in Western blot analysis, strong bands that corréspond to the recombinant
H5NI-EA protein (MW 36kDa) are obssrved.

In conirast, mAbs 688, 8F10 and 2D10 are highly gﬁcacious‘ on frozen tissue
sections, but do not detect antigen in formalin-fixed tissues. These results fmply that the
two groups of mAbs react with different viral epitopes. Through epitope mapping, mAb
7H10 was determined to target linear epitopes. It could only detect the viral antigens

when the tissues were subjected to intensive heat treatmhent. Under such harsh antigen

10



current methodologies as diagnostic tools. First, the mAbs are highly specific for the highly infectious
[15-subtype MV. This specificity has been verified in an assortment of HSN1-infected tissue specimens
from years 2002 to 2006 obtained from various sources, Such highly specific monoclonal antibodies
represent a BRARAPSEES in the field of avian influenza diagnosis. Second® &S &BM3/8Fthkse mAbs to
detect and accurately localize 115 viral antigen in infected formalin-fixed tissue as well as in
serological tests .S%#’I as HJ and.ICFA represent a distinct.advan . T#ifr’d these mADbs provide a
safe and conVERIE ﬁ%%ﬁ%%ﬁ‘é%ﬁ%?ﬁ%ﬁ?&?%ﬁ%%?e“’c 5% ﬁ%&a%%}e ﬁ%ﬂ%ﬁﬁ?ﬁé} etect viral
antigens in patafiySbctivnsfasiitatiberafars potbaid: disgghbntstobiiieatéifl spbeirensrtbit will not infect
humans or hayedhe.petentialigelease infectious virus particles into the environment Moreover,
frozen section slides can be cryo en_icallé stored for Ion%periods of,tim%and, facilitate further
diagnosis and survelfarraost| 3%3%%6 8, SR Saner S b SRS GRRS ShVRH oI RIRIRE 1o
neutralizationigesegpe-aaitiantscatHpiavianiniuBiiXa vIiioe (Ehmc'nelivdlzation @deapemiutant” refers to
a mutant virus fa(3ed. by aainlBviaians . ashesnredingbaasdlinp wieh caused antigenic
a 1z

3 LEIEMN
drift in the 115 Virus an ect neutralization epitopes. A neutra izatip escaﬁqe mutant can evade

neutralization by certhfflifsnBribiettaninsdaiesiy s SEemidve PHinaaiohigved Farent virus. In
manual screegping:fofeschnricluiRNSisadiate Haliy s dbdneu alat with diceriaianasdsalization
antibody and ingculated into a hast, such DCK cells or chicken embryos After. 2-3 rounds of
screening, théoﬁgg%gﬁﬁ%%r%%%%%aﬁ?%ﬁ%hésrsﬁlgfﬁxﬁ%‘éﬁgﬁlec %% esrﬁéﬁa %3??50%%' gene
sequencing. Fhéihrnatethlimide zoitsisusienvinetslcaligihein wiltkidrephremsl Tieas sequence,
and the mutajggksite ingicatesQxaaiane:of theaminosaridscomprsigthengyikalzation epitope

recogni7ed by the neutralization, mAD. In the present inveg%i n., 6B8 escape mutants arise from
H5N3 AIV bysﬁ“ﬁéeé%‘%%afl’%{?&ﬁi}‘n%%Féfﬁlﬁsg??ﬁ6‘68’5?3%& g2é‘@c & SPEE from H5N1
(PR8) MV byhtae M@@ﬂﬂi&ﬁtidﬁp&mﬁ@odw mmwgmmmmwm&mmm (PM) MV
oy the 2D10 Aenialiatiendnan aclanal antogy Mulatian S e SBIRIGAAMPIE dad able 3

below. Neutralization esCape_mutants are different from their parental virus in that they no longer
can be recogiyaHipy werakipmed fam hirdh 4 ades des hrkcSsr s RFBifate #i8gaFent virus. In
view of this, thesrugt RS LARbe 1I5gH leriiTiinizen eafpsnawonpragenatemibody production in
accordance with the tea hings above. Among the new mAb oclonal antibody which exactly
recognizes thv‘l‘/leumrr%t%‘t‘{gr %ﬁﬁope S(:;aln bee § ?%aé?naél %Olﬂ]tosmtﬁfﬁie%ﬁg::%%nﬁ ng{ggs?omﬁ’}%%ide
complementabgrsiimrciiine tetairanoriiueasinoniises sreslsareniedokérdestiorwdtbBy repeating this

process throygdnaeneraheanekationsrf @8&%@%&&9@%1%@%% and further neutralizing
antibodies obtained, These antibodies can be,useg%g%the riéghods of the present invention. Ina

further embodiment ' TSRS AP ARG S FTREABT TR S FSPEATE BF the invention can
be administedetdorpdit sbhjpetsISufErmngpfhonean i5haRLEHadomgtpdnticptaidyan infection from an
HSNI subtypg of S-1e AiRRsies a8 &'ﬂ&%@@i%m&%@ﬂ@%%@ﬂ‘m can be

administered to subjects as a preventive measure i event of an influenza pandemic or threatened
pandemic. T eMavidea fuEhR bR SsrstE redings BrdsirtiRu Rt Ry bR RS ¥ Hose or in
repeated admjRistpiians, (o pifonatyiiody siow telease:-fesmbitiinizistaiihesohel Mage/by any means
that enables the.antibody to reach its site of.actign in.the body.of the subject being treated, e.g.,
intravenouslﬁalleftl§ fgﬁhrﬁgs%ryéﬁw fﬁi}?ﬂaedeg%%?y? ora yeg? asa I§/sy fplceaﬂv? %ﬁéggfﬁﬁgo%%ﬁls administered
in a pharmaceiftiéiifradceprapieoniditd reeiierrd aerrl silstatinatingde sukckshgtion, and the
composition gRR:foFRREGERPHERIMBSBAROERSabIliZers, adjuvants, solubilizers, buffers, etc. The
exact method of adl%i)nist]ragtziﬁ)n; %omgositiontangfﬁ)artigulg{ dotga e will be determined and adjusted at
the time to therapy, élr?é;r? m@mﬁpgn hesaivigaarnéade oﬁh@%f%%ﬁﬁ&% account such

factors as biological functions, such as hemagghutination inhibition and neutralization activity,

while mAbs against linear epitopes are also advantageous for diagnostic uses. Therefore,
the application of mAbs 7H10 and 6B8, which were against linear and conformational
epitopss, respectively, and combine the immunological properties of IgG and IgM in
antigen-antibody interaction, might contribute greatly to the high sensitivity of ELISA
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the subject's age, weight, general health, and the nature and extent of his or her symptoms, as well as
the frequency of treatment to be given. Generally, the dosage of antibody administered is within the
range of about 0.1 mg/kg to about | mg/kg body weight when the antibody is administered to treat
patients suff8fgHaAt4A H5 AIV infection. Typically, the dosage is reducéd-BFaBIHMRE.e. to within
the range of about 0.05 mg/kg to about 03 mg/kg body weight, when administered as a preventive
measure. A sifffieedifabobesPBRringt prote o ks Mversuhcarsbie defreienistired for therapeutic
purposes or aigamlbetien skivaqs R B8RRRBNRA e LANIRYYSSHSIANe IdROTe
generations ogzngu&r%!goatiggm escape mutants have been produced, such antibodies and the 688, 8F10
and/or 2D10 antibodies 08&erbed above can be administered as therapeutic antibody "cocktails?'

