1 TITLE OF THE I NVENTI ON Human bi ndi ng nol ecul es capabl e of neutrali zing

i nfluenza A viruses of phylogenetic group 1 and phyl ogenetic group 2 and

i nfl uenzaw8 20ixwsEe 5FI ELD OF THE | NVENTI ON The iPoTAPRIICN63I6BT ates toO
medi ci ne. The invention in particular relates to human bi ndi ng nol ecul es
capabl e of neutralizing influenza A vi tuses of both phyl ogenetic group 1
and phyl ogenetic group 2. In particular, the invention relates to binding

nol ecul es capabl e of neutralizing influenza A viruses of both phyl ogenetic
group 1 and 10 phyl ogeneti c IgEl TH TIQN j nf| uenza B viruses. The
invention further relates to t di.agnosi.s, . pr.aphyl axi s.apd/ or treatnment of
an o ect i il TEndife Ry Gedkafe R GARATLDe sPTEROVA SEhE: PEMiashi®d ana 2.
and preferably al so gy LEREshyR ¥hdSPSup BHKFRRADNPBGRIEE | NVENTI ON -

151 nfluenza infection (also réferred to as "influenza" or "the flu") is one
of the nost conmmon di seases known to nman causi ng between three and five
mllion cases of severe illness and between 250 000 and 500, 000 deat hs
every year around the wor | d. B E i reads in seasonal

epi dem cs affegti - 159 t . t.] . [ lth care
costs and |ost%%¢§‘ﬁ@#%&ﬁ%@g%ngggﬁgﬁgﬁ&%&%9§$ﬁﬂ&ﬁé%@#ﬁ%@?%gngﬁﬁization 20
(WHO) ) . bindingthelE @&l c@pabld ¥Rt zingdhilie@Ra & WiseSofbo¥IsH/1dendicansuC)
responsible for infectious pathologies in humans and aninmal's. The type A
and type Baud phdegenanegiohe? dgeattsulpdpomsersios rélates totending motanlas seasonal

epi dem cs and pandem cs observed i.n humans. . I nfluenza A viruses can be
classifi eaanaﬂ{eﬁfﬂﬁtrtr%léwgan@epa%gw&}wﬁggot%&é%@gwﬂémlpilaﬁnﬂons in antigenic
regio o] 3 : | tinin
R ik e P S R e LR C

cel lul ar dRke&%S prophyleeRbhd/or tBdakh@R 01 SuBIACHES cked By {nfllert16) viands of ne NA
(N1-N9) antigenic variants are known in influenza A virus. Influenza virus
subt ypes phrioganctihgiouprel andek ond prsterahly pled enflinnza B siresesi r phyl ogeneti ¢
group. Phyl ogenetic analysis (Fouchier et al., 302005) has denonstrated a
subdi vi sion of HAs conmprising two main groups (Air, 1981): inter alia the

Hl, H2, H5 and H9 subtypeBAbkdﬁbqgﬁigpqﬁﬁzgﬁg@ggﬁnﬁherein also referred 2
to as "group 1") and inte : bt ypes in phyl ogenetic
group12 (or " gimlupnzA"ihfectdn (dlss osterraf totab €iniflnédzde oz ahAfSYhd ypeast thd mest HLNI,

HIN2 and H3N2) circul ate anong people, but all canbinations of the 16 HA
and 9 NA seBmgpdiscisgykndyaria mapesstsing baiween tirsemad §ive millipaeesesof gveien avi an

speci es. Aninals,ipfec i t h, i nf n A 5often act .as a r rvoir for
theCt nfi ulltsst tr s BLER 250 ottt doRTBe & pOta BBt uRSifd BIERAS e
speci es Dafid1¢Eprbsts i EBEShal SHEdniRS affREnS 5 ABbYOMAL PYARRIA ahdfHeWaREA_A Strain
H5NL. The 1 nfluenza type B virus strains are strictly human. The

anti geni c ow aedlthtdacensts andHdstprotudativith erei enfehsien (& otly PlealBiceicrgastatmnns ar e

weaker than those observed within the 10type A strains. Two genetically and
ant i géhi cAVHP)i stinct 1ineages of influenza B virus are circulating in

humans, as represent hy t B/ Yarma al 16/ 88 so referred 4 0. as

B/ Yarmgat a) andiariis o P S R TRREh e R, Sl SRS R}
2003) . Al bhayiabict hensRAs hidiMifhls ATIRAISHECA GAYSHE BVinistd b ezpels Vi ruses is
generally mlder than that caused by influenza A viruses, severe illness
r equi ri ngrdspepitiafor tatinbwenzs sesoral efidavoemtd panddisies viesdrve8w himansf | uenza B

i nfection. Current approacqes.tg.deal'ng W.th @Qnual i nfl uenza

epi demi cs i ncl ldReBAIbAINUSEa LY Mratidssidied e dlughrayy iy RS RBSCHORer ot ypi ¢
oSS BT OVGiEoRlin ﬂgg@gﬁegio%k rofsfd\%]ogé]e%lgsgth\%\ﬂe{néﬁc%rﬁgsﬁﬁarcggﬁ/?]?}gpteglgrmns ar e

subj eCt to permanen enic c require apt ation of
the infl uapagootafitd (1A f SidmeliabiifiBase ONAN S g @RS Vird aasdhiieat A{mat ch
bet ween the influenza vaccine strains and the circul ating influenza

strains. aéltthoughasgeGuirantly asexteeratubtypes t A i(Hi {Hén 2rd mae didn@El-N8) t he best
way to prevent.influenza, antiviral ?{g %, uch as oseltam vi Tam f1 uO

can be ef PUSERIFE BN piedDapi inpnilypza Clir Vil p & CPhECE i ¥n. The
nunber of .j.nf ' I aj ' rgsi ' vy ral

dr ugs, sugaggé 0 e|?%%#5?%§%§?hﬂ§%§@g¥g&@%€§§§§%ﬁgﬁ%B@gﬁgQﬁ@gﬁﬁé?ﬁ%@
approagh 2603)hes devalsepsgntutelividod bbady cdaadnpraphyihagdups (Air, 98¢y apeut i c
treatnents to neutralize various seasonal and pandemnic influenza viruses.
The pri maijendiagbe Hof Hxdsy anddd? subitypes mgphanhagenditgi gseun héberopr dsersferredai nst

i nfluenza virus infection is the globular head (HAI part) of the viral HA
protein which contains the receptor binding site, but which is subject to
continuing genetic evolution with am no 30acid substitutions in

anti body-binding sites (antigenic drift). 3 Recently, broadly
cross-neutralizing anti bodi es recogni zing an epitope in the conserved stem




30i nvention pertains to the use of the human bindi ng nol ecul es and/or the
nucl eic acid nol ecules of the invention in the diagnosi s/ detection of such
i nfl uenzawvonhsawrons. 5 DESCRI PTI ON OF THE FlI GURES FI GCTEP3MQms36Bhe

bl ocki ng of conformational change of Hl, H5, H9, H3, and H7 HAs by CR9114.
(A) FACS bi nding of CR9114 to various conformations - uncleaved precursor
(HAO; neutral pH, cleaved (HA); fusion pH, cleaved (fusion pH) - of
surface-expressed 5 rHA of A/ New Cal edoni a/ 20/ 1999 (H1) AN et Nam 1203/ 2004
(H5), A Hotogs Kenogp 10784 1888 /(cHBy H3AHWasd bl subty 68/i2 PiHogdrBlic granpl2 (or

