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This invention relates to the devel opnent of a

specific serological assay for the detection of

anti bodies to avian influenza viruses. Mre
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non- human ani mal s. Description of the Background Art
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Description of the Background Art

Avian influenza virus (AIV) is a common disease in
birds. The first infection of subtype H5N1 AIV among
poultry was detected in 1996 in a farmed goose in Guangdong
Province, China, and in humans a year later in Hong Kong
[1]. Since then, H5N1 AIV has caused an outbreak of avian
influenza that is spreading to many regions of the world.
The affected areas to date include Europe, the Middle East
and, particularly, Asia [2]. According to the latest
reports from the World Health Organization (WHO), there have
been a total of 328 confirmed human H5N1 avian influenza
cases, 200 of which resulted in the death of the patient.
Of the 328 cases, a significant majority (106 cases, 85
deaths) have been reported from Indonesia [3,4]. According

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



al ert based upon the evolution of the virus into a
strain that is capable of efficient human to human
wonremgd®si on 151. In June, 2006, 27 of 33 preeTSGCe®s/000043
in Indonesia had reported outbreaks of H5N1 in
poultry, resulting in nore than 16 mllion poultry
deaths from sickness and culling [6]. The poultry
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Various methods available for the diagnosis of

influenza include virus isolation, detection of viral
antigens by enzyme-linked immunoabsorbent assay (ELISA),
molecular detection by RT-PCR and serological tests.
Standard virus-isolation procedures have the disadvantage of
requiring several days to obtain results, thereby making
them of limited use to a clinician. The disadvantages of
RT-PCR include the high costs involved, the need for
technically proficient staff, likelihood of contamination
and the consequent risk of false positive results. In
addition, PCR primers may require constant updating because
of antigenic drift [7]. Virus neutralization,
hemagglutination inhibition (HI), ELISA and immunoblot test
are preferred methods for serological diagnosis. However,
neutralization assay and HI assay are not considered highly
sensitive and necessitate further sub-typing and also are

quite labor-intensive and time-consuming [8,9] and so are
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are preferred nmethods for serol ogical diagnosis.
However, neutralization assay and H assay are not
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In view of the shortcomings of these conventional
assays, and because of the risk that AIV infection poses to
wildlife, domesticated animals and humans, there is a high
need for a new assay which is rapid, easy to use and
specific for the detection of the H5 subtype of AIV. The
present invention represents a breakthrough in the diagnosis

and surveillance of H5 subtype of AIV.



and surveillance of H5 subtype of AIV. 3 WD
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nonocl onal anti bodies and rel ated bi ndi ng proteins

specific to influenza H5 subtype HA protein are

provi ded. The antibodies can be used in serol ogica
Summé@@nmﬁrsh©fImwémuéuza H5 infection in mamual i an and

avi an serum sanpl es, including human serum sanples.

More specifically, each antibody can be used in a

hizgh ey coamisirtdey er il t3yve i e sendpidtrofsa tol Gk imRPC ELIBA

tect i,nf | Z y u h
ant o RCke IR FoRe Ot FOn S P ohe: SEa TG o
infy@émﬁayHSoéubty@enHAoprbBe$nbaypepandld@és néthreshow
cross-reactiyit non u
e g
H5 iﬂ@écbi@ﬂslhOmammemnhnpandfaamahﬁssubmypem@ﬂeavuamcludlng

i nfl uenza s h b t t
hum?%ﬂﬁﬁﬁP%g?@ﬁPE%Fnd?ﬁéggcﬁﬁﬁé& aFrd byésgg B SREAPSS <an

be @@é?bQHYa5E$gERyn§€ﬁsh@m&b aaﬂtBb&dyfi@Bepﬂﬂeﬁaﬂhﬁqq$ing
ein can a_nonocl gnal nti body, . ant.i bod

BLIER aGfeRptoehi HaTHECARE Boay Bt YRaRanT BR =S8 FhsHy heF
anlﬁé@éeraﬁhﬁhl§nﬂlﬁBHQCE@E@hgathb@dys Wﬁehlmvmmﬁanvarlety

further conﬁrlses a binding protein i ch _binds %
of BpTebRE 6f APVSHBCNBRuGHRULPRFNGE SHcHo CGTE Teactivity
w1tﬁe88ﬁnﬁ§ CHNEKGH P Eh@tg@ wention also conprises a
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antibody 1G5. The binding protein can be a monoclonal

antibody, antibody fragment, chimeric antibody or humanized
antibody and preferably is a monoclonal antibody.

The invention further comprises a binding protein which
binds to an epitope of AIV H5 hemagglutinin of amino acid
sequence CNTKCQTP. The invention also comprises a binding
protein which binds to an epitope of AIV H5 hemagglutinin of
amino acid sequence IHPLTIGE.

In a further aspect, the invention comprises a method
for detecting H5 subtype AIV in a biological specimen which
comprises contacting the specimen with an antigen which
contains an epitope of an H5 subtype hemagglutinin
glycoprotein and determining whether an antibody in the
specimen binds to the epitope. Preferably the binding
determination is made in an epitope blocking ELISA.
Preferably the epitope of the H5 subtype hemagglutinin

glycoprotein includes the sequence CNTKCQTP or the sequence
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contains an epitope of an H5 subtype hemaggl utinin
gl ycoprotei n and determ ni ng whether an anti body in
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protein has substantially the immunological binding
characteristics of mAb 1G5.

Brief Description of the Drawings

Figures 1A - 1B. Characterization of mAb 5F8 by
immunofluorescence assay (IFA) and Western blotting.
Figures 1A 1-4 show the recognition of native HAl in H5ONI1
AIV-infected MDCK cells and baculovirus expressed rHAl by
mAb 5F8 in immunofluorescence assay. The MDCK and Sf-9
cells were infected with H5 subtypes and recombinant
baculoviruses, respectively. The control was H9N2-infected
MDCK cells and Sf-9 cells.
Figure 1B shows the recognition of H5N1 AIV by MADb 5F8 in
Western blot. The purified AIV H5N1 (lanes 1-9), HEN2 (lane
10) and H5N3 (lane 11) from allantoic fluid were analyzed by

SDS-PAGE and immobilized onto nitrocellulose membrane. The =
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Fi gures 1A 1-4 show the recognition of native HAl in
H5N1 Al V-infected MDCK cells and bacul ovi rus
wexpodesdd rHAL by mAb 5F8 in i nmunof | uor esceRC®/SG2008/000043
assay. The MDCK and Sf-9 cells were infected with H5
subt ypes and reconbi nant bacul oviruses, respectively.
The control was HON2-infected MDCK cells and Sf-9
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Western blot analysis of eight further truncated
anapupisdes @SH@t-fSF%?erwﬁﬁéﬁcﬂéﬁé Qﬁpé%ééﬁsﬁgﬁ%oF SF8)

whiéﬁaggggtaﬂ af.+Ehgube 24 BYhgmbhinaeabed riguiRe A agrent
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truRicgtied 2D shews regEends §l £€98PNa ANPe SFELF SRS 25

his%gggng%ug'oﬂpggbtqﬁkéntSE@?%Qee&@f%%i%% a%e results of a
hi'sti di ne-fusi on peptides. The analysis was carried
Westetrnt blodetopiysdst bd aoins aeitandsqadmce ssPrgrsed as

his%ghggggfﬁgﬁogAEeptides. The analysis was carried out to
determine the amino acid sequence of the epitope for mAb
5F8.

Figures 3A and 3B show the 50% blocking of mAb binding
relative to the CDC/523/H5HAl epitope or rH5HALl caused by
immunized chicken sera. The results were expressed as the
arithmetic mean of percent blocking value (n = 5/group +
standard error (SE)).

Figures 4A - 4B. Characterization of mAb 1G5 by
immunofluorescence assay (IFA) and Western blotting.
Figures 4A 1-4 show that mAb 1G5 recognizes native HA in
H5N1 AIV-infected MDCK cells and Sf-9 infected baculovirus
in immunofluorescence assay. The MDCK and Sf-9 cells were
infected with H5 virus or recombinant HS5HA baculovirus,
respectively. The control was H4Nl-infected MDCK cells and
Sf~9 cells.

Figure 4B shows the recognition of HS5HA by mAb 1G5 in

Western blot. The monoclonal antibody recognized HS5HA in
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SF8. Figures 3A and 3B show the 50% bl ocki ng of mAb
binding relative to the CDC/ 523/ H5GHAL epit ope or
wosldAIdaused by i muni zed chi cken sera. ThePCE&SGRE08/000043
were expressed as the arithnetic nean of percent
bl ocking value (n = 5/group + standard error (SE)).
Figures 4A - 4B. Characterization of mAb 1G5 by
eachmai_anfalrieKzf dscence Nssdib (WiEA)s and Mgst ek W dtdthg.
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: .
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f eSPEC
samples of Indone51an H5N1 strains; Figure 6B shows the

antibodies reacted specifically with Indonesian H5N1 strains
(1-9), H5N1/PR8 (10); H5N2 (11) and HS5N3 (12), but not H4N1
or H7N1 (13 and 14, respectively). Assays were performed
using mAb 5F8, 1G5 or a combination thereof as capture '
antibodies and polyclonal anti-H5HAl as the detector
antibody.

Figure 7 shows that both mAb 5F8- and mAb 1G5-based
antigen capture ELISAs detected 102 TCID50 units of H5NI.

An H4Nl-containing assay did not yield absorbances
significantly above background levels.

Figure 8 shows 50% blocking of mAb 1G5, relative to the
CDC/523 H5HALl epitope caused by human sera from infected and
vaccinated samples (samples 1-10: infected and recovered
serum samples; samples 11-15: vaccinated human serum
samples; sample 16: healthy human control serum)

Figures 9A and 9B show 50% blocking of mAb 1G5 binding
relative to the CDC/523 H5HAl epitope caused by ilmmunized

chicken sera. In Figure 9A, samples 1-14 were HSNI1
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Fi gures 6A and 6B illustrate that mAbs 5F8 and 1G5
specifically react wwth H5 subtype. Figure 6A shows
woheiy/09e3ee anti bodi es reacted specifically w t RCISG2008/000043
different sanples of Indonesian H5NL1 strains; Figure
6B shows the antibodies reacted specifically with
I ndonesi an H6N1 strains (1-9), HS5N1/PR8 (10); H5N2
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the ppgyrRmgt %ﬁoW§g§09beSE§| 5 % ﬁ%&?ﬁé{ti ative to

(n~5h§roﬁﬁﬂé523 yHS5HAL epi t ope caused by human sera from
ected and vaccinated sanples (sanples 1-10:

infected and recovered serum sanples; sanples 11-15:
vacci nated human serum sanples; sanple 16: healthy

human contr ol serun) Fi gures 9A and 9B show 50%
Detpi beti RESEELRERO L e=g b.BS% &g&.ﬁ&éﬂﬁﬂve to the CDc/o 523
ESHAl egktope c?used by i mmuni zed chlcken sera. In
I gure sanples 1-14 were HSN1 7 WO 2009/ 099394
PO ST 0D 00a%en | hadnksi AhrSEFAn5O; IARAI 284 Telated

binQBhEKBROEEA WY SR @SRl spekidl calilpii®nhd Mkl goiret
lngg J gnﬁ eé 1-10 were HSQ% IﬁdoéES|éﬁ st rains uretetn
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weren subtype strains._ The results were
mAbexpetss P sds i vieheamiingingtlile keam cfingResiRD P bEXIRY ©F

HSN&ak%% and other H5 subtypes by IFA and Western blot

analysis.

In particular, one such mAb or related antigen-binding
protein possesses the immunological binding characteristics
of mAb 5F8 as produced by hybridoma 5F8, deposited with the
American Type Culture Collection (ATCC) on November 6, 2007,
and assigned Accession Number PTA-8757. A second such mAb
or related binding protein possesses the immunological
binding characteristics of mAb 1G5 as produced by hybridoma
1G5, deposited with the ATCC on November 6, 2007, and
assigned accession number PTA-8756. The invention further
relates to methods for the detection and diagnosis of H5
subtype AIV infection and assay kits that comprise the mAbs
or binding proteins of the invention. The commonly
available serological assays for influenza are HI, AGID and
microneutralization assay, but as noted above, these tests
have their drawbacks, and a sensitive and specific

serological assay for the detection of human antibodies to
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(n=5/group+S.E.) Detail ed Description of the Invention
The present invention is directed to mAbs and rel ated
woizomimagpopr ot ei ns that bind specifically to theCHAE2008/000043
protein of the H5 subtype of AIV and to the use of
those mAbs and related binding proteins in epitope
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sensﬁmti@iennmsﬁssf@sf tthe inapirsb|ssgiesaling my large number
characteristics .of = : I :
of §E§l,pi&§pogut e UG R S%Rﬁec%?lc% %ygééjwﬂ%mu%g beieBied
ant@ojene Gindo maAERE)i bart Noverbereag;t 2007y, arerl a8A$ ghkd
. Accessi on. Nunber -8754.: A - o}
ALt gy BB pLerl -o%té'téi n%olséel%%%%yw %g#%]é?tes ko
higﬁﬂl@d!sawlsﬂta;@tﬁd stpexst foifc bl @ dsl prlotiug efLb§As (EB
ri doma ,, de it with the ATCC on Novenber 6,
ELI. 7,folarndietzf§ﬁlgj}%g_9%cscu:bgcs¥poens nunber PTA-8756. The
i nvent baB furihberarer akatiehetreinewhadd hewet idhe following

detection and diagnosis of H5 subtype AV infection
meagndi%ssay kits that conprise the mAbs or binding

pr @h.@i Bérﬁlf Aiﬁﬁuha\lf@@tﬂcam% jb'IheIimgrm:haIryactas\misitaibkE@ of a
serol ogi cal assays for inf]uenza H, .Ad D d ..
mAyica GroAes) (et 1 SR bt Cas ot @6’ hboveratasieat

foxtsngsse,gfrfeif@/se Mled_ﬂe ok f@i;ﬁndaﬁfslgﬁsytane andss-
cific serological assay for the det ction of human
reagiti e exf 1B md@a‘@%&% S S 0087 006843™ AP -
hasy,heen peadedqihadipiect ikl $Arkars the detwatdion iat

~antibodies to influenza infection_has been _sugge
inglgides sersiantigerthbediny $heSrapi @ BePelhi ﬁﬁgo

%&%%ent
inv@ O MWHe, AL having the immunological binding
characteristics of a mAb of the present invention.