The following examples rirécproidEt ttes obthét éngeptiefcrraid anodesof rastidiag fbe: invention, The
invention is ngidiitaekionheAeAlS ChIbREXIRISS, Qﬂggg&ﬂmw&%éh %%f Il 3cope of the
appended claims, Exa ggée 1 Production of Hybrifiomas _ Virus designate 535 1 was obtained
from the Cent&i 8 fﬁl’sggp BIEERT T SR trehathBHap ambaEe FEbOnREREH5N influenza virus
that contains the HATap@NAigemes oot MY idabtbyimus hatdiafestedarhupania-igtam

(A/Vietnam/1203/2004) Another Al 53 (A/chicken/Singapore/97) was obtained from
AgriFood & Veterinar A%o ity VA%%%%%%%O%?%&% Wé \?i%%%g%%‘gv%ﬁé%ﬁed to infect 9 to
11-day-old enii/s %l&@%@@%@hé@@%@mmmaﬁd@ smebsdfowreddd replicate for
two generatiopsiMariais fivid-faesrthacrh yeratrdchicken aaaswasdhendiawn.and viral titer was
determined using hemagglutination gassay (HA),. Purification of these H5N1 and H5143 viruses was
performed bygéué%ﬁgfﬁjm %%eﬁn& n%mg C%W Pihs 5750 Afidtites to remove

0 \%&%ng%%n St IR L (o1}
debris, followadingreatdirsmnsifuGenod Sfethislin o ihatamiht 400800 mxhAandibbmsalie virus pellet

was resuspengedn RRg.n i iMonoconakanibadissd\9G.and @%ﬁ&@%@%&&%&% arified fluids
using protein A affinity columnﬁgiya. a Aldrich; St. Louis, MO, USA) and Immunopure(r) IgM h

purification kif{ (S RTOTR R °%;Wﬁ%d?ﬁfﬁo@?%@;&?ﬂ?%éé#@@-%@iﬂﬁ%%%cturer's

instructions. EhgmesticepgrasidnibohégEation ghNIN AR MRS D YolRiRe: /RN

o B O D e e e
&c Axinen twg;‘

(A/goose/Guan%:lqong/W) was used as _source of'F toampli geneaby THCR for epitope
mapping. Vir SRR Rokate dbaaievtidl doirrisats dnfstiswrirgsigrivienintedlyent (Invitrogen) as
specified by timiroaneitriaeoReVEisensanne iitien-angeREB-waraipariarmedyth specific primers for

ine HAI genc gff13 sHbiYPEs A RCR BPSELIE LSS SRS . signdrd procedures.

Another embodiment of the invention relates to nevivalization escape mutants of
H5 avisn influenza. The term “neutralization escape mutant” refers to a mutant viras
raised by point mutations in the genes encoding hemagglutinin which cansed antigenic
drift in the HS virus and affect nentralization epitopes. A nevtralization escape mutant
can evade neutralization by certain monoclonal antibodies that ave effective in
neutralizing its parent virus, In manual screening for escape mutants, a parental virus is
incubated with a certain neutralization antibody and inoculated into 2 host, such as
MDCK. cells or chicken embryos. After 2-3 rounds of screening, the escape mutant for
the neutralization mAb is clonsd and subjected to HAI gene sequencing. The mutated
amino acid is determined by alignment with the parental virus sequence, and the mutated
site indicates exactly one of the amino acids comprising the nentralization epitope
recognized by the neutralization mAb.
In the present invention, 6B8 escape mutants arise from HSN3 AIV by the 6B8
neuiralization monoclonal antibody. 8F10 escape mutants arise from HSN1 {(PR8) ATV
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DNA was cloned into pQE-30 vector, which in turn was used for transformation of E.coli BL-21
competent cells. For baculovirus-mediated protein expression, the genes then were cloned into

pFASTBAC Ta vector to construct a recombinant baculovirus containing 115N1 HAI gene. The
baculovirus W&t tfently used to infect SF9 insect cell line for the amBiACHEIN S¢S
recombinant virus. For selection of escape mutants, H5N1 AlV (A/Viettarn/1203/2004/H5N1) was used

as the source of RNA, These purified H5-subtype viruses or purified H5 HAI protein from
baculovirus th%%e%laﬁﬁtf@ﬁﬁ?%ﬁﬁﬁ@c@%%%ﬁ% SO AN ﬂ%%ﬁ’li%t%scularly twice at
intervals of twaiWdekbs EBdh amitnékatias smooolateldhwith 30 -Bluiptoofsiey e didt8 isubtype MV
emulsified Wit%ﬁ&g&l&gl{\é{;ig@%&g@gjuvam (SEPPIC, France). Three days before cell fusion the mice
were then given an intraperitoneal booster of the same dosages of viruses. Blood sera from the mice
were then screened B stsng pretramtriiteradifgm &am Redtnmmidayaér veidselected for cell
fusion. SplenagyiegakiaineddiomitbeisaleciRa.mictinwere sapbinadwih SRAB.1vglema cells in a
1:10 ratio in 50% polyethylene glycol (Sjgma, mol. wt. 3350) to fuse the cells and produce hybridomas
(21). Al ex%eﬁr?ign%}ﬁﬁ%p%%ﬁi\%%ﬁﬁé %végélrﬁé%é%sﬁ Lﬁ%@% Fr%%i%%%%%%ﬁl? %ﬁ%ﬁﬁ%a%t laboratory
(20) that has imerapleraDeiG pibation egeirdmentsiobsivedifiess avBiosafetyithMicrobiological
and Biomedical-absatoips dBMBlbAthdE dilien eif&%}ﬁ?@é@é&ﬂk%@iﬁ&ﬁﬁa&%%%ﬂ wiapplicable WHO
requirements as wel| as thos pprov%d by the AVA and Ministry of Health H), of Singapore.
Example 2 SFa&HirG %ﬁ&%}%g@ ﬁiﬁ%ﬁ&%mﬁ%ﬁme SHrLasrd gk ned by
hemagglutinatidmantsbitiors( bt st dtbienieineiiar dEscegretdug sbRyMMAY) Bsyddsaribad below.
HemagolutinaliggnBliensLest o s AR AR (hbuian dagddpJnfect 9 to 11 day

old embryonated chicken eggs (Chew's Poultry Farm, Singapore) and inctibated at 35C for 72-96
hours After prStrBetiorhererEas saRtoref indbe sirtinds afitkarembigsativas extracted and used
as H5N1 viral antigen a Fhenee sprotiirehybridomaiti mesuppoaaiants were subjpsted to HI test as
described pre\g&gsl Qﬁéynsvin .ch%allgnger thro%gg%@f raqg ugc atsilggmalgdé hemglg%%}nation units of
H5N1/PR8 vitus strain. Serial diutions o y’gﬁ orna supernatants were nlfjigjllij/n ifuted 1:50 and were

then incubate@fey paricrpdomirdein fmere i srhtayabaiy. chickotibeditsrynd (inactivated with

0.1% beta-prapiolacians) pnétad Fhd wlimabnsiisPandieaphishickeneniiiqeyies per well. Antibody
titers corresponding to the reciprgcal of the highest dilutiqn that ig}f}ibited hemagglutination were
o A Tre

ipr
expressed adgat g?rf%%?gﬁ%% 5 uenza pandemic or threatened pandeiic.
antibodies and related binding proteins can be administered in a single dose or in repeated

administrations, optionally in a slow releasé form. Administration can be made by any
means that enables the antibody to reach its site of action in the body of the subject being
treated, e.g., intravenously, intramuscularly, intradermally, orally or pasally. Typically,
the antibody is administered in a pharmacentically acceptable diluent or carrier, such as a
sterile aqueous solution, and the composition can further comprise one or more
stabilizers, adjuvants, solubilizers, buffers, etc. The exact method of administration,
composition and particular dosage will be determined and adjusted at the time to therapy,
depending upon the individual needs of the subject, taking into account such factors as
the subject’s age, weight, general health, and the nature and extent of his or her
symptoms, as well as the frequency of treatment to be given. Generally, the dosage of
aptibody administered is within the range of about 0.1 mg/kg 0 about 1 mg/kg body -
weight when the antibody is administered to treat patients suffering from an H5 ATV
infection. Typically, the dosage is reduced by about half, i.e. to within the range of about
0.05 mg/kg to about 0.5 mg/ke body weight, when administered as a preventive measure,
A single antibody or binding protein of the invention can be administered for
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Immunolluroescence Assay: Mediu Darby Canine Kidney cells (MDCK) cells that were grown in a
96-well plate for 24 hours were infected with H5SNI/PR8, H5N2 and H5N3 viruses from the respective
allantoic fluid. The wells at alternate rows were used for negative controls (uninfected IVIDCK cells).
The 96-well PrRRHESMIdced in a humidified 35C, 5% CO2 incubator for 18CE2966368%/00¢k%EN the
infected cells reached a cytopathic effect (CPE) of 75%, they were fixed with 100 d of absolute ethanol
for 10 minutesth&mmﬁdmm@nea&ﬁiﬁsﬂﬁoﬁ@ﬁ&@dﬂ@lﬁiﬁé m%ﬁ@%ﬁﬁm&?d{%ﬂ%&%th PBS, pH