Al Net her | ands/ 219/ 2003 (H7). Binding is expressed as the ercentage of

bi ndi ng t o PP 2 At @Y seuae 0 o}nﬂuee;afrcm@/w.@eﬁ hd Nds H@t@:@m&

surface- expr 8s: ﬁ ed(gﬁ as a oleIC]n Pt ?qu%gL%R%%§§J 1% a%d d ef ore
exposur e of PR apal PR il cgimfifiigns SHBRER R D Cro114
conpetes V‘i'dEI‘IhfféB@@ edinARdinGRRRAr fiPdvidd $peEipg Anombll irFBdedRith ﬁﬂﬁl@&%tA vely.
Addi ti onal degree of binding of indicated mAbs to i nmobilized HA of A/ New

Cal edord a/ (ﬁtﬂnla%@ a(ﬂeﬂemgu fatherinfledzavwirised 0@ ceihinfsuBRE&BHRvo becBRBIWHE to panel s
A and B), or t i.zed HA of A/VVsconsrn/G / 2005, &HBNZ) saturated with
100 nM of epEso snsrﬂe lir4t0(hﬁaﬁesr such agle Inghly pathegeniGintlus g “piteity er
15|nterferﬁgﬁiry FIG 3 denonstrates the prophylactic efficacy of CR9114
in the nouse l'ethal challenge nodel with influenza B (B/ Florida/04/2006)
virus. A Kapl arteNefl@nzs tip¥ Bhatus GHaME sre @fricllly hembh Sl @dtigdnid RrRtionshy w th
either 15 ng/ kg CRO9114 or vehicle control on day -1 before chall enge,
fol I owed bHAavighatteanienas tydai orushtraiss aDvBAKIr dirindbgso 4b&OSL wiBlin Mgan 20
bodymelght ch reIa Bar s r resen 5% Cl, of the mean
O o e St Dut Reriicalfs sl anfignical” 3Gy TRteS Phialoesbeb dig
bodywei ght ;. &ﬁﬂ; S r.epr esent
|nterquart| ?g%g{éﬁﬂ%@%%¥%% §§%¥ ;%?gﬁ%?ﬂ%%ﬁﬂg noagﬁrnrcaftéggns;
1=rough coB/tYan&gate)J@fd B/¥adtorid/B8% (B/Aactbiiy)dindates (IBerHi@onl ki 11920035 Aldgpugh oat
rolled up, |aboured breathing, |ess reactive during handling; 4=rough coat,
rol | ed up, thespestsburaddisbrsespunealy nflvanza B sirvses pcgreeratlbmﬂder than that caused
nanlpulatlon/ andl i DESCRI PTI ON OF. THE | ns of, terns
as used in Y “W&&ﬁfﬂsﬁaé"&ﬁﬁ @HCSQF@“&E%}‘PSH&]& on s StﬂPFrequen{%gb eth
|nclug§d ah Usliptiops used herein is deened to be fol |l owed by 30t he
wor ds hou#ﬁ*@%%ta{toﬁo 6 As used herein the term "binding
nmol ecul e r ef erGurtent agproathecto destimgnoidl @bkl inflished eslddngicsrimomdt amalal
anti bodi es, such as chineric, humani zed or hunman nonocl onal anti bodi es, or

to an ant |@ewnmqmpwéerehmgmermguhat@r%ymeﬁr@ﬁhpr@tﬁ%@n éiomyvrerr, sigHImgof an

i mun oglobu i n . that conpet es W t qﬂ ntact, | ?nuno | obul i.n for o ecific

bi ndi ng t o H"élZ%E{FHSc?FHb %%Wﬁ&ersu HRETRAPSHSGIBBLS Thnes ek gar dl ess
of struct UfyallAdgptaid &Rk inRhéh RecideAaARNhtid D dRsud the cll&t pagbiant i gen
that is recognized by the intact inmmunoglobulin. An antigen-binding
fragnmemt caatch betpreestheanfheptd deciae stpohypephé decutavinp infhienzp stminam no aci d
sequence of at least 2, 5, .10, 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90,
100, 125, lilsf,hpugt‘rsaﬂ&mmnetronzs@ BOHENZ3Y8EFNeA A thebe%.“ayregteaﬂesnfhren%e ani no
aci d 105eque1 1Cr§1 (Rf the ?elta%%nlp(t[%ﬁt?%&l? cnan pt?/e fg %1 L ol ecul e

as used hetein %%%EP §esCand PLEYES known in
the art. Q@a@ﬁaﬁogmmeﬁzraqnaaﬁdiptﬁ@hﬂnomtﬂﬁimenzafwﬁlb@tra@mlbwm 1eg8made of

t heir heavy chains, binding nolecules can be divided into the five major

cl asses of agamstartivanitdrigsdsues as bgelamingDis, hayeyver, gGreasing | gM and several of

t hese may be 15further. divide t o, sybcl asses (i yp s), .,e.qg., |gAl,
| gA2, 13G&, |g@na e@@waﬁaprp@f%dst e deve Or&ﬁtrrtggﬁntmoam PFORHBATSOT nel ude,

e T e t%%@%eﬁ?%dﬁ?@ﬁ@%%% e m e

si ngl e- chap rrrnapttargactrfﬁﬁ)st @uﬁglhzenghaibadlr@mgepramt égeﬁtstaaﬂuaizabﬁeh es
triabodi es, tetrabodies y)peptides that contain at |east fragnent of

an |nnunogmﬁmUMImthﬁgphﬂgﬂgﬂéaﬂAi@m@hﬁ*h@wudhﬂbmbﬁmewhmhcmamms§@n bi ndi ng
to the (pol e, he abaove fragnents ma
synt het i calieg‘%fg% ngeﬂ?yﬁ‘&t"% S¢ %"rlht%caq%t@\“é‘&\g CSVOI h?lat‘!tt Smino

i munog #EH§§ eered by reconbi nant DNA
technlques S@%nﬁﬁg ? uct o%g hh%%ﬁ??“@%omm in the art and are
descri bed, for exanple, |n Antlbodles A Laboratory Manual, Edited by: E
FﬁrIOM/and D, Lane (1988), 25 Cold Spring Harbor Laboratory, Col d Spring
Har bor, New York, which is incorporated herein by reference. A binding
nol ecul e or antigen-binding fragnment thereof may have one or nore binding
sites. If there is nore than one binding site, the binding sites may be

i denti cal to one another or they may be dlfferent The b|nd|ng

T 1 o I T ”~ o o 1



activity may be found using conputer prograns well known in the art.

A mutation in a nucl eotide sequence can be a single alteration nmade at a

| ocus (‘a woiz2nt3/aemt7at i on), such as transition or transvePsST@P20medsBONS, Or
alternatively, nmultiple nucleotides nay be inserted, deleted or changed at
a single locus. In addition, one or 20 )rore alterations nmay be nade at any
nunber of loci within a nucl eotide sequence. The nutations nmay be perforned
by any suitabl e nethod known in the art. The term "influenza virus
subt ype" as useRkchethebroadly aredsakiivalizing antibdédiesnzeoghizng anspiopeiehs t o
influenza A virus variants that are characterized by_ various, conbi nations
of the hened&iryed ¢ rqain ffemaseipimn ghudluenga A/ virgses RUpyAREENGicareim .

