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DESCRIPTION Anti-(Influenza A Virus Subtype H5 Hemagglutinin)
Monoclonal Antibody TECHNICAL FIELD 5 [0001] The present invention
relates to an anti-H5 subtype influenza A virus hemagglutinin monoclonal
antibody, and a method of immunoasday of anti-H5 subtype influenza A
virus and an immunoassay kit, which method and kit use the monoclonal
antibody. 10 BACKGROUND ART [0002] Influenza viruses of H5 and H7
types have caused heavy dam Itry industry mainly in Asia,
and, in recent years, avian influenza virus was 15 confirmed to be

iNfeCUiQs AISAdR WIARd R BREHRUIR HBnBEH &0 A MbndupiIZan s iEes

belonging to H5 subtype, there are many reports as from 2003 on their
infection to human and high lethality mainly in Asia, so that there is a
worldwide concern of their pandemic due to absence of immunity against
thEGHEEAR FilrhBn. Therefore, prophylaxis of, and countermeasures
agajnst them are being studied. 20 [0003] In order to prevent infection of
J@%Qﬁnfluenza virus to human, or in order to prevent at least its outbreak

in human, it Isimpadant i spacifically Andyapighypdeiackayian inflyenza

virus that Is Infectious also to human. As a method for rapid detection of a
ViESa i RSN RISRd01GRNOR SR hasl hesnirankintinnadyswidefanséth 25
and immunochromatography carried out by a sandwich immunoassay,
whietgin iaflsolich phagesandhie inanuacsssaus andbdtpahedaeblis as dhea
part of a porous substrate through which a liquid is allowed to flow is
G‘%@Eﬁﬂ%’éab%‘@fbﬁ%ecially 2 widely used at clinical sites such as hospitals
since viruses can be very simply detected in a short time thereby.
Immunochromatography kits with which human

BACKGROUND ART
{0002]

Influenza viruses of H5 and H7 types have caused heavy damage to the
poultry industry mainly in Asia, and, in recent years, avian influenza virus was
confirmed to be infectious also to human. In particular, in terms of avian influenza
viruses belonging to HS subtype, there are many reports as from 2003 on their
infection to human and high lethality mainly in Asia, so that there is a worldwide
concern of their pandemic due to absence of immunity against the viruses in human.
Therefore, prophylaxis of, and countermeasures against them are being studied.
[6003]

In order to prevent infection of avian influenza virus to human, or in order to
prevent at least its outbreak in human, it is important to specifically and rapidly
detect avian influenza virus that is infectious also to human.  As a method for rapid
detection of a virus in a sample, immunoassay has been conventionally widely used,
and immunochromatography carried out by a sandwich immunoassay, wherein a
solid phase in which an anti-virus antibody is immobilized on a part of a porous

substrate through which a liquid is allowed to flow is used, has been especially
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influenza viruses can be detected are also commercially available. [0004]
5 In order to detect by immunoassay avian influenza virus that is also
infectious to human, an antibody against the avian influenza virus is of
course necessary. The surface antigéns of influenza viruses are known to
contain proteins called hemagglutinin and neuraminidase. As the
hemagglutinin (HA), 16 types having different antigenicities, H1 to H16,
USRI AN ERRRHEATINGARR S HRESIARRNRUING il emiply

antigénicities, NI to N9, are known. The subtype of each influenza virus is
repeesantes Hydesesipien of thatypesbbthasgheigagy|uithiwhisd human
neuraminidase, such as "H5N | ". Most of the avian influenza viruses that
hinffecheenirseesaanbafiletrstedotrniacsampneiatbcandiatifrd to human are
those having hemagglutinin of H5 type. Therefore, as an antibody to
detddt a highly pathogenic 15 influenza virus that is infectious from bird to
human, an_antibo i Ny VIFUS, | ;
10005] H A e e s
welluaid, Aohanydhesmintaeidscatance bituaisofhespatiadsturgturdhe
thereof are known 20 (Non-patent Document 1). Further, various

mofiee entgamtifonibs mgaiestrerraktutinin whiaB supigipe salenza A
virus have been known (Non-patent Documents 2 to 4). Further

rheRagebH B B ISISBIpieshfiuéA B AR R Jtypés having

immunoassay usi e he lutinin, m niihadi

R S i o e e oy
Rockipatichintadigai@icthe BMRS) dewimakn? 1 (Ble 865036 f 240 2r3luenza
[Non-patent Document 2] Nikolai V.K. et al., J. Gen. Virol. 83, 2497, 2002

[Nen-patgntBoediedeRyiptines{ She veps of tiesSiRiaapgEtnMIasl2, 21

APRIL 2006 o _
neuraminidase, such as “H5N17.  Most of the avian influenza viruses that have been

S0 far- confirmed to have been infected from bird to human are those having
hemaggtutinin of H5 type. Therefore, as an antibody to detect a highly pathogenic
influenza virus that is infectious from bird o human, an antibody specific to H5
subtype influenza virus is demanded.

[0005]

Hemagglutinin of H5 subtype influenza A virus has been studied well, and
not only the amino acid sequence but also the spatial structure thereof are known
(Non-patent Document 1).  Further, various monoclonal antibodies against
hemagglutinin of H5 subtype influenza A virus have been known (Non-patent
Documents 2 t0 4).  Further, measurement of H5 subtype influenza A virus by a
sandwich immunoassay using 2 types of hemagglutinin monoclonal antibodies has
been known (Non-patent Documents 5 and 6).

[0006]
[Non-patent Document 1] Ya Ha et al; The EMBO Journal, 21(5), 865-875,

2002
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[Non-patent Document 4] Zhi-Yong Yang et al., SCIENCE VOL 317,10 5
AUGUST 2007 [Non-patent Document 5] Tsuda Y. et al., Microbiol.
Immunol. 51(9), 903, 2007 [Non-patent Document 6] Qigai He et al., Clin.
Vacc. Immnol. 617, 2007 10 DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION [0007] As
monoclonal antibodies against hemagglutinin of H5 subtype influenza A

15 virusypeyralizing antibediaghaning rewtralizingeactivibl. a3 anfiodne

that suppress and inhibit the infectivity of the virus have been mainly

studied Se:faratbniandendent sy elor aStacainetaf aBGIHNERINGL8 12, 21
neutralizing antibody is necessary, and the monoclonal antibodies
dd¥8Hbedh the above Non-Patent Documents 2 to 4 are also

neutralizing antibodies. Further, in_terms, of the mqg ipadi
used for AR ACHh m@g%@% &Iﬁgew ﬁ%ﬁbﬁ%ﬂ%ﬁ%ﬁfégnd

@ﬂﬂﬁ%ﬁs o escription on the result of analysis of the epitopes and
neutralizing activity of the antibodies. [0008] Using such a known

heutral{ziag-pathotycand BIUNeaasAY:s)samcobidb Isuniipe flitienna,
virus can of course be constructed. However, the present 25 inventors

Rofided that, in cases where an immunoassay system was constructed

using a neutralizing antibody, it. may be impagssible to keep up wi
mutatioh BF PeR .C‘*P*P‘Féi‘é @1&%?@%@&%@%@%‘?}8&%@ 2:]%987

influenza virus is known to cause 4 mutation in the epitope recognized by
a neutralizing antibody to escape from immunological surveillance of the

hasic congtivetion piramimmyngassay system using a known neutralizing
antibody may lead to loss of reactivity with the mutant virus or decrease

in the binding affinity, resulting in inability to detect the virus or 5 drastic
decrease in the measured value relative to the correct value. In view of

PROBEEMS: TR BB SREYFEhBY MY X5 red to be able to
T&(}bx;?tely carry out

As monoclonal antibodies against hemagglutinin of H5 subtype influenza A
virus, neutralizing antibodies having neutralizing activity as antibodies that suppress.
and inhibit the infectivity of the virus have been mainly studied so far. In order to
develop a vaccine against the virus, a neutralizing antibody is necessary, and the
monoclonal antibodies described in the above Non-Patent Documents 2 to 4 are also
neutralizing antibodies. Further, in terms of the monoclonal antibodies used for the
immunoassays described in Non-patent Documents 5 and 6, there is no description
on the result of analysis of the epitopes and neutralizing activity of the antibodies.
[0008]

Using such a known neutralizing antibody, an immunocassay system for H5
subtype influenza virus can of course be constructed. However, the present
inventors noticed that, in cases where an immunoassay system was constructed using
a neutralizing antibody, it may be impossible to keep up with mutation of the virus.

That is, the present inventors noticed that, since influenza virus is known to cause
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iImmunoassay of a virus even in cases where a certain level of mutation
has occurred. [0009] Accordingly, an object of the present invention is to
provide a method of 10 immunoassay of H5 subtype influenza A virus by
which the virus can be accurately asdayed even in cases where a certain
level of mutation has occurred in the H5 subtype influenza A virus, and a
kit therefor, and a novel anti-H5 subtype influenza A virus monoclonal

tibody.which can b f i :
e e S e e R e o
houRL sR & EscapiRNRRdbBreRd mufaca andithest wcorpaneseddnteythen

inside of the cell, upon its infection. Therefore, for growth of influenza
vising ke hws ncettattringims ey deap Ibedboders o6 wrstiste proh die 20HARE
cell surface, so that, if this process is inhibited, growth of the virus does

HEuscEdecrtire Ebtredindinnrfitniopeaibg sine bl sty ha B oYY
located in th tor hindi ion, of infl irys, .
SO A LA S Ao TREE 8 U ERER LS, TG oren

bging RAHRROBE LB as RIREEN RS RISI R b MilbiseacRiRINP VAP e

prone to mutation in circumstances where a 25 neutralizing antibody
pregdueessay tie natiratdmimomity ohthe hastain ychdimnistiatibasafcgurred.
vaccine exists, in order to escape from growth inhibition by the

he@RPdlizing antibody. Although the mutation itself may occur at random,

only 5 viruses mutate(ggsucht at their growth.is not inhibited by the
neutralFTGrAREbo A PARCHPHPGRRS %rbgfﬂ‘é?l%gnésré%m ,V\E/f%&ég{se g\(/llr?é

Zﬁ%ﬁdﬂé@tm W%ﬁmgﬂ\,t\hﬁlg BRGNS OFud BIA be accurately

enomenon Is called 'escape mutation, and the fact that a neutralization
antibedyvarkesasechimriationdindee dasityuweton ncatiedradiibddyH
pressure or immune pressure. The present inventors inferred that a
metypd inflimmzruhoassagidyakitidersionrnd ampeasnieringindheas?
where a certain level of mutation has occ‘%ajr ed.in the virus can be

Aot BRReGiP TRlAB R M AR B BTG AL BBA%E Bhding

epitope is located in a region other than the region

MEANS FOR SOLVING THE PROBLEMS
[0010]

Influenza virus is known to be first bound to a receptor on the cell surface and
then incorporated into the inside of the cell, upon its infection. Therefore, for
growth of influenza virus in a host cell, the virus needs to be bound to the receptor on
the cell surface, so that, if this process is inhibited, growth of the virus does not occur.
The corresponding epitopes of known neutralizing antibodies are located in the
receptor binding region of influenza virus, and the neutralizing antibodies are bound
to the virus to pre\}ent the virus from being bound to the receptor. On the other
hand, viruses are known to be prone to mutation in circumstances where a
neutralizing antibody produced by the natural immunity of the host or by
administration of a vaccine exists, in order to escape from growth inhibition by the

neutralizing antibody.  Although the mutation itself may occur at random, only
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where the corresponding epitopes of neutralizing antibodies exist, and
determined the 10 region where the corresponding epitope of such a
monoclonal antibody exists, which monoclonal antibody was then actually
provided, thereby completing the present invention. [0011] That is, the
present invention provides an anti-H5 subtype influenza A virus 15
hemagglutinin monoclonal antibody or an antigen-binding fragment

seggmm derpeas Ratigen aihadisarsignmYita iemaggiinpdst
subtype influenza A virus, whose corresponding epitope does not
Quistipvhe-EGentar, sulademniniiexs haing Ssthrminaitiegionitbersefimong
consisting of 11 amino acids) and which does not have neutralizin

dotigityrangivisistee inflie phenonynes. iFGﬁiﬂfé‘r?ﬁﬁ@B#@%@ﬁf’QOaﬁﬂ/@ﬁt%@ﬁt that a
provides a method of immunoassay qf HS subtype influenza A yiru
RIS e R g T R
immunoassay usin igen-anti ﬁ%“? Aesaliees
16NOC ooﬁépar%o%ﬁgé%n ﬁmgg%%gg?ﬁ Ing %g%ﬁ%ﬁ%ﬁf the
REEREREMeHioamaths DRMagainiB.obdhe di selaspenisiunizain Mvelsof
Further, the present invention 25 provides an immunoassay kit for H5
sulttyion influenperdd Urtie, Gompaisimgeanypetedbiheiabovecgestsilsbd
monoclonal antibody and/or an antigen-binding fragment thereqf of the
rabery inherrisrTT AR DHISDBIRAL AR AT ZTARPIR 8%%& B#ding

Evg}%rrgggt th?rrétesOf b Jié?élﬁ%%gags!% &9!991‘%%\%%%&&@&%@%6&% determined the

?u ?nln % e influenza rus. EFFECT OF THE
INMENTHON 1R QRAR) Bythe resenifiBvartian@otikib.subbayeciifiuentah

A virus hemagglutinin monoclonal antibodies whose binding affinities do
nedrehangeevibody casdswheare! i brevidty ehierfite nempeving Sheapreeeit
escape mutation were first provided. Therefore, by immunoassay using a
AGREMNal antibody of the present invention, it 10 is possible to assay
I{{?Of]u]btype influenza A virus in which escape mutation occurred,

That is, the present invention provides an anti-H5 subtype influenza A virus
hemagglutinin monoclonal antibody or an antigen-binding fragment thereof which
undergoes antigen-antibody reaction with hemagglutinin of HS subtype influenza A
virus, whose corresponding epitope does not exist in the receptor subdomain
(excluding C-terminal region thereof consisting of 11 amino acids) and which does
not have neutralizing activity against the influenza A virus. Further, the present
invention provides a method of immunoassay of HS subtype influenza A virus,
comprising measurement of H5 subtype influenza A virus in a sample by
immunoassay using antigen-antibody reaction of the above-described monoclonal
antibody or an antigen-binding fragment thereof of the present invention with
hemagglutinin of the H5 subtype influenza A virus. Further, the present invention
provides an immunoassay kit for H5 subtype influenza A virus, comprising 2 types
of the above-described monoclonal antibody and/or an antigen-binding fragment

thereof of the present invention, the 2 types of the antibody and/or the antigen-
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and it is also possible to rapidly assay avian influenza virus which is
pathogenic also to human. Thus, the present invention is thought to
largely contribute to prevention of prevalence of avian influenza virus
which is pathogenic also to human. 1%BRIEF DESCRIPTION OF THE
DRAWINGS [0013] Fig. | is a diagram showing an alignment of the amino
acid sequences of hemagglutinin in 2 types of strains of H5 subtype
influenza A virus, wherein the distribution, of each subdamain and th . -
LB HEG LRSS PG5, BP0 Aol Aa B Doy i
p(ggﬁ@rﬁg)' 5%%19!&% are;shown. Fig. 2 is a diagram showing alignment
of the amino acid sequences of hemagglutinin in 2 types of strains of H5 -
subtype influenza A virus. Fig. 3 is a diagram showing the spatial structure
of hemagglutinin of the H5 subtype influenza A virus strain, wherein the
coRigsp oG Bpidy&ENegiohs of the 3 25 types of monoclonal antibodies
prepared in Examples are shown. Fig. 4 is a diagram showing the results
ifkd during the epitope analysis of the 3 types of monoclonal
antibodies WIELNAS FAIIGT il B SXAIRI Rt 0 AR AAREinin

showing Tesuls obtaine ring the epitope analysis of the 3 typeS o

meneeienal Antiasiesnvhicinuas eariedsqid Hofoxaniplesn mgabeiswhere
schematic cross-sectional view of the main part of the immunoassay
dd¥iseb(imerinfioairomaiographsicl desdipe iprepancsens Exsampiaded Fig. 7 is
a schematic plan view of the immunoassay device

(FheTEfRSRD HRESERISHIY HEbICRTIRSIARA) FEBeGhRIdRe pigiagtényention. It

Al S RRIANA MEMHDLANS AN RARARN dENBE mugation ocourred,

(iﬁ%’ﬁsﬁ chrotmna grap‘}lnc?’ gevice prepa‘FleraSiﬁnlg(amp es. Igig’%als a
SENEMRUEEIPSSBRAIORAl MiP Al R AN RAZCHARGIRRN Lathogenic also

immunoassay device (immunochromatographic device) prepared in
Examples. Figis]théspeesaitématidqlanivieghofaiacgblerdmmibneasgayvention
device (immunochromatographic device) prepared in Examples.

of prevalence of avian influenza virus which is pathogenic also to human,

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

Fig. 1 is a diagram showing an alignment of the amino acid sequences of
hemagglutinin in 2 types of strains of H5 subtype influenza A virus, wherein the
distribution of each subdomain and the corresponding epitopes of the 3 types of
monoclonal antibodies prepared in Examples are shown.