7.4. Subsequegtly, the f %%%pasﬂ re.l ed Wlth 501.1.1 o ective hybridoma
supernatants for 1 hour at %{‘V JLé%r ”wr% INgs, % fntfmelffafén Wearvee res K&gﬂdﬁﬁﬁiﬂﬁ%%ated with

fluorescein iscifigegisand (o F85. @gﬁﬂ@ﬁf@t@%ﬂ-ﬁﬁ@jﬁeﬂ@@%@@ Bk abDenmark) for 1 hour at

37C. For a mase-disesrainatingpayohaaapningthamAbs by WA, additional controls were employed.
As mentioned earliet urgr}gected I\}élDCl( cells were use as negatlve controls. As an additional
negative control, cellS T A T BT SRS Tehmalesdimetiesrs immuni7ed

mouse at a 108¢ f@?@@ﬁ@tl&?ﬁ%@ﬁ@@%i@ytdmm@tmshdmweﬂsﬂmﬁaﬁgﬂmﬁh the respective
hybridoma supgkiatantswithdhe.differ Sk CoRILQl ﬁ] dhedwhsidoma supernatants which gave positive
i0

staining were selected for cloning by Ilmltlng dilution. A stable mAb producing hybridoma was obtained
by this procedure. Example 3 Characterization of 115-Subtype Monoclonal Antibodies Stability of
mMADs. The hem zglutination inhibition test wasmesignaed on the respective hybridoma supernatants
obtained at different periods of time (7th % .45t E? th 70th and 90th days) to gauge the stability of
the cell lines. Dilution was performed to ca ate ﬁ1e p0|nt Hybrldoma supematant of inAb 6B8
had an Hl titer of 29, WW%M@%‘T@ eirinse

hybridoma clquis sRcrelingmnAerio kil %Bﬁ@ﬁﬁwﬁw&ﬁ&h@@@m@%ﬂﬁ%@% for a long
period of time, c'ﬁ@ r%n of mﬁ%v'?(%%‘f Wﬁfoﬁ% usmg a mouse mAD isotyping kit
(Amersham Bloscie ngalgl ata no & #1883, 8F10 and 2D10 were
determined a%ﬂww @0\7’&5 ﬁm@mﬁ%ﬂsa@jg@mlﬁéf&pé@ﬁa yoAmalysis whbe 15-subtype

MADbS Were CepssrapRiar Ay aES A R 30ELIaN N33 glsowith non-Hs
- subtype influenz ruses 3N H4N 117N1, H9N2 and HION ém test was Used to test the
Cross- reactwﬁ?% B Pt %lﬁ%ﬁ'@“‘é’w&%ﬁ?ﬁﬁﬁﬁé (reee mEBEFs-reactions when

115-subtype mgwwxmwmmsmmwgma@wmw Hubd A, $LON2 and HI
ON5. MAbs 6@&@%@@%&5&%}%&%@3 picl (;/a% H5N2 and Ho a% Table 1 shows the efficacy
orma

of the respective 115 subtype InADs on frozen an ﬂxeafi Iseues i rble 1, a
semi- quantltm%@ﬁ?@%aéﬁfm tg%ﬁcﬁﬂ@hgfﬁ@ﬁ{ﬁiﬂ ang HMBamiseenyzstrong (1). RIM 1640
was used asgadocnndby tendibestibiyi@rus-containing allantoic fluids at 10,000 rpmn for 30

minutes to remove debris, followed by ultracentrifugation of the supernatant at 40,000

_xpm for 3 hours. The virus pellet was resuspended in PBS.

Monocionsl antibodies (IgG and 1gM) were purified from clarified fluids using
protein A affinity columm (Sigma Aldrich; St. Louis, MO, USA) and Immunopure® Igh
purification kit (Pierce Biotechnology; Rockford, Hlinois, USA) in accordance with
manufacturer's instractions. The concentrations of IgG and IgM were measured by wsing
an ND-1000 spectrophotometer (NanoDrop Technologies; Wilmington, Delaware,
USA).

Inactivated FISN1 AVI (A/goose/Guangdong/97) was used as a source of RNA fo
amplify HA1 gene by RT PCR for epitope mapping, Viral RNA was isclated from virus-
infected cells using LS Trizol reagent {Invitmgen) as specified by the manufacturer,
Reverse transcription and PCR were performed with specific primers for the HAT gene of
HS5 subtypes. The PCR product then was sequenced by standard procedurss. Amplified
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mADbs, and chicken tissue infected with Newcastle disease was used as the control for H5N1 infected
tissue. Al and 115 inAbs from other sources were used for comparison to the 1.15-suptype mAbs of the
invention. Table 1 mAbs Derivation of m.Abs Frozen Sectioned Tissues Paraffin Sectioned Tissues

638 F59/04/9& }{§8/140415 PCT/SG2007/600134

DNA was cloned into pQE-30 veotor, which in turn was used for fransformation of E.coli
BL~2} competent cells. For baculovims-mediated protein expression, the genes then
were cloned into pFASTBAC Ta vector to construct a recombinant baculovirss
containing H5NT HAT gene. The bacnlovirus was subsequently used to infect SF9 iﬁsec.f
cell line for the amplification of the recombinant virus. For selection of escape martants,
HSNT ALV (A/Vietnam/1203/2004/H5N1) was used as the source of RNA.

These purified H5-subtype viruses or purified HS HA protein from baculoviras
then were used to iromunize 6 to 8 week old fomale BALB/c mice intramuscularly twice
at intervals of two weeks, Each animal was inoculated with 20-60 pg of purified HS-
subtype ALV emulsified with an equal volume of adjuvant (SEPPIC, France). Three days
before cell fusion the mice were then given an intraperitoneal booster of the same dosages
of viruses. Blood sera from the mice were then screened by Western blot and mics
having the highest antibody titer were selected for cell fusion. Spienocyies obtained from
the selected mice were combined with SP2/0 myeloma cells in a 1:10 ratio in 50%
polyethylene glycol (Sigma, mol. wt. 3350) to fuse the cells and produce hybridomas
21).

All experiments with live virus wers conducted in a biosafety level 3 containment
laboratory (20} that has met the CDC/NIH biosafety requirements, as specified in
Biosafety in Microbiclogical and Biomedical Laboratories (BMBL) 4th Edition. The
experiments also complied with applicable WHO requirements as well as those approved
by the AVA and Ministry of Health (MOH) of Singapore.