Accordi ng ¢t i tLon.i.nf i.fUS: t s may be
referred t@?%@(ﬁ?%%?rtﬁ%ﬁzglﬁ%egé ?M@Eeg %a %@%8%)%21%%%615&1?@? ﬁﬁj Sg%g'g' Vi rus

conpri si ng\M_@%@S/OQMﬁEJas Qlell b3 cpsdhotplizin® hntidddick RicbpEiRag a‘hﬁ%‘{lﬂlﬁ" " H3
influenza virus", or by a conbination of a H nunber and an nunber, such
as for exampsaved epfifopemzbe stemusgisubf HAef HENRNzaoA virl3MRT phylogenetic grfiye t er m

i nfluenza yi.rys. ."subtype" ecifica in S | individual. influenza
30virus. st HBGIRGRE it Hp A e ﬁulgtmﬁsyé@ imﬁ)éﬁgﬁéﬁhewt&mg YR Hut at i ons
and show dj . i i . £ al I eferred
fo as vari b DRBiA% RRRERGN IR e il Hflie TR MAdlRoh s
herein, th@edeeifiBodigtdréhsteapabichof Hisdh@ioasd neyaligusfenzaBeiefangeabl y. The

current nonenclature for human influenza virus strains or isolates includes
t he geogr aphi cafurthogaare,ol Oc30100d04G6rdssclassod baramantibodyalle dieto and year of

i sol atj on, Ly, with t ti gen i.ption, of d NA_given i
or acket s, beTRERu KDY Ao o O G HERGTS RO BRI Cr L ACSPS4 ERUPUde. t he

host of or g gy : r 04 HYe hztig" as used
herein in ¢Ig=hgﬂtlﬂll‘%ﬁi '? gd Fﬁgﬁl%%%? %{f%?%%gflggag%@?hagﬂi nve:qw{:)%’ $}g?ers to
bi ndi ng nodreidudessd dak nbrihndHA @emiinfflenenB &irvdesus from replicatively

infecting a target cell, reo%ar dl ess of the mechani sm by which

neutral i zat i on Ingddisiandved00%@PROA disedeses anuziae peftbodsrecegyzin@nachi eved by
inhibiting the .attachment or adhesion. of..the. virus.to e.cell surface, or
by | nhi bi CIURCEF SEETE BRI e Bl e e eand S ng

at t achyent yfaobR@nitl JrésFeRzd BEirh&s g@ﬂonéﬁﬁ%kq th@BM{cRfialahlf B/Yamagata The term
"cross-neutralzing" or "cross-neutralTzation” as used hereinmin relation
to the bi nglomgs. T adibbéss ohiltitthe hemeplitontisredctivgy disetvérel HBND strainof t he

bi ndi ng no] ecul es of 15the invention to neutralize different subtypes of

i nf | uenza mphisetingrthas this agtihedy binds an epitppe irethggtabylpy headpf Hised herein, is
intended to reflerviet oofatg oer‘%apiqi?eorr aa?el I-Hi nst 0 ibch ﬁeveé: or ,such as a
cl oni ng vector 8r'%h e E)Pe 4% }\I/egfpd? HAL B P o8 Edd? ‘Iallulg or gani sm or
cel | can b@fipsRk® WRltS aPlvel®HAARY Rich Ccofdnff Bl of thd fasdMapdpiddnsied, ahed host
cells, e.g. host cells in culture. The term "host cells" nmerely signifies
that tite cthtkentaueg2Bkddifandenikcytharhe ahoneoing exqrfessiifa@mnveometisdobthadi ng

nol ecul es of the invention and include B-cells that originally express
t hese bi ndPRYEHER ﬁr@émgﬁ&?w%uw%pm%Bﬁawp%eEhﬁrwst et rduRHLEX pr ess

t he bindin C i t al |zat i i:f 1 i.on n t of

expr essi onﬁgg‘gﬁlgﬁ’ E h?s%rg%ly h%fyun%hgégé%q&%%ﬁ 111({"51%1%? feerC @ne cc)gémlﬁsoﬁgﬁg'nded to
refer not gmbliZif infifeRArA Vigueabs tﬁdﬂb?l%%geﬂétﬁlﬂg}b%m and sielldgehetic dreup he
progeny of such an 25organismor cell "as wel|l. Because certain

modi fi cat i oxprefapblycdserinflvenguBoemsisng generati ons due to either nutation or
environnment al influences, such progeny may not, in fact, be identical to
the pat®ent organismor cell, but are still included within the scope of the

term"host" as used herein. gUP%MARYOFDﬁ%Eﬁ#}@N@%“H’ when applied to
bi ndi ng nol ecul es as define ; | ecul es that are either
directly deri verhefi@dition provedes bindhaseslediigtagabidibrape @My IbiniEngs@gquence.

Wien a binding nolecule Is derived fromor based on a human sequence and 11
subsequent influenzaif vies, strains fremghoath phylegebeticcgyagn Heneddingagnindlyenzg edruses

t hr oughout t he. specj fi.cati.on. he rds, the.term.hupan, when applied
o bi i e istangs of R EidbEs By pe e bl b i sEVEL BT Bs havi ng

vari ab i i i 1 bulin
cequentas o R T P
or human |gubpiper ¥i en anbbdimehtf the dindmgsnstecul@raigo hiheiseutiaiginRuctbity aigmditng

nmol ecul es may include am no acid residues not encoded by human gerniine

i mmunogl obul i n sequences, conprise substitutions and/or deletions (e.g.,

mut ati ons i ntroduced by for instance random or site-specific nmutagenesis in
vitro or by somatic nutation in vivo). "Based on" as used herein refers to
the situation that a nucleic acid 10sequence may be exactly copied froma

M o, . o o N NN .



interaction is dependent upon the presence of a particular structure, e.g.
an antigenic determ nant or epitope, on the binding partner. In other

wor ds, thwoantdoty preferentially binds or recogni zes Phe/HPROWdiosag3part ner
even when the binding partner is present in a m xture of other nolecul es or
organi sms. The bindi ng may be nedi at ed 9y coval ent or 30non-coval ent
interactions or a conbination of both. In yet other words, the term
"specifically binding" neans i mmunospecifically binding to an antigenic

det er mi naninfloenzi A epistsopias &noh both phytloaenetspaoug i ead phyldpeneticrgyoupo?.dh hier
antigenic determ nants. qor epitopes. A binding nplecule that .