A monoclonal antibody having the binding
characteristics of mAb 5F8 or mAb 1G5 is prepared by
immunizing an animal with recombinant H5N1 HAO protein.
Such an antigen can be used as immunogen to generate
antibodies with the desired immunological binding
characteristics. Such antibodies include, but are not
limited to, monoclonal antibodies, chimeric antibodies
single chain antibodies, Fab fragments and proteins
comprising the antigen binding sequence of mAb 5F8 or mAb
1G5.

MAb 5F8 has been found to recognize a specific epitope,
comprising the amino acid sequence CNTKCQTP, which has been
shown to exist in all H5N1 strains found in humans and over
99% of all strains from all known sources, including
chickens, identified to date. The epitope also is shown to

be very stable (not subject to mutations). The epitope is
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of sanples, but such an assay can require highly

purified antigen and may exhibit cross-reactivity
warrorgdds of different subtypes [18]. This i RCESGR@S/000043

further relates to highly sensitive and specific

epi tope bl ocking ELI SAs (EB ELISA) for detecting H5

subtypes. Various terns are used herein which have the

highbl awtmgennc@amsmlg:@ theé eatrbadiREndodhCalCit e
foupaarﬁfkﬁ%l %ﬁ@%%fegse%ﬁg 2Q1 @3t a6 AIAENG RTiGHRIUk1,

I'ts granmmat | forms, ‘refers to the
whispenbkesi ttine affiiteipey venry Eedsableadti v i agna e miiest -

o&g@%, £96§%H f&ﬁnatéoaPé%Q?leeTQesﬁgEﬂEf@|@ghﬁgpe,

ers oaprotelnt i ncl udes the
com@mﬁls@ag hhﬁdlsmwntoe GHPLTARE  ofhtiled: maeesémen shown to

et SR G, G 3,2 V88 R L o0 sl B o

of the present invention. A
idemBAddkanalo aiatuéaodylﬂma\ﬂmg:qme aiswliiy very stable and

acteristics of F
hlg?‘ﬁ'ﬁ‘u G et il & 5?:hBc\llrngccr:lo:Eg‘gnant (%—ISSCI\I}\HEr W%anre
foupHotigl fthe Mmmﬂﬁsmt@dﬁam@@ldﬁﬂhog@iﬂ% 0
generate anti bodi with the de |r
makBlnﬁ?dl ﬁ‘g‘s SRt elsﬁ JEYS 53 cfl‘es |nc(‘?)l%d Bur=st
affl%@%oclbﬂhneant@bodpnoflbhab anVebmdpesca@hb@epkwalned
anti bodies single chain anti S, Fab agmen and
by smgt &S iBifprh Jﬁwg}”i%vel %O tg'?n diny 1géézquencgé of
antTN> BF & Ale dBie s 1P cIvl ihFfhase Heehni dewminth toulture.

Suc}g}gcogm ze a speC| fig eplwé)e thg]sﬁgle ollnig%t htehanﬁ rl?oma

tedH?u.Q;He %@ngﬁ{éﬁlymé@mbém kkgwrmwwmdamemm@%nf (1975,
strains fromall known sources, jnclu

Na g R e A8 T k£ 6P 00 bt S et Topet el Sotage, the
huﬁanﬁléé{l hybridoma technique (Kozbor et al., 1983“

Immunology Today 4:725, and the EBV-hybridoma technique to
produce human monoclonal antibodies (Cole et al., 1985, in
Monoclonal Antibodies and Cancer Therapy, Alan R. Liss,
Inc., pp. 77-96). Human antibodies can be used and can be
obtained by using human hybridomas (Cote et al., 1983, Proc.
Nat=l. Acad. Sci. U.S.A., 80:2026-2030) or by transforming
human B cells with EBV virus in vitro (Cole et al., 1985, in
Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, pp.
77-96). Moreover, techniques developed for the production
of "chimeric antibodies" or "humanized antibodies" (Morrison
et al., 1984, J. Bacteriol. 159-870; Neuberger et al., 1984,
Nature 312:604-608; Takeda et al., 1985, Nature 314:452-454)
by introducing sequences from a murine antibody molecule of
the present invention, together with genes from a human
antibody molecule of appropriate biological activity, can be
used. Chimeric antibodies are those that contain a human Fc

portion and a murine (or other non-human) Fv portion.
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be very stable (not subject to nutations). The epitope
is 9 WD 2009/099394 PCT/ S&008/ 000043 highly
wanovivgeydse, such that anti bodies to the epitopeCasSe2008/000043
found in the serumof essentially any infected
i ndi vidual, which makes the epitope very reliable in
a dlagnostlc test. MAb 1G5 has been found to recognize
Humanspedi 4ncikpiiepearecbhpse singvhhehs EhaenssipppIPrGether

non Y ifla NASREEDShOUD; 19 gXLehihing! Loghohbe (289 HRNL

fains ( sourc I dent i d tdo date. This
inceppoopecdl $ntpsavhrpast abttbady- thhhyCéﬁﬂﬁgéﬁlénd

humsujc.:geéh t?ﬂgh?ggl §et 190588 SH!& OpeSﬁEE htlﬁléﬂd 'rn t he
af g ¥

essen |aI y any |n VI meking this
hum&@it@@echimerweryntebpdbbe aneapdefgmosti forestse An in

nocl onal anti enti.an n
VlVBydhﬁ9n?§%ﬁnPﬁugg %vﬁaggxfgrsﬁﬁgggro%ugtlo%b%
anAnb@dalﬁmbﬁamlembbylmentlnﬁobhec&hhehkn@a urilizes the

[t Such d |
coofbLLUAS: goBehmRthag ncLtEy L sare bl Bt soson

11b599L§5 andsM kst giln, (1985, SN&énbé 2@%‘49&7@91281&sto
Il as the triomm techn| t he unanc§ cel

allﬁVbFﬁEéﬁaaP@cﬁﬁ?ﬁuédFRgiﬁéFagﬁoﬁlOf 1989 L opddufd ogy

fradR8ay¥s4uigh tﬁ@ddbgﬁrgavsbéaﬁfﬂ@ﬁ&ytQ@Hnb%u%dﬁibody of
produce human nonocl onal anti bodies (Cole et a

the1p88senfh lNUﬁ@@PQﬁaIOAnﬂFﬁoé?éévéﬁévééncéF

Al ﬁﬂtBboHyS§rag}n@?1ts RRat/ éoB8hinHemRn iantdthgd est aae
be used and can be obtained by using human hybri domas

ant{ody wplacule1983, bpr enerrkesd] byakagrrsdechpigugs. For

exaé%%%926sagﬁokrgﬁmgﬁt%rQQ%ﬁQH@'n%uth%ﬁﬁﬁrQWCleiﬁMdfto,
virus in vitro (Cole ., 1985, in Monocl ona
theARt Ebedb eEragileCangbicltherapye Rrafured pyspepgin

aioff538h; LR Sh LR GRERARiELpRed ey o wnior
canabeibedeegteﬁwbwrm§ﬂm01ng the disulfide bridges of the
F(ab=), fragment, and the Fab fragments which can be
generated by treating the antibody molecule with papain and
a reducing agent. Such antibody fragments can be generated
from any of the polyclonal or monoclonal antibodies of the
invention.

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

immunoelectrophoresis assays, etc. 1In one embodiment,
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et al., 1984, J. Bacteriol. 159-870; Neuberger et al.,
1984, Nature 312:604-608; Takeda et al., 1985, Nature
WOR4wASP9454) by introduci ng sequences from aPauUSGRES/000043
anti body nol ecul e of the present invention, together
with genes froma human anti body nol ecul e of
appropriate biological activity, can be used.
antGiiadar |bz:Lrantn<;bcnd3 eftetethdse detmcition & nlababingh FHee

PTG W D001 506304 et SB0RTBU00RS | el SR Y

antﬂﬂidd}pdﬂs?&ie&fe&:ﬂéd)é@ i ate i Ting Helmdingeof or @%@mdary

urman) | enent ar i e ] N '

an P GH FrHed 1300 5 Fhrae art UBeRy . S et TOSH ot ho”
fuﬁﬂﬁbrfumnnuiﬁfhﬁ?uﬁﬂmnbempmdaxynmmﬂibm@& isuthbaledn

or ni zed chinmeric antibodies ar d.fo
Meapss 35F | HOWR VP di g ridst st o C? %?%%lg%%ﬁuﬁiaégdlléeé%es
imindH S Fedrsd #re aﬂﬁtﬁimn‘dﬁe eshook nehttld phesent
invention utilizes the techniques described for the

yction of Fab expression libraries (Huse et

al .phd 9988 Srhenes RAStel?75f 1284 ) ptesent | bmveapidnands
easy identjfication of n?noclonal Fab _fragnen

01 SR HRA kP o det 1 RT Ty TOT Gt Qe By BF A nEoitobl of

150 &S M 2+ IWE M hONam Do | éélﬂeééq@ém&@scmm@mm og$hls

Anti body fragnments that contain the idiotype, &E
epHHP®0gS n%@@%uf‘éu’%‘ént%eb%e%%g%%lédc%’QS?ﬁg%ﬁ in all human
and BCHEE QUES1 1 F0£11 expiBkes, is8thchtagn® ngﬁbtppbsdeasbutell

are not limted to, the F(ab=)2 fragnent whi ch % B
as pl@d@@%dgb?abefp%]lﬁrl’él]\/g@gt%Bﬁlﬁ?n?ﬁe antrbyye of other
sp i@g%f aﬁbﬁﬁféban&fﬁgﬂsgts wpLehricanibe genenat edss

y reducing the disulfide bridges of the F(ab=)2
inflagneat? BPNLtHA shbainagrBaisaRhechnchien CBT Database,

99§{‘§r§i§§3Pycéﬁfé%ihn‘ahéh@N@ﬁ&Q’?ﬁdxeqaéﬁeél e Wit Rhese 1288

a reduci ng agen Such anti body fragnents
stnann@e g&ﬁeaaeehuman H5NI strains, and all” of them contain

in

this sequence. In addition, of 427 chicken H5HN1 strains,
all but one contain the CNTKCQTP sequencé. In total, only 5
of the non-human H5 strains contained a variation of the
CNTKCQTP sequence: 1 H5 strain obtained from a duck had the
sequence CNTRCQTP, 1 strain obtained from a goose had the
sequence CNTRCQTP, and 2 strains obtained from chickens had
the sequence CNTKCQTL or CNAKCQTP. A total of 427 strains
from chicken, 5 strains from herons, 189 strains from ducks
and 62 strains from geese were tested. The epitope also was
found to be highly conserved in such species as turkeys,
mallards, pigeons, great barbets, green pea fowl, peacocks,
tree sparrows, peregrine falcons, black-headed gulls, golden
pheasants, eagle owls, partridges, whooper swans, ostriches,
house crows, magpies, sparrows and mynas. .

The 1G5 binding protein of the present invention, as

discussed below, has been found to recognize an epitope of
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fromany of the polyclonal or nonoclonal antibodies of

the invention. In the production of antibodies,
weenm@adzeg for the desired antibody can be PCT/SG2008/000043

acconpl i shed by techni ques known in the art, e.g.,

radi oi munoassay, ELISA (enzyne-linked imunosorbent

assay), "sandw ch” inmunoassays, inmmunoradionmetric
H5NasEAybaviel dhef asiioe mcddl piequenceeddiilgiEE.  This
epi{:gglénﬁg'sf Elé%ho%o%%%ﬁ%% ok Iﬁ'c?thliyl MONRASRRY Sin (481 Mhiman

cofl'oi dal "gold, enzyme or radioi'sotope |abels, for
inféualrtphge)iﬁ wedbttere shlast sieldr @s gint &lilod nidaaionhdlis

tinati a (.19 ti [ aYs,

s B P o e i ot Lo o s ad S
antabhddikesnueaoe bec trsgeh dme gied haskaygiovwat ¢ln |themert relating

odi ment .. 11 WD-2009/. PCT/ /

to SRR BaRp A RM Ry 1S e an ad by deteat g & 1anel o T
e. gt h#espeirmaiby cartiineydEL ISR anctdierimerdyoed seait,, t he
. rinar anti body is det.ect by .det ect | [ ndi n
lmmgnggg8§&§ﬁfe%ﬁﬁiﬁﬁﬁﬁy%nlé§¢ﬁ§h%%§é;ﬁ#i%%E%%%é%&ﬁ%%@% the
lik@ntig@gﬁddﬂtﬂbnﬁlﬂﬁfuﬂpﬁﬁﬂﬂnﬁaﬂﬂﬁmbdd&mﬁmmpHd&fy

anti hody is | abel ed, . Means are kn i.n th for
ant§BORIEEnG B i g dch dh S RMCES L AT i ) Thi e
disbﬁ%ts%_@ioﬁelf @cfor;_'telmidﬂaﬁiSlerHeldmvethm dden oS b wilegt or

protein of the present invention, as . discusse I
thep GBoRedR Hdind T FEEHH e i S Tt e b
subRFPene it REvaEfD @ot o s quiee SN KT Rsu e 51 Bph @ pet

has been found to be hu%hly conserved in all human

anigfgd SeSge MmN dIeIRERETR nittiehzd*H5 subt ypes, as
Welthe &5-ddbrdthe Braati o ardd yidLiddd uesgay Hinsubdypekits

forgéhg;gﬂﬁgﬁyg¥y§§ égdfggrgﬂé%éﬁ%%%ﬁ&gsdegggﬁigéCg%lghe H5
subtype of AIV. Such assay systems and test kits can
comprise a labeled component prepared, e.g., by labeling the
mAb or related binding protein of the present invention or a
binding partner thereof. The assay or test kits further can
comprise reagents, diluents and instructions for use, as is
well known to those skilled in the immunoassay techniques.