Example 2
Screening of Hybridomas

Hybridoma culture supernatants were screened by hemagglutination inhibition
(HI) test and immunofluroescence assay (IFA) as described below,
Bemagglutination Inhibition Test. HSNI/PRS virus obtained from CDC was used to
infect 9 to 11-day old embryonated chicken eggs (Chew's Poultry Farm, Singapore) and
incubated at 35°C for 72-96 bours. After propagation of the virus, allantoic fluid from the
chicken embryos was extracted and wsed as HSN1 viral antigen, The respective
bybridoma cultare supernatants were subjected to HY test as described previously (15}
using chicken erythrocytes for agghutination and 4 hemagglutination units of HSN1/PR8
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7H10 A/goose/Guandong/97

WO 2608/146415 PCT/SG2007/000134

viros strain.  Serfal dilutions of hybridoma supernatants were initially diluted 1:50 and
were then incubated with 4 HA units of the HSN1/PR8 virus propagated in chicken
embryos (inactivated with 0.1% beta-propiolacione} and a 0.5% (vol/vol) suspension of
chicken erythrocytes per well. Antibody titers comesponding to the reciprocal of the
highest dilution that inhibited hemagglutination were expressed as geometric mean titers
{GMTs).
Immuoofluroescence Assay: Madin Darby Canine Kidney cells (MDCE) cells that were
grown in & 96-well plate for 24 bours were infected with HSN1/PRE, HSNZ and H5N3
virnses from the respective allantoic fluid. The wells at alternate rows were used for
negative controls (uninfected MDCK. cells). The 96-well plate was placed in a
humidified 35°C, 5% CO; incubator for 18-22 hours, When the infected cells reached 2
cytopathic effect (CPE) of 75%, they were fixed with 100 ul of absolute ethanol for 10
minutes at room temperanire. Cells ﬁ: S6-well plates were then washed 3 times with

© PBS, pH 7.4. Subsequently, the fixed cells were incubated with 50 pl of the respective
hybridoma supernatants for 1 hour at 37°C. After 3 washings, the anfigens were reacted
and incubated with fluorescein isothiocyanate (FITC)-conjugated anti-mouse Ig (1:100
DAKO, Denmark) for 1 hour at 37 °C. For a more discriminaﬁng way of screcning the
mAbs by IFA, additional controls were employed. As mentioned earlier, uninfected
MDCK cells were used as negative controls. As an additional negative control, cells were
incubated with RPMI 1640, ¥For positive con!:mL serurn from immmnized mouse at a 100~
fold dilution was used, By comparing MDCK cells incubated with the respective
hybridoma supernatants with the different controls, the hybridoma supernatants which
gave positive staining were selected for cloning by limiting dilution. A stable mAb
producing hybﬁdoina was obtained by this procedure,

Example 3
Characterization of H5-Subtype Monoclonal Antibodies

Stability of mAbs. The hemaggintination inhibition test was performed on the respective
hybridoma supematanfs obtained at different periods of time (7th, 30th, 45th, 60th, 70th,
and 90th days) to pauge the stability of the cell lines. Dilution was performed to calculate
the end point. Hybridoma supematant of mAb 688 had an HI titer of 29, The titer
remained stable even on the 90% day (see Figure 1), Thus, the hybridoma clone secreting
mAb to H5 antigens was able to maintain a high titer value for a long period of time.
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1l Other Sources -I-+ H5 Other Sources -H-

WO 2008/140415 PCT/SG2067/600134

Isotyping of mAb. Isotyping was performed using a mounse mAb isotyping kit
{Amersham Bioscience, England). (Data not shown.) The isctypes of 688, 8F10 and
210 were determined as IgM and THI0 was determined as IgGl.

MAbs Specificity Analysis. The HS-subtype mAbs were cross-reacted with related H5
subtypes, AIV H5N2 and HSN3 and also with non-HS subtype influenza viruses, H3NZ,
H4N1, HTNI1, HIN2 and HIONS, The HI test was used to test the cross-reactivities. The

results, illustrated in Figure 2, showed that there were no cross-reactions when
HS-subtype mAbs were exposed to non-HS subtype viruses H3NZ, H4N1, H7N1, HON2
and FI0NS, MAbs 688, 210 and 8F10 had cross-reactivity with HSN2 and H5N3.
Table 1 shows the efficacy of the respective H5 subtype mAbs on frozen and formalin-
fixed tissues. In Table 1, a semi-quantitative score wag assigned to the intensities of the
observed signals in infected tissues as follows: absent (-}, mild (+), moderate (++), strong
(++-+) and very strong (++++). RPMI 1640 was used as the control for H5-subtype
mAbs, and chicken tissue infected with Newcastle disease was used as the coniro! for
H5NI infected tissue. Al and H5 mAbs from other sources were used for comparison to
the HS-subtype mAbs of the invention.

Table 1
mAbs | Derivation of mAbs Frozen Sectioned “Paraffin Sectioned Tissues
Tissues
6B8 F59/04/98 -+ -
THIO | A/goose/Guandong/97 - -+
Al Other Scurces -+ -
HS Other Sources ++ -

Immumohistochemical staining, discussed below, further confirmed the specificity of
these H5 subtypes mAbs fo HSN AIV.

Virus Neufralization of mabs. MDCK oells and 10-day-old embryos were nsed for
determination of 50% tissue culture infections dosage (TCIDso) and 50% embryo
infectious dosage (BIDsp), respectively. MDCK cells (2 x 10° /ml) were allowed to grow
to 70% -90% of confluence, Allantoic finids infected with the respective viruses, using a
series of dilutions factors from 107 to 108, were tested for TCIDsp and EIDgp by infecting
both MDCEK cells at their exponential phase (highest sensitivity to virus infection) and
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Immunohistocheinical staining, discussed below, further confirmed the specificity of these 115
subtypes mAbs to H5N MV. Virus Neutralization of mAbs. MDCK cells and 10-day-old embryos were
used for determination -of 50% tissue culture infections dosage (TCID50) and 50% embryo infectious
dosage (E1958¥84fdfively. MDCK. cells (2 x 104 /ml) were allowed to gleWSe2Pe8%869s of
confluence. Allantoic fluids infected with the respective viruses, using a series of dilutions factors from
10-1 to le, werd#steld fhickem ostyen dininfegByMbtebrslssadeiirosox fued svaretiesd exponential phase
(highest sensitiyityide sdrusiinfestiof)sands Ho-dagaidshicken emhyasidpintectacd MDCK cells and
allantoic fluid ﬁ/egﬁag ﬁuascﬁz%%g}iv%&on ro s.,Th? %e(#lals wer i u#;gated at 35 C. and CPE was
observed. Usmae cad and Muench ma %gsma?gg % C %lqueg%(@[]f? ?ér??{?@gﬁ?%fﬁsﬁfiearswas expressed as
Higevimmsesweereagha diivditlited to having 100

AT RGBT IS 6

TCID50/100 pFefitd900ed HEHIAO0I0GH the fespartiesiuse
TCIDso and 50Q:RIEROrerBY %@%%@@Q%@%ﬂﬁ%ﬁ@%ﬁ%&%@ﬁ%&e%ﬁ@? aRG.yasgble to
an

(D
neutralize the final cor;gti?ntration of %%%%%IDS | LD50 of viruses in infected MDCK cell and
embryos. Sed”FaSE 3R FAR TP A5 S WS b EE2 88 vas capable of

producing neuwirasizingisfetietpVIIGEK] tN indisndesod BeailubbarsThekablgr2seafi@dhthebhkighest dilution

ratio of HSNL,yigses ab oty BesmAPS Mere Fik ke Rdsie PSS AiEBE VIS at a ina
concentration OF 100 TCID50 and 500 EI050 o(%%ruses infect % gg%(%l@ an elmbryos. Table 2
Infected cellsixss ARgpRberpi fgble 2 reflect the highest dilution ratio of H5N1 viruses at

which the mAbs were siill able to deiect and neutralize fhe vizus ot 2 final concentration
of 160 TCIDS0 and 500 EIDS0 of viruses in infected MDCE celf and embryos.