i nmunospecmhdanes}, the ﬁwémgén%lwu P GHheRRP G Fapgble @% sRepEicakbebindings or

pol ypeptid i . af f.iai 1. . i . e ~adl ol noassays
P PP R ST St 02 ARG R S A grinoassays |
Sknown i n ifdeor @/ Victdlan Hefeks "Rla@ CHIbBSinRht, ticAgAERE Moldigkeat fhMaimore

i munospecifically bind to an antigen may be cross-reactive with rel ated

anti gerts, caablyohgeuttabzisaméluepiatpieus srek gnebding elgi mfluenyadbyiassiress or

fragments ther that i pecifically bind to an antigen do nqt
Cross-r eac?fhtﬁﬁ gﬁ; Hragata aa&%?gg‘agtorlg m‘%ﬂgﬁ%ﬁ? ?%?WB‘P&@C%%G% I%P%]F?Pﬁesdenot es
the repl acapeil 0l ane B he RS TiMRAPRShES: BYAUEHARL ifperodihlfier ent
ami no aci ds 61 RUcl eoti des, T espect i ve y. & term %erapeu ically
ef fective @hebinding rhélit@NS Hitd @ dRTEEd epltopdia thd sieh RepisdRBeIHA @stefiedi ned
herein that is effective for preventing, aneliorating and/or treating a
condi t i on in@genze iAnandil vmisesfleen pmhodineht, the bindingmoteeules havens. Anel ori ati on
as used in herejn may refer tq . the reduction of visible or perceptible

di seas¥ sy f@ﬁ@?“ﬁﬁ%éﬂmggmﬁKﬁ9§ﬁﬁvgbther measur abl e mani f estation of

i nfluenza inf ec'fl}eq{?ventiont us Fb‘%/i&eg'B{Hd'ilngrtﬁd?ﬂ:ém&ttﬂatr‘bﬁfdetﬁ%n% itdJa6h ARG €
treatment as well as prophylfactic or preventative measures to cure or halt
or at | easiegivatofithd hdeaeaseini p@icds that iFhbaed bawsaeidflodnzh AedtBObtypdscl ude

those already inflicted with a condition resulting frominfection with
i nfl uenza Vithindhegphylggenetiggroupokand inflygiize MirissuebpEow thin tbhylogénetie BE0aPvi rus i s

to be prevented,, 20Subj ects. partj all totall.y recovered frgminfection
Wt i i o § s Detph s SiReyblyes fndberf et SHIER Bokb AR pBh
eNCONPASSE&odNBARLE MG BSth RAIBCIH 44 étr(h.g) BRfGaH A vihﬁfshb'tz SinY i HRnE B

i nhibiting or reducing the onset evel opnment or progreéssion of one or nore
of the synutiees Ths sventidnedsovpetthing f meldioacidvrioleculef enceding avienstshe The term

"vector" denotes a nucleic acid nolecule into which a second nucl eic 25acid
mol ecul e cliRdipg rogiefitegihrgan bipdinpagtechleh into a host where it will be

replicated, andyin.sonme cases. expressed. ln other [ ds . vect or, ;S

capabl o of t randlsor g SRR SRTRER sl d s i Bherfto R Mhads

l'i nked. O gaiygthsasiniRldal ﬁ%{)/ﬁyiwﬁ%;sahgmsw@&fd%&re%ﬁensnge:hfefwhﬁm%@zabq the term
"vector", as used herein. Vectors include, but are not |limted to,

pl asni s, wosed asl, infienzeBivatusar ¢vchiicesatctohobthesomat v BAGnzanobtygast
artificial 30 chronoso (YAC) and vectors derived from bacteri ophages or
pl ant or ani mallt (SiSHemé@rhE tﬁ@t thﬁhﬁﬁmgwawifé.%% ing fosthe prasent dwveBRORINGi 0 of
replication I p i expr essi on
vebtors,  pPUBRRPRRER A bl RIS IR bRl gl M EERE MonEhoet o A
VeCt Or  CONdiighibarif of SHAITE parEiRE Ghidehitbpas sakldebehbech i MReuCadistnt o a cel |
by transformation, transfection, or by making use of viral entry

mechani snsbel@ertgap hothgriyogsnedic gramwpladidephglogenetiogormpls andkpfliegwaiBon i n a host

into which they are 5 introduced (e.g.,. vectors haying a.bacterial origin
of repti caerl@Féy- &dimalse proopppsse Fplb%géheel?m@)lg W@ﬁ% w%&g@n%%toa ni“%f egr at ed

into the g : pntroduction into the host, and thereby are
repl i cat o1 %ﬁ&ﬁéﬁ@h&?ﬂ%‘fﬁﬁg‘@e%enom DETAI LED DESCRI PTION  10In a first

aspect the presgnt. i nventign enc sses bjndi ng nol.ecul es capabl e, of
specifically bi lﬂﬁﬂ$8nhgﬁﬁbﬂpﬁ§£¥§ 1@¢$§L%QWP%¥@H%H&QN CVCF%§9@UB?ypeS of
phyl ogenet | ] i i t | &+ group
D an i el bt HRBAR b e WBerRUE HBATIRS B S0RREN &, D)

i nfluenza ésub'{)ercuﬁamg;bmeﬁk@f dbeidpimphyh dflesekivirug idetpiod. Runtheivit agenet i ¢
group 2. The binding nol ecul es of the invention 15thus are unique in that
they atle ciapeios peftaiss 9dhe e the Human pinglingpoleciles dndéom the mcleiqagyd st rai ns
and group 2 jnflu a. Avirus strains.  In an enbodi gent,.the binding

ol ecul e SPLCHER T eIsBR ki Age de ot B of SRR B BRe  er abl y two
or nore, preferably three or nore, preferably four or nore, even nore
preferably five or nore group 1 influenza A virus subtypes selected from
the group consisting of the HI, H2, H5, H6, H3, H9 and 20Hl11 subtype, and
at | east one or nore, preferably two or nore, preferably three or nore
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i nfluenza A and/or B viruses. The nucl eotide and/or am no acid sequence of
proteins of various influenza A and B strains can be found in the

GenBank- dsiDabesa®777DICBI | nf | uenza Vi rus Sequence Dat abas@CTIiRrRé1206365a7
Sequence Dat abase (1SD), EMBL-dat abase and/or other databases. It is well
within the reach of the skilled personXo find such sequences in 25the
respecti ve dat abases. I n anot her enbodi nent the binding nol ecul es of
the invention are capable of specifically binding to a fragnent of the
above- nenti oned proteins antESCRIBTE OFiTdHs FIGWRERI n t he fragnent at | east
conprises an epitope recognized by the binding nolecules of the invention.

Anb" egi t oplt. dshopetie placking of sonformtiens) C%lmef' §lcHp . Hbrng HidlAgb o af
206 . . v b . ar
oo SO umhes R e AR B By g DI BT ftg o Torm

a detectabl'e”ant 'gen _ € COo _ _nélng
nol ecul es @fAG)heeutraMsILdlQRdABYA P fusitiypH Qleab&] GaiGPHIE) Obf stPRE-Elprakddy

bi nding to the extracellular part of HA (also called herein soluble HA
(sHA)) .5 rHA offA&Ndw Qalicdaniad0/e299 (€K ) f ViehNainn2e3R2 0h(ltapAiongnt act