Fig. 2 is a diagram showing alignment of the amino acid sequences of
hemagglutinin in 2 types of strains of H5 subtype influenza A virus.

Fig. 3 is a diagram showing the spatial structure of hemagglutinin of the H5
subtype influenza A virus strain, wherein the corresponding epitope regions of the 3
types of monoclonal antibodies prepared in Examples are shown.

Fig. 4 is a diagram showing the results obtained during the epitope analysis of

the 3 types of monoclonal antibodies, which was carried out in Examples.
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BEST MODE FOR CARRYING OUT THE INVENTION 15 [0014] As
described above, the monoclonal antibody of the present invention
undergoes antigen-antibody reaction with hemagglutinin of H5 subtype
influenza A virus, and the corresponding epitope of the monoclonal
antibody is located in a region other than the receptor subdomain
(excluding C-terminal region thereof 20 consisting of 11 amino acids).
[0015] Examples, of the base sequence,of: ] ] LLutimin;
Subtyp A kDR T Ly e b S g o e
forshert) aRddhe - AMINGAGId SeRISRGR ensedertiierxaipls shown in

S ID NOs: 1 and 2. The 2 5 sequences shown in SEQ ID NOs: 1 and 2
are knaw eihregistensddrGeoBank! viaderfithe meoepsionlNe.
AB263192. [0016] 8 Several base sequences of genes and amino_acid

SOGEINEESH HRIECR AT OF PR EE R B it IS DA e &G RAG N,
and ex mpJ,e.s thereof incluyde the b sequence of é@g&ene and the
amino Eﬁd s‘é&féﬁ%@ﬁﬁ-}’i&%ﬁ’ ﬁ%’ﬁﬁgé@#ﬁ%ﬂ i e Sbove-described
%&&}&%‘%ﬂ}&%@H%ﬁﬁédé@&l%@f%@d@ﬁﬂﬁﬁﬁﬁlé@der Accession 5 No. of

03057 (the amino acid sequence is registered also under Accession
No. QB1. R3) {SHRMRINEssScantbAy] HAenafobianahantiysaydetich
undergoes antigen-antibody reaction with one of the known H5 subtype
i enisnieditataet agitihicthevire) peeofutbindbrsaRtfal antibody of the

present invention, and, since the homologies.among the H5. su e HAs
are high'8t Q& ARPGRREFERS ERIER Yj‘%ﬁ%%’ﬁﬂ gﬁ?gno\r\;\vﬁﬂgayn% of the

- ; Z| AR ' : | i own
%%ﬁég‘%%ié’ﬁ%e gm%uc?%ci sgé%{ hégnﬁcg%mv{/&r%% %ﬁég%%ﬁglgﬂ is

shown ind-ig) ik dchighalicgash vilemaimintaieaminoasiy deguences is
also shown (Non-patent Document 1). Fig.
(immunochromatographic device) prepared in Examples.

BEST MODE FOR CARRYING OUT THE INVENTION
[0014]

As described above, the monoclonal antibody of the present invention
undergoes antigen-antibody reaction with hemagglutinin of HS subtype influenza A
virus, and the corresponding epitope of the monoclonal antibody is located in a
region other than the receptor subdomain (excluding C-terminal region thereof
consisting of 11 amino acids).

[0015]

Examples of the base sequence of the gene of hemagglutinin of H5 subtype
influenza A virus (this may be hereinafter referred to as “HS HA” for short) and the
amino acid sequence encoded thereby are shown in SEQ ID NOs: 1 and 2. The
sequences shown in SEQ ID NOs: 1 and 2 are known and registered in GenBank
under the Accession No. AB263192.

[0016]
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15 2 shows only the alignment of the amino acid sequences. Since, as
shown well in Fig.2, the homology between the both amino acid
sequences is very high (about 96.8%) and the numbers of amino acids
are the same, the distribution of the v8rious domains in the amino acid
sequence shown in SEQ ID NO:2 can be easily seen from the distribution
of the various domains (Non-patent Document 1) known for SEO ID 20
NO:4 (Big. ) ggsmﬂ{aﬁ%@%%%@ﬁéfé%ﬁ%ﬁ%%'g@éuaﬁ%@@ﬂﬁmmq_)ther
amino ac:lg sequence of H5 HA are specified based on the amino acid
AL eRsE FhonRdnRRQabaNOkRoGinead asdgsesidedeabowdydbehe base
homologies among the amino acid sequences of HAs of H5 influenza A
acqueary bitthe traamihthaeidise godrsarsncamstidr (IR dasopbadisiihe
aligned with the amino acid sequence sh,ownén Sﬁ%gg%f NO:2, so that
RO KBAESHORAM G SRR PRF tRea i SSRRIGe! G CHREP s
o Hy,.specifi ' [ .
T R e e e 0

SHEWIrpin gﬁ@ D AANO2annepnsAISRGS I heaanbisG; it hesdernoces
shown in SEQ ID NO:2 as the basis for specifying the position, and does
nntigetyantdad areacimcivitabantif doykprepalEdsubsing HAsHawstpded within
amino acid sequence shown in SEQ ID NO:2 as an immunogen. [0018] 5

s ssprsebbernpansleng! 0RO AR ANHE SERP L BREAEE S SN in

EQ .ID.NO:2, the receptqr, subgdamain cogre the
PO S8 oo R ot e b St et dts MRS
anehddierERiEeRRANAIRY (2Ritons slikgdnpracional antibody of the
present invention does not exist in the receptor subdomain (excluding

Qaoarmpinal region thereof consisting of 11 amino 10 acids). When the
antibody is bound to the receptor subdomain, influenza virus cannot be

bound ththbgrspeptef B amtetrcid FrasensHREn e TERAD: Rikerape e,
so that the virus canpot grow.in.t >t . That s, the.antibod é}‘lgsi h
BB RO Tt S iAo By shoio Be atel
Bahapaed mﬁn&a@iﬁ%ega@m ePiepSehANRISEFRA D) Afkber 1).  Fig.
monoclonal antibodies actually 15 prepared in the Examples below is
logated inthehegighednt bauinmacidsiPEgu2hbes. Since, as shown well in
Fig.2, the homology between the both amino acid sequences is very high (about
96.8%) and the numbers of amino acids are the same, the distribution of the various
domains in the amino acid sequence shown in SEQ ID NO:2 can be easily seen from
the distribution of the varicus domains (Non-patent Document 1) known for SEQ ID
NO:4 (Fig. 1). In the present specification and claims, positions in the amino acid
sequence of HS HA are specified based on the amino acid sequence shown in SEQ

IDNO:2. Since, as described above, the homologies among the amino acid

sequences of HAs of H5 influenza A are very high, the amino acid sequence of

 another HS HA can be easily aligned with the amino acid sequence shown in SEQ ID

NO:2, so that the corresponding position in the amino acid sequence of the another
HS5 HA can be easily specified based on the amino acid sequence shown in SEQ ID

NO:2. Further, the term “based on the amino acid sequence shown in SEQ ID
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aa) in the C-terminus of the receptor subdomain, but the antibody does
not have neutralizing activity, so that the C-terminus region of the
receptor subdomain is not indispensable for binding of the virus to the
receptor. Therefore, from the region defined in the present invention
where d-- corresponding epitope does not exist 20 (which is basically the
receptor subdomain), the 11 amino acids in the C-terminus of the

geBlon subdomain gie cacuded OOASL e CareSRAINIGA RS s

t ona pres nt |nvent|on IS not restricted as Iong

8y ﬁéﬁ&ﬁ&g%@p@ﬁgww%@m@&ﬁ@ ahaver Réndeserbasditeasniepared
main

sub excluding C-terminal region thereof consisting of 16 amino

agielg)Hankkthsecher espendingsepitope graferabBEEXIEISNN: 2 @) ahanegigen.

of 41 to 60 as and 312 to 322 aa; 10 (2) the region of 61 to 80 as and 290

808 aa; or (3) the region of 101 to 113 as and 268 to 278 aa. [0020]
the re ion' means t tthe

H t t t
a4l e s R e R LR
HAL§aSk,S '&!&Qf:ﬁé‘ﬁé&b@&ﬁ%@@é@ﬁe dS EANIRGEILES AL acid

cases where the corresponding epitope exists in the region, but also

qas@siwhererhneomesiitingfapidpeeXists &' refiercavesianding
with this region and the binding activity is lost or at least significantly
cedamsedlie theredivalisntibleds of Theepeesarispyeiing QQF%WHﬁ%SFé@ iéﬁs
defined in each of the aboveérltl) % consist, of tvio |ons w

|EERIP RO AR e B, O ACASA GoR ‘%gl % mll}Wo

feﬁcﬁg‘eé&ﬁ ?.l% S g?scgo?lm?{o'&%&Bﬁi}%ﬁﬁb&ﬁﬁfﬁelﬁ%@z@@ﬁf'g

example, existence of the corresponding epitope in the

regign of 43060 fs AREpLEML1eH3QRIpsutesE ixdthindh eahoven(d) theartls
existence of the corresponding region 15 over the entire portion consisting

cbttiestheegionsadigaomio éeehasthe A irptie Gyansibatyntipsubnkizing
cases where either 36 to 65 as or 307 to 327 as is deletshdtta eart of the
activity against influenza virus, However, it should be noted that a p
corresponding epitope of one (IFH5-115) of the monoclonal antibodies actually
prepared in the Examples below is located in the region of 11 amino acids (268-278
aa) in the C-terminus of the receptor subdomain, but the antibody does not have
neutralizing activity, so that the C-terminus region of the receptor subdomain is not
indispensable for binding of the virus to the receptor.  Therefore, from the region
defined in the present invention where the corresponding epitope does not exist
(which is basically the receptor subdomain), the 11 amino acids in the C-terminus of
the receptor subdomain are excluded.

[0019]

The corresponding epitope of the monoclonal antibody of the present

invention is not restricted as long as it is located in a region other than the above-
described receptor subdomain (excluding C-terminal region thereof consisting of 16

amino acids), and the corresponding epitope preferably exists in:

(1) the region of 41 to 60 aa and 312 to 322 aa;
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monoclonal antibody cannot be bound to the partially deleted HA. [0021]
The region in which the corresponding epitope exists can be known by 20
investigation of the binding ability to deletion mutants as concretely
described in the Examples below, whigh investigation is based on a
principle used in conventional methods. That is, it can be investigated by
preparing various mutants in which various regions are deleted using the

%ﬁ% t%:r %ﬁ%&ﬁéﬁ%?&%ﬁﬁ%ﬁ%‘?’ﬁ? by assaying whether or not the

e monoclona antlboc?ﬁ’igrlost or 25 significantly

desiaseddn e % the delgliossmiytanis,due to the deletion. [0022] The

monoclonal antibody of the present invention does not have neutralizing
goueiy against the influenza A virus to which it is bound by
antigen-antibody reaction. As described above, the correspondin

epitopetbirthehemeicssmsingspbeny Grise préweiseinve H}F@ﬁ%@%égé?e@}ﬁi’ég
region other than the receptor. subdomain (excludi -terminus region
HEIRRY DRGSR I RAGLS TR TR oS S

rsglﬁf?c%}ﬁ%d&?e%‘é%gim&%ﬂﬁ%&m&?%ﬁ%&%m&@%@'

antibodies Whose corresponding epitopes are loca n regions other
thawetpR serRniptGuRsmainexelueinN G desminel vegientbeseelponding
consisting of 11 amino acids) are also included, which monoclonal
apifopdies exeranegivalivienpppdtyiwithyhio regiemapibhie hibitiog astiviadindest
of the receptor subdomain to the 10 repeplorgue to sﬁ ric hindran(ﬁe.

R oY B SRR TA  SPRAS PGz AR Ay e
investigated ' iX | [
B B B B e M A o

cRaliLFRRNg ASIPELRT Hoh heselIRr enitivradd ssgaend siel ydeserbeckitns
the Examples below. 15 [0023] Further, the monoclonal antibody of the
preseidaventioh o theefer dslypsid stanttatby of dhadws Fipabtivel withithe for
other HA subtypes (i.e., HI to H4 and H6 to HI 5) of influenza A virus.
BEaERNS SHfE QLIRS PTERBRGB AR RRAHFYS Tesion of 41 to 60 aa and 250

to 300 aa described in the above (1) means existence of the corresponding region
over the entire portion consisting of these regions adjacent to each other in the spatial
structure, and in cases where either 36 to 65 aa or 307 to 327 aa is deleted, the
monoclonal antibody cannot be bound to the partially deleted HA.

[0021]

The region in which the corresponding epitope exists can be known by
investigation of the binding ability to deletion mutants as concretely described in the
Examples below, which investigation is based on a principle used in conventional
methods. That is, it can be investigated by preparing various mutants in which
various regions are deleted using the genetic engineering technique, followed by
assaying whether or not the binding ability to the monoclonal antibody is lost or
significantly decreased in each of the deletion mutants due to the deletion.