Table 2 ——

mAbs
6Bg | 7HIO | 8Fi0 | 2DI10
MDCK cells | 130 0 200 [ 200
Embryo 40 | ¢ 160 40

Infected ce@is

Selection of escape mutants. Serial 10-fold dilutions of the parental virus were mixed
with equal volumes of mAb, After incubation for 1 hour at room temperafure, the
mixture was inoculated onto & monolayer of MDCX cells in DMEM medium containing
200 ppfml TPCK -treated trypsin (Sigma) and 0.001 % DEAE-dextran (Sigma). Afier 7
days at 35°C., the virus supernatant was collected and subjected to further selection. For
selection of escape mutants, H5SN1 AIV {A/Vietnam/1203/2004/H5N1) was used as the
source of RNA. The escape mutants were clones to be compared with parental sequence.
Axn escape mutant was selected using nentralizing mAb 6B8. The point mutation
responsible for the resistance to mAb 688 nevtralization was determined to ocour at
mucleotide 614 on HAI sequence. The mutation involves the changs of muclectide 614
from "A" to "C", which results in yutation at amino acid 205 from lysine into threonine.
The ability of this mutation to allow the mutant virus o escape mAb 6B8 ventralization
was verified by nentralization aséay and hemagglutinin iohibition assay. This result
indicated the mAb 6B8 targets an spitope containing amino acid 205 on hemagglutinin,
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2D10 MDCK cells 130 0 200 200 Embryo 40 0 160 40

WO 2008/140415 PCT/SG2047/066134

Two other newiralization epitopes were identified for mAbs 8F10 and 2110 respectively
by the same methods. The results are set forth in Table 3, which shows the location of
mAb neutralization epitopes on the hemagplutinin molecule of ATV

{A/Vietnam/1203/2004 HSNT}.
Table 3
Escape Nucleotide | Amino | Amineo
Mutant | Epitope | Nucleotide | Change | Acid Aoid

Change
6B8a 1 614 A C 205 | Lys—Thr
6Bgb 1 615 G—sT 205 | Lys—Asn
8F10a 2 629 CT 210 | Pro—Leu
8F10b 2 628 C—aT 210 | Pro—Ser
- 2D10a 3 524 C—T 175 | Thr—Ser
2D10b 3 523 A 175 | Thr—Ala

Western blot. The recombinant HSNI-HAI protein was subjected to 10% SDS-PAGE,
The separated proteins were immobilized fo nitrocelluiose paper. The membrane was
blocked with 5% non-fat milk in PBS containing Tween-20 for 1 hour. After washing
with PBS-Tween, three times at 5 min each, the membrane was incubated with the
respective mAbs followed by HRP-conjugated rabbit anti-mouse Ig {1:2000). The
membrane was then developed with 3,3'-diaminobenzidine (DAB) for § min, The
reaction was stopped by rinsing with PBS-Tween. After each incubation, reagents were
washed by PBS-Tween, three times at 5 min each. MAb 7H10 was used as positive
control because the latter was derived from purified recombinant HA 1, while RPMI 1640
was used as negative confrol. As iflustrated in Figure 3, HS-subtype MAb 7HI( is able to
react with the recombinant H5N1-HA1 protein. Bands formed on the nitrocellnlose
membrane were 36 kDa. This is equivalent to the molecular weight of the recombinant
protein. On the other hand, mAbs 6B8, 8F10, 2D10 and RPMI 1640 gave negative
resulis. Since 688 and the other mAbs target the viral protein in its native form, this
group of mAbs will not be able to detect the viral protein by Western blot. SDS-PAGE
used in Western blot will unfold the native proteins and linearize them, hence making

detection impossible.
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Selection of escape mutants. Serial O-fold dilutions of the parental virus were mixed with equal
volumes of inAb. After incubation for 1 hour at room temperature, the mixture was inoculated onto a
monolayer of MDCK cells in DMEM medium containing 200 jig/ml TPCK-treated trypsin (Sigma) and
0.001 % Dé’%\%gﬂg%éfr@ﬁlésigma). After 7 days at 35C1, the virus supernatfrﬁ%@@{%q tf and
subjected to further selection. For selection of escape mutants, HSN1 AlV (ANietnamil 203/2004/H5Ni)
was used as the source of RNA. The escape mutants were clones to be compared with parental
sequence. An escape mutant was selected usig.agai4aying mAh 6B8. The point mutation
responsible for the resistance to rgfxb 688thn<iutralization \g%@}gﬁ?ined to occur at nucleotide 614 on
HA]. sequence. The mutation invo VoS Tt !anriea'réeglft{r’?ﬁc? 0 from "A" to "C", which results in
mutation at amino aid 263 sewmadlSihednpakidBdniralissteedbilivy of ilspmugaiigmetmialtow the mutant
virus to escape:mah 6B3-0edtalizalion.wasyerfied-byneyiralizagenassay #ad Aemagglutinin

inhibition assay. This result indicated the mAb 6B8 targets an epitope containing amino acid 205 on

hemagglutiniit A8 EAeE il der-aR RG £ BPTSHOS RRsERdBA AHe pRB BB A 5910
respectively Byt sammmeitions -T660. msliistar:tfarininTablepdophic ahews the location of

rriAb neutralizati itope lutin le of ATV jet 120312004 H5N1).
Table 3 Wes%éﬁ%%%?‘%%% %%%n%%ﬁ%%%ﬁ pr%d%iir:? ﬁé@uﬁ%@éﬁ l%gei %%%S-PAGE. Tr)le
separated préeing svikeihmdbitirees forrede o Scgrainal apiecr it iiin eniteeetiiscked with 5%
non-fat rr?ilig iR B Steqntaining m\éﬁﬁb ﬁ'm%t d@f@ﬁé@@@gﬁe,@f@w@m%%ﬁ@&s@&%@g@r?e ti;nzs aé S’t
min each, the membrane was ed w e respective mAbs followe -conjugated rabbi
anti-mouse 1%?‘]???@36%%%%%%% he \%/gjse Ff’%%%eﬁ%l St v@iﬁ?‘%ﬁ‘ggg\( %?gzidimja (gDAB) for 5
min. The reactiowssass tdppedibdivideiiybyith-RB Srifwee n ofteirdcbncebi b i ssagents were
washed by PR3-Tiueen Heeimes.al 20 Sach. MARLHLM wasHsedagRoRityg gontrol because

the latter was_derived from purified recombinant-HA!, while RPM11640 was Used as riegative control.

As illustrated FE SEHliBIaaEaLHRA R ARE £P1 SRS ERE D R AR IH St lpeeis A ARIRCL- 15N 1-HAL
protein. Bandsidoa#éth b it he-hitiaoal tosgdieinib rd S werg26MKWa. This is equivalent to the
molecular weight of the recombinant protein. On the other hand, mAbs 6B8, 8F10, 2D10 and RPME
1640 gave negative results. Since 6B8 and the other mAbs target the viral protein in its native form,
this group of mAbs will not be able to detect the##@l9totein by Western blot. SDS-PAGE used in
Western blot will unfold the native proteinsaagbtingazeem, hence making detection impossible.

Example 4 Mapping.the li " epitope .of mAb 7H10 The e of 115- uﬁj% e A1V was
dissected into 3 ovérlappirg ?rg%cg%iﬁﬁfﬁ%&ﬁ%ﬁﬁs &8 %@éﬁ%%ﬂﬁ?ﬁ&eﬁé‘o f%E)tein. Analysis by
Western blotnwiides Abfzeationesefdlenahrgatscunbinsbeeis, fiiner §jviouindg aadpaovedapping region of

fra: ,ants B aneG/AMmNAAGIHs 20kRBEkTnlosale e S iaiminy S0l his snitopg, 8 truncated
fragments were desgﬁgzgotg Ba%]%) creened with, ﬁrr%,%b 7H10 (F%? 7a and b) by Western blot. Amino acid

251 on HAI {AEHSTH IR R O P L U fEP e B Yifitate the N
terminus of thRByspitoH& P8 Attt e rail batbonap ddsigne dlandasdreandadinithzndibey 1110. Among
the 8 mutan@oas@gﬁgql%ﬁig) ?éc@@?-% O0LEA wﬁiﬁgw%gsggﬂ?gjﬁg%%gﬁ/g%MX certain primers.