R T R AT N T N
ot o 1A SpgRea A LU SRR ETARALE 0N, gD )

si ngl e- Chalbiﬁdiﬁﬁbf ORdi Eisto s8EH¢)explebitd A bs SH0ve Rt Banmah CROIAUGSas

si ngl e-chai n phage anti bodi es, diabodies, triabodies, tetrabodies, and
(pol y) pept ddded befheetexponradithacledved StAstofarpdoieh?. of an i nmmunogl obul i n t hat
is sufficient to confer specific antigen binding 10to influenza virus
strai ns) orFi&. Rishgnethit MAGrERF1.14 lcbmpetpd fte ORGd6 EioCR 8020t fot igdibg aoHng

nol ecul es of the invention are human nonocl onal anti bodies, and/or

ant i gen- bi #di bty réspediivelyt 4 ddibenad degreahbindingphigdiceicd A tisdo rramobilized Ha
Nanobodi es h dj es, [ .es, . FN3- domsi a er

scaf f ol ds ﬁﬁé@wﬁlﬁﬁ@@m{ 492{9{9h?‘(qﬂ]ﬁﬁ)a%f”f?l\%%%ﬁb&@gﬁ@%%%ﬁéﬂ @%ﬁiyp ins,
Anticalins [ : her NACIE hH | B ndi ng
Sequences. PHe g e e A R a2 P pNE SRRt
non-i sol at Hif) v of €RE2(E6H CRY MY (paneish@ ambDE mdahaediginli biglagad ecul es of the
invention can be used alone or in a mxture conprising at |east one binding
nol ecul®e (BEIGEMENt or fragment thereof) of the invention, and/or with
ot her binding nolecules that bind to influenza and have influenza 20virus
i nhi bi ti ngFléf. Beletmondtratesttiepropioi atsic effivacyo R NJ 4rimtieandiss letlah clxdlenged i n

conbi nation, e.g., as a Bhar maceuti cal conposition conprising two or nore
bi ndi ng romedal et ipfluangeBi(BiBeridadid/ 2008} visws: 4. Baplpp-Mpwes speyivahepsesof For

le, bjndi lL.ecul es, hayi ng diff ! i Vit
oan he- conBld el aE Ry 81 EETROY br RN IR BhpMTct e, ©°
t her apeut i Gefot HAIRABO TSIl FvRHyacdhal ik aBlidyay S¥atsi M8 BYF 1oRddN6H/ 2@ 6B Bkt es

25havi ng identical activities can al'so bé conbined in a single therapy to
achi eve a bielyivertit grnoghihaetatie tot dag0aBenstrépresent hi%aghosthe meeh flEe mouse
Optionally, the m xture further conprises at |east one other, erapeutic
agent. Preé 1@5/%1; Wﬁ%%dtdﬁen%@éémd&f@@ tast obseryvpd b@dsy“@.lgél.t Wawm%?%wrér s
(e.g., a t1din N i 4 1 Nni - i-nhi bi .
Canam vi . Couel AR GbleRRp SRR wPR R iR AR R bk o an
influenza gHhoUsinR@l HERCIHBNeh doAt; 2=rough EYRI 6@ redotive dihehdhnBRAEL SEt RSN
according to the invention can bind to their binding partners, i.e. an

i nf | uenza ayiroliesl upf lagowepbitathegclessasadtiivid)rianihndhng; draghzaatAolled ug, of
group 2 (such as, HBN2),. and/ or an influenza B virus, and/or fragnents
thereof5, wd SRR bk NYCLYE HEPARYE 19 F@&D\P&\Zaﬂ@}/h%l}ﬁ%}flgﬁ-s | ower than 0.2x10- 4
M 1.0x10-5 M 1.0x10-6 M 51.0X10-7 M preferably |lower than 1.0x10-8 M
nore preferably lower than 1.0xle M nore preferably |lower than 1.0x10-1 M
even nore preferably | ower DESERIETION.OF THEMNEPRNTIONparti cul ar | ower than
1.0x10-12 M The affinity constants can vary for antibody isotypes. For
exanpl e, af fi niPgiimtiongiohtermeas waed itk ipsasent pavenadrears givgn&elovndi ng affinity
of at |least about 1.0x10-7 M Affinity constants can for instance be
measur ed usi ng FiertbacendlQdgl as MaBludRg0 Baukee helely is G¥ehiga t6 b solvavedivy Bl ACORE
system (Pharmaci a Bi osensor AB, Uppsal a, Sweden). The bi ndi ng

nol eculles e words ‘Mrthentlinsitatiorhi bit neutral i zing activity. Neutralizing
activity can for instance be nmeasured as described herein. Alternative
assays neasuring neutralizing activity are described in for instance WHO
Manual on Aninmal |Influenza 15D agnosis and Surveillance, Geneva: Wrld

Heal th Organi sation, 2005, version 2002.5. Typically, the binding

nmol ecul es according to the invention have a neutralizing activity of
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and a light chain CDR3 region having the am no acid sequence of SEQ ID

NG 155, f) a binding nolecule conprising a heavy chain CDRL regi on of
SEQ | D N(wo288/002778 heavy chai n CDR2 regi on of SEQ | D NECTEPA12@6832 heavy
chain CDR3 region of SEQ ID NO 152, a light chain CDRL region having the
amino acid sequence of SEQ ID NO 148, & light chain CDR2 region having the
am no acid sequence of SEQ ID NO 149, and a |ight chain CDR3 region having
the am no acid sequence of SEQ I D NO 150, g) a binding nol ecul e conprising
a heavy chai n CBbRised dgiconthefenSEQnNdDgND e’ refersito ah edvgt imhanogl GR2 r egi on
of SEQ ID NO 134, and a heavy.chaipn CDR3 region of SEQ ID NO 152, a |ight
chai n CDRLUNEGING manaeiony aphodigs; swsh a&vlamgaagl@ﬁ@am@d ordEeanmNocosal a | i ght

chain CDR2_r.eqj. vi ng..t he, am n i d e of I 7, and a
ant oha HEHE LA URAIP BT RS e RER R G S e i 155,
h) a bindi iﬂﬁnﬁﬁ%lg%ul_i@tlﬁﬂéﬂ?ﬁpe%sQ\Qt}ﬁhé\ﬁﬁéwirﬁrhﬁlh’\%lm f6re@b@fic BindiRE® the NO
139, a 15 heavy chain CDR2 region of SEQ ID NO 134, and a heavy chain CDR3
r egi on of ]?E@EgQ D?ﬂg@ Nooﬂffi émmuhogbll}z]ulmhﬁgmmarcﬂ@s_(oﬁsthﬁ:ﬁ?urg,ghdz Mﬁlgalm no aci 'dd
sequence of. . . i ght chain CDR2 regio ving the am no aci
sequence o m‘gﬁ@frla@nmbi@é,w@ﬁlﬂe gani‘q Hytgenthat iyt 2Ry BRI ng the ami no

chai n_ CORL Ty ol O AR Mg kEiteir bt S PR CEREPRIERI% O " o
NO 151, angbnipriR@@ay aglidd fidkdqderce of erleat 2. SEQ) 13, MR 25160;,35240,i59140, gpai n CDR1
regi on having the amno acid sequence of SEQ ID NGO 142, a |light chain CDR2
regi on hav$(h§0,t 08, B, h0,d 5.2 00eon i senitguosEaninD apidrgsddies ahtheamingdeid chai n
CDR3 reogi on havi nﬂ tge am ng ﬁgi d sequence of SEQ ID NO 144, j) a binding
mol ecut® cHATICE PhGe AR A)OlEHEFn CDRL region of SEQ ID NO 139, a 25 heavy
chain CDR2 regi PR R, i i SEQ I D
NO 162, a li gh?{égﬁ%?ﬁ!;% regl&%n’af%gl\g}lgl n}%r%?ﬁgl\égl%ga%l acl (la%ﬁgfrl]glgssg% SEQ I D
NO 163, a dndghbclades khoWhRa theegi. Depdiditicng théemAiwiaod sagicticsetiiesastaat SEQ | D
NG 164, and a light chain CDR3 region having the am no acid sequence of SEQ
| D NO 165¢omain RE their bpayichgnsnbinséng molses ¢asibagivadaddaipythe fieg MACDRL r egi on
of SEQIDNO 1 30, heavy chai regi of, SEQ. 1 D.NO 134, and a
heavy chai ?Tg%ﬁ@%?tééi%ﬁb%ﬁ“ Eé’lﬁ]%b ﬁ%an@g&]’d’ﬂg S%Vi‘?%l HP@ﬁﬁlm?yeB‘? on havi ng
the am40 Keh i 1aEQ NO1L6 1082 T8 10802 o032 G491 ON
g e ST s o SR S Y T
regi on havi ng 1g@nibnaligcirapnsagueaciaode, afte , ab'D) Fa 1ddng