[0022]

The monoclonal antibody of the present invention does not have neutralizing
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substantially non-cross-reactive with the other HA subtypes, H5 subtype
influenza A 20 virus which has been confirmed to be infectious from bird
to human can be distinguished from other influenza viruses and assayed.
Here, the term "substantially non-cross-reactive” means that the
cross-reaction does not occur at a detectable level or, even though
detection of the cross-reaction is possible, the cross- reaction is very weak

and therefore can.be clearly distinguished from th i & ibody
O G B A R TRE LS RS DR e etton
Withyarious SuRbiea RbHASIRsIpstiaateshRy o unuRasbrotaiagraphy

using 2 types of anti-H5 HA monoclonal antibodies of the present
inysiiHasapkeininvehilized hotitbddy arctimiabte thamthizogyemtosuch
a method, if the label is not detected in the detection zong, the antibadies
sahdoepinl g el SubsSmmANy BRI DEFBR5CRISERE OFd Bk acids), and

sequences of the genes, as well as the amino acid, sequences, of Hl to
Pl B A e Sl g AT

N1l 42400 IR I Bsc ESRETHINAlY R e Nee 16 £6a58FaAGHOBMGEN
the other HA subtypes can be investigated using these. [0024] The

pheseRs isventiosublronpiovislemding@tigenitrihdipigfrhgreeitoofifimg of 11
monoclonal antibody of the present invention. Here, the term .
anigerviBangizo mekydrntvitbanenasl el Irisg e RRMIFRLRYg
binding ability (antigen-antibod activity).to the corresponding antigen
S oty T o P TP TR 4 D e e
DEsRR IO, Hoisi e oW Ak s aRsIhindis. fipasment
can also be used for immunoassay. As is well-known, such fragments can
heebizinadbywsatindaimesogiaad wallibety with:aypeatbHSegugheas
papain or 15 pepsin. The antigen-bindi%%gagment IS not restricted to a
Fafiufmmrieriranend (R aypdterphantbehioonsy tecaily mdgraringiharells,
maintains binding ability to, the corresponding antigen. It may further b
RSBy S G oA AG) Seth  er i i e ed

a}ns{gg;@( %lgg‘r@%w?r!t of the varialqle reg_ion (_scFv) of an antibody may
be expresseéd in E. coli by the genetic engineering

[0023]

Further, the monoclonal antibody of the present invention is preferably
substantially non-cross-reactive with the other HA subtypes (i.e., H1 to H4 and H6 to
H15) of influenza A virus. Because of the fact that the monoclonal antibody is
substantially non-cross-reactive with the other HA subtypes, H5 subtype influenza A
virus which has been confirmed to be infectious from bird to human can be |
distinguished from other influenza viruses and assayed. Here, the term
“substantially non-cross-reactive’” means that the cross-reaction does not occur at a
detectable level or, even though detection of the cross-reaction is possible, the cross-
reaction is very weak and therefore can be clearly distinguished from the antigen-
antibody reaction with H5 HA. For example, in the Examples below, cross-reaction
with various subtypes of HAs was investigated by immunochromatography using 2

types of anti-H5 HA monoclonal antibodies of the present invention as an
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20 technique and used. The method for preparing scFv is well-known, and
scFv can be prepared by a process wherein mRNA of a hybridoma
prepared as described above is extracted to prepare single-stranded
cDNAs, and PCR is carried out usingigrimers specific to the heavy chain
and the light chain of immunoglobulin to amplify the heavy chain gene
and the light chain gene, which genes are then linked to each other 25
with a linker and gjven an rqpriate restriction,site, follow: .
B SHIREL o D S BB vEbar DS fabe s 7o
with ihg reswting.piasmide vecian spddecayenissary tomtiieEal5otlon-
Such scFv is also included in the 13 "antigen-binding fragment” defined in
thessresentinventiomsd 08aEh# e fitha gelenadsantib aslthohthiapreskbnt
invention can be obtained by a process wherein anti-H5 subtype

iprilsnos AL doibharddAaaRiisoursin ke Expaplatbe i AtoriostiBhal

ing H5 sub influenza A.virus as an immunegen, and,. .
T e aa P e et Ve DR 0P AR Mg i
by.Seree Ao thRse mhichIanokbavs Newealizing activity against H5

subtype influenza A virus and analysis of the corresponding epitopes of
thesgreened monoclonal antibodies, to select an antibody that satisfies
the above-described 10 requirement for the epitope. The monoclonal

antibodibs meseridivesitemabe prefdaeansptiseninding frempstiabia

method, and the methqd is also concretely .described in the Examples
SRTB0F PARAER OO RGINFANSTT ARLUHP Ry a1 ST AR e

ﬂ%%%é%@*%femsﬁﬁ%ﬁex MRS AR WRSIR i fh WA Ofoiey Wi aDehabody
oclona I

[

mo antibody Is allowed to act on cells to see'if the cells are 15
injssedinyichaethagdaaisnenpaiely-dastidecsintibe £Ranfplesidelona
Further, the analysis of the corresponding epitopes can be carried out by

thakihdvegmmatholinwhiretiobakipusitisiasdnkarnaribalohinan Angigen-binding

prepared and their binding ability to each manoclgnal antiboq}/'s
oL REER SoRER FHEH O RO S Here{5) URR RS ot EeRsgegen

mples
%%lgg\{ai%gc.{gg)%@ating a monoclonal antibody with a protease such as papain or

pepsin.  The antigen-binding fragment is not restricted to a Fab fragment and a
F(ab"), fragment, and may be any fragment which maintains binding ability to the
corresponding antigen. It may further be one prepared by the genetic engineering
technique. Further, for example, a single chain fragment of the variable region
(scFv) of an antibody may be expressed in E. coli by the genetic engineering
technique and used. The method for preparing scFv is well-known, and sckv can be
prepared by a process wherein mRNA of a hybridoma prepared as described above is
extracted to prepare single-stranded cDNAs, and PCR is carried out using primers
specific to the heavy chain and the light chain of immunoglobulin to amplify the
heavy chain gene and the light chain gene, which genes are then linked to each other
with a linker and given an appropriate restriction site, followed by introduction of the
resultant to a plasmid vector, transformation of E. coli with the resulting plasmid

vector, and recovery of scFv from the E. coli. Such scFv is also included in the




The present invention also provides a method of immunoassay of H5
subtype influenza A virus, comprising measurement of H5 subtype
influenza A virus in a sample by immunoassay using antigen-antibody
reaction of the above-described mongzlonal antibody or an
antigen-binding fragment thereof of the present invention 25 with
hemagaglutinin of the H5 subtype influenza A virus. In the present

ipvention, . the term "megsurement” include detection, quantification and
saéimfﬁfﬂgmﬁ% %%%25%{&6%3%‘8&% nl%rjﬁlr]ﬁﬁﬁ%%%say themselves are

gdhknown in the art and the monoclonal antibody or an antigen-binding
fragment thereof of the present invention can be used in any of the
well-knowhmeathtss ofithadinetsdegyreshalseitasechnbe thieaieat igra
type, known immunoassays include sandwich immunoassays, 5

d@ﬁﬂ@éﬁtiﬂ@ﬁfﬁiﬁkﬁnﬁﬁﬁé%Wpa@ﬁmﬁﬁ&iéﬁ’iﬁ%ﬁﬁ}ﬁ%@a%ﬁﬂwﬁgIﬂE%.
e e G et G ke
9&9&%@%@8&3@@&%@@ G kS ADNRT DESCare screened,

immunoassays are included in the "immunoassay" defined in the present
ientienandeanect seskasihe Aetdo 0t innntaichssayioftihe gdresHit
10 invention. The reagents necessary for each type of immunoassay are

atgerype linflumwm Anvines and Exaleps o s orsaRRISA aHittnsayighascreened

tigen-binding f t thereof hich is characteristic, the.
FRARIFIS2ELE57 08 B G B SRR AR ORAAR TR ACTS2LER) Tt

}Q@h;’éﬂgxﬁ %F&%@%ﬁwﬁi%@%mmaﬁmm HpARsHA KifE

arrying out the method of measurement of the present 15 invention,

whish-&itisoiaingtiechongbedsariasioonaelohahaititabd) ko atncretely
antigen-binding fragment thereof of the present invention. [0028] Among
theseribtidad shofipamplesdstey, a Senteiwidre imaHithligissesiis hagiatageous
for highly sensitive and rapid measur m%nt of HSHFS']%bt pe.influenza A fzg
VISR IR RS SR IS8 S Y s 5P HS R KR AMSEY SRS

AA0leRRne-PAmEs: e taalel earsresh i alanHiian san be
injured, which method is also concretely described in the Examples below.  Further,
the analysis of the corresponding epitopes can be carried out by the above method
wherein various deletion mutants of H5 HA are prepared and their binding ability to
each monoclonal antibody is investigated, which method is also concretely described
in the Examples below.

[0026]

The present invention also provides a method of immunoassay of H5 subtype
influenza A virus, comprising measurement of H3 subtype influenza A virusina
sample by immunoassay using antigen-antibody reaction of the above-described
monoclonal antibody or an antigen-binding fragment thereof of the present invention
with hemagglutinin of the H5 subtype influenza A virus. In the present invention,
the term “measurement” include detection, quantification and semi-quantification.

[0027]
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hemagaglutinin of the virus at the same time. Usually, in a sandwich
immunoassay, one of the 2 types of monoclonal antibodies used is
immobilized on beads or wells of a microplate, or a solid phase such as a
porous matrix for immunochromatograghy, 25 and the other is labeled by
enzyme labeling, fluorescence labeling, chemiluminescence labeling or
the like. The virus antigen to be measured is sandwiched between the

immobilized antibody and the labeled antibody, and the. 15 label bound to
the solid 511953 X FREESAS I ERSSL R BFE KEDHE s e

VI8 R B HRSSISRHN AL A IR RSOOSR cion

axﬁlow e virus. In cases where the virus is to be quantified,

thanlabekig imaasuresk it Blpnsanthranoples ohvanousdifferent koasad on
amounts by the 5 immunoassay system and the correlation between the
ahwogatofthepta iebanditheummrsayt oithés vaudwshlonadnespissare a
calibration curve (standard curve). By the same operation, the amount of

tRERGEIOR AT S ARRII SRR TERSETEAYS A bfidiFfeasdtiieg on the
Vl%gje? Ie%ﬁfﬁ%s toowr? i?na}ll{gﬁ%%sosl%){cs%% ut e g}l%gﬁ#fr ! %ngd'éﬁalys, radio

quant \Y ese sandwic munoassay emselves are

WA Sy O 002 dR-themaandwich immunoassryRhitaeniasRAtsays and
invention, 2 types of anti-H5 HA monoclonal antibodies of the present

itivelikion viichfchesh erooumshisaps siregleckded-A theoleoufenanskey 'Sdafiaed in
time are used. In this case, the immunoassay is preferably carried out

SBrS b ES BB a5t i RoBIBRES ShBBUIBLAAB S s present
BITRE) ik TR o B 5 B oh A o S R g el?

0 asand t

rRRiRmeh 30110 113 25a0d RE& RN SI8naPaliARRY SMathenasineiagide

sequence shown in SEQ ID NO:2, since, by this, 20 immunoassay which
isrexeeteticiedhessd mdifivity aatatterspecificiypisypossiye.af(@3@]tied out
cases where H5 subtype influenza A virus in a sample is to be quantified,
ising an ordinary immunoassay kit. That is, the present invention also provides an
immunoassay kit for carrying out the method of measurement of the present
invention, which kit contains the above-described monoclonal antibody or an
antigen-binding fragment thereof of the present invention.
[0028]

Among the methods of immunoassay, a sandwich immunoassay is
advantageous for highly sensitive and rapid measurement of H3 subtype influenza A
virus, which immunoassay uses 2 types of the monoclonal antibody and/or an
antigen-binding fragment thereof of the present invention which can be bound to
hemagglutinin of the virus at the same time. Usually, in a sandwich immunoassay,
one of the 2 types of monoclonal antibodies used is immobilized on beads or wells of
a microplate, or a solid phase such as a porous matrix for immunochromatography,
and the other is labeled by enzyme labeling, fluorescence labeling,

chemiluminescence labeling or the like. The virus antigen to be measured is

sandwiched between the immobilized antibody and the labeled antibody, and the
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sandwich immunoassay using wells of a microplate or beads as a solid
phase, such as ELISA, can be preferably used. On the other hand, in
cases where H5 subtype 25 influenza A virus is to be detected rapidly and
simply at clinical sites, immunochromatography (often referred to as
"immunochromato” for short) is preferably used. Immunochromatography
itself and devices (this may be 16 hereinafter referred to as
immunochromatographic device") used therefor are well- known, %nd A A

Ar56! i (hesdidiBRassis S as I8 FRSWRES 3] BIRARE 5
a1 §59¥a§e%5&%8%y§$ﬂg B ARVICR

flow-base imrpup%cgr
VIiris 1510 ecﬁeece \ eﬁ 0
having, usually on a’ belt-like matrix comprising a porous material such as

OIS BMERDT aNE. AAQIBEHOMLORE: MW hiChanfirsi Rt b di A

monoclonal antibody was immobilized, and a labeled reagent zone on
wittigtuze dofoe lehdechnthAatiofiGatidu mbfioeiuriacantisodynivdsy shotted
positioned in the upstream (upstream with respect to the direction of the

FIBUNBREAESIAEYS 1he MG eR MBI aTR the Mrrvdish he ke esitddife
le is.added ta the Jaheled t d since it .i
BRI 8 T i e oo o A g SR

flawindb Sﬂéﬁ{ﬂ.‘?&, the JaRelad FeRoBBLZONS iSniabaNY:SRRRLITYBEhYasured,

porous pad to which the labeled antibody was spotted. At the upstream
eind ofthemativaudiavelpipet tartle stoibngiandevetapendsgsprovidgedriFhe
device usually further has: a 15 development confirmation section on
VIHfeRitaH vehti-| abteR At sty WaREDARIFOB SR Sr CER MR LB RVGT
\C/i/éb(\e%%er or not development of the labeled antibody occurred, in the
tream of the above detection zone; and a developer absorption

zone oRWhIcHh HRAPHSARKARIOR AR SR-a0eGE0RR ey BIpRESANNHS HA

this zone is provided, in the further downstream of the development
casfisolehifmatinities 20Hustbentimcasts: wherk direbabetis! am esizgimélS
label, a substrate zone on which the substrate of the label enzyme was
dpatredlesiravithedamerimgrse esed. of IbinsrsvAbe dmgumozsY. forgErably
carried out using 2 types out of the 3 types of monoclonal antibodies whose
corresponding epitopes exist in:

(1) the region of 41 to 60 aa and 312 to 322 aa;

(2) the region of 61 to 80 aa and 290 to 300 aa; and

(3) the region of 101 to 113 aa and 268 to 278 aa,

based on the amino acid sequence shown in SEQ ID NO:2, since, by this,
immunoassay which is excellent in the sensitivity and the specificity is possible.
[0030]

In cases where H5 subtype influenza A virus in a sample is to be quantified, a
sandwich immunoassay using wells of a microplate or beads as a solid phase, such as
ELISA, can be preferably used. On the other hand, in cases where HS5 subtype
influenza A virus is to be detected rapidly and simply at clinical sites,

immunochromatography (often referred to as “immunochromato” for short) is

preferably used. Immunochromatography itself and devices (this may be
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In operation, the sample is added to the labeled reagent zone, and the 25
developer is applied to the upper end of the matrix by breaking the
developer tank. The developer flows to the downstream by capillary
action of the matrix. When the developer flows through the substrate
zone, the substrate is eluted into the developer, 17 and the resulting
developer containing the substrate continues to flow. When the developer
passes through the labeled reagent zone, the labeled antibody and the

sherpinefeerefored fatestliaaeverbpenaeriapiaa dsvikmg reddhsprlpr are well-
containing the substrate, the labeled antibody .and the sample continues
té%?%W’ I?%ﬁg sc\?fhcé%e&é?%??g@ﬂ’et%f SR v#ﬁ‘év'is corr)ltained in the
spiple, HA of the virus is bound to the labeled antibody by
antigen-antibody reaction. When the mixture of these has reached the
detectioBrzahie |dtrealMicipbiizddantinodyrisnacipnshty HAfitdevirusiyya
antigen-antibody reaction. As a result, the labeled antibody is immobilized
offethes bistingti oauzr e Rbei et atviK oI ERR S OBU B ASTIRh g ihets

label immobilized 10 on the detection zone, the vitus can tected..In
cadmesiigs ﬁ’%@é&%é‘ IRAGRA AR AL RS e%%é%g ﬁ%@%%%%%%ﬁ

nothing im02#&%&9%@%%%;@?ii&%%%ﬁ@aﬁ%ﬁe thatithe leheladiantibady

isnot i ize tection zone, and continues to flow to the

dawns eanmbhesRialeaihie lBbehisspotcleiocieschanith@e dgtnetian(apsiecam
Since the anti-labeled antibody is immobilized on the developer 15
coiitfirmenteontodbeidiréntivrecd therfbee afihsf Inter deandon! demelonse) labidrd

antibody is immabilized on the developer confirmation section. In cases .
L l5e! (S RSN ST R ﬁ&%ﬁﬁﬁﬁ%ﬁ%ﬁtfeeﬁoﬁ%&% it
b nfirm hat.t v, [ i