According to the result of Western blot, the N-terminal amino ac epitope Is amino acid 244 on

HAI (Fig 7c %hele) peheuer rekidhds remaded i dreamdast ahepissaRyerase BNKloms e is located at
amino acidscadiitoadfiininehisiie on-beriag ehdahrined JSSulpecitify is reduced '

substantiaily.
Paraffin-sectioned. The results of the staining of paraffin-sectioned specimens are shown

in Figure 4. Very strong positive signals were observed in infected kidney tissues. There
was a wide distribution of signals seen throughout the kidney tissues, and each signal had
a very high intensity. On the contrary, the lengs did not reflect such strong signals in
terms of distribution and intensity. Only the epithelium lining of lung tissues were lightly
stained. As for liver tissue, signa-Is were sparsely distributed. However, each signal that
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Example 5 Immunohistochemistry Thirty H5N1-infected tissue specimens from year 2002-2006
were tested. They included different types of tissue organs such as brain, kidney, liver, lung and
pancreas. TQ%/ Jere g}% i[she form of either paraffin-sectioned specimens or frozen sections. A
commercially R immunoperoiddase staining system (Dako Cytoma?gﬁfﬁﬁwm‘m%
System-lIERP (AEC)) was used for these specimens. The staining technique involves two steps (16) to
recognize bound antheties (2RxkadedLnia e@f@eﬂe@ﬁb mmﬁmeeﬁewm@ewhich is
conjugated Wlth §? gr}d%\é tlb |esdt§ cause es, not contai avu{LP ar | béotln non-specific
endogenous avidin-bioon ac |sr lead" bstarﬁlasﬂ 5araﬁ%n kSTt he resa ??s of the
staining of pa?@?ﬁ@@‘@&ﬁﬁf@&%gé@#ﬁ@hﬁ%ﬂshﬁww W%WW Yerydbrahyg posaivsignals were
observed in infegied Aidnaydistyas.dheie Was-amids, disttiution.of sigpals gery throughout the

kidney tissues, and each |gnalhad a very high intensity. On the contrary, the lungs did not reflect
such strong i s ot ?%‘f?ﬂ?ﬁ“tlon and intensity. Only the epithelium lining of lung tissues

were lightly staimedsési eﬁm&vé‘hamm sipréitég/Bressparsety:d @mmmaaﬂd@m@mm Baokesignal that
was detectedy Wg%ﬂgg[%}]hs@ were usually
detected along the Tg ab%%%ﬂ%@%%&%r%%%%%%rﬁ 8?1 ebn?e cts%f were observed to be
infected by flRES: bqfegaﬁ%ﬁab@ o e Algized £i553°8 A1paHy ShsAbet KvpfBnaerserd antibody that
is able to retrmm&@e@m ﬁ@@ﬁasfﬁﬁbhbwéeﬁﬁee&fomeﬁeﬁlﬁe%ﬁ%ea%a@“ﬁ%@éhéwwned The

results of stalnln% frolzen se g ﬁd slg)cee meg}s %ge %&%V\éﬂ in F ure 5 ﬁ?%}% 6B8 could detect
strongly posmve S|gn§Is ona ﬁ cimens from ﬁ%ren Feat ﬁe‘g t ap s of these stained

tissues clearmﬂﬂﬁwﬁhapmeitlwﬂe@@ng oé W@atéd%ﬁkﬁlmes kitheyenéd stained. For both
frozen and pgraffinsealions #.was elearbReeuitabanhenagieusindhedigayesmere stained

_regardless of the type of tissues, The principal lesion (20) of birds Infected with H5NI virus were kidney
"and brain tisSBEEHPR O HTETEEEATR- TEHBrL AL AL DB HEF O RTBSAVAISS of the invention to

distinguish FE-subtype AlV from avian influenza from other sources. Example 6 Development of

Development of AC-ELISA
Monoclonal antibodies 7H10 and 6B8 were evaluated in an ELISA procedure as
follows: 6B8 (IgM} was serially diluted in half-log increments and vsed to coat 96-well

flat-bottomed microtiter plates (Nunc, Demark). Capture antibodies were suspended in
50 wl of carbonate buffer (73 mM sodium bicarbonate and 30 mM sodium carbonate).
The microtiter plates were then incubated at 37°C for 1 hour or at 4°C overnight. The
plates were washed thvee times with phosphate-buffered saline (PRS) containing (.05%
Tween 20 (PBS-T) between all subsequent incubation steps, and all dilutions were made
in PBST containing 1% nonfat milk. The plates were blocked by incubation with 50 pi of
| blocking solution (5% nownfat milk in FBS-T) at 37°C for 1 hour, rinsed and incubated
with 50 pl of purified recombinant HSN] recombinant HAI (100 ng) or H5 ALV at 37°C
for 1 hour. After rinsing, 50 pl of guinea pig monospecific antibody IpG (diluted 1:480)
was added, incubated for 1 hour at 37°C, washed and incubated with 50 pl of HRP-
conjugated rabbit anti-guinea pig immunoglobulin diluted 1: 1000. Color was developed
by the addition of 50 ul of freshly prepared substrate solution (o-phenylensdiamine
(OPD)), and absorbance at 490 nm was read with an ELISA reader (Tecan, Switzerland).
Optimal working dilutions of mAbs and monospecific antibedies were determined by
checkerboard titration. Optimization conditions were determined by comparing HS ATV
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Monoclonal antibodies 71110 and 6B8 were evaluated in an ELISA procedure as follows: 6B8 (IgM)
was serially diluted in half-log increments and used to coat 96-well flat-bottomed naicrotiter plates
(Nunc, Demark). Capture antibodies were suspended in 50 pi of carbonate buffer (73 mM sodium
bicarbonate XR%E %Wligodium carbonate). The microtiter plates were théit HetiH e et>37C for 1
hour or at 4C overnight. The plates were washed three times with phosphate-buffered saline (PBS)
containing 0.0536NWESN2 GIfRBSH) doatiie aliva{Hsti sedUe! M ecsbdtionsepgyvard all dilutions were
made in PBST, ining 19 nanfat milk, - a blo incubatian. with 50 p1 of
blocking soluti%%%%%%%fggtﬁhi}ilk in P@gﬁ% %%%Cﬁf%rg ﬁ%%'ﬁrﬁ%ﬁ” ?nc(%%%a téé%i\%th 50 pl of
purified reconfBASHE B REEPREBRISHIRIDEPeL ourigep b SatoAstapleresentizkiour. After rinsing, 50 pl

of guinea pig monospeeiitoant thodydetBidiiaskd 43Qxwas astdedy neubaled fardaeur at 37C,