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

An assay kit further can comprise a second antibody oxr

binding protein that can be labeled or provided for
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i nfluenza A H5N1 HA strains available in the NCB
Dat abase, 99.61% (1283) contain the CNTKCQIP
woeememems Of these 1288 strains, 280 are huneaT/HEb0S/000043
strains, and all of themcontain this sequence. In
addi tion, of 427 chicken H5NLl strains, all but one
contain the CNTKCQTP sequence. In total only 5 of
atﬂamhmamtIhﬂnﬂ1&Qixdr%unﬁpxﬁnﬂQﬁrﬁﬁﬁépb%ﬁl5@|6n36@19he
u trai u
SRR e Sethense NN L 1St r oD oot o ad T roma o
exaypdss hadzWﬁexﬂséquahtetQ)HIKIﬂTSUQmdSQCQﬂdaﬁﬁ§lbOdles or

s PO MO SOl 10 St T Sodion

stmmpreﬂannadmkrmsis1@®eStmab©3u$$@niduénsepéﬁap62
str.ain wer e pi tape..a
bl Jﬁﬁﬁlﬁgﬂge hlgﬁf@hcongéévgdﬁgﬁl%%%hgs%églgg ggﬁa%@a
blﬁdﬂﬁqﬂpxotemnlwhxbh mugeﬂnso @@Eﬁ@pbaﬁﬁéKéQT@regntpea
0 < tree rr r|n Lecon
oo 7k DBGES s LS8 BB EONRLoBE SEILDBLELSENS T an o

suﬂﬁyﬁdhﬂ@esmfwhampeMASM@D§¢ops®terheer ahpuselonom@ereof

pi e bi ndi
o G L 0 T on, Ot SRUESE BEFof "REG T2 0%
detheedi fPUNthd Ohd esOJ8L Z€ Bﬁn@Dh@OpEoﬁélnlﬁoVﬁbld epitope.
2009/099394 PCT/ Q$8/OOO%E§ g% F
iR ek b Tredis ThiRt v, PasasRib Eaat ton

prctf%md dah bee hgbﬁ@ﬂ)élré@nﬁﬁf veduhfzahl bButmalsi efithedzdy or H5
HS5 subtypes as well as in_all influenza

oo gt el SAETeRt RnBARTEST dat B, DTRECPEPEqBRRGoY ARvolves

am@ # 2001 £5n can PR USSAsiiBrYBEhRe kaawn lf@ltlbﬁlealr tby
relating to the detection or Iocallzatlon f. th e

exptsiel o?f AFRe geng, VESPERRYLRBEt PHELLTECASACD of W

red &b oL q&@@@@yms hﬁauﬁgglH@rﬁﬁéeﬁQQt@§&QYas immunogens.
I mmunohi st'ol ogi cal assay, and the _like. In addition,

Foxre%ampb¢erﬂéﬂlehﬁgdpﬁeﬁpopgaéted by inoculation of '
chicken embryos with available strains of the virus,

followed by isolation of the viral RNA. The HAO gene is

amplified from cDNA, cloned into bacteria and then
expressed. The proteins so produced can be used to immunize
mice or other suitable species for production of hybridomas.
Hybridomas are screened for their ability to stably
produce high affinity mAbs that are capable of specifically
binding to H5 protein and distinguishing them from other AIV
subtypes. In accordance with this invention, one
immunoglobulin mAb, a mAb determined to be of IgM isotype
and designated 5F8, has been found to be strongly positive
for Indonesian H5 subtypes strains known, as well as for
other H5 strains, and to show no cross-reaction with any
other subtypes tested, including H7N1, H3N2, H4N2 and HONZ.
In a second embodiment of this invention, another mAb,

determined to be of isotype IGM and designated 1G5, also has
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anti bodi es can be used in an epitope bl ocking ELI SA as

di scussed in nore detail below These assays provide
woanov/vdm4 qual i tati ve and quantitative det er m RaTiISGR008/000043

the H5 subtype of AV and for the diagnosis and

surveillance of animals or humans infected with the

virus. The present invention also includes assay and

beenesoukidt $o foer sthonqial incatitie carf@orlnfannrs tar iRe subtype
st r3858CtLnof atsht%ek'jl_ﬁ Subtype9fc AR SHERASSaYand to show

Systens and tes ts can conprise a |abel ed
no cooperesaqiepamedh eny other ahditivres Hestah okncluding
rel bi ndi-n i-n of the present invention or a
H7N&Vn%§§%’pgggﬁégwgﬁgﬁﬁ%'. The assay or test kits
f uBtcltér medgn 5Esorprd S eymrrsl zadillirmas emidcopes of HSNL

instruycti.ons for use | S t
hemﬂgiydéiqﬁvilw Fhﬁ%ﬁ%%§§g§(%%gﬁﬁé&ﬁ2§%ﬂ1 é%??%?hWhen the
twoemmgﬁhmaﬂe$(ﬂrdIusddn&nnﬁhﬂnsamﬂﬂcddqanW$aﬁiomontﬁhﬁ

at | east, the mAh or rel ated hindi otein o :
Seﬂaﬁ\?&’ﬁ isjdﬁ,eadfo e froercooger}lezcﬁcli % Ptrrrk%réu ﬁ%"@%e%:rlﬁlt‘p%dles
indwera@egw tlmq‘ sléifsjm%briOiy ried mtdeect dattniiang-lor d i antogéhV The

in a biologica sanpl.e, d. instructions for.use
epl&@&@ndﬁ%ﬂ%ﬁ&?q Y %%o%aéqs]eﬁ ett8l: VSUth aespjé%??%p%nd’ as
di%%@?%b&@m&md igdeyhts andmie cidndt hendt kepiTope are

its also _can contain positive an ative controls

PrORSEY cdn 06 GOy (PO b SO Wi St e, OES L 1288
knARAIBEAEI Si o i Qe ek duBRiEh i sl ocherl gadvsllaele in the

staining instruments. An assay kit further can .
gengo et kse TS ohd At T HRAP HSS A HP prdtera At

epi@@%ﬂ@@{@dirpraﬂ auieted £,0f1 deh YD RO0MPOI884 as well
PCT/ SG2008/ 000043 attachnment to a solid suggort

25 4 Aedit P ISHT E BT §on SRIGHORrPRRR] BadyuBrently
knc{i’:\’gp%r\/ﬂﬂ RF LRI £ah bene fREne axap! e, Tvoed Wbt §Acki Pdsween

the two epf%ggéﬁeﬁﬁggu?q;éfgéh§§55597 and amino acids 310-
317) allows for high affinity for antigen binding and
detection.

This invention provides a convenient, highly specific
and sensitive means for detectin§ H5 subtype AIV. One such
means is an epitope blocking ELISA (EB ELISA). In an EB
ELISA, specific antibodies from positive sera inhibit a
selected mAb from recognizing its specific epitope such that
color development is inhibited when a color-producing
reagent which binds to the selected mAb is added to the
sample. Negative sera, however, allow a strong color
reaction. The assay depends on the ability of H5 influenza
antibodies present in the biological sample to block binding
of a selected H5 HAl mAb to HS5N1 influenza antigen or
recombinant antigen adsorbed on a micro titer plate. More
specifically, in an EB ELISA of this invention, ELISA plates

are coated with an optimal concentration of recombinant HAI
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bi ndi ng proteins can be polyclonal or nonocl ona
anti bodies. A preferred kit is one to be used in an
wepdmpes4 bl ocki ng ELI SA. Such a kit conpri sesParssaboos000043
rel ated binding protein which binds to epitope
CNTKCQTP or to epitope |HPLTIGE of the HAI envel ope
gl ycoprotein of an H5 subtype of AV, the HA
or @Inyomatxlilszate(ﬂ %Nﬁﬂor&hmn Hier e@fCO@Tbm i BRRHECE he AR

o acids .of t.s. f etectin
Opﬁﬁ 'I%§QD6Q££%F%) ﬁ%qggo EIHE?§&§EI é%%%%geé )
chddvadd cenal tamnatmcbresby oD mwwmﬁalmggru@l natiekion of

oteln can be e ed by
co W%ﬁeﬁr@iﬁ $ré§ﬁ%ﬁt %Eereof i g?e%?éﬁéglé%ying
thdﬂﬂdﬁﬂiﬂanﬁahEe ewmﬁeﬁtx&mlmmlwﬁ1¢hegiﬁesumayp@akmgptlcal
expres ne, 0
3bu&?f aﬁﬁﬁﬁx%f |nad?§%$§te %ésgn%guse
san@flésh%uﬂi oicmem; s eamilhm@@lahsof Hoe exabpleplibdld ALY
IS propa at ul atjon _of hi cken S
inciRgY $ %fg?%% PrriRate on%h %Eﬁggggo giﬁgﬁ
suﬁgrﬁiﬁhﬂﬁIYﬂPfﬁ%ésT@ﬁeFW&%@@@eag51naﬂnﬁlfhedbbnnd1mAb is
, cloned into, bacterjia

d. The
Qe TR S pr TR i DAL HLEE s BOFRREATS S Rprgtaase
(HES Ner a154h & @bd 8r SPeEY £Ssheh @£OQMCHRBH1@behgbrrdbbas anti-
Fybrldonas are screened for th§|r aglé Eabl¥
moyFH RRELPIGH ARt RRBSEP ke afeP cap P€ 6% he
plaRecificald yhedi dingnés Hhcopatelinwand disti Bgll'shl ng
them from ot her AV subt%pes I n accordance with th

tet paresith vh, bemel dhpaney BBRET nCARBT - BrﬁﬁbcagﬂeFﬁﬁﬂgﬁttoSUCh

ask§3%?Ai£ﬁ6l§9§yP@—e@H?lQ@ﬁkQﬁﬁi§Qo§fﬁe Bagum@@ﬂlﬁod&dd or
e strongly positive for |ndonesian H5 subty
o-iBHeray Hen dAbIL B SO WeY A asn 6F 1 U6t hef NPETSEFALAS, 1angtopped

anéOtﬁgogbfgrC&Q?éléﬁ@&ﬁtoﬂeﬁﬁth QA pethRehtSyhAhYReSion of
sted, 1ncludin N2 and HON2. In a

th@e@@lmrern@bm@remaétlpﬁl sapAgenPYoAntaREEREP dApThe sample
which block the binding of the 5F8 or 1G5 mAb to the antigen

is calculated for each serum sample.

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

The strong reactivity of mAb 5F8 and mAb 1G5 also means
that the antibodies can be used in antigen capture ELISAs
(AC ELISAs) in which the antigen can be detected from live
viruses or inactivated or lysed viruses in clinical samples.
AC-ELISA can be a rapid, reliable and economical method for
the detection of H5 antigen and can be used to detect H5HA
antigens from both poultry and human isolates of H5NI.
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determ ned to be of isotype |GV and designated 1G5,

al so has 14 WD 2009/ 099394 PCT/ S&2008/ 000043 been
wobamhtw4be strongly positive for | ndonesi an PBT/SG2008/000043

subtype strains known, as well as for other H5

subtypes, and to show no cross-reaction with any

ot her subtypes tested, including H7NL, H3N2, HAN2 and

HONRe Bot-Bupilp éF&A@%dofeﬁhﬁ%Cd@ﬁbb&ﬂdﬂﬁtﬂUSﬂBﬁﬁﬂhﬁghly

of H5N1 henagglutlnln he stren t mAb 5k
advgpE gL Ukh 8A 2TRE S o T8 Sbod:p‘é “% Cﬁs’f‘g VAt t ee%aarﬁee
hlgm@'c %%E@Jfll@n £oNe hee parflc’ ildue 5 NEpisitsHe eangni Zkidi s
by the two anti bodi es , increases the S%%%%%Ivhégﬁi
spegafdgiitag hele PASTaME g cTHE A pidS5ive ‘@y
mf@%kae%F%ls%u@ %Eie\(ﬁﬁrﬁiﬂs %mﬂaqﬂ%oa&dsonasfaﬂmmdrces
above, the eight am no acids of that. e |to e are

Suchr ddemtlyi DRI T RP TR 2ain G TGS e3P f afLe2T

288, 5 KN HERML Jinfdianza Aﬁﬁqm&e%s@urﬁ@niée@ in a
advfjalava%Iab e in the l'gLe bank. The 1G5 mAb recogni zes a

safei gind annve dend delﬂ@tfk?ﬁetlﬁré‘seeﬁ%it fat difte Hiprtion of HS
nfluenza H5 subtypes as well as in all H5 subtype
strains fromother species currently known and
avai |l abl e in the gene bank. The di stance between the
two epitopes (am no acids 290-297 and am no acids 310-
317) allows for high affinity for antigen binding and
detat |f@ilo'ﬁhur$j ioneantiemn grow st ded o chl Bpgtrate the
Y. S |f|c e [ tect

oty BRI @ B Hanes ] & o bl T b6 bl ok g "
ELI SA (EB ELI SA) . In an EB ELI SA, specific antibodies
frompositive sera inhibit a selected mAb from
recognizing its specific epitope such that color

Exai@ed dpnent is inhibited when a col or-produci ng

reagent which binds to the selected mAb i s added to
t he

I. Experimental
Viruses

Twenty four isolates of Indonesian H5N1 influenza
strains used in this study and listed in Table 1 below
(entries 1-24) were obtained from the National Institute of
Health, Research and Development, Indonesia. Other H5 and
non-H5 subtypes were provided by the Agri-Food and
Veterinary Authority (AVA) of Singapore (entries 25-31 of
Table 1).
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Human/Indonesia/CDC523/06*

4

6.

Human/Indonesia/CDC594/06* H5N1

H5N1
Human/Indonesia/CDC595/06*

Human/Indonesia/CDC597/06% H5N1

10. Human/Indonesia/CDC610/06% H5N1

11. Human/Indonesia/CDC623/06* H5N1

12. Human/Indonesia/CDC644/06* H5N1
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et Vi-duses—hwenty—fotur—tsorates—of

H5N1 i nfl uenza
Human/Indonesia/TLL530/06%*

H5N1

21.

Human/Indonesia/TLL540/06%*

H5N1

22.

Human/Indonesia/TLL540/06%*

H5N1

23.

Human/Indonesia/TLL561/06%*

HON1

24.

Human/Indonesia/TLL565/06%

HON1

25.

Duck/Singapore/Singapore/97

H5N3

26.

Chicken/Singapore/Singapore/98

.| HON2

27.

Chicken/Singapore/Singapore/92

H4N1

28.