B T e Sone
thadeyelapalcantirnaiiamsraions2d 10asH dhesamplate-beppphiesto

the method of immunoassay of the present invention is not restricted as
lgrad mswhitetitiey lebeled piGisodytyprs rpfttieAza A Wappircesneahetithe matrix, a

sample is to be detected, and examples of the sample inclyde, byt aje
R FANREE RO X SUPAAAS SRS BIBBH (inciddh ewa&r&‘bﬁul}ésé%ﬁf*ﬁgﬁé- a

a@equi?)rplfnr%}it confirmation section on which an anti-labeled antibody was

immobilized, for confirmation of whether or not development of the labeled antibody
occurred, in the downstream of the above detection zone; and a developer absorption
zone on which a porous absorption pad to absorb the developer flown to this zone is
provided, in the further downstream of the development confirmation section.
Further, in cases where the label is an enzyme label, a substrate zone on which the
substrate of the label enzyme was spotted is provided in the upstream of the labeled
reagent zone.
[0032]

In operation, the sample is added to the labeled reagent zone, and the
developer is applied to the upper end of the matrix by breaking the developer tank.
The developer flows to the downstream by capillary action of the matrix. ~When the

developer flows through the substrate zone, the substrate is eluted into the developer,
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25 saliva and sputum; mucosal swabs; and swabs of tools and
equipments. [0034] The present invention will now be described more
concretely by way of 18 Examples. However, the present invention is not
restricted to the Examples below. EXAMPLES [0035] 5 Reference
Example | Preparation of a H5 Subtype Influenza A Virus (H5NI) Antigen
for Immunization and ELISA/Western Blotting (WB) Chorioallantoic fluid
derived from an embryonated egg infected with an attenuated influenza

vandstherzsnitini dey el ortesa b fougHsNay @ripgh ke Tovaccddasihe
No.: AB259712; SEQ |D.NQs:49 and 50) ' to,
g M T SR R
fsaﬁgégg% f Rsleh T RS RsIs! wasdissalyesbinlodnie: {ollech e

reco e virus- containing fraction by sucrose gradient

ceimtife atieabiisacantatigationnammaviacmiss agawto eromes where HS
sucrose, thereby obtaining a purified virus solution. 15 The purified virus
waktipadtiflatedavitivifosrisalimieintditorihd-somlediépbiie) Youses hssadds the
an antigen for immunization and ELISAIWB. The formalin treagtment was
dahrilsd BU AR AR RN SO e PR e W 6 BE N h e B
cancentration. of.0.29 leaving: | '

e i o
aggingJvedemeseiicall exiacian2@dluier00604d is inGbKIH&IAn the
M KCI, 0.5% Triton X-100 (trademark)) to the purified virus solution.

| deetitiaticroref theelidr 0§ thasivonfirfhect fyyanncoleamngnbdhey iabslsobjedidiged
to the inactivation treatment to an embryonated egg at 10 g:agu f age

itbeifeipdemeBed T raays, Folseathy LAtrminGEs ter

e
antibody, so that the labeled antibody is not immobilized to the detection zone, and
continues to flow to the downstream. Therefore, the label is not detected on the
detection zone. Since the anti-labeled antibody is immobilized on the developer
confirmation section in the downstream of the detection zone, the labeled antibody is
immobilized on the developer confirmation section. In cases where the label is
detected on the developer confirmation section, it can be confirmed that the
developer has reached this section properly. The developer is absorbed to the
absorption pad in the further downstream of the developer confirmation section.
[0033]

The sample to be applied to the method of immunoassay of the present
invention is not restricted as long as whether or not H5 subtype influenza A virus is
contained in the sample is to be detected, and examples of the sample include, but are
not limited to, body fluids such as blood (including whole blood, plasma and serum),

saliva and sputum; mucosal swabs; and swabs of tools and equipments.

[0034]

The present invention will now be described more concretely by way of
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Reference Example 2 19 Preparation of a H5 Subtype Influenza A Virus
(H5N1) Antigen for Confirmation of Specificity (IF, WB) The virus-infected
Madin-Darby canine kidney (MDCK) cells (source of supply: Hokkaido
University) to be used for confirmatiopgf the specificity of the 5
established antibody, and cell extract thereof were prepared as follows.
For preparation of the antibody for immunofluorescence (IF), MDCK cells
were cultured on a chamber slide to obtain a full sheet of the cells, and

hEPpiftie nFaWRTES WEPTSPIITEI HiRR PR PSSO Brdnamiashrie v

trypsin (serum-free) and inoculated to the cells. The cells were then
cultured in a CO2 incubator at 35C for 16 hours, 10 and the cultured cells
veske {igg:with cold acetone to provide a slide for IF for confirmation of
the specificity. [0037] For preparation of the antigen for WB, MCDK cells
vigresgultured in a petri dish to obtain a full sheet of the cells, and
serum-free MEM supplemented with 15 trypsin was added to a virus
JSielrience piianydd In the same manner as in the preparation of the

ntibody for JF, fallowed b lturing the ce C for 16 hours.. .
T s BRI R CoSE ot ATHEES bl Hhiniggon
a}%g ﬁh&w&%m@&?@%ntrifuged at 14000 rpm for 5 minutes, to
obtain the supernatant as the antigen for WB for confirmation of the
specifiailyor26h[R088¢ FxadpiecdEsiablishmientadidapadlidakdntitioaies
Specific to Influenza A Virus (H5) Hemagglutinin The monoclonal

attpueissivfienpr afrarcsisy ividvokideiate Mt BBl fHegBank
' IV; infl [ id -1/04(k di
RETERTC XA TR L Jobairby KA ROGE ISR 8 flom i

!Eﬂ%%%@%&ﬂ@%&%ﬁl%@&%"hﬁhﬁh&&%ﬂ& (G AR fbStred as
immunized T their

apellet. The pellet was dissolved into PBS, followed by recovery of the virus-
containing fraction by sucrose gradient centrifugation. Ultracentrifugation was
carried out again to remove sucrose, thereby obtaining a purified virus solution.

The purified virus was inactivated with formalin or Triton X-100 (trademark) to be
used as an antigen for immunization and ELISA/WB. The formalin treatment was
carried out by adding formalin to the purified virus solution to a final concentration
of 0.2% and leaving the resulting mixture to stand at 4°C for 1 week, and the Triton
X-100 (trademark) treatment was carried out by adding 3 volumes of cell extraction
buffer (0.05M Tris-HCI (pH8.0), 0.6 M KCI, 0.5% Triton X-100 (trademark)) to the
purified virus solution. Inactivation of the virus was confirmed by inoculating the
virus subjected to the inactivation treatment to an embryonated egg at 10 days of age
and culturing the egg for 2 days, followed by confirming that no HA titer was
detected by a hemagglutination (HA) test on chorioallantoic fluid derived from an
embryonated egg infected with the virus.

[0036]

Reference Example 2
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20 footpads with the purified inactivated influenza virus
A/duck/Hokkaido/Vac- 1/04(H5NI) emulsified with Freund's complete
adjuvant in an amount of 50 to 100 ttg/mouse, and 2 to 3 weeks later, the
mice were subjected to second immunization with the purified inactivated
influenza virus Alduck/Hokkaido/Vac-1/04(H5N1) 5 antigen which is
adjuvant-free in an amount of 50 to 100 sg/mouse. The antibody titer was

confirmed by solid-phase ELISA using a 96-well ELISA plate coated with
ThivmeRioDofa&ls S phiifie drfitrienzh Viras (HSN1) Antigen for Confirmation of

ducﬁ/Hol&iﬁai%‘gc{?\éac-llo4(H5N1), and by WB with the same antigen.
RETHWNIEh incréase in the antibody titer was confirmed were

Immunized I0SIRAIPRA NI, IG %E@ﬁ&%%@m?wméaﬂ& rus

A/duck/Hokkaido/Vac-1/04(H5N1) in an amount of 25 to 50 g/mouse, and

Sty OBy RUaIRY Uninphaeytesuvaiel foe panaehintion lyfihd specidisiof diinser
limbs of the mice. Mouse myeloma cells (P3UI) preliminarily cultured in

RERMisBrDanididmandeel lienzadt Wietesp e PEPSIgE RRiosore 2 ¥or1:5,

d cell fusi carried out usi lyethyl lycol (PEG;
REFRGTALAR ULy UL PRI B CETee T S SBecred
na%%i UILANg ligug %%&qn%%nvgfiﬁewmgaai?g,em;f@lég&aeﬂﬂgxn%g '@E&r{&egvgge

cells in a CO2 incubator at 37C. [0039] Screening of the produce

aspihegiesimMascarieiem Qpierbaesdtseriad(selic-prasent iASAlated
That is, the Triton X-100 (trademark)-treated purified 20 influenza virus
Atethelgpiskk AitlofeHe 10 kBN aad de A KasintepriesditdS3@ e hours,

ELISA plate (manufactured by Nunc) at a concentration of 1 .tg/mlin a
T N e A R H’if@ﬂ‘?ﬁ& 5111]%%9@” for

ads?r% n. Tt}ghvggll ﬁ#érﬁ blocked with 1% skim milk and washed 3

times wit lovlelgshlng% °BS supplemented with 0.05% Tween 20),

fodgyyed by adding 50 Al of the culture 25 supernatant from the plate in
which the cell fusion was carried out, and allowing the reaction to proceed

at 37C for prapamtisftef thastiige oW BGREsolisverashiges ufrepri
the same manner, a POD-labeled anti-mouse immunoglohulin 21 .
dish to obtain a full sheet of the cells, and serum-free MEM supplemented with
trypsin was added to a virus solution optimized in the same manner as in the
preparation of the antibody for IF, followed by culturing the cells at 35°C for 16
hours. Thereafter, cell lysis buffer was added to the petri dish to lyse the cells, and
the resulting lysate was centrifuged at 14000 rpm for 5 minutes, to obtain the
supernatant as the antigen for WB for confirmation of the specificity.
[0038]
Example 1
Establishment of Monoclonal Antibodies Specific to Influenza A Virus (H5)
Hemagglutinin
The monoclonal antibodies were prepared by immunizing mice with the
purified inactivated influenza virus A/duck/Hokkaido/Vac-1/04(H5N1) prepared in

Reference Example 1, followed by fusing lymphocytes derived from hind limbs of

the mice and myeloma cells. That is, BALB/C mice were first immunized in their
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antibody (manufactured by DACO) was added, followed by allowing the
reaction to proceed at 37C for 1 hour. After washing the wells 4 times
with washing buffer, the substrate ABTS was added, followed by
selecting the wells in which coloring wgs observed. Subsequently, the
cells in the selected wells were transferred to a 5 48-well or 24-well culture
plate and cultured in a CO2 incubator at 37C, followed by confirming their
reactivity with hemagglutinin by WB. The WB was carried out according

téoRieaRyeitiohanweind dnacivgedndheizmne redited/ blpskating: the

A SRR e B S B emamigbifig 100

UADSISHN0gA19 A BiNReRlIMRSE A MR N6: LAECE!S B A GRS MBrion

which reactivity to hemagglutinin was confirmed by WB were made into
singleisdgnesiby ke dimitn ghdiltinninel Roduta/ Bstadalitdr Vae-VaHOHSN 1)
hybridomas described below which produce monoclonal antibodies

readgve wiibhirfledyanHisR ) ey il (9os80le/popsordéhgantibody
cclude cl havi - ivity with epi , ' .

KiE AT et R A ]
W‘fﬂ&?&'g@@bﬁ@&l@&ﬁiﬁﬁ%ﬁﬁ% { GOORSHIMEMIIR ABS PROINES WEIE), and
se cularly,

ected. More par this Inhibition test was carried out as follows. A
96y well FhilShcpiate dawhich pasdigtvinflinanzaseus Wasmilisarbedrvas
prepared in the same manner as 20 in the screening of the Mabs, and a
Mabffonédhilsitamanaized oy dhefiolofpisrvddndemuatiisd tnadtivatediafluenza
amount of an alkaline phosphatase-labeled Mab were added to each wel
Ve AR R RARA ST BYUHEW R RS AEAREGS 8%%68@&’310??@&@5

. r
R S B A e e
Mabewagidaseaniined cSeleptach § 4rbypeseflmaenestdnalraripodies meien
used in various combinations as the solid phase antibody and the labeled
amtitsodixfdrifid kpleen rdistiomasibinfiuh ochibrard sghafysiordesicesmihicbut
was actually prepared by the late 22 mentioned method. Usingﬁ}?ﬁed cells

prepaRalsAiwlsHe ahverh RE Gt e Wirisigieen)  The

were suspended in HAT medium and aliquoted to a 96-well culture plate, followed
by culturing the cells in a CO; incubator at 37°C.
[0039]

Screening of the produced antibodies was carried out by the above-described
solid-phase ELISA. That is, the Triton X-100 (trademark)-treated purified
influenza virus A/duck/Hokkaido/Vac-1/04(H5N1) antigen was aliquoted to a 96~
well ELISA plate (manufactured by Nunc) at a concentration of 1 pg/ml in a volume
of 50 ul/well, and left to stand at 4°C overnight to allow its adsorption.  The wells
were blocked with 1% skim milk and washed 3 times with washing buffer (PBS
supplemented with 0.05% Tween 20), followed by adding 50 pl of the culture
supernatant from the plate in which t_he cell fusion was carried out, and allowing the
reaction to proceed at 37°C for | hour.  After washing the wells 3 times with

washing buffer in the same manner, a POD-labeled anti-mouse immunoglobulin
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A virus in a sample was actually detected, and 3 types of monoclonal
antibodies IFH5-115, IFH5-136 and IFH5-26 showing excellent
sensitivities and specificities (absence of cross-reaction with other HA
subtypes, as mentioned later), and 3 r?ﬁ,ss 5 of hybridomas IFH5-115,
IFH5-136 and IFH5-26 producing the ere established (the monoclonal
antibodies IFH5-115, IFH5-136 and IFH5-26 may be hereinafter referred
to as the monoclonal antibody 115 (or Mab 115), monoclonal antibody 136

(@nNtakyl Ghdrardattaed dol dvaCantieecd 261 ( 6yl Mabda§) aHesypegtibegpction to
These monoclonal antibodies did not have neutralizing activity against

iraesshanirasord hrormenishuashieg oovells EXmmpES CarnnmBRdH:
S R R T A R R

e was carlrie S Tollows. atIs or

confirmpatior.of therspacfiailyiichswampreraiashiriRelerenaaskramnie:

2, the culture supernatant for each monoclonal antibody or ascites

(diBsiedl wit 4% BiSAlinreRBEInd asladde il atdheadattion VES alldivedd
to proceed for 1 hour at room temperature. The resultant was washed
wWith PRGNS Anenisacty Hyarithvienaeg wivedsc 8 dyeTlap SYdtwas carried
anti-mousqe1 Ig? 1000-fold di ute&mg’th 1% BSA 'nal?LeBSr]; aar'{g: dr%}gm {ectin
TR E3P 46 Rt Ot TR oL P /BT By SIS SERG itk PR ecting
MAUAHRGIRX A Y6RIRLRAR QP SRIAIBRHIAGH AU SSRRNCATBIGIRIGARE/ V ac-