washed and incubated wi of HAP-conjugated rahbit anti-quinea pig immunoglobulin diluted 1.
1000. Color W%%ﬁggéi%\%%%n? e a&gﬁ%}hﬂ%}ég%%@(% %é %r%%%?f Brepared SastthideBRritsh
(o-phenylenedigiped Py dindedbs 5158Ac & atiOU-Bld Weleyr6a8 initlediicEly Spviiedder (Tecan,
Switzerland). Qpiimabiering dilutieas.of &H&%@@&{&@M@%ﬁ&%@&%@s@é@%ﬁmmw by
checkerboard 'traéjeon.,o timizgt}%n&gndi ions were determined by comparing MV “ (H5N1, H5N2,
H5N3) and noh*Hi 93?9"6&%‘10 W%ﬂ%ﬁﬁﬁ% Yerey Enite (Rigweddi-ibise ratio for this
assay. The sitbsricibeadtitrmas, catoyidted dayilidicing-the-sibs @b drcamih@Enmageuds antigen by that
of heterologo ' AMonog [ ca antibody. and also as a
detection anti%%tgzﬁirg%%ﬁé?. 1 é?]%%%%%I%h%%%%}%%%%ﬁ%(%v%te%%gﬁ%%%{ﬁgggﬁwrﬁhan other
monoclonal aRtiBO8HEE Rt pEEbodlich AC-ELISA by 688 is specifically applicable to H.5 subtype
AlV detection and does not react with any other ATV subtypes (Figure 6a). The detection limit of the
AC-ELISA is less than 0.5 HA Units (Figure 6b). After checkerboard titration, the optimal antibody
concentration for the capture ELISA were determined to be 600 ng per well for each mAb as c:apturet
antibody and 800 ng per well of detector polyclonal antibody. References 1. AN Harlin, G. M.,
D.T.Cralligan, S.W.Davis. D.E Gransfrom, J.P.Dubey. 1993. Immunohistochemical study to
demostrate Sarcocystis neurona in equine protozoal myeloencephalitis. Journal of Veterinary
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2. The binding protein of claim | which is a monoclonal antibody, a single chain antibody, an antibody
fin.int cut, a chimeric antibody or a humanized antibody. 3. The binding protein of claim 1 which is a
monoclonal antibody. 4. Monoclonal antibody 71110 as produced by hybridoma 71110 which is
deposited with the) g‘?ﬁ@ﬁcan Type Culture Collection with Accession Numb&r BTAYESHS 8% A binding
protein that binds specifically to a conformational epitope of the envelope glycoprotein of an EIS
subtype of avian influenza virus that has substapfjally the immunological binding characteristics of
monoclonal antibody 6B8, 8F10 or 2D10. 6. The binding protein of claim 5 which is a monoclonal
antibody, a single chain antibody, an antibody fray ent, a chimeric antibody or a humanized antibody.
7. The binding motwr&mﬁiggﬁfnéwmmigda sreresivnal antibedyiS. \Monecennantibody 6B8 as
produced by hybridoma 6B8. wtg de osn with t Amencan., pe Culture ection with
Accession Number%ﬁ §§?f§ a%#%’100 af}an\{xg}ééu as pfmﬁét;ce %gﬁma 8F10 which is
deposited with the Arsenicére %ﬁ@ﬂ@@ﬁ@ﬁ@@&l@@ﬁ@ﬁﬁﬁiﬂﬁ%@éwwmﬁ%w PTA 8245. 10.
Monoclonal antibody 2D10 as produced by hybridoma 2D10 which is deposited with the American
Type Culture Collection with Accession Number PTA-8248. 11. A ethod for detecting H5 subtype
avian influenza iruS e AiBIGGR: Mé’&‘?%}h%ﬁ}&ﬁsg’d?ﬁﬁﬁ@é’?% 8%&% pétithen with a binding
protein that binds speiftifi¢ally texdbtiie &ngpitape bithecmiiiofeoy/boprateid ofténdy’l5 subtype of
avian influenza virus said binding protein having substantially the immunological binding

characteristics of monoclonal antibody 7H10.
%, The binding protein of claim I which is 2 monocional antibody.

and

4. Monocional antibody TH10 as produced by hybridoma 7H10 which is deposited
with the American Type Culture Coliection with Acoession Number PTA-8243.

5. A binding protein that binds specifically to a conformations] epitope of the
envelope glycoprotein of an HS subtype of avian influenza virus that has

substantially the immunological binding characteristics of monoclonal antibody
688, 8F10 or 2D10. ’

6. 'The binding protein of claim 5 which is s monoclonal antibody, 2 single chain

antibody, an antdbody fragment, & chimeric antibody or 2 bumanized antibody.
7. 'The binding protein of claim 5 which is a monoclonal antibody.

8. Monoclonal antibody 688 as produced by hybridoma 6B8 which is deposited with
the American Type Culture Collection with Accession Number PTA-§246.

9. Monoclonal antibody 8F10 as produced by hybridoma §F10 which is deposited
with the American Type Culture Collection with Accession Number PTA-8245.

10. Monoclonal antibody 2010 as produced by hybridoma 210 which is deposited
with the American Type Culture Collection with Accession Number PTA-8248.
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12. The method of claim 11 wherein the binding protein is a monoclonal antibody, a single chain
antibody, an antibody fragment, a chimeric antibody or a hurnani7ed antibody 13. The method of claim
11 wherein the bindin 1p,rotein is a monoclonal antibody. 14. The method of claim 13 wherein the
monoclona‘fwg?}ﬁ%ﬂc%v{f% antibody 71110 as produced by hybridoma 71110 W@W@W@ﬁ?%ﬁ%d with the
American Type Culture Collection with Accession Number PTA-8243 15. A method for detecting 115
subtype avian influenza virus i tﬁgl ical.specimen.which ¢ HSEes - ' pecimen with a
binding protein %1%‘3 %%%Ocs%%ercgﬁ%g yg[oaﬁﬁgggg ?r?wvai?%naue%ﬁopug%ﬁgzi%%%?p%% yc§protein of an

H5 subtype of aviamishremaisiresriadtsi i aeppirateinifet efBeusmeiidiv 8% nmunological binding

characteristics of ”@5@3@39&@@119&9&5@%@ §F40 2B ke nidisaethodofelayba 5 wherein the

binding protein is a monoclonal antibody, a single chain antibaody, an antibody fragment, a chimeric
antibody or a humﬂf@%ﬁ%ﬁ@i%%ﬁ@%%ﬁ%%ﬁ%ﬁ i%%ﬂ?@é%ﬁ%‘?e‘% |ﬁ%go’%{r” einis a
monoclonal antibodyadi8: dHenmethiod «irataimidiahvhvérein #8 nonoclonal antibody is antibody 6B8 as
produced by hybridoma 6B8 which is deposited with the American Type Culture Collection with
Accession Number PTA-8246. 19. The method of claim 17 wherein the monoclonal antibody is
antibody 8F10 d&préeioeéwdst siamdd asr diahintns HepsitcdrradeshmEiran2rype Culture
Collection with AccasgioshNy BBy TA-8240ba2 GaEhemethiod-okclaibindy ovbereiatheimonoclonal
antibody is antibodgﬁZ%%&Q as produced by hybridoma 21)10 which is deposited with the American
Type Culture Colle O With Accession Number PTA-8248, 21. The method of claim 15 which
comprises contacting the specimen with a second binding protein that specifically binds to the
envelope glycoprotein QEAREB BiblYPe el aMian: influenzaings. Whereindhe fisthinding protein is a
capture binding protein and the second binding protein Is a detector binding protein that contains or is

conjugated to a detectable element
14, The method of claim 13 whersin the monoclons] antibody is antibody 7THI0 as

produced by bybridoma 7H10 which is deposited with the American Type Culture
Collection with Accession Number PTA-8243

i
l

15. A method for detecting HS subtype avian influenza virus in 2 biological specimen
which comprises contacting the specimen with & binding protein that binds
specificalty to 2 conformational epitope of the envelope glycoprotein of an HS
subtype of avian influenza virus said binding protein having substantially the
immunological binding characteristics of monoclonal antibody 688, 8¥10 or
2D10.

16. The method of claim 15 wherein the binding protein is a monoclonal antibody, a
single chain antibody, an antibody fragment, a chimeric antibody or a humanized
angibody.

17. The method of claim 15 wherein the binding protein is 8 monoclonal antibody.

18, The method of claim 17 wherein the monoclonal antibody is antibody 688 as
produced by kybridoma 688 which is deposited with the American Type Cultore
Collection with Accession Number PTA-8246.
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22. The method of claim 21 wherein at least one of the first and second binding proteins is a
monoclonal antibody. 23. The method of claim 21 wherein the first and second binding proteins are

monoclonal antibodies. 24. The method of claim 21 wherein the first bindi in is immobilized
onto a solié‘@u% S28* %% The method of claim 21 wherein the second bindigrlggﬁé%?%w%%ér? ains a
radioactive atom, is conjugated to a fluorescent molecule, or is conjugated to an enzyme 26. A kit for

detecting H5 subtype;aviag,infliye irus in.a hiological specimen which.c ises a binding protein
that binds specifically to a linear e%%gg%%ﬁe% g‘ll;]%égl%négi % yc%%%%?%ynlso?ﬂgﬁﬁggs%%e of avian

influenza virus said BifdHeg protdirdeaadd Unbienisirperiedmituiie dgredtoidipe diaracteristics of

monoclonal antibody:7iHd@-togmiharwiths eagenisfor e detection of binding of said binding protein to
said envelope glycoprotein. 27. A kit for detecting 115 subtype avian influenza virus in a biological

specimen which coniprises a binding protein that binds specifically to a conformational epitope of the
envelope glycoprételicofieing 15wty fevbimiidn: influerizaniimid saydshingingyaoieiashaving

substantially the immyypelogicalBinding sharaplesistios almanasionak antinody. 688, 8F10 or 2D10
together with reage%ts for.the ,dﬁection of bindinggof séi%sbinding pro}%é?%r%%a%g@g%\}%g& glycoprotein