nol ecul e conprising. a heavy chain CDRL region of SEQ ID NO 139, a heavy
chai n CDRxcqnadementaity detlormipingeegiasd DRhdagndisatipeletehpin andralissdgfifoh of SEQ 5

| D NO 152.. l.i gh hai n,. regi on hayin he.ammne acid.sequence of SEQ
1 no 169 vy ges AR bt SRR e bR HB Rl bREHRCe o seo
| D NG 149, teaihdfes! (pgRipcphddsih&Rdain@@icas adshidat M iAMunegBbilth hggyence of

SEQ I D NO 150, m) a bi nding ol ecul e conprising a heavy ¢hain CDRL region

of SEQUJ D NicidB8% canftrespeyfic digan GidRihgrte tedpolgfpeid®, £, N@ abb8l, and a heavy
chain CDR3 region of SEQ 10 ID NGO 141, a light chain CDRl1 region having the
ami no aci didenRgY bﬁpreé@efiﬁyr&%%@é%?rbevqnwﬁﬂtlccfrfﬁhﬁn@@%eawé@q Atglvi ng t he

am no aci d. . Of i chal regi on having
the am no %{%}? lgl%gg)%ﬁlé%coé%%& TJ%%’(%O %_nh%%ll{%@n&ﬁ%d @h}lglcon@@{ﬁ%ﬁmcul e

conpri si NoteghrM@RY YT Hehddtho dslaRbrodeti A r@HeiPkhd W Din¥ed arl 3% ard dBR YN, ghai n CDR2
region of SEQ ID NO 134, and a heavy chain CDR3 regi on of SEQ 15 1D NO

152, a | i ghtamphaimAtibRiicseyileboh@muy MgnudEdited by: Bdilalosegqddhdeanof 19880 | D

NG 171, a Jight .chaj regi gn vi ng.the am aci d sequence of SEQ ID
NO. 16425 anéolg%rla&ﬁa@ﬁa}gﬁg%m& ﬁ@bﬁ%ﬁmggwbp@ N Yawk ﬁgpcg@v@fﬁé e of SEQ
I D NG 172, indi . S| - 9 j i on of
520 1. Ko "efh b 1RHLD 4 RGIRE e GREp hl bRl A o PARE 0, OF ©
chai n CDR3oreagin®te BindE@ite01f therbid mdidShanconk ibiHiingCdia] the GBIl s@ed @By Bavi ng

the am no acid sequence of SEQ ID NO 142, a light chain regi on having
t he ani no identtakiogpue aeehesfor SRy hydiffagnt. and a |i ght chain CDR3 region
havi ng the am cid sequence of SEQ I D NO 173, d .. bi ndi ng nol ecul e
Compr Usi g & hedPiidiad FOlERs Srbls ot osponiens Dl mirale e coRo
r egi on, pf i : e i 1 25 1 D NO
152 &7 g 5’%@%&%@@“&2@%@%&? \r%kt e @&éiﬁﬁoigaéécdﬁgmgg%gﬁg%g@%?ﬁ SEQ | D

NO 142, a integbiéd tohrefentoG¥rRading giotsaulaalvit ixondt benjagatdp opahtivebelipkedoe of SEQ I D
NG 143, and a light chain CDR3 region having the amno acid sequence of SEQ
I D NO 144. I n anot her enbodi nent, the human bi ndi ng nol ecul es
according to the invention are selected fromthe group consisting of: 30 a)
a binding nol ecule comprising a heavy chain CDR1 region of SEQ ID NGO 139,
a heavy chain CDR2 region of SEQ ID NO 134, and a heavy chain CDR3 region
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b) a binding nol ecule conprising a heavy chain variable region of SEQ ID
NGO 6 and a |ight chain variable region of SEQ ID NO 8, c) a

bi ndi ng mebeo/®@7onpri si ng a heavy chain vari abl e regi @eaTEP28EQIBY NO 10
25and a light chain variable region of SEQID NO 12, d) a binding nolecule
conprising a heavy chain variable regioh of SEQID NO 14 and a light chain
variable region of SEQ ID NGO 16, e) a binding nolecule conprising a heavy
chain variable region of SEQ ID NO 18 and a |ight chain variable region of
SEQ | D NO otR@wissGhysieallyi andfilrmgomilyexswcmtedami]ﬂr arséffugtoa niveety yr tpasuch war i abl e
region of SEQ 1D NO, 22 and a lig chain varj abl e regi on of SE I D NO 24,
26 g) a bilRk Al ﬁiﬂwb@a@@nwﬂ&aﬁgveaﬁumwy oS omegnicasyee. feyillds of SEQ I D

N o2t 2o RPN YIRS IPIAR USR5 e

nol ecul e coO I'sirng a variabl e region 30 and a
l'ight chai Iﬂol‘éé‘lﬁlt:@tlhhﬁlaﬁf@Eééﬁ@ta%fllzég%lhlgﬂn%@ed?’ﬂuméhied%rli)ﬁ i diBerlyecul e
conprising a heavy chain variabl e regi on of SEQ | 4 and a |ight chain
vari abl®e regipwlaicf, cﬁﬁu';)tlhdb H‘}Kﬂle g6éichingntaf b ntfeator mmb‘emnltz@ doapdingiyngl a heavy
chain variable r NO 38 and a ht n varj abl e region of
SEQ I D N Pasptransiationall yrpyds By  agd Woarignied Ewﬁﬁw.%q FRy1cs Fomelidechai n

vari abl e gl flo SRR A&iA0R00k el B3R BRUARLFEGRLON of SEQ

I D NO 44 e conprising a heav aln variable region

of SEQ ID uc41€g @Mcn@irdringdt, l@/fhaieébtﬂtﬁﬁarﬁbinﬂﬂg%l@@l@f)romg RINGhd A8, M) a
bi ndi ng nol ecul e conprising a heavy chain variabl e region of SEQ | D NO 50

and a |i ghmtrocﬂmedlbv&mdabde m@@amr pfialdmEingdmnEculs prepagtipn. é)homﬁ;ﬂge mol ecul e
conpri SI ng

var | abite TG Sk SRS R @gsquﬁﬁ%inﬁg%%g@ ity fbihedindi neavy
chain vari ﬁgfg@ulg 'rf;tgfoﬁﬂ fﬁﬁchﬁg&@g@ﬁ%mﬁ%t@ﬁ%c vl I8 Un R &l dle RS hﬁ&' e region of