Chicken/Singapore/Singapore/02

H3N2
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strains used in this study and listed in Table 1 bel ow
(entries 1-24) were obtained fromthe National

wonswioveve of Heal th, Research and Devel oprment PCT/SG2008/000043
I ndonesia. Other H5 and non-H5 subtypes were provided
by the Agri-Food and Veterinary Authority (AVA) of
Si ngapore (entries 25-31 of Table 1). 17 WO

29 20097 0993 btk SAwoDBINAO043ia TEBDEL11/9Fhe avngthﬁNl

|

influenzd viruses used in this experiment Serj No-
Viruses Subtypes 1. Human/| ndonesi a/ CDC7/ 06* N1 2.

e 1 e

Human/ | nd
Homan/ Tndonesi a7/ CDC370/ 06 HB5NI ™ 5.
onesi a/ CDC390/ H5N1

Hurman/ | nd ( 8 _
31 Hurmn/ I ndofrRiar EpABY3K gln%mre?&ngapore/%

Hiinm noacl nlf"FV‘En/II[\r‘* LI A4 =S N7
O O INL

TR PRABReEaFoAlon 00 o

Human/ | ndone3| a/ CDC597/ 06* H5i\|1 10.
Human/ | esi a/ CDC610/ 06*, H5N1
HuRRR &8 cBPEPEEEEFS GEF SN P
inogumﬁ/agétziggg?%%ggb@@@e&%%talﬁw alf8 MO 00 P VP I3Bdryonated
43 13. Hu oneS| a/ CDCQ69 06* H5
chigkenrgfgs/ | nddfesilaPTBH Jﬁg R o

eggEUBBRELNdEN@Sds TLiHGRE SlaNL vilis tlters were

Duck/ I ndonesi a/ TLL60/ 06* H5N1
determlned using Hemagglutination assays.

30

H10NS

Q
O.

%E%ogenic viruses were

The virus then

was clarified and stored at -80EC. All experiments with

live viruses were performed in a biosafety level 3
containment laboratory and all the animal experiments were
carried out in an Animal biosafety level 3(ABSL3)
containment laboratory in compliance with CDC/NIH and WHO
recommendations [12,13] and also were approved by the Agri-

Food and Veterinary Agency (AVA) and Ministry of Health

(MOH) of Singapore.

Molecular cloning

H5N1 (CDC/669/Indonesia/06)
propiolactone [14] and total RNA

(Invitrogen, Carlsbad, CA, USA).

was inactivated with beta-
was extracted using Trizol

The HAO gene was amplified

from the cDNA and cloned into pQE-30 vector (Qiagen,
Germany) using standard cloning techniques for expression in
The clones were transformed into Escherichia coli
The HAl

bacteria.
M15 pREP4 competent cells to express the protein.
gene from the same strain was cloned into pFASTBAC-HT, a

vector used to construct a recombinant baculovirus harboring
the HS5N1 HAl gene Carlsbad, CA)

used to infect Sf-9 cells propagated in Sf-900 II medium for

(Invitrogen, which then was
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17. Human/ | ndonesi a/ TLL177/06* H5N1 18.

Human/ | ndonesi a/ TLL298/ 06* H5N1 19.
weélzomrovdaedonesi a/ TLL485/ 06* H5N1  20. PCT/SG2008/000043

Human/ | ndonesi a/ TLL530/ 06* H5N1 21.

Human/ | ndonesi a/ TLL540/ 06* H5N1 22.

Human/ | ndonesi a/ TLL540/ 06* H5N1 23.
théluaene 1 oplearsi af Toh 56@mA60fHENEes24nt assay to screen for
H5gﬁgﬁnllndo eS|a TLL565/ 06* H5N1 25.

7TE Rgapd figapore/ 97 H5N3  26.

Chlcken/S|ngapore/Singapore/98 HSN2  27.

Chi ¢ enlslngaoor
PJ:-

’ 8 S0
PCT%§£5299§AQ@9%§d %9 c@qmmsl eé@dbn@@&@sg@ﬁ%/aﬂ/ﬁ@c to
Chlcken/S|ngapore/S|ngapore/98 HON2

anl\@ﬁﬁaroﬁ DubkrSPngapor eLsSiAgBpsLend3 F-LB@NBIed&LuH @engaining
t V. Bot
anfF} O00ER, o 00 “RORE) Cod PROPRRRCERRRd-LoN BALIABRRa oy

+hdaydel diepbeyonatedl /thieken feggs. hbhe samliant aihc Kilng .d

was har vest framthe eggs after 48 our
cel R uBaFFoRS TUPFBS EhforeSHaPeTians: dfmphot ofgitey Puftered
satenaggbyth nat irpa a&gaya.inéheu\gubnsptrm@mwa@wpamﬁﬁmﬁ on
~and_stored at -80EC. Al ex erine ts.wth |
NighFhsesliene (BerPEPRedCRATATHY 08 g goegh was used
fof0RLal PEBRt pl,aBokabaty. and aklstbhe anioral experinents
were carried out in an Animal biosafety Ievel
3(ABSL3) contai nnent |aboratory in conpliance with
prGRGEN Bhand MBRochesammendabiengsl 12, 13] and al so were
approved by the Agri- Food and Veterinary Agen (AV
andepﬁ|g@p}toﬁemééptﬁALB/c mice, 4-6 weeks ol wer

immunized intramuscularly three times with 25 pg of

recombinant H5N1 HAO protein in 0.1 ml of PBS, which was
emulsified with an equal volume of adjuvant (SEPPIC,
France). Mouse humoral immune responses were monitored with
IFA and indirect enzyme linked immunosorbent assay (ELISA).
Three days before the fusion, the mice were boosted
intravenously with 25 pug of recombinant H5N1 HAO protein in
0.1 ml of PBS and spleen cells were harvested and fused with
SPZ/Q cells as described previously [15]. The fused cells
were seeded in 96-well plates and their supernatants were
screened by immunofluorescence assay using mock-infected or
recombinant baculovirus-infected Sf9 cells, HB5N2- and H5N3-
infected MDCK cells as antigen as described below.
Hybridomas in positive wells were cloned two times by
limiting dilution. Positive clones were checked for isotype
by using a one-minute isotyping kit (Amersham Bioscience,
England) as described in the manufacturer=s protocol. The

hybridoma cultures were harvested and cell debris was
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(MOH) of Singapore. Ml ecular cloning H5N1
(CDC/ 669/ 1 ndonesi a/ 06) was inactivated with beta-
wonrepicodamet one [ 14] and total RNA was extract edCUSGRES/000043
Trizol (lnvitrogen, Carlsbad, CA, USA). The HAO gene
was anplified fromthe cDNA and cloned into pQE-30
vector (Q agen, Cermany) using standard cl oni ng
rembesyuesnt of feypressi ab 00 bagt épralOThénokeses The
were transformed into Escherichia coif 5 pREP4
supebpperht Wael Feliackrprasd sherprorsi n20 g%e HAL gene
fromthe sane strain was cloned i nto pFASTBAC- HT, a
vector used to construct a reconbi nant bacul ovirus
Immiwae bbedpgscenee HEREaWA(IERhe (I nvitrogen, Carl sbad,

CAL £ Wi g1 tﬁﬁ@é&@é%lgsgﬂ b@- Wgﬁﬁcbl§ﬁeg %%Egslnfected
propagate f medi um for 20 WO 2009/ 099394

witRPCF1 882008¢000048ant heagutevdprEnbasbogang the truncated
Hsmmgl{{‘o@, %fsgcﬁ% g%&ﬁyzlérlrgoﬁ%t;%fl fs%alﬁé Hﬁ|51\]92p%%'df iGN 3
S. roauc

I on of recondl nant H5N1L O protein
stréihﬁm»réhpettansﬂgrneatE36cbbuan5f©élﬁi—ﬁeﬁ@léﬁdwﬁﬁﬂ 24-

7EC t 0 .5 -.0.6-
R s BN e e e A e e e
fixedpwessi 08 pasarfduneddehrydeh&oaddiOt mamudfe sl afmloom

| PTG for 3 hours, w.t shakln I, Iy eted
tempgratiEfidad iWaSHSng te bu ergglkgaﬁﬁhé ?%E -4 %%%
fixBHsteUlpewbusi dncpbateidnwhas pybmﬁdemaomulmmeTﬁluld at

colum (Qui agen, Cermany) and the protein was us
37EEofonnil heps- bst®QSPﬂeEeaﬁdn%§§t§ % SISy ¢ '39? and

1nc8£aggaoﬁggﬂa5 Qnﬁbbagﬂ%%lgﬁu%fa%qhbﬂéﬁ@@ﬂ% BARIG ocyanate

d, were imunized |ntranuscularly
(Flwﬁveeonunestaﬁtmabslgga@ﬁl—m@@@ﬁbﬂ@ad@aﬁ@mlD%M@ark

CeerOtSEn kgngeé gba&% P%STE%P%&HL%@%O scoring results in

an epifluorescence microscope (Olympus, Japan) with

appropriate barrier and excitation filters for optimized
FITC visualization.

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

blocking ELISA.

Immunoblotting

The selected mAb 5F8 was evaluated by immunoblotting
assays. The recombinant H5N1 HAO protein and whole purified
H5N1 Indonesian strains and H5N2 and H5N3 strains were
fractionated on 12% SDS—-PAGE under non-reducing conditions.
The separated proteins were electro~-transferred and
immobilized onto nitrocellulose membrane. The membrane was

blocked with 5% non-fat milk in PBS containing 0.1% Tween-20
(PBST) at 37BEC for 1 hour. The membrane subsequently was
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emul sified wwth an equal volunme of adjuvant (SEPPIC

France). Mouse hunoral inmune responses were nonitored
Woi2009/099BA and i ndirect enzyne |inked i mmunosoPOEISG2008/000043

assay (ELISA). Three days before the fusion, the mce

were boosted intravenously with 25 gg of reconbi nant

HS5N1 HAO protein in 0.1 m of PBS and spleen cells
1nmmb£t®®rwssmeMymnﬁdémseﬂumﬁrhat&ﬁ@lOrteﬁﬁé 45 PBST and

S u e I

N N e e S T
meﬁbrsﬁaeﬂo@wdlmmunbédmowescéetechsdaylbblngbblt anti-mouse

nfect r econ ant bacul - L.nf ect .
copgiratStere mahy RS TERPEabed B CEr PRE L BY g de on
witls ﬂescre@@dnbslOMmerbybmlﬂmn331encps$lﬁiﬁé.melIs wer e

cloned two tines by limting dilution. Positive

cl ones were checked for isotype by using a one-mnute
Fpi86byphagpkhy ¢ANBF8ham Bi osci ence, England) as

described 1 n the manuta rer=s ocol, The
To ) BFFHOmRE PP HE RECWRT coRAr vEBE el ARdDLRE P Helprs Aggected
in€d Y!&@OQQéﬁﬁgﬁﬁﬂnECEk§§ﬁ838éOQQQéSFlgeﬁevéﬁ)by The

centrifugation at 400

for 10 nkgﬂtes. T%e d .
CO§GE§Pﬁa#aﬁ9 ﬁﬁ%q%%PFécPédDﬁﬁdwgfs af"PopEEed using gene
spkamenef huonessease assays(ifify SOES38ncelBOK qelilsgreinn
96-wel | " plates were infected wth either recong ﬂ;5
Gepmedlbvi r Gaehat BREEnYSFRe tEROAESEREY HBNE HAl G PREF4
coﬁ%gtgﬁylcémggniéhﬁgeﬁtr@b&ﬁanﬁ5N@oa€§ pHal3 nsistaidise
spectively hours (for Sf-9 cells) and _24- 48
fuhdanspEpbeivDCK Ehel §)sap§§prmﬁfie@u 6/ 1t Ma Sc srerld sweiege

fixed 4% | dehyde for,_3
S PUHpEF Al FE BRASNACRE D D65 Do i CHIPBSE o P g LB
gpam Ebﬁ%glﬁ§hbsamgaelumgabggp@ w@vmlmyahudgﬁat@qbture

urd at 37EC for 1 hour s were rinsed three
expiraesiant WaPBSndnged by the addition of lmmol/L IPTG for 3

hours with shaking. Cells were pelleted and resuspended in
phosphate buffered saline (PBS). The expressed fusion-
peptides were used for epitope mapping by Western Blot.

For the second step of the epitope mapping, eight
further truncated peptides were expressed which were an
extension of fragment four but truncated in the fragment
five region (Fig. 2B). These eight sub-fragments also were
expressed as histidine-fusion (His-fusion) peptideé as
described above and were used for Western blot analysis.
For the final step, 14 mutants were generated having point
mutations to mutate amino acids 287-300. All of the amino
acids were mutated to alanine except the Ala-297, which was
mutated to glycine in a series of mutants. The pqint
mutants were generated using a PCR-based site-directed
mutagenesis protocol.

These mutants also were expressed as His-fusion
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incubated with a 1:40 dilution of fluorescein
i sot hi ocyanate (FITS)-conjugated rabbit anti-nouse I|g
wODRealowooPdenmark). Cells were rinsed again in PBESpRIS000043
to scoring results in an epifluorescence m croscope
(A ynpus, Japan) with appropriate barrier and
excitation filters for optimzed FITC visualization.
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fractionated on 12% SDS-PAGE  und non-reducin .

condi EREREMLIPhE S SRESIEG Tt & §Ch\ﬁeregl(%0pe—%locmng
ELISheakh oyt kanslerehrand Fai, Mikan zedl eiticken serum

nitrocell ul ose nenbrane. The nbrane was blﬁc?éke.
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samZ/il?ﬁ gorRoreriedrang thepgs Sai'tiTTg G those
£ GftBEEkadt. 3HEC fs@imph 2oWsed R HTRIRY Qe ssiuhis equety |
o_ was 22_a% 2009/ 099394 PC‘?/eSG2008/ 000?41% i.ncubat ed e
divider Ryl SeRTs @Rt FAYESD (GHRERP i n g group
con'_?gglt{l%@t ed wist b HRR: cRigaled Jabbivi A i rimsthdds
e menbrane bound antjbody was detected with rqcb,bit
groamsi.- mewrsap dorjaRpitiEdd d HRETUh S FBNGRF Mkiqating from
eve| i ' ] T -
B e THe b sbe Some s o SR8 T0 hacaton oo
frophé hepiMioge tofy 3F8 Haaddhr HAOr ot BidPiREl i st elpfection

was %to%ffiir\fn%éf)\bgf | 20010y TdAgEM Sy (P ifd Qe 2Aldoddieia.
correspondi ng fragnents of DNA were PCR anpl|fied
Grousi 7y aperseisted of 5 healthy volunteers vaccinated with

commercial influenza virus vaccine (FLUARIX7) within the
previous six months. FLUARIX7 contains hemagglutinin (HA) of
each of the following three virus strains: A/Solomon
Islands/3/2006 (HIN1), A/Wisconsin/67/2005 (H3N2) and
B/Malaysia/2506/2004. Group 3 consisted of 10 healthy
volunteers known to have no history of influenza infection
and no use of an influenza vaccine. All samples were
certified for their status by the MOH, Indonesia.