28. The kit of claim ZB5F® WikhoeeiprbEE s déntAding protein that specifically binds to the

envelope glycoprotein of an 115 subtype of avian influenza virus, wherein the first binding protein is a

capture binding pfotgj binding protein is tector binding protein that contains Or is
conjugated to a gfe"tg%%]a%%g% e@ﬁ}%ﬁ%‘%&gg-mﬁ% I%ﬁ ‘claim %c(ﬁgetfﬂe%rsipaef %ﬁ%gtﬁgﬁég@?(ﬁﬁ%@ﬁrst and second
binding proteins is &oHcESHEI S BerifcSD, tieds kit bt eramezeWhersinithe firstiand second binding
proteins are monociapahapfibesiest kT bekitalslaim2awhersin hedisihinding protein is
immobilized onto agggggsurf Ce. d - .. o »

. protem and the second binding protein is « detector binding protsin that

contains or is conjugated to a detectable element,

22. The method of claim 21 wherein at least one of the first and second binding

proteins is a monoclonal antibody.

23. The method of claim 21 wherein the first and second binding proteins are

monocional antibodies.

24. The method of claim 21 wherein the first binding protein is immobilized onte a
solid surface,

25. The method of claim 21 wherein the second binding protein contains 2 ra:ciioactive

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

26. A kit for detecting HS subtype avian influenza virus in a biological specimen
which comprises & binding protein that binds specifically to 2 linear epitope of the
envelope glycoprotein of an H5 subtype of avian influenza virus said binding
protein having substantially the immunological binding characteristics of
monoclonal antibody 7H10 together with reagents for the detsction of binding of

said binding protein to said envelope glycoprotein,
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32. The kit of claim 28 wherein the second binding protein contains a radioactive atom, is conjugated
to a fluorescent molecule, or is conjugated to an enzyme. 33. A method of treating a fixed tissue
specimen infected with H5 subtype avian influenza virus with an effective amount of a binding protein

that binds SpREHEAIRF45a linear epitope of the envelope glycoprotein of aR 5SRO bHavian

influenza virus that has substantially the immunological binding characteristics of monoclonal antibody
71110. 34T heimstheddclaim 33 avhersin the.bindivpupiateibis -menesienal antibody, single

chain antibody, antibaody fragment, chimeric antihody.ot humanized antibody. . 35. The method of
claim 33 wherein th"}éhb‘id%ﬁmﬁﬁﬁéﬁﬁ%%%%’ﬁ%%%ﬁ%%%n?i%%e&ﬁGé% Be cf’ﬁg)}{ﬁ‘”l%?ﬁo of claim 33,

wherein the bindingprageist imeondclonaicamtibodyai-H5Gubtyps3T afidindimgprotein that binds
specifically to a confommti %@QH&:&E%@&QM%M&%@@&%@Q@ subtype of avian

influenza virus that has substantially the immunological binding characteristics of monoclonal antibody
6B8, 8F10 or 2D10°HSFaFea AT & St sefumE A8e Wit L2128 {UsBs sV fAfR za virus .

38. The binding prateinofieiaine 37 hereis ihig bintlingpreiein isid sodosienabantivedy, single chain
antibody, antibody fragment, chimeric antibody or humanized antibody. 39. The binding protein of
claim 37, wherein the binding protein is a monoclonal antibody. 40. The binding protein of claim

37, wherein theJ8inthiadip ré sz marid oYl amibiay oReond biningIneBiigig protein of claim 37,
wherein the bindingRroteinis:Henecianal apibed¥ B8R n of an H5 subtype of avian

influenza virus, whersin the first binding protein is a capture binding protein and
. the second binding protein is & defector binding protein that contains or is

conjugated to g detectable clement.

29, The kit of clsim 28 wherein at Ieast one of the first and second binding proteins is

a monocional antibody.

30. The kit of clatm 28 wherein the first end second binding proteins are monoclonat
antibodies.

31, The kit of claim 28 whersin the st binding protein is immobilized onfo a solid
surface.

32. The kit of claim 28 wherein the second binding protein contains a radioactive

atom, is conjugated to a fiuorescent moleculs, or is conjugated to an enzyme.

33. A method of treating a fixed tissue specimen infected with E5 subtype avian
influenza virus with an effective amount of 2 binding protein that binds
specifically to a linear epitope of the envelope glycoprotein of an HS subtype of
avian influenza virus that has substantially the immunological binding
characteristics of monoclonal antibody 7TH10.
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42. The binding protein of claim 37, wherein the binding protein is monoclonal antibody 2D10. 43.
A neutralization escape mutant of avian influenza virus strain HSN3 which comprises a mutation within
the epitope of the HA sequence of said strain recognized by monoclonal antibody 6B8 such that the
mutant virus cannot be neutralized by the antibody. 44. The neutralization escape mutant of claim 43
wherein said mutation is at amino acid 205. 45. A neutralization escape mutant of avian influenza virus

strain H51\11 (PR8YwhicH edmpihisesod ¢inieatcrivbisin the bividbmeobthie HA seguehteabf said strain
recognized bytfhoneiongs ainely: &Eh0 Suktiak-tamsndtantvius SANNALRS Reslialized by the
antibody. 46 ;l['ﬂg utralization escape mutant of claim 45 wherein said mutation is at amino acid 210.
47. A neutralization escape mutant of avian influen7a virus strain H.5N1 (P128) which comprises a
mutation within the epitope of the HA sequence of said strain recognized by monoclonal antibody
2D10 such that the3tutarithirusdadndtdie nedtralizedhydhemntiboaite 48is Bhadieutralization escape
mutant of clgfmb%éyyherein said mutation is at mnino acid 175.

36. The method of claim 33, wherein the binding protein is monoclonal
antibody 7H10.

37. A binding proiein that binds specifically to a conformational epitope of
the envelope glycoprotein of an H3 subtype of avian influenza virus that has
substantially the immunological binding characteristics of monoclonal antibody 6RS,
8F10 or 2D10 for use in treating a subject infected with 5 subtype avian influenza

Virus .
38.  The binding protein of claim 37, wherein the binding protein is a
monoclonal antibody, single chain antibody, antibody fragment, chimeric antibody or

humanized antibody.

39.  The binding protein of claim 37, wherein the binding protein is a
monoclonal antibody.

40. The binding protein of claim 37, wherein the binding protein is
monoclonal antibody 6B8.

41.  The binding protein of claim 37, wherein the binding protein is
monoclonal antibody 8F10.

42, The binding protein of claim 37, wherein the binding protein is
monoclonal antibody 2D10.

43. A neutralization escape mutant of avian influenza virus strain H5N3
which comprises a mutation within the epitope of the HA sequence of said strain
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recognized by monoclonal antibody 6B8 such that the mutant vivus cannot be
neutralized by the antibody.,

44. The pentralization escape mutant of claim 43 wherein said mutation is &t amino

acid 205,

45. A neutralization escape mutant of avian influenza vires strain HSN1 (PRE) whick
comprises a mutation within the epitope of the HA seguence of said strain

recognized by monoclonal antibody 8F10 such that the mutant vires cannot be
peulralized by the antibody.

46. The nevtralization escape mutant of claim 45 wherein said mutation is at amine

acid 210,

47. A neutralization escape mutant of avian influenza virus strain HSN1 (PRS) whick
comprises a mutation within the epitope of the HA seguence of said strain
recognized by monoclonal antibody 2D10 such that the mutant virus cannot be
neutralized by the antibody.

48. The pentralization escape mutant of claim 47 wherein said mutation is at amine

acid 173,
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