SEQ I D NO I 'ndi ng nol ecule conprising a heavy chain
vari abl e rgpioRtrafon3E@el HodNQs sode 30anrt idtetabidils ach@icessy@rin aklkeetoreggitan of SEQ
ID NO 64. In an enbodi ment, the human bi ndi ng nol ecul es according to the

i nventi on kipkegisal dtecedhe faglof rrsogiated pifectorsarestn aidagoss thesefpierigplieg! iftol ecul e
conpri si ng eavy .chajn, variable. r n_ of 10 and a light chain
var Lable TERIGY ekt a: S aS s RpIoERR e LY RGI ng a heavy
chain yariabl e A@l%eﬁ'ﬁeﬁfn @B ogred sah leaeﬁdoﬂﬁ%sseggv Y Bf 4@plabl e
region of SEQ ID NGO 56, "a binding %D l'ecul e conprising a heavy chain

vari abl e rt@rga:somcmfdm‘gEE@danhH@he‘Bﬂqmddaraplbs gittiolopalrorigar, seld Essuegingiesof  SEQ
ID NGO 60, and a_bi ndi ng nol ecul e conprl sing a heavy chain variabl e region
of SEQ | D uch a2 bighgy wefimgRor tisrar Aulitaes, apeedls degyedihee frgmand thavmogaw.

Inaprefe red cul es acord to the.invention
are a0t or et 1R R inc il il 3 B s Bt GiBHAGLE 3 e Rr s Rost s
therapeut llﬁoaﬁ%%t RERROYY REdtmenthwiRAkIRME smuumialneﬁ Qﬁf%nh&}fn%ft iPRetansed by
i nfluenza A and/or B viruses. 27 Preferably, the influenza virus that
causes2t hecanmfonerds zach zrsfpectblne or peigiuichatidsaihderh ceangeisses vagous endsiofidi ng

nol ecul es qof the pres% invention is an_ influ za A]évl r s of hyI ogenetic
group 1 andimésal samplespbirined from pripspesion apd plge Inciles ¢rl éleﬁ%mi“n\? tion al so
rel ates to, % $gélm&tesconp05| tion conprising at | east one binding

mol ecul e SACEOFdi ng ihvention, and a phar ITB.CEUtI cally acceptabl e

exci pi ent. I n yet another. e od| nment the tion Flel ates to the use
of a bindi ng mol e C&wéfftm%lw eteﬁrénmmwr}so PR fhesed PeguBgBN of a

rod caent kG AR e ARt mANIRL ek SENTR Db il | " | uenza

Vi rus |nfec Ion can occ ut can
al so spy eamatarsqmobohﬂﬁ)umaIadaﬂgaeﬁeﬂ&@ﬂelanﬁgaﬂﬁﬂalﬁgsﬁwhﬂmrsse 10i n gl obal

pandeni cs where nillions of individuals are at risk. The invention provides
bi ndi ng notasmi¢reentarfian shape anbahiargsl distebutios to ﬂﬁ@pttd)mrrecn‘gmznd buérezatigen: ai ns

t hat cause_su seasonal . epi dfmatg . as well &otentl al. pandem cs

| npor t ant | ¥1€ Btr‘é%wscﬁ*}né?ﬁépecci ﬁ%ﬁ’ﬁar ERHIPPER ASAATLNBYRIARRY i t h t he

L i

at 't i ndi ng no
15pr esent 1h1ﬁté€1@t11/63¢'bnfd’rﬁlaﬁ@p@bhﬁsoﬁfe casRsBpI&eht il the prdgeinsaisidenduredfd.genza
subt ypes of both phylogenetic group 1, enconpassing Hl, H2, H5, H6, H8, HO
and H110 subit spbebslizatian pryDSdinilepesomar dspeopsiseafpontpaeditiogalsnedifiensionsf  H4, H7
and H10 subt as well as influenza B subtypes. Another aspect of the
i nvention Wﬂ%ﬁﬁdes functional variants of the binding 20nol ecul es as
defined herein. Ml ecules are considered to be functional variants of a
bi ndi ng nol ecul e according to the invention, if the variants are capabl e of
conpeting for specifically binding to an influenza virus or a fragnent
thereof with the "parental” or reference blndlng nDIecuIes I n ot her
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15t herapeuti c agent or another binding nol ecul e or i Mmunoconjugate. In a
further enbodi nent, the imunoconjugates of the invention nmay conprise nore
t han one wagoi3fihewe t ags can be the same or distinct frecrazeed2ocdser and
can be joi ned/ conjugated noncoval ently to the binding nolecules. The tag(s)
can al so be joined/conjugated directly & o the human bi ndi ng nol ecul es

t hrough coval ent bonding. Alternatively, the tag(s) can be 20

j oi ned/ conj ugated to the binding nol ecul es by neans of one or nore |inking
conpounds. TechHhedqems “dobationdrap ugmthergn, tdegstes ochangalinregtherdneocahad oar e wel |
known to the skilled artisan, The tags of the inmmunoconjugates of the
present i rHSHOMBHSGHHSNCE & Wﬁ@h@a@m meregHpe acid prpudgedige raiues. so be

det ect abl e iethesla T [ ' r 5prevent i on
may be- ¢ odee B FAERREl s chRRTe P PRl B AT L R ot her

bi ndi ng nohgethles t hat enhance phagocytosis or imune stinulation

| mmunoconj ugates conprising a detectable agent can be used di agnostically
to, fors exanpl elhegsmeSsxpidcssian-sagojagiog nidsic beidnequened taedsaditeteimreféirnfd uenza
virus or to nonjtor the devel opnment or prqgressjon of an influenza virus

i nfection %@Y%lepﬂféﬁ SeQUAICFHISCSISaRY St § a?fg@wl}b%e%p&?ﬂ@n@f an ¥rnine the

efficacy of LY egi ) : ed for
ot her - dot elEg ROUREsSh ERETE Db RS ol RASK e PRI BlaBRe BEIME S0

noi et i es/ agehieguent6s, sl dddter diatappfopriite trahdchibti @tinittitios NE&mitBA&ionpr ost heti ¢
groups, fluorescent materials, lum nescent materials, biolum nescent

mat eri al s, proadfepaohincer sequencesireprespagir petovatastqueneny; ¢efciantsRNANd

non-radi oacti ve paramagnetic netal .iops. The tags used to | abel  .the binding
ol ecuttes HbiaE SeMS AN i pERedr e S e Aeser AR SBIEE s dopens
on the 5speglfiic.: A Ly i | A / met hods
used such é;géélé]sﬁlégﬁgﬁqﬁia’ Si9 eﬂﬁ%ﬁyitteg}é gﬁlﬁca t%'?tgl nllnéggfg'(?%g%é) sanpl es,

f1 ow cyt onihding sitk8};8€ducaces tha anttindgplodsiestalsilityp ol when dbelr &L béquencef tHaor escent
i mmunoassays, enzyne-linked inmunosorbent assays (ELISAs),

radi oi nMunBR8RPEOtEIRISAGFLioTh caRlsay ucisicgcid sshgnoe shovgnsacigdnysthe hpwst er n
blotting appli.catigns, etc. Suitable | abels for. the . . .

detect | ony IRATSE PLAegROSTL o4 B BER OB Ce ST UPE RLHBUE NSRRI ¢ he ar
are weld V‘ﬁ&n‘fﬂlﬁ%&u@%r h&asheshs ke Bt blo&tls @l TheSiBhtification ankeht fg the
human bi ndi ng | ecul es og |nnunoconj§gates of the inventio an al so be
attached texpssbibolrauppiap ssqueides cdroatige tpalid pecionakillgd usthtatt. for in vitro

i munoassays or_purification of influenza viruses or fragments thereof.
Such solid 15subisdets “fungionalyarigelr pgdisest hagngsiesite 2 hindimgmolseulg it pl anar .