Positive sera were generated using groups of chickens
(n=5) from non-vaccinated healthy flock. Chickens were
inoculated intramuscularly with all 24 inactivated
Indonesian HS5N1 strains (Table 1) and non-H5 subtypes, such
as H3N2, H4N1l, HTN1 and H9N2, were emulsified in ISA-70
(SEPPIC, France) adjuvant twice at two week intervals. Sera
samples were collected on the 10™ day after each of the 1t
and 2™ immunizations and were evaluated for antibodies
against appropriate strains by IFA and indirect ELISA as

described above. Other positive sera were obtained from
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specific priners and clones into pQE-30 vector
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i s-fusion) peptides a | b above and were .
B8 -1 oD MESEBTIE bi A el TSR T T he T o SrEp, it
hig#gt f2NtS Qe @ aeneratach davi mg ot nd £ et @b omsnt oHAL or
a

e am no acids 287-300. All of the am no  acids
CDOKSRE ISt daharcs: iatadifich e iesalepit E i Ala- DOF My ehl wigder

nmut at.ed to .glycj.ne i 185,10f 5 gt ant LAt ah
apg%ﬁﬂﬁﬁﬁsgﬁéég%f lg%gtgﬁﬂagfaéﬁglPéh—basedég?gggd??eg%é% ¢

at NMECIeNeY% PiPtAtier ThESE mol Aht sastbswa e leicarbonate,
expressed as Hi s-fusion 23 WO 2009/ 099394 . .
pH BCH) SG2A08ATE004 2 tReptR S 2 el FF Daed abotee hhges with

pRAMAST @) Il NS, Sl Fd 8 0sa Dikle t DolexACt] Yedetining 0hess
amno acids formng the epitope for mAb SF8. Testing
Tweain $dna afal detrerspewi fhe spees fvereybbpckpe with 100 uk

bloe iitnog}o%ubflfoecrkiﬂ:gas containing 5% skim milk) for 1 hour at
37EC. Test sera samples were serially diluted twofold in
PBS-T, and 100 uL were added to each well and incubated for
45 minutes at 37BEC. The plates were washed four times with
PBS-T and incubated with 100 pL of MAb supernatant for 1
hour at 37 EC. Plates again were washed four times and the
pound MAb was detected by the addition of 100 pL of
peroxidase-labeled rabbit anti-mouse Ig diluted 1:1000,
incubated for 1 hour at 37EC. After washing with PBS-T, the
plates were incubated with 100 pL of 3, 3', 5, 5'-
tetramethyl benzidine (Sigma, USA). The reaction was
stopped by adding 0.1N sulfuric acid and the color
development was read at 450 nm. The percent inhibition of
the colorimetric reaction caused by sample antibodies,
blocking the binding of the MAb to the antigen was
calculated for each serum at different dilutions by using

the formula for percent inhibition as follows:
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ELI SA usi ng sel ected mAb 5F8, human and chi cken serum

sanples were tested and the results were conpared with
wohoe®99vi H assay. The sanpl es used for the PCESERE08/000043

study were divided into human and chi cken groups. The

human group consisted of 25 hunen sera sanpl es

divided into three groups. Goup 1 conprised 10 serum

sappkesnoabgi nat iingibiaionHSNI Gi0Rf[IORe iz sitn fsssrusn) /)

recovered patients obt.ai.ned .fr i. sty 0f
(nefESiTR CHERROL ntioAlDi s Phihineaenildr mdd Bttt ion by
theb¥eBERsamdmcatti tbed iby rieke >Mod i tlivdendsira H5HA oup 2

consi st ed_of heal t hy vol unt eers vacci nat.e i .t
ancEBRR POt aRSPHI NS oy P RE e . CECUAROG T (e ©F
MAbt B@ndpheYi @usasiixemunt htie BNUARIIXA cqontaisesl by the test

hemaggl utinin (HA) of each of the follow ng three
Sam@ﬁ?gs strains: A/ Solomon Islands/3/2006 (HLN1),

A W sconsin/ 67/ 2005 (H3N2) and B/ Mal aysi a/ 2506/ 2004.

G oup 3 consisted of 10 healthy volunteers known to
II-ha@ésﬁétﬁlstory of influenza infection and no use of
Cha%ﬁck%&ﬁ%%&%@nV@&CM@%ag§dnéﬁﬂﬁﬂﬁ¥bduﬂés certified for

theiT sStatus by _the ,_I'ndonesia. Positive ser

geRepared ofi RyPGrOTHS G VMTIRGHR" () 37D © “nSRAT
ant19RVaes Rabed nReahihY: rinh ke 1 b Skenscae(Bra) against all

I nocul ated intramuscularly with all 24 i activgted
24 Indomesiian HSNL snyE VR 7erati i ap Hdieqgls and non-HS
supTHRISRES TG A% o i dd Nhad s andy HoMPon ey ereacted

~enulsified in | SA-70 (SEPPIC, France) adjuvant twce
witht athio MREEK dediler vigifectsd aidampt b et & EPFRceRd oh°
celtl@e 11’1%&%.%@ vﬂfghe%a%qflrbxpfrﬁéq%)é;ges@ ;Zf@ccpmbinant HA1
mmunizations and were eval uated for antibodies
andag/ajaisteOthSJmJivﬁ ewtamiarnhy IEReEL HER T @RRCELPEAteTNS

.as esGyri-b ve,, O iLiv r€s0 Lped
i I G 200056404 e Be00s) Sogoa T o hake
obtained with rabbit anti-H5N1 serum. All the other

subtypes, such as HTN1, H3N2, H4N2 and HEONZ2-infected MDCK

cells did not give a fluorescence signal (Figures 1A-2 and
1A-4). The mAb 5F8 was screened for the ability to detect
native HA1l of H5N1 strains or H5 subtypes and rHAl by
Western blotting (Figure 1B). The mAb 5F8 strongly reacted
with all Indonesian HS5NL strains and H5 subtypes and no
cross-reaction was observed with any other subtypes such as
H7N1, H3N2, H4N2 and H9N2, by Western blotting. Based upon
the sensitivity and specificity of the monoclonal antibody
by IFA and Western blot, 5F8 mAb was selected for epitope
mapping and then for use in EB-ELISA. The isotype of 5F8

mAb was determined as IgM class.

Epitope Mapping of mAb

In the first step of epitope mapping, Western blot
results showed that mAb 5F8 reacted with fragment 5 (amino
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chick experinmentally infected with | ow pat hogenic H5N2
or H5N3 two weeks after virus chall enge.

wapbimpesobl ocki ng ELI SA Opti mal concentrat i onsPof/SE200%/000043
viral antigen/reconbi nant HAL and 5F8 mAb were
determ ned by checkerboard titration to provide
near - maxi mal bi nding of 5F8 mAb. U bottonmed 96-wel |
acifhk! Shsptat es7yerneigoated 2 thd |2[th|1¥1 milgmfmee@,B, the

i mal concentration of _.rec nt 3
1 r PN nAEanO St EBoy R 2elr B SE T06 B PG dee the
namépBVfoﬁhbaff@a@m@hﬂg b@ahefﬁl@ﬁb&bﬁmﬁ_lﬂlt Ea@dlrlen(?lmbat ed

oVer ni at 4EC in co ting buffer
caF@@ngf@/ BRERPFORAER, © ﬁpg tepe Eﬁ‘ﬂ ’::T%éftu&faﬁl

pep‘(@’?.ﬁ@s"‘ﬁ%?%dg& Fc%%sga'dffﬁrfﬁll\dﬂht hlern]c%?S-Sn]T extension of fragment
phosphat e- but f ered sa cont ai ni ng 0.05%
foul-'\/\belﬁ POPngAF RoAls FEE ff|r€9£fse€1§s fiei%e THOHed VAR ST o4

by %he  agking :LQUfEfl?hx(eP@ﬁ)COHtT@idﬁé"Qal@%tSl@dﬁfma{g}fﬂerf’tﬁf also

hour at st sera sarrpl es were seria
wergi Eeipéésls\ﬁ@f gisd hils t ipBgeT Fusi®™ GeRLdRs @%\dife%cﬁl&ed
abo@r@cgn‘ﬁekﬂlex‘%n%s'er@ic%*@ﬁi 6 fi@rn 43 d8 r&ﬂae_L dts 7Eﬁ%ur'ﬁ1€2(2)

es were washed four tines with -T and
Wesrtemb@tl@d: wiesii 1160 @%W%ﬁ%aﬁ‘f’%tma&teﬂ Hodt at

ates g e
erobfoiEn S OIS, e dhretmnastee -

Wltmmome@aw 128e Ited 3rOébb| tiraritie riguged @@.ﬁ%ﬁ@d Stepr each
1ooo c f
éé;].i:l% ;%%af et% o ]1&1%@ &t o BAEC. fﬂg{ x ‘é"%‘é riﬂjtated

ates were I ncubated w 100 of
to 311a31m65 ansl -theetgmtmmylwétfempﬁﬂ’ﬁese(ca u%l The?

s 5, AT B8, G i Seighans
podiftiv tdeaulafs vt:thfh amitomtrtet’ﬂ&:ﬂk,ea@ﬂ&&ﬂ» LB, DY298A,

co R PSS, BLOSHLIG AN D101, fy L3, Wbate

c2 odizf,f eyerda, dI’I|2£H6Z!OrEmcbyP2,$7mgshowed negative results on the
Western blot. These data indicate that the mutants of the
amino acids which showed negative results are the one which
are involved in the epitope and so, upon being mutated, were
not recognized by mAb 5F8. The other mutants were
recognized by the mAb in spite of the mutations, indicating
that they are not involved in forming the epitope. These
data indicate that the specific amino acids involved in the

epitope were CNTKCQTP.
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the formula for percent inhibition as follows: 25 WO
2009/ 099394 PCT/ SG2008/ 000043 Percent age of

wonmdmweisen = 100-[ OD (test serun)/ OD (negati vECT/SG2008/000043
control) X 100]. A threshold of 50% inhibition by the.
test serum was consi dered >p03|t|ve— for HS5HA

ant i bpdi-es—Resul-t s—wererexpresset—as—percent
i nhi bj tion|of bi ndi ng, | rel atlive to the jinhi bitipn
causedd by the|test |[4sanple. )1} Rasuyhts: |y |+ |+ |+
Char agterizatten-ofmno¢topat—arntthodi-estAparet | of
hybri gdoma ¢l ohes| secreatimg pAbs tjo HSH%M ant i gen|wabs
screefied by nef Ingches&e]@eg&IEA)q;a‘;@i net|alil (34
IndonFsLan ﬁﬁ?gu piHyeRza—straris—and—ether—HStand
non- Hy,, subtypes} The res>ul1s showed t hat | SH8 NAb
stronghby reacted| ,w.th.al cel Iis i af tQ.pI I 1
al | ?\\lquhfgpf}g n%décfwg JDc\.é.P!CP&)‘r‘.fcct dg {9* "
bacul pyi rug expressji ng recopbi hant HAl | ahd yielded
positiwe cytopla*' ifennunel | Wworjlesgenc trer
(Fi gul = énﬁy - g%h')%hu%@?e %%f 3%aﬂ?t (%st.%‘.:e\e
obt ai 1l§d wiit h{rabbit antij- HbNL1|{ serum Al |l |t he ather
subt ypes, duch a$ H/NL, H3IN2 N2 and -ihflact gd
MDCK |Tel | 4°dil¥ 1ot Vi\%e 2 1+|1ﬁrpqrp%rg§gj\g_g_nﬁﬂf
(Figutes 1A-2{and {A-}4).| The pAbl 5F8 was|screened f or
the abRlity to detept | ndtive HAl| of HE)yl St rE_z?\i ns |or
H5 sult'ypestand HAI by |Resterd Ft i Rg T E qure | TB) .
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obser V&d wi[Ch |@hy otHel™ 9ibt Phes KR 4 IND,
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mappi ng and then for use in EB-ELISA. The isotype of
5F8 mAb was determ ned as |1 gM cl ass. Epitope Mapping
wof00939m the first step of epitope mappi ng, YWESISER008/000043

blot results showed that mAb 5F8 reacted with

fragment 5 (amno 26 WO 2009/099394 PCT/ SG2008/ 000043

acids 256 to 337) (Figures 2A and 2B; in Figure 2B,
EpitbpedB]ELDsikih@ E&ff8Ads for control and "A B C D E"

st or._the, .na f e fr . [ [

Fi AltPe 3Rp OB O REC26aNa o B8 P LEaREL el dat A 1A
asshiupeat etlarpepeirdesdwbye 1espresdad ywhice ldeercd &PHA

extension_of fragment . four but tru int
antﬂ?&‘é&&ﬁt B i E;gmragglagﬁ & é%y(ggeﬁteéfél m %%%ﬁ%sdi aé)’rllglm in
recbivgied BAnanThese engbfilesulfinoagmsntls ialfdaenmer e nfection
expressed.as histidine-fusion.peptj as SCri
testgy o5 IWEr 6 uSRY P8 g@?tc gglté %%z‘nﬁefspsr |§gLrteh mAD

5F82_G)iﬁh ?ﬁé&heblloblkdhgr ealhies sifowsd st kat amdhi 1378 areact e 6

W t h ragnents 8, 7, 6, 5 and i ndi.cat.i that t

depgpigfe HPST TFenFRoPEgST saPe Ssh e ety b e

3B)]t.| n@Ithﬁsgﬁp,te%a;crals@f SBBIWRR] daqeiedsulzaﬁﬁar 30 I they 2° -
our ragnent was tated, to nine and th

2°) p_ro?é‘i“ﬁlﬁéswé%r’é%‘eﬁ iﬁaE.ClEBFfegagug‘an sefa showed 10~

153hii i BiRe chuSHon :Br etighit.i MBSt efdlditeat, NesiHddl shioved on

_ _positive results with nmutants Y287A, 32243% N28%§,

inhipgdgACn @STON SHPVARSOFES He ThiteE A, (h@D 1A, ~

28) T204Aca K283Acro63948a c R 99y . T2964 abenB29RAmshoweta

negative reésults on the Wstern blot. These data |,
showedi ditte Plieatkige Afuttaim A8 RAREIN TR 4 A WITH-C
sit3howed negative results are the one which are

involved in the epitope and so, upon being nutat ed,

werdl fdte HSEUgrimped Inednah IBREn HaEwt e antested

posfti&e reC QQNiz el v J e gt 1578 Rid 2 Hhnd D6 1 S{AONSES
|ndicat|ng

with mean blocking values of >50% at a mean serum dilution
of >47 (40-57.6) on day 10 after the first immunization.