WB was carried out using the antigen prepared in Reference Example 2

atemtaisyy anthenveriiohatathidodsd0e4Rhitermpiaclonitocellulose
antibodies IFH5-115, IFH5-136 and IFH5-26 were confirmed in either
aswphate rddeicalioimhsierilir Y MONRHIHE o damagsiutiie vas
B e
Systom ) Wﬁ?o%%?ggﬁomas described below which produce moncclonal
antibodies reactive with influenza (H5N1) hemagglutinin.
[0040]

In order to exclude clones having cross-reactivity with epitopes, competing
monoclonal antibodies were first excluded by an inhibition test, and only monoclonal
antibodies that are not competitive with one another were selected. More
particularly, this inhibition test was carried out as follows. A 96-well ELISA plate
to which purified influenza virus was adsorbed was prepared in the same manner as
in the screening of the Mabs, and a Mab for inhibition at a several-fold higher
concentration and an equal amount of an alkaline phosphatase-labeled Mab were
added to each well at thé same time, followed by allowing the reaction to proceed at
37°C for 1 hour. After washing, the substrate pNPP was added, and whether the
reaction of the labeled Mab with the solid phase was inhibited by each Mab was
confirmed. Selected 14 types of monoclonal antibodies were used in various
combinations as the solid phase antibody and the labeled antibody for the later-

mentioned immunochromatographic device which was actually prepared by the late-
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confirmation of these. [0043] 5 Example 3 Analysis of the Corresponding
Epitopes of the Anti-influenza H5N1 Virus Monoclonal Antibodies 3-1:
Preparation of N-terminus Deletion Plasmids In order to determine the
recognition sites of Mali 26, 115 and 136 in the N- 10 terminus side, HA of
the influenza H5NI strain A/ducklHokkaido/Vac-1/04(H5N1) (SEQ ID
NO:2) consisting of 564 amino acids was subjected to PCR to amplify 6
types of fragments: | to 564 as (A fragment), 1 to 514 as (B fragment), 21

tegtipes @hagméitngbe mesm%@wmﬂmsoa@amﬁ dpocssiptluenza

f d 201 to 500 as (F f AB HI Xb it
RS B TR SR S T e TS A At

AMphficdTragment was

REfeH Wi RERE %H'ﬁﬂflg’@&wﬁﬁgf@;&“&ﬁ@ﬁ’t %%ﬁé%%é@ﬁ%@&

into the BamHl-Xbal site in an expression plasmid pWG6A which was
REBpaiedipyifearpetRing b SthéntoAhatudek EeoRrhsitacdiaa g xpieS sypns
plasmid pW6A, to prepare the plasmids pWGInf.HSNI-N-A, pWGlIrif

a6 hbrdenan AR IBNEEN-166 pvd@mﬁgmw@in.m@hwwgw

SR R R Gh TS Tt b FAE RS S e

B%’:'% & ?%ﬁé%&%cl&% yRnsig ﬁh?:ﬂ@%@ﬁé&(&leﬁéﬂ W36

3)pWGInf.HSN1-N-B, B 21( E3)pWGInf.HSN1-N-C,

B 2B E 33 WAS inbiidh N -2t BAR 11D B3 Yo H)f 1N dide i )and hese
BL2I(DE3)pWGInf.H5N1-N-F. 25 [0044] 3-2 Expression and Western
BlottindpotiRetbadiia dist mideten¢asiizing #5idyNgainst influenza A virus, as
GST+InfH5N1-N-B, GST+Inf.H5N1-N-C, GST+Inf.HSNI-N-D,
EEHIGAPHENT 24 N-E and GST+Inf.H5N 1-N-F) Each of the
tsm@ﬂgrmants prepared in 3-1 was cultured in 2 ml of LB medium

upplemented with 50 p.g/ml ampicillin at 37C. Preculture was carried out

Witinasle 2

Confirmation of the Reaction Specificities of the Monoclonal Antibodies by IF and
WB

The IF was carried out as follows. That is, to the slide for IF for
confirmation of the specificity which was prepared in Reference Example 2, the
culture supernatant for each monoclonal antibody or ascites (diluted with 1% BSA in
PBST) was added, and the reaction was allowed to proceed for 1 hour at room
temperature. The resultant was washed with PBS and allowed to react with a
fluorescent dye-labeled anti-mouse IgG (1000-fold diluted with 1% BSA in PBST) at
room temperature for 30 minutes. This was followed by washing with PBS,
mounting in glycerol and observation under a fluorescence microscope. WB was
carried out using the antigen prepared in Reference Example 2 according 1o a
conventional method.
[0042]

The monoclonal antibodies IFHS5-115, IFH5-136 and IFH5-26 were

confirmed in either assay to be reactive with attenuated H5N1 influenza HA, but the
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OD of 0.6 to 0.8 at 600 nm was attained, and | mM IPTG was then added
to the 5 culture to induce expression, followed by culturing for additional 3
hours. The bacterial cells were collected by centrifuging 1.5 nil of the
bacterial cell culture at 5,000 rpm fory3 minutes, and the collected
bacterial cells were suspended in 100 1 of a buffer (10 mM Tris-HCI (pH
8.0), 0.1 M sodium chloride, 1 mM EDTA), followed by completely

S e s G TS Bl UG o BB s B e
2@5@&%&&%8&&&%%%@9'W&@%IE%A%&!IS& @ MersHG WRH& 8 or

DS, 24% glycerol,"6 mM EDTA, 2% 2-mercaptoethanol, 0.03%
hrnaphenobbike):was added, and the resulting mixture was stirred 15
sufficiently, followed by heat treatment at 100C before being subjected to
d¥¥Pdphoresis. Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS- PAGE) was carried according to a conventional

& eL%ing e-PAGEL, 12.5% gel concentration (trademark;

mamiachind by AT Thersafier nsamploes daaciersdio a

membrane (manufactured’by ATTO) and blocked with 1% 20 BSA
altdkoQvarnightihbarlocking solution was removed, and the membrane
was washed with PBS-Tween (trademark), followed by adding the
hrdn Botpaaitantifodits2e)sDecion PRemifise concentrations were

djusted to 2 g/ml and allowing the reaction t ,
o o ST G RN A SR 2Lt ARG
RBSieen AN SUBIssled: 19, 3 ARt WA ¢Re-1/04(H5N1)

{eITRInYS SI

(trad f
peroxi aseﬁa@e%‘?ﬁtl-mouse mmunog?%aélﬁn rabbit polyclonal anﬁibody
(meoufoctiured synEAE) D0t dibide sy thissaac i dRIfie roidiiey 6

washing, the membrane was exposed to instant film (manufactured by
3L kginetsol 116 264 minitisensing. B GL WestdhiRonig Datbrioh aa

System (manufactured by GE Healthcare Bio-Sciences KK) 52 det 8;
Somuriie KU DR NBFRPRG: 47 #Ac IOALEISRAT b BPhe 2

BRI R DY et e
primer. Each amplified fragment was purified with PCR Purification Kit
manufactured by QIAGEN and inserted into the BamHI-Xbal site in an expression
plasmid pWG6A which was prepared by incorporating GST into the Ndel-EcoRI site
in an expression plasmid pW6A, to prepare the plasmids pWGInf H5NI-N-A,
pWGInf HSN1-N-B, pWGInf. H5N1-N-C, pWGInf. H5N1-N-D, pWGInf H3N1-N-E
and pWGInf HSN1-N-F. Using these plasmids, E. coli BL21(DE3} (supplied from
Brookhaven National Laboratory) was transformed to obtain ampicillin-resistant .
coli transformants BL21(DE3)pWGInf. HSN1-N-A, BL21(DE3)pWGInf.HSNI-N-B,
BL21(DE3)pWGInf.H5N1-N-C, BL21(DE3)p WGInf H5N1-N-D,
BL21(DE3)pWGInf. H5N1-N-E and BL21(DE3 ypWGInf.H5N1-N-F.

[0044]

3-2 Expression and Western Blotting of Recombinant Proteins (GST+Inf H5N1-N-A,
GST+Inf. HSN1-N-B, GST+Inf H5N1-N-C, GST+Inf H5N1-N-D, GST+Inf. H5N1-
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5 B, C and D fragments, but not reacted with the E fragment. Accordingly,
the monoclonal antibodies 26 and 115, and the monoclonal antibody 136
were revealed to recognize the region of 21 to 100 as and the region of
101 to 150 aa, respectively. [0046] 343: Preparation of N-terminus
Deletion Plasmids 10 Subsequently, shorter fragments of the amino acid
fragment of 21 to 400 of influenza H5NI: Ni (21 to 400 aa), N2 (41 to 400
aa), N3 (61 to 400 aa), N4 (81 to 400 aa), N5 (101 to 400 aa), N6 (114 to
Mé‘ﬁfl ﬁﬁT@?ﬁ%lﬁéﬁ\%@ and N8 (139 to 400 aa) were amplified by

PCR. Each amplified fraament was puyrified with PCR ificati [ .
UL B TR R ot T e Y 2P oo
inseokaRIRARIARSION: PlasmithRBRe 4 7P6-6/ptRantfaciiesrhyd out until an
Invitrogen; modified from pFastBacl vector), to prepare plasmids

B2 cIfA5NI-Bli fBaninfiacithiNg], pBddinfMIRIFS 3vas Blax nfld&im- X4,

pBacInfHSNI-N5, pBacInf.H5NI-N6, pBaclnfHSNI-N7 and
puiEetemiicarresshionielevphantatumedor psidienabrscmibe

reparation.was transformed, to prepare 20 Bacmid-Inf. HSN1-NI
R I 2l o B S Bttt
BagsigsinibloNhiNRe Basmick WiidaMlshte.-Bacand deft aNdeNic1and oo pi
Bacmid-Inf.H5N 1-N8. [0047] 3-4 Expression of Recombinant Proteins
(biffaHboRdr- (N O, Nt FISSHHNER (piTH BN D-N B @8itmh kigdidda] mMHBNIANS,
Inf.HSN1-N6, Inf. HSN1-N7 and Inf. HSN1-N8) Transfection of insect cells,
Sl dpisreripsdbyisnintiey B bigii e s HP RIS Be L6 B ARHIEFS:

i e
gigsnfected with a part of each of these P1s and cultured at 27C for 4
ays, “followed by collecting the culture supernatant by centrifugation at

3000 rpre fori2d theibrtesial kimplasiuded as §iSsanypteyiamide Bt (0.15

[g/? %?i]&HCI (pH 6.8), 6% SDS, 24% glycerol, 6 mM EDTA, 2% 2-mercaptoethanol,
0.03% bromopheno! biue) was added, and the reéulting mixture was stirred
sufficiently, followed by heat treatment at 100°C before being s;lbjected to
electrophoresis.  Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) was carried according to a conventional method using e-PAGEL, 12.5% gel
concentration (trademark; manufactured by ATTO). Thereafter, the sample was
transferred to a PVDF membrane (manufactured by ATTO) and blocked with 1%
BSA at 4°C overnight. The blocking solution was removed, and the membrane was
washed with PBS-Tween (trademark), followed by adding the monoclonal antibodies
26, 115 and 136 whose concentrations were adjusted to 2 pg/ml and allowing the
reaction to proceed at room temperature for 60 minutes. The membrane was
washed sufficiently with PBS-Tween (trademark) and subjected to a reaction with a
peroxidase-labeled anti-mouse immunoglobulin rabbit polyclonal antibody

(manufactured by DAKO) 5000-fold diluted with a reaction buffer. After washing,

the membrane was exposed to instant film (manufactured by FUJIFILM) for 1 to 15
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The monoclonal antibody 254 which reacts with the amino acid region of
139 to 400 was immobilized and used for ELISA. That is, the monoclonal
antibody 254 was diluted to a concentration of 2 Itg/mL, and 50 | of the
diluted monoclonal antibody was plafﬁﬁd in each well of a microplate
module (manufactured by Nunc), 10 followed by incubation at 4C
overnight to immobilize the monoclonal antibody. Subsequently, each
well was washed with PBS supplemented with 0.1% Tween 20

(raries aviyy BES-Wetter Blatitm Axpctiondyson Graonaevisd B8fh

Ibumin (BSA).prepar y dijution with PBS was added to the well
TR IR B b T RO Rirer I B B gag &
SPINLOR, R9ohal biRfiRMaled:ES Mapasienalptibady 26a L1 QA6 Was
added, and the reaction was allowed to proceed at 37C for 1 hour. After
washingauidiaent DB - Teenofiseldanark)b&l Kl otalicalimah the A,
phosphatase-labeled streptavidin (manufactured by DAKO) 2,000-fold
dhuteend ihfreeaestivhuuise reaeishuib dirotebiopmeall, afaogidingictisn

was allowed to_proceed at 37C for 1 hour. Thereatfter, th Is were 20
PSRRI o Ah B LS ERBRSLR STUPED T Spreas
- chowell: fiaowasalowsdLanineaedsy.
2? ?ggﬁ%%%%gig%%%? g(i)%1 n??rqj%gg gﬁ%éqégog | of a stop solution vf\%fls239 Y
gddesl to each well, followed by measuring the coloring level
(absorbance) at a wave length of 405 nm. As shown in Table 1, it can be
assuRrephthdend MhiomodioidPelatibodiessias its 25 epitope in the region

of aming acids 61 to 80; the monoclonal antibody 115 has its epitope.
the roq AU RAUETH PGB Iq BN LRA R 9a L
AT YIRS U oy P T 0
Q6d aboA 4 201 6d #0Q2), 61 B3 Q202§ N211 2720 400 aa) and N8 (139 to
400 aa) were amplified by PCR.  Each ampiified fragment was purified with PCR
Purification Kit manufactured by QIAGEN and inserted into the BamHI-Xbal site in
an insect cell expression plasmid pBac-EGTs-6A (manufactured by Invitrogen;
modified from pFastBacl vector ), to prepare plasmids pBacInf H5SN1-NI1,
pBacInf. H5N1-N2, pBacInf H5N1-N3, pBacInf. HSN1-N4, pBacInf H5N1-N5,
pBacInf HSN1-N6, pBacInf.H5N1-N7 and pBacInf.HSN1-N8. Using these
plasmids, E. coli DH10Bac for Bacmid preparation was transformed, to prepare
Bacmid-Inf.HSN1-N1, Bacmid-Inf HSN1-N2, Bacmid-Inf. H5N1-N3, Bacmid-
Inf HSN1-N4, Bacmid-Inf HSN1-N35, Bacmid-Inf H5N1-N6, Bacmid-Inf HSN1-N7
and Bacmid-Inf. HSN1-N8.
[0047]
3-4 Expression of Recombinant Proteins (Inf.H5N1-NI, InfHSN1-N2, Inf H5SN1-N3,
Inf.H5N1-N4, Inf H5N1-N35, Inf. HSN1-N6, Inf. H5N1-N7 and Inf. HSN1-N8)

Transfection of insect cells, $£-21 (manufactured by Invitrogen), with each of

the 8 types of Bacmid DNAs prepared in 3-3 was carried out to prepare recombinant
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81-400 0.150.150.30 0.27 0.78 0.74 101-400 0.150.16 0.28 0.27 0.57
0.50 114-400 0.16 0.16 0.30 0.29 0.16 0.17 127-400 0.16 0.16 0.28 0.29
0.17 0.17 139-400 0.150.150.28 0.29 0.16 0,16 1-5141.000.70 1.10
0.87 1.38 1.44 HBs wt 0.14 0.13 0.244€.26 0.14 0.14 control 0.13 0.13
0.26 0.26 0.14 0.15 [0050] 5 3-5 Preparation of C-terminus Deletion
Plasmids In order to determine the recognition sites of Mab 26, 115 and
136 in the C- terminus side, HA of the influenza