Day 10 after the second immunization showed mean serum
dilution of >296.46 (256-328) blocking the mAb binding to
its corresponding epitope. However, the hemagglutination
inhibition assay showed the HI titer log 2% - 2! and log 2°
2° on those days (Day 7 and 14). The non-H5 subtypes
infected sera samples showed maximum blocking of 15% to 20%
at 1:2 to 1:4 dilutions. Among the non-H5 subtypes tested,
however, H3N2 immunized sera showed positive (log 2%) in HI
test on peak day 10 after the second immunization (Table
3a).

Moreover, as shown in Figures 3A and 3B, the antibody
responses showed similar kinetics in using both rHSHA and
H5N1 viral antigen for blocking. This study provides
demonstration of recombinant H5HA antigen as alternative

H5N1 viral antigens for blocking ELISA for the detection of
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that they are not involved in formng the epitope.

These data indicate that the specific am no acids
wonvwloexd4i n the epitope were CNTKCQIP. 27 WOPCT/SG2008/000043

2009/ 099394 PCT/ SG2008/000043 I I I 1 I I i 1 1 11 +

+++ OaaQaaa<b5490 NOOOOCroOCOCCr C7

C7Cr0Cr9CD 00 N254 NN a4 Pa a4 Pa 124 Pa

antRtlod<s.P-1 Pa P-i FGP-i P-i P-i NHHHHHHHHH
HHHHHNaaaaaaaaaaaaaa NUUUUUU
UurFCuUuyUuyvuvuvuy MN d NHHHHHHFCHHHH
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NCr Cr C7T C7T CrCr C7T7CTU CDN4) P4 RS'0 NOO

dl O--1 Nm-:v LC) tor- COmO -Pr 1 CO00 md
woRowoy3dd O A A d d OO0 -HNNNN N N NPNISGRSH000043

NNCt7 HXZ>C7T ZUZHUaHOOC c-I NMVI)

,~rl NCt L() LONa0 d -1 cl c-i ci -1 r W
2009/ 099394 PCT/ SG2008/ 000043 Epi tope Bl ocki ng ELI SA

TaplBeadi agnostic efficacy of an epitope bl ocking ELI SA
assay was characterized by its ability to detect H5HA
anti bodi es in human and chi cken serum sanples. A

recovered hunman §era sanpl és from F6N] 1 nfl uenza
infection teste positive i n epitopeqblacli Ra:ELFSA: 508
performed with ? wi th mean, blockln aIu§§ Qs mab
>50% at a di| uti ¢ of °S6 " EpEAITRG dp Spkido
recovered tinme frdWFﬁﬁ%fﬁﬁ#eﬁﬂaeﬁ (Takl%““%B?*xTﬁeeHPCSZ3
ﬁL?QeﬁﬁP“ed the H titer of 24 (llog 2458AR%pitope
es W th non<{H5 vacci nat ed human sera §ﬂ9ﬂ§ggkﬁJSA)
:’EB’%kioﬁlPil HHPEN at| 1:5 dilution. Howev
hewagdl &tianati on| i nhi bition assay shcmed the H |titer
of 14.4 (log 23 -| £2§)10ndi cati ngy acosy-react ivity. DHyelo
n_or m.il huma‘_n Ser g af%ggmfsq <_?0/Q1;bc|egci(éﬂ’]c %fftéf'QSW) after 2nd
binding to its arftigenic site. Al tHe m@%uLnnunlzed
chi cken serum sanpi®®8*test ed Bﬂ?ffive
epi t ope- bl ocki ng |ElatSan perf or megtMint h mﬁ\bzaﬁFESn wi| t hzation
ArRaR—bl-eeki-rg—vattes—of—>504%0at—a—rearr—serumdirytTomn
of >47 (40- 57 6) jon day 10 after the f}jirst
HSWIARAP st PeRY./ 06 | 3.6V0.48 7.8Y0.40 42.0V3.22 304V9.79
H5N1/Indonesia/ 3.2VY0.40 7.8VY0.40 43.2V4.08 296Y9.79
CDC326/06
H5N1/Indonesia/ 3.4VY0.48 7.2VY0.40 42.0V5.11 [ 288V8.01
CDC329/06
H5N1/Indonesia/ 4.2VY0.40 7.2VY0.40 43.6V4.98 304VY9.79
CDC370/06
H5N1/Indonesia/ 3.6Y0.48 7.8VY0.40 44.8Y7.83 | 304V9.79
CDC390/06
H5N1/Indonesia/ 4.4Y0.40 8.6V0.48 57.6V4.66 328VY19.53
CDC523/06
H5N1/Indonesia/ 3.6VY.48 7.6Y0.48 40.0V4.38 304V9.79
CDC594/06
H5N1/Indonesia/ 3.6Y0.40 8.2V0.40 51.2V5.42 | 312V8.01
CDC595/06
H5N1/Indonesia/
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Day 10 after the second i mmuni zati on showed nean serum

di lution of >296.46 (256-328) bl ocking the mAb bi ndi ng
WwO0Q00900%39¢ or r espondi ng epi t ope.

hemaggl uti nati on

However ,

t he
i nhibition assay showed the H

PCT/SG2008/000043
titer

log 23 - 24 and log 28 29 on those days (Day 7 and
14). The non-H5 subtypes

i nfected sera sanpl es showed

cpagexyagam bl 0CKi ngfaf 2 Jdd%ot 0 PO%veatsl: Pt mevis.49 | 272V8.01
di lutions. Anong|the non-H5| subtypes tested, hoﬁeyeLT—___
H3N2 i mmuni zed s¢ra showed positive (log 24) in H
asi1@8haRRspeak day | 50g@f ter the.sacesd | mBUGHZabi 0N264V9.79
mx%%@hh? 3a). More¢over, as sphown in Figures 3A and 3B,
the anti body responses sholwed simlaf kinetics In
using both rH5HA|and HSNL yiral antigen for blogking.
rsNiNESacsleddy/ provi desqdenmnst [ atovn sef |egoma.nant | k4. 97
i,gen as alternative HS5NL viral i gens for
cncgq’i y .
ocking ELI SA for the detection of 29 W 2009/099394
PCT/ S&0087 000043 anti bodi 30 WO 2009/ 099394
asIGTAR(AQ08/ 000043 5 Tabl & 3a| geswimsbi t ¢ruaagvats750peadiian. 9o
Cm&gg/g%titer agai st bl ocki ng the 5F8 fmb CDC523| H5N1
Strain binding tq the CDC528 Chicken $erum H5HAL
epitope antibody against (Bl ocking ELISA) vira
usi9l/nahdhebay, 10 Day [1Qvbays 10| Bayyd Qo afltarsvsizoal t 664vs.79
(%%%ﬁg ter |st aftler 2nd muni - | mmunpi - | nuni -
CD 1%
H5N1/Indonesia/ 4.2Y0.40 8.2V0.40 48.8Y2.65 | 312V8.01
TLLO1/06
H5N1/Indonesia/ .8Y0.48 .8Y0.40 46.4V2.99 | 264V9.79
TLL02/06
H5N1/Indonesia/ .6Y0.48 .6Y0.48 45.6V3.48 272¥9.79
TLL60/06
H5N1/Indonesia/ .2VY0.48 .6Y0.48 41.2V3.07 256V9.79
TLL177/06
H5N1/Indonesia/ .8VY0.40 .6V0.48 47.2VY2.65 264V¥8.01
TLL298/06
H5N1/Indonesia/ .2Y0.40 .6Y0.48 46.4Y2.99 | 272V9.79
TLL485/06
H5N1/Indonesia/ .8Y0.48 .4Y0.48 54.4V2.99 | 320¥21.90
TLL530/06
H5N1/Indonesia/ .8Y0.48 .2Y0.40 51.2V3.20 288Y8.0L
TLL535/06




zation zation zation zation H5N1/ | ndonesi sCD7/ 06
3.640.48 7.840.40 42.043.22 304V9.79 H5N1/I1 ndonesi a/
w0 20090993094 7. 840. 40 43.2V4. 08 296V9. 79 CDC326/ O6T/SG2008/000043
H5N1/ | ndonesi a/ 3. 440.48 7.240.40 42.045.11 288V8. 01
CDC329/ 06 H5N1/1 ndonesi a/ 4.240.40 7.210.40 43.6V4. 98
304V9.79 CDC370/ 06 H5N1/ 1 ndonesi a/ _3.640.48 7.840. 40

5V 183602832804V9. 1%. 6€ZDC3O0/ 06 . HIBEINUBI nfGrResYa/524. A9V 79
1554848 48 57.6V4. §6 328Vv19. 58 CDC523/ 06

H5N1/ | ndonesia/ 3.6V 48 7 640 _48 40.044.38 304\V9. 79

CDC594/ 06 H5N1/ 1 ndonesi a/ 3} 640. 40 8. 240. .40 51. p45. 42
H588/248r2k1ia CDC595/{06 2MB N0 | ndonesd a8 31 /W05 2D0Y/ 0P93948. 01
111/ §62008/ 000043 CDC597/ 06 4. 240. 40(7. 840. 54

44.8V6.49 272Vv8. 01 H5N1/ 1 ndonesial 3.1840.48 7.640. 48

43.6V4. 40 264V9. 19 CDC610/ 96 H5N1/ | ndonesi a/ 3. §40. 48
15181 04802142, 4V5. 114 .304VE 97| sCHOB23/ 06 4d5NZ lavdohesédd. 79
1358405 40 8.240.4Q 41.6V4. 87|320V21. 90| CDC644/ 06

H5N1/ | ndonesi a/ 4.240.48 8. 240 40 44 _8V3.20 304V9. 79

CDC699/ 06 H5N1/ | ndonesi a/ 4,240. 40 8. 240. 40 48. 8Y2. 65
H58/2V8gdpbreT4d 01/ 063 . 6v0. 48 8.4Y0.48 | 57.6V2.99 | 304V9.79
H5N3/Singapore/97 4.2Y0.40 8.4V0.48 51.2V1.95 328V19.59
H3N2/Singapore/02 2.4Y0.50 4.2Y0.40 - -
H4N1/Singapore/92 - - - -
H7N1/Singapore/94 - - - -
HONZ2/Singapore/98 - - - -
H10N5/Singapore/93 - - - -

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

individual chicken serum was blotted and was found mean values and

expressed (n=5/group V S.E.)

Table 3B

Human serum samples

Hl1 titer against H5N1

Serum titer® at 50%

strain blocking the mAb binding
H5N1 infected sera 24.0 V 2.67 >96 V 13.50
(n=10)
Non-H5 vaccinated sera 14.6 V 1.6 0.0 V 0.0

33




H5N1/ | ndonesi a/ 3.840.48 7.840.40 46.4V2.99 264V9. 79

TLLO2/ 06 H5N1/ I ndonesia/ 3.640.48 7.640.48 45.6V3. 48
WOZR9DITH4 TLLG60/ 06 H5N1/ | ndonesi a/ 4. 240. 48 7P6#BGABIS/000043
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4.240.40 8.240.40 46..442.99 296V9.79 TLL565/06
H5N2/ Si ngapor e/ 98 3. 640. 48 8. 440.48 57.6V2.99 304V9. 79
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The 328819t $% £ HIND/ IR HigapDR eA 02 Rhe4BI50edt24g0mpgonly used

rox [ENGA B 0REEET Bl B o [T NAR PO St -
infSerusm} i i eTust r5686 bheckapgcihg ofbthen8Bnglwdsd in

comgg {gggegoeggfsting serological tests. The results of
the testing with 10 well-defined positive human H5N1 sera
samples and 15 well-defined negative sera samples, including
5 sera from non-H5 vaccinated donors, demonstrate the
reliability of the EB-ELISA, which is able to identify all
anti-H5N1 positive sera and does not cross-react with non-H5
vaccinated sera. When serially diluted serum samples were
tested in both the EB ELISA and the HI test, the ELISA was
able to detect lower antibody levels than the HI and did not
cross—-react with non-H5 vaccinated sera samples. The HI
test, in contrast, reacted with heterologous anti-HA
antibodies of non-H5 vaccinated sera samples.