AR IO bNB Do NIkt b D) YO i sesf21 el
TG R 2 s SR e SR IPTRINE D RER ST AT s ©

ragmen S ragment), 21 to 266 10 as (
f f@gms%@tby?e%m@o%%%@é HRfFR0EANERCHE LR 83 Ak AR AN fék 20
BamHI or Xbal site had been preliminarily added to each primer. Each
anplited FhgmentwdspinfiecipitioPERFAurification Kit manufactured
by QIAGEN and inserted into the BamHI-Xbal site in an expression
d pWGG6A which was prepared by incorporating GST into the

NdeI-I_E(?%RI site | Cfpﬁé?\i’f pl%sé&%{c%w\(ﬁﬁfe *(P%?%&é)n of 139

plasmids B pW
RYUatnEaNhifoRliBRg &Wﬁ%lf!@‘ {IPMIFSAE. mﬂﬁ,tﬂﬁﬁﬁoﬁocmﬁlahﬁ%&E@éi

(supplied from Brookhaven National Laboratory) was transformed to
ohiaifilamapioillineresigtativio Colipyarsfanthahid of the diluted monoclonal
BL21(DE3)pWGInfH5N1-C-A, BL21(DE3)pWGInfHSN1-C-B,
BE‘Q&?E‘)E@&W@WW@@ oD BPSBIES FoTaf-meNaeiursd by Nunc),

D SN 28 O 0e e R DR IOR AR RIS,

ngo ecom |nant EInS

%%élfﬁgﬁﬁw LederBrdi 902 Wéﬁéﬁ' rPBS %Bﬁl%ﬁﬁw YAt @M Tween 20

(trademark) (PBS-Tween (trademark)), and 100 uL of 1% bovine serum albumin

(BSA) prepared by dilution with PBS was added to the well, followed by blocking at
37°C for 1 hour. Afier removing the blocking solution, 50 ul of a biotinylated
monoclonal antibody 26, 115 or 126 was added, and the reaction was allowed to
proceed at 37°C for 1 hour.  After washing sufficiently with PBS-Tween
(trademark), 50 uL of alkaline phosphatase-labeled streptavidin (manufactured by
DAKO) 2,000-fold diluted with a reaction buffer was added to each well, and the
reaction was allowed to proceed at 37°C for | hour. Thereafter, the wells were
washed sufficiently with PBS-Tween (trademark), and 50 pl of p-nitrophenyl
phosphate was added to each well. The reaction was allowed to proceed at room
temperature for 30 minutes, and 5.0 ul of a stop solution was added to each well,
followed by measuring the coloring level (absorbance) at a wave length of 405 nm.
As shown in Table 1, it can be assumed that the monoclonal antibody 26 has its
epitope in the region of amino acids 61 to 80; the monoclonal antibody 115 has its
epitope in the region of amino acids 41 to 60; and the monoclonal antibody 136 has

its epitope in the region of amino acids 101 to 113.




10

15

20

GST+Inf H5N1-C-E) 5 Each of the transformants prepared in 3-5 was
cultured in 2 ml of LB medium’ supplemented with 50 gg/ml ampicillin at
37C. Preculture was carried out until an OD of 0.6 to 0.8 at 600 nm was
attained, and 1 mM IPTG was then added to the culture to induce
expression, followed by culturing for additional 3 hours. The bacterial
cells were collected by centrifuging 1.5 ml of the bacterial cell culture at 10
5,000 rpm for 2 minutes, and the collected bacterial cells were suspended
|Hj%‘ﬂl of a buffer (10 mM Tris-HCI (pH 8.0), 0.1 M sodium chloride, 1
ZgMb DTA), followed by completely disrupting the bacterial cells by
ﬁc%tl n for 15 minutes. The resultant was used as a bacterial cell
sample. [0052] 15 T 8 | of the bacteriglssample, 4 | of 3 xISOS
poRlati§lamide baffer (0.1589M Tris-4€8l (pH 608); % SD& 24% glyped
5 MDD TA, 2%-2tmercapt@dthand);56.03% B@mophehdt blue) wad
ad@%ﬂlooand the te8ulting middure waktirred stiffidiently! &llowed byheat
t 108 before B& g quh‘i)«a%ﬂmd to B mnhgrz&ls Saoflifh
dd@é%osulfate é%acrylé’rﬁﬁje gel 812k trophdtadis (SDSS20 PA@E% vas

ol,

=

2

Qctordi a corfvEhtional t8thod ulifiy|e-PABEL, 12.504
ucﬁée}gﬁ’a ion (t altgemarkor}’%nufacﬁlgéd byAﬁ' Q). Th%r% fter, trge

sampte-was—trapsterred-te-a PVBHm ..m...u.u..b ‘i anuf"cturﬂﬂ by-AH O)
aréEE}é’ngd with 1% BSR% AC ov |ght T Iocklrtb?’golutlonlv\?%
rer(g)%gfi and tlg,elgnembrgqg was \(ygghed w Q?BS Tyyq:gn (traq%sfgucxrk),
UIIUVVUU Yy dUUIIIg UIU IIIUIIULIUIIdI dIILIUUUIBb LO 40 J.J.:) dllu J.JO VVIIUse
concentrations were adjusted to 2 }rg/ml and allowing the reaction to
w§§§ed at room temperature for 60 minutes. The membrane was

d sufficiently with PBS-Tween (trademark) and subjected to a
reaction.with:A,#9.. ReMHIdasedakBdsantizmouse immunoglobulin rabbit
polyclonal antibody (manufactured by DAKO) 5000-fold diluted with a
reaction wdte oAl erwashingedbmmemiiand Mas Bx[aasachdol Bustartidiin
(manufactured by FUJIFILM) for 1 to 15 minutes using ECL Western
Bioeinis Bidte ElibniShsiafrenradifatustwenyy/ &ek/Hokkaido/Vac-1/04(H5N1)

(SEQ ID NO:2) consisting of 564 amino acids was subjected to PCR to amplify 5

types of fragments: 21 to 400 aa (A fragment), 21 to 333 aa (B fragment), 21 to 266
aa (C fragment), 21 to 200 aa (D fragment), and 21 to 133 aa (E fragment). A
BamHI or Xbal site had been preliminarily added to each primer. Each amplified
fragment was purified with PCR Purification Kit manufactured by QIAGEN and
inserted into the BamH1-Xbal site in an expression plasmid pWG6A which was
prepared by incorporating GST into the NdeI-EcoRlI site in an expression plasmid
pW6A, to prepare the plasmids pWGInf. HSN1-C-A, pWGInf H5N1-C-B,
pWGInf.H5N1-C-C, pWGInf.H5N1-C-D and pWGInf H5N1-C-E.  Using these, E.
coli BL21(DE3) (supplied from Brookhaven National Laboratory) was transformed
to obtain ampicillin-resistant E. coli transformants BL21(DE3)pWGInf.H5N1-C-A,
BL2I(DE3)pWGInf.H5N1-C-B, BL21(DE3 ijGInf.HSNl -C-C,
BL21(DE3)pWGInf.H5N1-C-D and BL21(DE3)pWGInf. HSNI-C-E.
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5 Healthcare Bio-Sciences KK) to detect signals. The results are shown in
Fig. 5. The monoclonal antibodies 26, 115 and 136 reacted with the A
and B fragments, but not reacted with the C fragment. Accordingly, the
monoclonal antibodies 26, 115 and were revealed to recognize the
region of 267 to 333aa. [0053] 10 3-7: Preparation of C-terminus Deletion
Plasmids Subsequently, shorter fragments of the amino acid fragment of
267 to 333 as of influenza H5N1: Cl (41 to 333 aa), C2 (41 to 322 aa), C3
(B8 1311 aa), C4 (41 to 300 aa), C5 (41 to 289 aa), C6 (41 to 278 aa)

%[1%%{7;{}41}0 267 aa) were amplified by PCR. Each amplified fré%rsnent
28 PRSP AR PR Barickimak R mhintbRIoe B BT ABENAHAC-A.

leperlaglifonhe Barpith g e 1n-an isectgeliprepsion plasmid

pBac-EGTs-6A (manufactured by Invittogen; modified from pFastBacl
VESFhfH PiepauE)plasmids pBacinf.H5N1-Cl, pBaclnHSNI-C2,
pBacInfH5N1-C3, pBaclnH5N1-C4, pBacInfH5N1-C5, pBaclnf. H5N1-C6
and pBaeihnkiGhk tGTsfusiagtthreempldsnidsyas caliuiid iOBat 661 Basaditm
preparation 20 was transformed, to prepare Bacmid-Inf. H5N1-Cl,

BUCHIRERT AT SR eimé ampiqRESR P56, BREGHHMNST ¥RSNauEs4 out until an

id-Inf N1 Bacmid:InLH5NI-C6 cmid-Inf.H5N1-C
B e e S TR S R 6 e
et s Griucdkpkddabhl forto Wiy Nitepin ol 2N G8. P Hours.  The
Inf.H5N1-C7) Transfection of insect cells, Sf-21 (manufactured by
ladtecigbod)!liv e ractilaftethey t¢ypefaghB achid DA datepalred linuButaas
carried out to prepare recombinant 30 viruses P1-C1, PI-C2, PI-C3,

PLsppy fors? prinpigsanl B eorlesier bagipsial crblsinrae unanded isatPon!

each of th P a t t 27C for. 4 days, fol]lowe lectin
B T B A b o S e S A T
‘(ﬂé&gﬁ?@ ?8%1 é?é[?Qif%r(ﬁﬂiﬁ@%ﬂ@?ﬁdf@i’iﬁ?gemWWSE@&FF&%@%mMGS.

The resultant was used as a bacterial cell sample.
{0052}

To 8 pl of the bacterial sample, 4 pl of 3x SDS polyacrylamide buffer (0.15
M Tris-HCI (pH 6.8), 6% SDS, 24% glycerol, 6 mM EDTA, 2% 2-mercaptoethanol,
0.03% bromopheno! blue) was added, and the resulting mixture was stirred
sufficiently, followed by heat treatment at 100°C before being subjected to
electrophoresis.  Sodium dodecyl sulfate-polyacrylamide gel elecirophoresis (SDS-
PAGE) was carried according to a conventional method using e-PAGEL, 12.5% gel
concentration (trademark; manufactured by ATTO). Thereafter, the sample was
transferred to a PVDF membrane (manufactured by ATTO) and blocked with 1%
BSA at 4°C overight, The blocking solution was removed, and the membrane was
washed with PBS-Tween (trademark), followed by adding the monoclonal antibodies
26, 115 and 136 whose concentrations were adjusted to 2 ug/m! and allowing the
reaction to proceed at room temperature for 60 minutes. The membrane was

washed sufficiently with PBS-Tween (trademark) and subjected to a reaction with a
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The monoclonal antibody 270 which reacts with the amino acid region of
41 to 333 as was immobilized and used for ELISA. That is, the
monoclonal antibody 270 was diluted to a concentration of 2.tg/mL, and
50 gl of the diluted monoclonal antibgdy was placed in each well of a
microplate module (manufactured by Nunc), 10 followed by incubation at
4C overnight to immobilize the monoclonal antibody. Subsequently, each
well was washed with PBS supplemented with 0.1% Tween 20

BSLgERsRbsis S apliarete narnarpbEitrab g lselovssatibedgerum

n (BS dilut ith PBS .ad to th i, .
e R o e el e G s vl o eshing
e B YR o 15
AftentesashingbEsLifidlenty BidtRB Ddveaen Sisade (e fRdeobalkaline

phosphatase-labeled streptavidin (manufactured by DAKO) 2,000-fold
WP IO resienest &5@3@@%%@@@@% eBahrogeiis armistioevrénEiprs.

llowed d f ) fter, th lls w
B R B e Bt T SR e A 0Td B ey
RBPRRBAEwiasKdeathin.each Wel, Bhg eagt x&%ﬁoﬂéhoa?(agot&e%@aeﬁ%

at room temperature for 30 minutes, and 50 | of a stop solution was

addedaoverckwsltd folfewegdihyhaeasisring 6 oionng level
absorbance) at a wave length of 405 rim. As shown in Table 2, it can be

@@hed that the monoclonal antibody 26 has its 25 epitope in the region
gfrpino acids 219(%t0 300; the m,on%rilona antibody 115 has its epitope in
) ‘reﬁ%aﬁaélf’grﬁ o SETYEY {Stlgﬁ 4 the monoclonal antibody 136

ST I A, 00 e
02 HHNL 101 AP A3 (3340 20121840, 14 U121 184a), C4 (41
t0 300 aa), C5 (41 to 289 aa), C6 (41 to 278 aa) and C7 (41 to 267 aa) were amplified
by PCR. Each amplified fragment was purified with PCR Purification Kit
manufactured by QIAGEN and inserted into the BamHI-Xbal site in an insect cell
expression plasmid pBac-EGTs-6A (manufactured by Invitrogen; modified from
pFastBacl vector ), to prepare plasmids pBacInf HSN1-C1, pBacInf HSN1-C2,
pBaclnf. H5SN1-C3, pBacInf. H5N1-C4, pBaclnf H5N1-C5, pBacInf HSN1-C6 and
pBacInf H5N1-C7. Using these plasmids, E. coli DH10Bac for Bacmid preparation
was transformed, to prepare Bacmid-Inf HSN1-C1, Bacmid-Inf HSN1-C2, Bacmid-
Inf HSN1-C3, Bacmid-Inf HSN1-C4, Bacmid-Inf. H5N1-C5, Bacmid-Inf. HSN1-C6
and Bacmid-Inf. HSN1-C7

[0054]

3-8 Expression of Recombinant Proteins (Inf H5N1-C1, Inf H5N1-C2, Inf H5N1-C3,
Inf H5N1-C4, Inf. HSN1-C5, Inf. H5N1-C6 and Inf.H5N1-C7)

Transfection of insect cells, Sf-21 (manufactured by Invitrogen) with each of

the 7 types of Bacmid DNAs prepared in 3-7 was carried out to prepare recombinant
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41-300 0.57 0.61 0.140.14 1.13 1.21 41-2890.17 0.17 0.150.141.01
1.07 41-278 0.17 0.16 0.13 0.14 0.99 1.01 41-267 0.14 0.130.14 0.14
0.190.15 1-5141.601.47 1.551.341.101.11 HBswt 0.130.130.17
0.130.12 0.14 Sf21 0.130.130.130,150.09 0.16 [0057] 5 In summary,
from 3-1 to 3-8, it is assumed that the"monoclonal antibody 26 recognizes
the regions of 61 to 88 as and 290 to 300 aa; the monoclonal antibody
115 recognizes the regions of 41 to 60 as and 312 to 322 aa; and the
kRS SA T laRtiHodyP1363degri s @ielbgl6nsdP 14T to $13 aslBndkre
25%38%%78 aa. That js, it is assumed that these monoclonal antibodies

r

wiha spddieenh efuheseBLsenst cebiussd@cHBL Eedhdans. folssrmg by

fNeutralizing Ao Ivity Wh [ Qr no onoclonal antibodies
|FH5-11%,%§HS-1§6&%§%%%§%¥56°6 %ﬁ%ﬁ ae‘%%ﬁt‘t%@z@?, %c?fv%@%%‘u‘r%t H5
STHIB/WasinilENZAAMIYREDWaS JaRIethiA] IR IRBUGRER ANSEPELISA).
A/dk/Hokkaido/84/02(H5N3) and A/PR/8/34(HIN1) were used. A 2-fold

dfidh series of each monoclonal antibody was prepared with Eagle's
MEM, and 50 gl of each antibody dilution was placed in a 96-well plate.