The sensitivity of the EB ELISA also was determined by
testing chicken sera samples from well-defined positive
samples from 24 H5N1 Indonesian strains, as well as H5N2 and
H5N3 strains. Again, the results showed- that the blocking
test detects lower antibody levels than the HI test and also
tested for specificity. The EB ELISA did not cross-react
. with serial dilutions of heterologous anti-HA antibodies of
non-H5 subtypes. In the HI test, however, cross—-reactivity
was observed with H3HA antibody, and the mean HI titer was
found to be log 22'%, log 22 on day 10 after the first and
second immunizations, respectively. Comparison of antibody
titers determined by the EB ELISA and HI revealed that the

former is superior in sensitivity and specificity when
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i ndi vi dual chicken serumwas bl otted and was found
mean val ues and expressed (n=5/group V S.E.) Table 3B
wolzomrosvsum sanpl es HL titer agai nst HS5NL Ser BOT/SG2008/000043
titers) at 50% strain blocking the mAb binding HSNL
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ﬁ%@geﬁﬁr@ hé@ﬂﬁ&eﬁoa@@sé@pwﬁbledaﬁim&ﬂsnegat|ve sera
l es, including era fromn nat ed

%ecﬁkﬂ%n%fr%?ﬁl?% le?eF?a%V}??yl%Fy?ﬁ%Z%BvﬁfFéis in

maﬂﬁ%ffaﬁssﬁgéfeéo iﬂ@Dﬁdiﬂgahhmaﬁﬁtluthﬁ Bmsassagssera
an oes not cross-react with non- nat ed ser

gewméﬁl%ﬁrh%Vﬁyfﬂ%iﬁﬂedeg%Puﬁ?s%ﬂﬁ?@slﬁeW§lc e§?88rﬁﬂental
1nPQ&916Hew§§ ELL BA-a8d theviiubestolhbeokL[3A]was able

to detect | ower antlbodg | evel s_than the H__and
n-

Fupthergebes- FRacefwihd Ron- BB/ vEdci Rat e ef'§ §HH§P’8§S have
beghesﬁﬁm‘t@étcohEaEﬁnSr@§Bss£§é§&€ﬁvéﬂEblh@b@f@bagqnized by

anti - ant1 bodi es of non-H5 vaccinated sera s
anThelBeastibodyy [8F,t Rél EB EEPSEBaE%éS%a§68§98pﬁangﬁ %915
stﬁggt%gg fhLEkenspeEArSampLes i hEoewek! ndekiBedpes. It can
be used for large scale sero-epidemiological studies to
determine the mode of transmission of the virus and the risk
factors associated with influenza H5 infection in human
beings, animals and birds.

The CNTKCQTP sequence of the epitope récognized by mAb
5F8 (aa 290-297) has been found to be highly conserved in
all human and essentially all chicken influenza H5 subtypes.
Tt also is conserved in almost all H5 subtype strains from
other species of animals and birds. The region is not
present in any of the non-H5 hemagglutinins except H1
subtypes and has been found in the latter only in mutated
form. The 5F8 mAb thus is particularly useful because the
stability and high immunogenicity of the epitope makes the

antibody very specific for diagnosing H5 subtypes.

Example 2

I. Experimental

A second monoclonal antibody, designated 1G5, was
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sanpl es from 24 H5N1 I ndonesian strains, as well as
H5N2 and H5N3 strains. Again, the results showed-that
woOheodloervki ng test detects | ower antibody | eveCs/sGhas/000043
the H test and also tested for specificity. The EB
ELI SA did not cross-react wth serial dilutions of
het er ol ogous anti-HA anti bodi es of non-H5 subtype
genéﬂhﬁé&aﬂ&lldﬁdnghDMQvgenecabsgrcea@urest9f Brygmple 1 to

oth%R;hy %&p?o%u%%r§§{%99d¥4T§QdmggawgggggF%gg'%ﬁélﬂ@ﬁ

the fidcdmiaitthnts eCAM do rotein z at 1 onsd fespeHENWeuyfluenza

ri so f anti bhod determ ned by the EB
Vlr?ﬁf%%? q@f ?%%%/$%%X9ﬂ3%5?%2' former is sﬁperior in
Imm%%ﬁ?%&%ﬁﬁfy%%%é 3@eayfiEFAy when 34 WD 2009/ 099394
43 xam ning bath h a hi
o650 ARAGIINAL RELEF PEEE JPS9ers ot Pog Aqt pia€ds and
lnc@@@@é& [ Wﬂ% tetegMinesthazantous rusr hsrpomdngt tonngaded
ng, C nificant |i t
HSNG Rk} aHPhe SO RBEIhOT RENE =P ACIREFGAN e BéncPaterrs
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ilities, since e antigen i s not infect nd
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was%%%ﬁg%%gﬂpggf@ghégoghgﬁ ggsav an7|mflueﬁ&@deeu933weme
speci es,_ includin una
incgeakedl Vit habEPranrea, Cé\}éﬁrﬁn f&&-gés 31%?3&% cr? o 1Mhdur,
wasH&8] eéh&Eﬂhéhbateﬁewcan aWas 500 A LARGNDY Vi Ifrlmrescem
Isolation [25]. Furthernore, HAs of the Hl, H2,
1sotslogﬁdn&Ees&Eﬁ?ﬁéscﬁaﬂéga$€@nI@#@%ﬁ P tdoHCKST &g
CelF%oﬁéﬁ%e@QEhgﬁ SRL ¢REHREeGRI-ZEd kY viditd1iH_antdikedyn
6 e EB-ELI SA developed in this study was
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excg%%nggrfgﬁgggsscale ser o- epi deni ol ogi cal studies to
rmne the de of transm ssion of the virus and

t henei sRb, designated 1G5, determined to be an IgM mAb,

tested positive against all 24 known Indonesian strains, as
well as against other H5 subtypes by IFA and Western blot
analyses. It was selected for epitope mapping and further
development of the blocking ELISA.

Immunoblotting

Immunoblotting was carried out in accordance with the

general procedures of Example 1.

Epitope mapping of 1G5

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

For the second step of the epitope mapping, eight
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factors associated with influenza H5 infection in
human bei ngs, aninmals and birds. The CNTKCQTP
weoeemsmem4 of the epitope recogni zed by mAb 5F8CTAE2008/000043
290-297) has been found to be highly conserved in al
human and essentially all chicken influenza H5
subtypes. It also is conserved in alnost all H5
fur?e;wétxy REuSichRIelS phi®iidest herres pegmss odd a/m::mlh sware an

A

£ivieN A drat t eheerl )éJJg'thﬂtai—&ﬂ:adrmmﬁs szs&ﬁsemmxmessed
i's part|cularly useful ecause._t he bl|lé¥ gh For
as PifricHenGUSy o8 RIRE1615% e IrResihH
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Experinmental A second nonoclog%5 angg%y ﬂ§5| ngh
mutEEE,onfad 0 FB A 2 FIYITY AP B 00d S amino
ac1Q%”%feaztee%thé!ﬂéaMtfw dihmmoenergla %@ﬁﬁ@@rﬁﬁ oht Exaspl eThe

to obtain hybridoma supernatant. gab was raised
polalgfalﬂnglatltqﬂi@ FESEIST TR 19D T DR @I B, P%IB RASFr BT RENL
?%ﬂ: Adisi Sty M Y0ospALurneseng/ 87so were
dl%égﬂ %%icence assay (IFA) Sf-9 and, MDCK cells
exmsesestmdmrm%memm%% @%ddewﬁ%hla%@eanmﬁﬁﬁmple 1,
0 MU (hak bok i PPt gneat §dge oML HAl
afmgzﬁﬁﬂgﬁgégéKﬁa%#%gse§' respectlve?y, At 36 hgurs
exaudslty itfecnion adicdsefoenirg ethe xepiWPPR 494 mAb 1G5.
par af or mal dehyde for 30 m nutes at roomtenperature.
All  washes were perforned with PBS, pH 7.4. Fixed
Testﬂdg w@w&erancubated with hybridoma culture fluid at
for_ 1 hou ed an a 13520 mAb
dlI ?o %ﬁl %%ﬁmgég ghg gpi@&ﬁg Efgcﬁﬁhg g using
1G5 was determined in accordance with the procedures set

forth in Example 1.

Epitope-blocking ELISA

MAb 1G5 was used in an epitope blocking ELISA in

accordance with the teachings of Example 1.

II. Results

Characterization of monoclonal antibody

A panel of hybridoma clones secreting mAbs to H5AL
antigen was screened by immunofluorescence (IFA) against all
24 known Indonesian HS5N1 influenza strains and other H5 and
non-H5 subtypes. The results showed that mAb 1G5 strongly
reacted with all MDCK cells infected with all H5 subtypes
and Sf-9 cells infected with baculovirus expressing
recombinant HA1l and yielded positive cytoplasmic
immunofluorescence patterns (Figures 4A-1 and 4A-3)
identical to those obtained with rabbit anti-H5N1 serum.

All the other subtypes, such as H7N1 (Figures 4A-2 and 4A-

37



i sot hi ocyanate (FITC)-conjugated rabbit anti-nouse Ig.
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Table 4

Results of Western blotting

o were

Amino acid number Results on Western blot-1G5
rHAL 1-337 +
Fragment 1-75 -
Fragment 61-135 -
Fragment 121-195 -
Fragment 181-255 -
Fragment 241-337 +

To further map the epitope, in the second step, 8 sub-

fragments of the 5t fragment were expressed as extensions

of the fourth fragment and expressed as His-fusion proteins.
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expressed as Hi s-fusion peptides as described in
Exanple 1, and Western blot analysis was carried out
woaomapeom ne  exactly the amino acids form ngPCIEG2008/000043
~epitope for mdb 1G5. Testing of Sera The specificity
of the epitope-blocking ELI SA using mAb 1G5 was
determ ned in accordance with the procedures set
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the Ghag et es £ Z@;ﬁi@@ afigasndcsonal 3206ti body A panel of
hybri doma cl ones secreting mAbs to H5A1 antigen was
screened by inmunofl uorescence (I FA) against all 24

Tabi@gym Indﬁlgesi gn H5N1 i nfl uenza strains and other H5
an non subt The results showed that mAb 1G5

Res‘é%‘%%n‘@fywe?E%’é?e%EW?ﬁngl | MDCK cells infected with
all H5 subtypes and Sf-9 cells infected with

bacul ovirus expressi ng reconbi-nant HAl -and y. el ded

TToaTT™

positive Cyt0p AsAhe abﬁmyn@tlu)Resmemcenpmeeeema blot
(Figures 4A-1 and 4A-3) identical to those obtained

S :&Qﬂ an{ by gserum Al the other subtypes,
usuc]{w]ada |\]r1 Egur es 4A-2 and 4A- 37 WO 2009/ 099394

PCIT7 SG2008]7 R H3N2, HAN1, HON2 and HLION5, did
Subyphr G Iu égécé signal . |The mAb 1G5 was

screened—for—the abrtity to detect  native HAI of HoNI
Sulstfragieeni H5 $dBCypéY and rHAI |by Western blotting

h’lf"l: t\fv'(\ﬂ bt ol ) Ll 1
STT Oyl TeaCt O v tTl adl T KTTOW

Sub-nichoaesd ran 4—|5NL2§t6|=é3|Or®s and H5 ubt ypes; no cross-

9
g

reaction was observed with the ther—-subtvpes hy

A~ A ] rl\/\l
sudestLifent 5 256-310 -

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

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

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

(Figure 5C). From these results, it was concluded that the
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bl otting. Based upon the sensitivity and specificity
of the nonoclonal antibody by I FA and Western bl ot
waGhIrmiBwas sel ected for epitope mappi ng andPCisG2608/000043

use in EB-ELISA. The isotype of mAb 1G5 was

determned to be of class 1gM Epitope Mapping of mAb

1G5 In the first step of epitope mappi ng, Western bl ot
epidnaley Yiexogofl zichie Miyr agire iG> showetPTTHEE mAb 1G5 react ed

with the fifth fragnment, between am no acids 256 and

337 (Figure 5B). Table 4 Results of Western blotting
TabA® @ aci d nunber Results on Western blot-1G5 rHA
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To further map the epitope, in the second step, 8 sub-

fr agnent s—of—t-he 5th—+fraghrent—were—expressed—as
ext easé omsmbef the fourth fMageent and expr éssedtapf Western
Hi s-fusion proteins| 38 WD 2009/ 099394 1ot
PCT/ SG2008/ 000043 Mestern blot results (|Figure SCE3
ted—w thfragnments o, /7 and 8,+
i ndi catihg the epitppe to BélPkYPfhe regipn of anino
L aci-ds—308—t+6—320—Fpble—-5—Restts—of—Wéstern—btotting
Amino ac2d no: Resu|t on WesH3e8A Dbl ot Sup-fragnment 1
256-270 Sub-fragnept 2 256-280 -
3 N309A +
4 1310A -
5 H311A -
6 p312a -
7 L313A =
8 T314A -
9 1315A -
10 G316A -
11 E317A -
12 C318A , +
13 P319A +
14 K320A -
15 Protein market -

The IHPLTIGE sequence of the epitope recognized by mAb

1G5 has been found to be highly conserved in all human and
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Sub-fragnment 3 256-290 - Sub-fragment 4 256-30.0 -
Sub-fragnment 5 256-310 - Sub-fragnent 6 256-320 +
wauamsfmweywent 7 256-330 + Sub-fragment 8 256- BBT/S62008/000043
These results indicated that the epitope is present in
the region between am no acids 308 and 320. The
tentative epitope for 1G5 was determ ned to be
chidNdiPLTE GEEPKa $ubtyees hiddnsiépedpbpntatiat at ThAsregien
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immpnegent i gir efseype ?Pbﬁ??ﬁe@@ﬂleés PFs?nittlb\Rgéf very

spe@?fﬁbugsg HméhnbbﬁnégHWCEaﬁegb@99394 PCT/ SG2008/ 000043
epi tope recogni zed by mAb 1G5 is IHPLTICGE. Table 6
Western bl ot analysis of the point nutated fragnents

EEiggﬁg BYERRE nNUEAREAResul t of Western Blot 1 Wldtype
The diagnostic ef%ﬁb;cy4o%3égétbp2 g%%%ﬁihg6EE%%%Aéésay
was characterized by its ability to detect H5HA antibodies
in human and chicken serum samples. All the H5N1 immunized
human and chicken serum samples tested positive in EB-ELISA
performed with mAb 1G5 with mean blocking values of 50% at a
mean serum dilution of 1:30 in chickens (See Figure 8 and
Figures 9A and 9B) and 1:10 dilution in recovered human
serum samples (Figure 8). Moreover, samples with non-H5

vaccinated human sera showed 7-13% inhibition at 1:5

dilutions. 1In contrast, HI assay showed the HI titer log22.