Each of eIRRACAHIRERIEH A2\ ErBral yeats Nfﬁﬁ?@/@‘@émw'ﬁ W&@H_Of“
o S e B T R by ey
(protein enneany atioRchiRd8007% kit , TG 58SHIIPELENNIHE] WBSoclonal
incubated at room temperature for 1 hour (virus-antibody mixture). On the
athigolprdisiplacdB8iwedtplatd] ol B Giropligavecd edhmindnidyurediibrsdrio),
Eagle's MEM supplemented with 10% fetal calf serum to confluence, and
followed by incubation at 4°C overnight to immobilize the monoclonal antibody.
Subsequently, each well was washed with PBS supplemented with 0.1% Tween 20
(trademark) (PBS-Tween (trademark)), and 100 uL of 1% bovine serum albumin
(BSA) prepared by dilution with ?BS was added to the well, followed by blocking at
37°C for 1 hour. After removing the blocking solution, 50 ul of a biotinylated
monoclonal antibody 26, 115 or 126 was added, and the reaction was allowed to
proceed at 37°C for 1 hour. After washing sufficiently with PBS-Tween
(trademark), 50 pL of alkaline phosphatase-labeled streptavidin (manufactured by
DAKQO) 2,000-fold diluted with a reaction buffer was added to each well, and the
reaction was allowed to proceed at 37°C for 1 hour. Thereafter, the wells were
washed sufficiently with PBS-Tween (trademark), and 50 ul of p-nitrophenyl
phosphate was added to each well. The reaction was allowed to proceed at room
temperature for 30 minutes, and 50 pl of a stop solution was added to each well,
followed by measuring the coloring level (absorbance) at a wave length of 405 nm.
As shown in Table 2, it can be assumed that the monoclonal antibody 26 has its
epitope in the region of amino acids 290 to 300; the monoclonal antibody 1135 has its

epitope in the region of amino acids 312 to 322; and the monoclonal antibody 136

has its epitope in the region of amino acids 268 to 278.
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5 the culture supernatant was removed. The plate was washed once with
Eagle's MEM, and 75 | of the above-described virus-antibody mixture was
added thereto, followed by incubation at 35C for 1 hour. Subsequently,
150 | of Eagle's MEM supplemented wijth 0.0005% trypsin was added to
each well, and culture was started at35C in the presence of 5% carbon
dioxide gas. On day 3 of the culture, whether 10 or not cell injury by the
virus was inhibited by neutralizing antibody activity was investigated
ulf&fkhe microscope to confirm whether or not the neutralizing activity
\(/:@ b%§£) ted. In cases where cell injury has occurred, cell rounding due to

n by virus infection is observed. In cases where cell injury has
notvbeaurred, it carebe judged that the mpnociondl antibodyhias
neytralizing activity against.ihe virug) 915 [0059LET termg % Contrqjg 0
thia measyremegksy stem(}@g/\ elrto (yvgvcn no gRykody \{V@@ addeq yas
ysge a5 th Virug aclivity Gprg of, an61 ]%nll(,KenGiml :.erumI (fg 118
AW-MU% &f:\g iDOI't\i 4) ||a uéy ettt alfﬁl 16 aCtiviflyWElS
| %

Foble B oot o (e P el b b 0|
S aton with Aducklifkkaiddnhb-10A a0 1D NBL) uekilds
hné LFZE‘!".’-I izing gn]f?lhnd\/ erngn ol shbwie npupr%ﬁ/ ing aftif dy activi
g difdt Alik/HokBRiN0/84/(HEN3) -Hnd A/PRIS/BA(HIND) up tolsd-fold
ilERRs I thut the fridrioclon@ll Antibodfe IFH5 251315, IFA521I36 anfi!4
FHS216 showed.hbneutr@liding activiy| [0061]9Table 833 Virusl6
Aldk/Holdcaido/84/02(H5N3) 1072 TCID50/25ML(well) CPE Antibody
Antibody concentration (g/mL) 160804020100 ++++ ++

[0057]

-

In summary, from 3-1 to 3-8, it is assumed that the monoclonal antibody 26
recognizes the regions of 61 to 88 aa and 290 to 300 aa; the monoclonal antibody
115 recognizes the regions of 41 to 60 aa and 312 to 322 aa; and the monoclonal
antibody 136 recognizes the regions of 101 to 113 aa and 268 to 278 aa. That is, it
is assumed that these monoclonal antibodies recognize the spatial structure (see Fig.
3).

[0058]
Example 4
Assay of Neutralizing Antibody Activity

Whether or not the monoclonal antibodies IFH5-115, IFHS5-136 and IFH5-26
have neutralizing activity against H3 subtype influenza A viruses was tested. As
the influenza viruses, A/dk/Hokkaido/84/02(H5N3) and A/PR/8/34(HINI) were
used. A 2-fold dilution series of each monoclonal antibody was prepared with
Eagle's MEM, and 50 pl of each antibody dilution was placed in a 96-well plate.
Each of the A/dk/Hokkaido/84/02(H5N3) and A/PR/8/34(H1IN1) was diluted such

that 200 TCIDso/25ul. was attained, and 25 pl of the virus dilution was added to each
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IFHS-115 IFHS-136 + + + + + + IFH5-26 [0062] 5 [Table 4] Virus:
A/PR/8/34(HINI) 10”2 TCID50/25pL(well) CPE Antibody Antibody -
concentration (gg/mL) 160 80 40 20 10 0 IFH5-115 IFH5-136 + + + + + +
++++++ +++++ [FH5-26 + + + It t [0063] 10 [Table 5] 34 CPE
Immune serum Chicken immune serum dilution rate 2 4 6 8 16 32 64 128
256 A/duck/HokkaidoN - - - - - ++ ac-1/04 (H5NI) - - - - + + chicken
immune - - - - - - - + + serum [0064] [Table 6] 5 CPE

well containing the antibody dilution (protein concentration: 0 to 160 ug/25 uL).

The resulting mixture was incubated at room temperature for 1 hour (virus-antibody
mixture). On the other hand, in a 48-well plate, MDCK cells were preliminarily
cultured in Eagle's MEM supplemented with 10% fetal calf serum to confluence, and
the culture supernatant was removed. The plate was washed once with Eagle's
MEM, and 75 pl of the above-described virus-antibody mixture was added thereto,
followed by incubation at 35°C for | hour. Subsequently, 150 ul of Eagle's MEM
supplemented with 0.0005% trypsin was added to each well, and culture was started
at 35°C in the presence of 5% carbon dioxide gas. On day 3 of the culture, whether
or not cell injury by the virus was inhibited by neutralizing antibody activity was
investigated under the microscope to confirm whether or not the neutralizing activity
was exerted. In cases where cell injury has occurred, cell rounding due to cell
fusion by virus infection is observed. In cases where cell injury has not occurred, it
can be judged that the monoclonal antibody has neutralizing activity against the virus.
[0059]

In terms of controls for this measurement system, a well to which no antibody
was added was used as the virus activity control, and chicken antiserum of
A/duck/Hokkaido/Vac-1/04 (SEQ 11D NO:2) having neutralizing activity was used as
the neutralizing antibody control. The test resuits are shown in Table 3 to Table 6.
[0060]

The chicken antiserum (obtained by immunization with
Alduck/Hokkaido/Vac-1/04 (SEQ ID NO:2)) used as the neutralizing antibody
control showed neutralizing antibody activity against A/dk/Hokkaido/84/02(H5N3)
and A/PR/8/34(HIN1) up to 64-fold dilution, but the monoclonal antibodies IFHS-
115, IFH5-136 and IFH5-26 showed no neutralizing activity.

[0061]
[Table 3]
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Chicken immune serum dilution rate Immune serum 24 6 8 16 32 64 128

256 A/duck/HokkaidoN

immune

of the Influenza A H5 Immunoassay
10 As shown in Fig. 6, at the position 1
developer-absorption zone 5-side of a matrix 2 which is a nitrocellulose
membrane having a width of 5 mm and a length of 50 mm (manufactured

YA GHe T oldraider 03 faadas KR AeHR N Enldy el anti-influenza A
H5-specific antibody (IFHS- 26) was spotted, and the spot was dried,
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[Table 4]

Virus: A/PR/8/34(HIN1) 1072 TCIDS0/25uL(well)

CPE

Antibody concentration (ug/mL)

Antibody
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o0
=]
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20

el
el

e
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[0063]
[Table 5]
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10 paper of 10 mm width, 15 mm length and 1 mm thickness
(manufactured by Whatman)) were immobilized in a plastic case having a
developer tank 11, to produce the influenza A H5 immunoassay device 1
shown in Figs. 7 and 8. [0067] Examg)j{e 6 15 Preparation of the Influenza
A H5 Immunoassay Device 2 In the same manner as shown in Fig. 6 in
Example 5, at the position 15 mm distant from the end of the
developer-absorption zone 5-side of a matrix 2 which is a nitrocellulose
membrane having a width of 5 mm and a length of 50 mm (manufacfuf&d

by MilhiRaee-&n/ | Of an aqueousEniuBR ineRENEE AR@AD INflienza A
L-15-speciiic antibpdy, (THHS; 136) was SROTEd; gt TR SPOFVES THET, 554
hr?'eb reparing a detection zone o.{Furthar, atthe positiom12 T "
HISEIT AR bt o the-devetoperfabsorption-zone-5-sicte-of the-rratrix
2, gﬁg' ne, éah'js'qhatﬁsg aftibody-(rabbit) was sp_ojtt' e; ang the spot+
vas drigg, therebyipreparing—ardevelopment-confirmatioh-sect nio.
:ubsequent!y’ 51 lof én élka’_u_n_q: 5 ¥ se-labhéle an'ti-irflllﬁn a A'

145-specific antibody which was produced by labeling IFH5-115 antibody
with alkaline phosphatase (ALP- IFH5-115, 10 g/ml) was spotted on the
, and the spot was dried, thereby preparing a labeled 36 reagent
igr%fiec prising an enzyme labeling reagent pad 4. [0068] Further, in the
nner as in Example 5, the substrate was spotted and dried to
prepare a developer pad 3, which was then immobilized, together wi
5 matrix.2, the enzyme labeli '

n 3hlasticGase having a deve opRifkehimEner Rk tAEIAfluenza A

5 immunoassay device| 2&inlilafto thefdelvide® shovw in Fifs.| 613Rd! 7256

10062k /Example 7| 10-Preparationof theAnfluenza /A H5 [mmunoassay -+

Dexjceod (HSN1) - - - - - + ¥
chicken immune - - - - - - - + +
serum N N N B i - a . T

[0065]
Example 5  Preparation of the Influenza A H5 Immunoassay
{Immunochromatography) Device 1

As shown in Fig. 6, at the position 15 mm distant from the end of the
developer-absorption zone 5-side of a matrix 2 which is a nitrocellulose membrane
having a width of 5 mm and a length of 50 mm (manufactured by Millipore), 0.7 pl
of an aqueous solution containing an anti-influenza A HS-specific antibody (IFHS5-
26) was spotted, and the spot was dried, thereby preparing a detection zone 6.
Further, at the position 12 mm distant from the end of the developer-absorption zone
5-side of the matrix 2, anti-alkaline phosphatase antibody (rabbit) was spotted, and
the spot was dried, thereby preparing a development confirmation section 10,
Subsequently, 5 ul of an alkaline phosphatase-labeled anti-influenza A H5-specific

antibody which was produced by labeling IFH5-115 antibody with alkaline
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In the same manner as shown in Fig. 6 in Example 5, at the position 15
into distant from the end of the developer-absorption zone 5-side of a
matrix 2 which is a nitrocellulose membrane having a width of 5 mm and
a length of 50 mm (manufactured by %illipore), 0.7 | of an aqueous
solution containing an anti 15 influenza A H5-specific antibody (IFH5-136)
was spotted, and the spot was dried, thereby preparing a detection zone
6. Further, at the position 12 mm distant from the end of the
RVERIsERR bABRHIEH S é. 5 Sieiral) twasratisdrethemeteikalidghe spot was
Ppospt aeta%e antibodé g(\r}ag it), was spotted, and the spot was dried,

tRRF S} B AR RRF 6 8V BTSSR £0ERPLStIch FO7 St ebglimatly,
Sdi r@gﬁl@f@line 20 phosphatase-labeled anti-influenza A H5-specific
antibody which was produced by labeling IFH5-26 antibody with alkaline
phesphatase (ALP- IFH5-26, 10 g/ml) was spotted on the matrix, and the
spot was dried, thereby preparing a labeled reagent zone comprising an
enzyménaisiislypeapecht pdtd 4¢[00FdTors Rertheno-thitlelsaphesplaatner as

[ mple 5, the substrate was spotted and  dried to prepare a developer
@%%&%}5& RehSRHBGIR & 1Rt Wtaingaridtbotyd mm ona

SRy PRl PasRRLPR%AA }g%gggpﬁg% T

case having a developer tan ce the'influenza A
INMNipReasany Hese WaSiirikar 19 thpdevicershawRdhcFios 1Bapdthx 2, the
[0071] Example 8 5 Assay of Each Subtype of Influenza A with the
Kavelansassdy Devisesie Dbl redgimg the dnfidenzdiidSonpadndissay
(immunochromato%\r;]a hy) devices 1, 2 and 3_Sg(nr1e§asurement devices of

FRPBRCLREMR BTSN Drod eae el hmpdRisssaaeP s vA s
!{iﬂ%é%%%‘a) u‘r@&'%a%%QMH%eﬁ%@a”#}?{%’gfﬁ%@aﬁ%%%%’rp gpa%gglg,%;ge 2 té‘_i;é? were

immunoassay devices against uenza A Virus'subtyp

tastRie 1eAsRBRMMIAMIS MEAnAnK LS PHBRGRE] SATWIEN FhgEioallangoic fluid

whose hemagglutination titer (HA titer) was known was used, which
¢bfridallantoic fluid

Example 6
Preparation of the Influenza A H5 Immunoassay Device 2

In the same manner as shown in Fig. 6 in Example 5, at the position 15 mm
distant from the end of the developer-absorption zone 5-side of a matrix 2 which is a
nitrocellulose membrane having a width of 5 mm and a length of 50 mm
(manufactured by Millipore), 0.7 ul of an aqueous solution containing an anti-
influenza A H3-specific antibody (IFH5-136) was spotted, and the spot was dried,
thereby preparing a detection zone 6.  Further, at the position 12 mm distant from
the end of the developer-absorption zone 5-side of the matrix 2, anti-alkaline
phosphatase antibody (rabbit) was spotted, and the spot was dried, thereby preparing
a development confirmation section 10. Subsequently, 5 pl of an alkaline
phosphatase-labeled anti-influenza A H5-specific antibody which was produced by
labeling IFH5-115 antibody with alkaline phosphatase (ALP- IFH5-115, 10 pg/ml)

was spotted on the matrix, and the spot was dried, thereby preparing a labeled
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was obtained by culturing each virus in an embryonated egg and
recovering the chorioallantoic fluid (see Tablé 4). Each chorioallantoic
fluid was 10-fold diluted with a sample diluent (Tris buffer (pH 8.0)
containing a surfactant), and 30 L of t5§ 15 dilution was added to a
sample spotting zone 8. A pushing area 12 provided in a deformable
member was then pushed down to be deformed, thereby inserting, with a
projection 13 provided in the deformable member, the developer pad 3

intaghe zgevelopprisangah ktosuppipdhiredengiappidd.the developer pad 3
to start the measurement. Fifteen minutes after the start of the
@%@Jrement, development of 20 the developer was confirmed by

s AT T R I
condimastdhat aluelihe dmmunoassayRvicessnesiically S%E‘ﬁ?értt{f%m the
influenza A virus H5 subtype and are not reactive with the other subtypes
(Hiato»42 ahel diBytacl Bpainpenraa phd/irasd 2oe[S6620t3B KA1, @ Noist€
OOONd ~O00~~.-NNNNNMM NNNNNMM [BapO _NI~dv
SOhaYiRS 8- develnner okl | by prisontve fednfurnratHO i@mimoessay Gy vice
BB DGIE IO DR IO MMNO V- e} 1le1il
Ifbbs9] |
Example 7
Preparation of the Influenza A H5 Immunocassay Device 3