Example 3
Development of Antigen Capture ELISA (AC-ELISA)

96-well plates (Nunc, Denmark) were coated with
purified mAbs 5F8 and/or 1G5 in 50 pl carbonate buffer (73
mM sodium bicarbonate and 30 mM sodium carbonate) and
incubated at 37°C for 1 hour or at 4°C overnight. After
each incubation step, the plates were washed 3 times with
PBS containing 0.05% Tween 20 (PBST), and all dilutions were
made in PBST containing 1% non-fat milk. The plates were
blocked by incubation with 100 pl of blocking solution (5%
non-fat milk in PBS-T at 37°C fr 1 hour, rinsed and
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7 L313A - 8 T314A - 9 1315A - 10 G&B16A - 11 E317A - 12
C318A + 13 P319A + 14 K320A - 15 Protein market The
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1G5 has been found to be highly conserved in all human
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Cola's ideivpe GRER- BIA SRS e i {%nmffhlﬁgaﬁl

TMBb' %ggt%t\éalé&%@o@o%@éc@oﬂ@%wrymplpé@tbpnu@é
in chi ckens (See Flgure and Figures 9A and 9B)
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su (rﬁs%urz%c%)n SOV 6T, T SR £8c WEda8eN- Hior ¥asgi nat ed
uman sera owed 7-13% inhibition at 1:5
concentrations of mAbs and monospecific antibodies were

determined by checkerboard titration.

In order to optimize the AC~ELISA, monoclonal and
polyclonal antibodies were used interchangeably as capture
and detection antibodies. When the microtiter plate coated
with guinea pig anti-rHAl polyclonal antibody, a much lower
absorbance was recorded compared to that recorded when the
plate coated with mAbs as the capture antibody. Therefore,
mAbs were used as the capture antibody, while polyclonal
antibody served as the detector antibody. The combination
of mAb 5F8 and mAb 1G5 used as capture antibodies gave
stronger detection signals than either of the mAbs alone
(Figures 6A and 6B). Combination of the two monoclonal
antibodies shows high affinity and specificity for detecting
H5 antigen in AC-ELISA. No cross-reaction with any other
subtype was observed. Assays based on both mAb 5F8 and mAb
1G5 detected 102 TCIDso units of H5N1 (Figure 7). An H4NI-
containing assay did not yield absorbances significantly
above background levels.

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

detection of the H5 antigen. The epitope recognized by mAb
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dilutions. In contrast, H assay showed the H titer
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hour. After rinsing, 100pl of guinea pig nonospecific

anti body 1gG (1:500 dilution) were added, incubated
for 1 hour at 37C, washed and further incubated wth

100 pl of HRP-conjugated rabbit anti-guinea pig

I mmunogl obulin (diluted 1:1000). Col or devel opnent

was performed by the addition of 100 pl TMB substrate

solution; reactions were stopped by the addition of

AM H2SO4 and A450 val ues neasured using a sunrise

Tecan Renote ELI SA pl ate reader. Wrking

concentrations of mAbs and nonospecific anti bodi es

were determ ned by checkerboard titration. In order
to optimze the AC ELI SA, nonocl onal and polyclona
anti bodi es were used interchangeably as capture and
detection anti bodies. Wien the mcrotiter plate coated

43



with guinea pig anti-rHAL pol ycl onal antibody, a nuch

| ower absorbance was recorded conpared to that
woeowridexd4 when the plate coated with mAbs as PO®/SG2008/000043
capture anti body. Therefore, mAbs were used as the
capture anti body, while polyclonal antibody served as

t he detector antibody. The conbination of mAb 5F8 and

RefidMen@s used as capture anti bodi es gave stronger

detection signals than either of the mAbs al one

(Figures 6A and 6B). Conbination of the two nonocl ona
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48 WO 2009/ 099394 PCT/ S&008/ 000043 Cains 1. A

bi ndi ng protein that binds specifically to an epitope
Clagfmsan H5 subtype of avian influenza virus that has

substantially the imunol ogi cal binding

characteristics of nonoclonal antibody 5F8. 2. The

bi Adi n@\ priotasing ofr et eimm thhatwih ihds$ sspechbhogl bpato an

chai n. anti bod n_antib

.ant i body, a .singl ) od
epif e ‘arf o MU 08 B e P8R L8 Y, gty nas
sub3tafte ddiinditige pimotwei ol of i ad aibd dd vy cbhé Ba@teristics of

nmonaocl_gnal_.anti bo 4. Monocl onal anti body 5F8 as
monﬁrcg&?@gd %&Flﬁ%‘%{ ?ol?r?a 5F8 which is deposited with the

Anerican Type Culture Collection with Accession

Nunber PTA-8757. 5. A bindin of ei ich binds to

ep?ﬁopggﬁNﬁ%ﬂé%yg(ﬁr?%?ﬂ%ﬁﬁggf Pﬁiﬂcwgyl et Bi Adi ng

monicQiceidl efntcillaidy 5 i idyis dha TRNaet DBady Ankhbedyivady
si ngl e chain anLibo%y,_an anti body fragnent, a
fragmeidri @ Sy’ A IRMaRZ e Bt bbesd FatFaedy -
bi nding protein of claim6 which is a nonoclona

anti body. 8., A_bindiQ%Bffotein t hat binds specifically
t 0 3an RHFEIgT9 I FuRY pel v abi wnl ¢iaf F sefiza

monddléndihatnthiassgpubst antial 'y the i nmunol ogi cal
bi ndi ng characteristics of
4. DMonoclonal antibody 5F8 as produced by hybridoma
5F8 which is deposited with the American Type Culture
Collection with Accession Number PTA-8757.

5. A binding protein which binds to epitope CNTKCQTP
of H5 hemagglutinin.

6. The binding protein of claim 5 which is a
monoclonal antibody, a single chain antibody, an antibody

fragment, a chimeric antibody or a humanized antibody.

7. The binding protein of claim 6 which is a

monoclonal antibody.

8. A binding protein that binds specifically to an
epitope of an H5 subtype of avian influenza virus that has
substantially the immunological binding characteristics of

monoclonal antibody 1G5.
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nonocl onal anti body 1G5. 49 WO 2009/ 099394

PCT/ S&008/ 000043 9. The binding protein of claimS8,
wohbhdmw4a nonocl onal anti body, a singl e chai RCT/SG2008/000043

anti body, an anti body fragnent, a chineric antibody

or a humani zed anti body. 10. The binding protein of

claim8 which is a nonoclonal antibody. 11.

\ANA?].OE |ngi&{diﬁ@gb’rdi€5ﬁi@ﬁopr@ﬁamd8 bywhybni sma 1G5
ich is deposited wifh the Anerican, Type Culture.
monaElqneck (76H WA Ack ST OHE NERbER BTALEYSE: 9, AR ibody
Fradiidifi NG REAHOtned 1 hi ehi IBb aiSo £ Oa efpih@pez &dPATt GBodof Hb
emaggl utinin. 13. The binding protein of claim12

which is a nonoclonal antibody, a single chain

antd bodyhe a M hPOgYot ELR0PENELaBmChi WRLEE @Bt kbody

or a humani zed_anti body. 14. The bi nding protein of
monqt kAl 2HiRPAYs a nonocl onal antibody. 15. A nethod

of detecting H5 subtype avian influenza virus in a

bi ol ogi cal speci nen which conprises contacting the

speki nefeveeonml antt Hepdwnieh *dnprPdesednPEphvBpedama

the anvel opes retenn Focatbrype efi1auian
1G5i¢ﬁ%ﬁ£ﬁ§% V|r%%yggﬁpg%angﬂééﬁﬁ%nce CNT P and
Colletickon nihgh AvetpercanNarpeboBVATR7PRe speci men bi nds

to said epitope. 16. The nethod of claim 15, which

further conprises contacting said sanple and antigen

with. a hintedignerpretainhakialy bihdsanei aPiorre ITHPLTIGE

'ir?u1l 'ﬁg{ I nding characteristics of nonocl ona
of %.tf%%%@g% %n%'deternining how much of said binding
protein binds to said antigen. 50
13. The binding protein of claim 12 which is a
monoclonal antibody, a single chain antibody, an antibody

fragment, a chimeric antibody or a humanized antibody.

14. The binding protein of claim 13 which is a

monoclonal antibody.

15. A method of detecting H5 subtype avian influenza
virus in a biological specimen which comprises contacting
the specimen with an antigen which comprises an epitope of
the envelope glycoprotein of an H5 subtype of avian
influenza virus comprising sequence CNTKCQTP and determining

whether an antibody in the specimen binds to said epitope.

16. The method of claim 15, which further comprises
contacting said sample and antigen with a binding protein
having substantially the immunological binding
characteristics of monoclonal antibody 5F8 and determining

how much of said binding protein binds to said antigen.
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WD 2009/ 099394 PCT/ S&2008/ 000043 17. The net hod of

claim 16, wherein said binding protein is a nonocl ona
wanvidmogBps 18. The net hod of claim 17, wherei nPCISG2008/000043

nonocl onal antibody is anti body 5F8 as produced by

hybri doma 5F8, deposited with the Anerican Type

Culture Col l ection under Accession Nunber PTA-8757.

19.17The Tt hedhefd cdf@idhali Wherndidr s dsatied esimaatdg on

i.s .made i n_an epitope bl ocki assay. 20. A nethod of
Prof&ietishd AE™S) £ﬂ§£$? luenza virus in a

bi ol ogi cal speci nen which conprises contacting the

speci mren._wth an antigen whi Cc ri ses_an epitope o

© P v i @b Bore O T MRy GFOBYT Mo
antifddienza atgit® GO HEE HNpseyuens e HRkd (FomadsF8,

determ nin Sﬁgfther an anti body jn the_speci nen bings
deposidg Wi ATt 1 ORTh. TR ot GTE T 2OCT 4 CPRST
acddydiRer eeyd Sa-gorgAact i ng sai d sanpl e and anti gen

with a binding protein having substantially the

i mmunol ogi cal binding characteristics of nonocl ona

antyipodyrhCamedtb e rdm LM a5 hoyhdRieth 04 5@ debéAfi RFtion
. protein binds to said antigen. 22. The nethod of claim
is ppdepHdy éith PAitPRR RiglpF A¥i3Yis a nonocl onal

anti body. 23. The nethod of claim 22, wherein the

nonocl onal antibody is antibody 1G5 as produced b

hy 540 -dorfa MREBI0d qefpoktiear Mg 1T helpngee c@ﬁiwpbnﬁuenza
vir%# tilé{]% Gnld1eati o Wilals A GASELIPN- MREL e PTAS 8V 26t ing

The method of claim20, wherein said determnation
the speadendam whrkhegint gpet gt kilnigclasseaypr 53es\@n epitope of

thez%qg/qua%?égdgl@/ggp%@t@ﬁ{ 000043 45 subtype of avian
influenza virus comprising sequence IHPLTIGE and determining

whether an antibody in the specimen binds to said epitope.

21. The method of claim 20, which further comprises
contacting said'sample and antigen with a binding protein
having substantially the immunological binding
characteristics of monoclonal antibody 1G5 and determining

how much of said binding protein binds to said antigen.

22. The method of claim 21, wherein said binding

protein is a monoclonal antibody.

23. The method of claim 22, wherein the monoclonal
antibody is antibody 1G5 as produced by hybridoma 1G5,
deposited with the American Type Culture Collection under
Accession Number PTA-8756.

24. The method of claim 20, wherein said determination

is made in an epitope blocking assay.
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25. A kit for detecting H5 subtype avian influenza

virus in a biological specinen which conprises a
woioioagso4 protein that binds to epitope CNTKCQOPETSG2008000043

envel ope glycoprotein of an H5 subtype of avian

i nfluenza virus, the glycoprotein or a portion

t hereof conprising the am no acids of said epitope

and reagents for detecting binding of said binding

brof.ein £ o8 'Poxepdlé%@t £ HsThseu é’fa&léﬁ”lg?lu nza
ot'e

whet i n sald bi ndi ng i munol ogl ca
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7.. The kit I wh d
i e
gl}btd@d]tdﬂtgelrh coBam thB y@dptypel ot byvidme :pmﬁjseaneal nisagd the

bi ol ogi cal spec

t bod
o1 e it Lot O LB o 01 SLORT Gt er e ous s o\ FHpRpLAS acias
of O@éﬁ@tép@td’ﬁe Sal’ﬂﬁy:!m@afmm fdsnflcﬂletlécatlivgr}ujsndmg of said

. bi ol ogi c speci nen, ch conprlses a binding protein
big 985? c Ig i Tobe TRPLSREE of the envel ope

glycoproteln of an FE subtype of avian influenza

Corthi si e heY ant ol AT o8> 9reS5tn Bpt Hoponging Protein

haée@@@niﬁmﬁﬂ616@i@£1|mgn@iﬁ@|@Ha@écﬁérﬂstDthbﬁgmonoclonal
proteln to said epitope. 29. The kit of claim 28

antyeedY n°%&i d bi nding protein has the i munol ogi ca
bi ndi ng characteristics of nonoclonal antibody 1G5.
30. The kit of claim28, wherein said reagents can
det2tt whee hekt saf dobi Hali #gyr pv%?é?hnl§ab¢oER@EeFF8nFan

de b 0di PYe+ h Or S& ty Gb YSOPH %f@t@Yntb§ P168RBGEFBNSBEAding
bi ol ogi cal 52 WO 2009/ 099394 PCT/ SG2008/ 000043
to said glycoprotein by the presence in said biological

specimen of an antibody which recognizes said epitope of

said glycoprotein.

28. A kit for detecting H5 subtypé avian influenza
virus in a biological specimen which comprises a binding
protein that binds to epitope IHPLTIGE of the envelope
glycoprotein of an H5 subtype of avian influenza virus, the
glycoprotein or a portion thereof comprising the amino acids
of said epitope and reagents for detecting binding of said

binding protein to said epitope.

29. The kit of claim 28 wherein said binding protein
has the immunological binding characteristics of monoclonal
antibody 1G5.

30. The kit of claim 28, wherein said reagents can
detect whether said binding protein is blocked from binding

to said glycoprotein by the presence in said biological
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speci men of an anti body which recogni zes said epitope
of said glycoprotein. 31. A kit conprising a binding
wonrev@oysot hat binds to epitope | HPLTI GE and aPOT/8d2008/000043
protein that binds to epitope OCNTKCQTP. 32. A kit
conpri sing nonocl onal anti body 5F8 and nonocl ona
anti body 1G5. 53
specimen of an antibody which recognizes said epitope of

said glycoprotein.
31. A kit comprising a binding protein that binds to
epitope IHPLTIGE and a binding protein that binds to epitope

CNTKCQTP.

32. A kit comprising monoclonal antibody 5F8 and

monoclonal antibody 1G5.
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