In the same manner as shown in Fig, 6 in Example 5, at the position 15 mm
distant from the end of the developer-absorption zone 5-side of a matrix 2 which is a
nitrocellulose membrane having a width of 5 mm and a length of 50 mm
(manufactured by Millipore), 0.7 pl of an aqueous solution containing an anti-
influenza A H5-specific antibody (IFHS5-136) was spotted, and the spot was dried,
thereby preparing a detection zone 6.  Further, at the position 12 mm distant from
the end of the developer-absorption zone 5-side of the matrix 2, an anti-alkaline
phosphatase antibody (rabbit) was spotted, and the spot was dried, thereby preparing
a development confirmation section 10. Subsequently, 5 ul of an alkaline
phosphatase-labeled anti-influenza A HS-specific antibody which was produced by
labeling IFH5-26 antibody with alkaline phosphatase (ALP- IFHS-26, 10 pg/ml) was
spotted on the matrix, and the spot was dried, thereby preparing a labeled reagent
zone comprising an enzyme labeling reagent pad 4,
[0070]

Further, in the same manner as in Example 5, the substrate was spotted and

dried to prepare a developer pad 3, which was then immobilized, together with the

matrix 2, the enzyme labeling reagent pad 4 and the absorption pad 5, in a plastic
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case having a developer tank 11, to produce the influenza A H5 immunoassay device
3 similar to the device shown in Figs. 6 and 7.
[6071]
Example 8-
Assay of Each Subtype of Influenza A with the Immunoassay Devices 1, 2 and 3
Using the influenza A HS immunoassay (immunochromatography) devices 1,
2 and 3 (measurement devices of the present invention) produced in Examples 3, 6
and 7, and various influenza A virus subtype samples, the reaction specificities of the
immunoassay devices against the influenza A virus subtype (H1-15) were tested.
As each influenza A virus subtype sample, chorioallantoic fluid whose
hemaggiutination titer (HA titer) was known was used, which chorioallantoic fluid
was obtained by culturing each virus in an embryonated egg and recovering the
chorioallantoic fluid (see Table 4). Each chorioallantoic fluid was 10-fold diluted
with a sample diluent (Tris buffer (pH 8.0) containing a surfactant), and 30 uL of the
ditution was added to a sample spotting zone 8. A pushing area 12 provided ina
deformable member was then pushed down to be deformed, thereby inserting, with a
projection 13 provided in the deformable member, the developer pad 3 into the
developer tank 11 to supply the developer to the developer pad 3 to start the
measurement. Fifteen minutes after the start of the measurement, development of
the developer was confirmed by coloring of the subject reagent zone 10, and coloring
of the detection zone 6 was visually observed. The results are shown in Table 7.
It was confirmed that all of the immunoassay devices specifically detect the
influenza A virus H5 subtype and are not reactive with the other subtypes (H1 to 4
and H6é to 15) of influenza A virus.

[0072]
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influenza A virus H5 substrain, 5 c}ig
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[0073]

Further, the specificities and the detection sensitivities against influenza A
virus H5 substraing were tested.  As each influenza A virus HS substrain,
chorioallantoic fluid whose hemagglutination titer (HA titer) was known was used,
which chorioallantoic fluid was obtained by culturing each virus in an embryonated
egg and recovering the chorioallantoic fluid (see Table 7). Each chorioallantoic
fluid was serially diluted with a sample diluent (Tris buffer (pH 8.0) containing a
surfactant), and 30 pl of each resulting dilution was added to the sample addition
zone 8. The pushing area 12 provided in the deformable member was then pushed
down to be deformed, thereby inserting, with a projection 13 provided in the
deformable member, the developer pad 3 into the developer tank 11 to supply the
developer to the developer pad 3 to start the measurement. Fifteen minutes after the
start of the measurement, development of the developer was confirmed by coloring
of the development confirmation section 10, and coloring of the detection zone 6 was
visually observed. The results are shown in Table 8. Each detection sensitivity
was represented as the maximum dilution rate of each chorioallantoic fluid at which
the virus was detectable, which chorioallantoic fluid had been serially diluted. All
of the immunoassay devices detected the influenza A virus HS substrains that were
tested.

[0074]
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of the developer-absorption zone 5-side of a matrix 2 which is a
nitrocellulose membrane having a width of 5 mm and a length of 50 mm
(manufactured by Millipore), 0.7 gl each of aqueous solutions containing
the anti-H5 subtype influenza A virus hemagglutinin H5-specific antibody
(IFH5-26) produced in Reference 10 Example 2 and an anti-influenza A
virus antibody (FVA2-1 |) (Literature: Gui-Rong BAI et.al.: Improvement of
a Rapid Diagnosis Kit to Detect Either Influenza A or B Virus Infection.
IR .Med.Sci.68(1);1-6,2006), respectively, was spotted, and the spots
ore dfie , thereby preparing detection zones 6a and 6b. Further, at the
posal%’ne 1 mm distant from the end of the developer-absorption zone
Ao R a0 lalkalng ehosphiatase.anibady aRbiy
was spotted, and the spot was dried, tl{n)ere%ly preparing a‘developmeén
codfieflagion geptfon 10. Subsequently, 5. | of a mixed aqueous solution
of the alkaline phosphatase-labeled anti-influenza A virus antibody (5
gg/mL)/pretereedn i RSlert heeBsitions &6 umdrainl Alkaimedistant from the end
%%%{’hat se-labeled anti-influenza A H5-specific antibody (ALP-IFH-1 15

B ARES AR RSB AR O e A BatEnd MeidpisARiogrilgose

theraby.RIERAN g@l-(}ﬂp agent zone ¢ rising an enzyme.labeling
reagent paé)ﬂ. %)O?é Oﬁ a H%r%g]ge%?%i%g av“&f&tﬁ“@f‘ g??ﬁ%rﬁrgggylength
0fii26h618), (TesLERGi SR MEIRIHs dARGAQf the anti-H5 subtype influenza
5-bromo-4-chloro-3-indolyl phosphate (BCIP) was spotted 25 as a

dubstraberirrggbiformids-spiaiihaviitg dy Wibts 616 Prodoced i Reéesmot was
dried, to prepare a developer pad 3. The matrix 2, the developer pad 3,

4Rty PEAgRA padrus AP ATIbR Faides e Cpigiane
%ffﬁo £ L%%Qvér%e%}m@ éePQGB}a%'ﬁ;%st%s BIPS eﬁgﬁsﬁtﬁmr%ﬁ%%‘r%ﬁ%

hatman)) were immobilized’in a ic’Case having a developer tan

iflvd@lﬁf&‘i‘ié%@ﬁ%ﬁﬂ%d@ﬁ'%@?@;iﬂﬁm@@@ﬁ%%c@%ﬂg%i%m{éﬁ?&@tﬁe

virus and influenza A H5 virus shown in Fig. 10 and Fig. 8. [0077] 5
Epcasvpies 10l shyr difyEaeinSubippe wéd nbuendashdiith tHauSheruitatheous

Immunoassay Device 4
position 11 mm distant from the end of the developer-absorption zone 5-side of the

matrix 2, an anti-alkaline phosphatase antibody (rabbit) was spotted, and the spot
was dried, thereby preparing a development confirmation section 10.  Subsequently,
5 ul of a mixed aqueous solution of the alkaline phosphatase-labeled anti-influenza A
virus antibody (5 pg/mL) produced in Reference Example 1 and an alkaline
phosphatase-labeled anti-influenza A HS5-specific antibody (ALP-IFH-115 (10
pg/mL.)) was spotted on the matrix, and the spot was dried, thereby preparing a
labeled reagent zone comprising an enzyme labeling reagent pad 4.

{0076]

On a filter paper having a width of 6 mm and length of 20 mm (manufactured
by Millipore), 100 pg of 5-bromo-4-chloro-3-indoly! phosphate (BCIP) was spotted
as a substrate in the form of a line having a width of 6.0 mm, and the spot was dried,
to prepare é developer pad 3. The matrix 2, the developer pad 3, the enzyme

labeling reagent pad 4 and an absorption pad 5 (filter paper of 10 mm width, 15 mm
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To the sample addition zone 8 of the simultaneous immunoassay device 4
(immunoassay device according to the present invention) for influenza A
virus and A H5 virus prepared in Example 9, 30 1sL each of the samples
of influenza A virus 10 subtypes descglz')ed in Tables 7 and 8 (Tris buffer
(pH 8.0) containing a surfactant was used as the sample diluent) was
added, and the pushing area 12 provided in the deformable member was
then pushed down to be deformed, thereby inserting, with the projection
1858wk & sreHBieleteraiatrufaetnbd b Nébdenarperisdi B ohibizkin a
developer tank. 11 tq supply the developer to the developer pad 3 to start
R GRS BV & ACYEIRER i Lo e ARt e P o AT
drvelonnahalba deveRngh AR SONMKPRSCABMNGOFIG 0 and Fig 5
development confirmation section 10, and coloring of the etéction ZOnes
gamg 6b was visually observed. [0078] As a result of testing of the
influenza A subtypes Hi to H15 using 20 chorioallantoic fluid obtained by
deifemelith embryonated eggs, coloring of the both 6a and 6b lines in the

detection zo as observed for the H5 strain, and the strains other than
H ?%ﬁgﬁé%ﬁiﬁvv-\ﬁww e Y HDS Straierepsiiaanuarsaty Hevice 4

only the b ing e A AsIsalan o e SR AL Ns deteslian. o

zone. With uninfected chorioa Id, no coloration was ae

thieveaatopdines ifcodbding datrRclienz0nQ e Aoy FA MG dn Anantibiid A

subtype influenza A virus hemagglutinin monoclonal antibody or an

affiyens rirraigdftadgirvamplh 8r8ofilviviath of ther gueplerntitjefantib ddyirus

re%(l:tion a/ith 5 emaq%lgtinin of H5 subtype influenza A virus, whose
Ehitbpe

Bhr¥BsRRHeP oL BRI fEBe bR rurtactant
i - inal i h iSti A1 i id d
(@xeluding Gilsimoldedion dhereel.consisiing, ofda aming acidmand

oes not have neutralizing activity agai za A Virus.

TbprmepRGiRbaiRotkPp R RANIge O R fRceR he IRt ting, with
according to 10 claim 1, which is substantially non-cross-reactive with
erpagjgttitining pfosided Edthe deformable member, the developer pad 3 into the
developer tank 11 to supply the developer to the developer pad 3 to start the
measurement. Fifteen minutes after the start of the measurement, development of
the developer was confirmed by coloring of the development confirmation section 10,
and coloring of the detection zones 6a and 6b was visually observed.

[0078]

As aresult of testing of the influenza A subtypes HI to H15 using
chorioallantoic fluid obtained by culture with embryonated eggs, coloring of the both
6a and 6b lines in the detection zone was observed for the HS5 strain, and the strains
other than H3, that is, the H1 to H4 and the H6 to H15 strains, showed coloring of
only the 6b line (line for detection of the entire A type) in the detection zone. With

uninfected chorioallantoic fluid, no coloration was detected in the 6a and 6b lines in

the detection zone.
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subtypes and H6 to H15 subtypes. 3. The monoclonal antibody or an
antigen-binding fragment thereof according to claim | or 2, whose
corresponding epitope exists in: (1) the regions of 41 to 60 as and 312 to
322 aa; 15 (2) the regions of 61 to 80,as and 290 to 300 aa; or (3) the
regions of 101 to 113 as and 268 to 247 aa, based on the amino acid
sequence shown in SEQ ID NO:2. 4. A method of immunoassay of H5
subtype influenza A virus, comprising measurement of H5 subtype
influenza A virus in a sample by infAwfddESsay using 2 0 antigen-antibody
reaction of the monoclonal antibody or an antigen-binding fragment
thereof according to any one of claims 1 to 3 with hemagglutinin of the H5

SUbtypey ez AN S Rud g K‘9%9%&8&%%%%@&%3?%%&0%%@“&

by a sandwich immunoassay using 2 types of the monoclonal an

amdion gen-dhiies biodiog frRepEeRhiiciaot 2R aseesains DY Nt with
claims 1 to 4, said 2 types of the monoclonal antibody and/or the

disties bidinef idgztpetiefvohremyivapabiesof tirdirgdegrmisepndoes
time tqQ a. sipngle hemagglutinin molecule of H5 subtype influenza A virus.
A" B HE MeRotPRECIRTNGES Gt e SR OGRS BNt isHne

t 0 ntibodies whose corresponding epitopes exist
e B e B R R £
3Prasanda290:to 300 aa; and 5 (3) the regions of 101 to 113 as and 268

to 278 aa, based on the amino acid sequence shown in SEQ ID NO:2. 7.
the methothenedrdigudsidinoGarcartigeh dundiy@fragment thereof according to
immunochromatography. 8. An immunoassay kit for H5 subtype influenza
Algirud; SRR ASIMGioLY BenREemERSEh I Rritisergelisiaat ahtll to Ha
an ﬁg}ggbinﬂg fr engtthereof according to 10 any one of claims 1 to 3,

sal tyglés 0 tfﬁe antﬁg{od‘g}g &nd/or the antigen-binding fragment thereof

bBeing capabisetiBindingisddpe samadineinfRpaaghdinihatBiccording to
claim I or 2, whose corresponding epitope exists in:

(1) the regions of 41 to 60 aa and 312 to 322 aa;

(2) the regions of 61 to 80 aa and 290 to 300 aa; or

(3) the regions of 101 to 113 aa and 268 to 278 aa,

based on the amino acid sequence shown in SEQ 1D NO:2.

4. A method of immunoassay of HS subtype influenza A virus, comprising
measurement of H5 subtype influenza A virus in a sample by immunoassay using
antigen-antibody reaction of the monoclonal antibody or an antigen-binding fragment
thereof according to any one of claims 1 to 3 with hemagglutinin of the H5 subtype
influenza A virus.

5. The method according to claim 3, carried out by a sandwich immunoassay
using 2 types of the monoclonal antibody and/or an antigen-binding fragment thereof
according to any one of claims 1 to 4, said 2 types of the monoclonal antibody and/or
the antigen-binding fragment thereof being capable of binding at the same time to a

single hemagglutinin molecule of H5 subtype influenza A virus,
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subtype influenza A virus. 9. The kit according to claim 8, wherein one of
said 2 types of the monoclonal antibody and/or the antigen-binding
fragment thereof is immobilized on a solid phase 15 and the other is
labeled. 10. The kit according to claim,9, wherein said solid phase is a
solid phase for immunochromatography.

6. The method according to claim 5, carried out using 2 types out of the 3 types
of monoclonal antibodies whose corresponding epitopes exist in:

(1) the regions of 41 to 60 aé and 312 t0 322 aa;

(2) the regions of 61 to 80 aa and 290 to 300 aa; and

(3) the regions of 101 to 113 aa and 268 to 278 aa,

based on the amino acid sequence shown in SEQ ID NO:2,

7. The method according to claim 6, carried out by an immunochromatography.
8. An immunoassay kit for H5 subtype influenza A virus, comprising 2 types of
the monoclonal antibody and/or an antigen-binding fragment thereof according to
any one of claims 1 to 3, said 2 types of the antibody and/or the antigen-binding
fragment thereof being capable of binding at the same time to hemagglutinin of HS
subtype influenza A virus.

G. The kit according to claim 8, wherein one of said 2 types of the monoclonal
antibody and/or the antigen-binding fragment thereof is immobilized on a solid phase
and the other is labeled. |

10.  The kit according to claim 9, wherein said solid phase is a solid phase for

immunochromatography.