The bindiqg)nnlgguh%i §f t%@oz{qsenq inveq%iﬁqiqﬁ% %ﬁ)n%%ed t o marker
sequences, &P&ﬁ’ 2" ep? SW t??%%??qu&% 5 1Y SRS B’ I‘:)}ig’r%ff es include,
but are nogycldoflidsedloP amtddeci%¥8mpPared tPihh Budiddide bh oPanRe Akt ichcsHA tag,
the nyc tag or the flag tag. Alternatively, an antibody can be conjugated
to a second thatefdedy bimlifgomolcarie amt thbos yapableef ocopgtingdoebinding &nthe her aspect
20 the binding nolecules of the inventjan y be conjugated/ attached to one
or nore an?iNg8s §?rt1}ﬁf‘7éfee§15b¢flﬂ,en%%é§’é7 Wik rh_gé%reapf‘ebla_amg g&h@uf%hbﬁﬁ%rr e

recogni Zedw?ﬁﬁs ttﬁgnfomgt?%ﬁ){r?ﬁl%%? Q &i(fﬂ%l/og%tuﬁlﬁgﬁmle&&n&@gf R Pegérg Sent i
nol ecul e- anti"gen” conj ugate i s adm nistered. "The antrgens nay be identical,
but may af&ﬁ&ﬁghﬁﬁkukkﬁﬁheﬁ?ﬁﬁ@&ﬂ@ﬁﬁ&ﬁﬂﬁhﬁgﬂhéBRd tchadaefigics ef thachi ng the
antigens and brnding nolecules aré well known in the art and include, but
25ar e not binding ewldcole enbaded dg thef nucteosde deiqnédica gr epémnisg thEmenie add ng

nmol ecul es of the .inyention wll bind to influenza virus. HA and the antigens
at t ach&d t%q?%e,agen%ﬁﬁgldﬂﬂﬂ BelgraS sl blerp fscagizo ffprept gf@m attack on
the conj u%@tionma(fﬂn%&)!' hﬁé%pﬁslé%h% écfgﬁgncre ﬂlotdﬁ?caggrﬁtiﬁaﬁ&ibgﬁuﬁ otfdbe

i nfluenza virus. Xt to produci ng I mmunoconjugates chemcally by
conj ugat i nghd MMih@edill yutRtituBOhs) 8idiesislayid dvleBorfsOThdse gtodifieatichslcamber , t he

i mmunoconj ugates can be produced as fusion proteins conprising the binding
mol ecul es wfroduved byvtendardtechmdues kaoivn abthe artagych Fugiicadirec®d nprtageagsitsandan be
produced b t S known in the.art, such as, e.qg., reconbi nantly by

P onst 1 uct i HEIEE B pCHRER miectSised B disg T eLE B wBauiies

encodi t he g MHes in frame with nucl eoti de sequences encodi ng
t he suﬁ}ab e ﬁ{ae{g%s gé@&%&ﬁ' expressing the nucleic acid nolecules. 51t is
anot her aspect of the present invention to provide a nucleic acid nol ecule
encodi ng at |east a binding nolecule, functional variant or inmmunoconjugate
according to the invention. Such nucleic acid nol ecul es can be used as

i nternedi ates for cloning purposes, e.g. in the process of affinity

mat uration as described above. In a preferred enbodi nent, the nucleic acid
nol ecul es are isolated or purified. 10The skilled man w |l appreciate that

o, Y " o o o o o o



f oregoi ng. Production of reconbinant proteins in host cells can be
performed according to nethods well known in the art. The use of the cells
mar ket ed woader3/hwot r adenar k PER C6(r) as a producti on pCaiEPoe121063557
proteins of interest has been described in W 00/ 63403 the disclosure of
which is incorporated herein by refererfte in its entirety. 25ln yet another
enbodi nent, bindi ng nol ecul es of the present invention can also be produced
i n transgeni c, non-human, mammual s such as inter alia rabbits, goats or
cows, and secr efedenvative dntno had sestrtibheinoiul&the heessiofwhidinthy emirmretder
alternative enbodi nent, .binding nol ecul es according to the present

i nventi on ieBgUGIs r@%@f@fiaﬂg&n@w@q %@@féﬁp%ﬁﬁ‘ﬁ% HEwahs s 08 cheawied as for

i nstance 3 geni.G..mee _or r.abbi r i ulin
gence. _pr o 8P AR Fpfis b ndh abRaidiR hAhe THRAESH TP L R aRh R

conpr i si nginahdMEheteamylies Maiile affind AAdSOENBasAdeAchathE B | IvaiRe, chain
transgene encoding all or a portion of the human bi ndi ng nol ecul es as
descri bied apoie, hifiding)r andigeide chana(<!gu reparteamd Ighitonie abid),iumohmgaigeblani t h a
purified or eq{hﬁged reparation of influenza. virus. or a fragnment thereof.
Pr ot ocol s T8 CHRIAE2 PS9ETARR. HIFERIGHFHIS ©Tcape RITSINEsDAII o REORAY he ar t

5See Usin i | €5, b I ] .1 e - E. | ow, D. Lane
(1998) cg?@q@é%%%ﬁ%é&%g@g@bgf“@%p@}“a’1 pﬁlﬁeﬁg"%ﬁ?%%rpf Sw York and
Current Prgheagialagine méthivuihe), daw.-brizthéeddbditiaink.(Eg., Gobdngia@) valheMsolKiiding beek,

D.H Margulies, E.M Shevach, W Strober (2001), John Wley & Sons Inc.
New Yor k, aderghaits ssdounheiss 6f.g whyiasineaphenylabomgolrgttephanke Hevil beylaaefoghence

| mmuni zation, protocals often i.nclude nmul.tiple 10i nizations, either with
or ot Fout SRS D b OB SIS o6 ot IV s R BE S <

i nconpl et I i . Iy i i I n
anot her eﬁ%sgg%bn%%? tdn ][b ﬁg[hﬂlggidh%ﬁﬁ%?ﬁgé’ ?rg?ré%%ﬁg h%r\%l dg?%%ﬁé(%%ﬁz‘g% S Cel | S,
pl asma anddoid subetimtiynscell, feptheemya df tui oiroheidtwidnsganing adidiresdiR.halingy et

anot her enbodi nent, the human bi ndi ng nol ecul es are produced,bY hybri donas,
whi ch ar e @ffersatsaictyyal oy shasricad propsrtrs cemilar muwav#HeEdons Bay elieinclude
above-described tra eni ¢_ngn- human |s.tqg imortalized cell.s.

Bocel s,  pILCRACE RO R Ty BPaRa AR ReG h dEF R P A8 96 escr i bed
Lransgeni crogafe AR TRTALS. iARHoMTBACRE DG BBl G iR RLAI nabl e from
t he above-gescﬁib d t%ansgeﬁfc ngﬁ-hungn nannals,lB-célls, plTasma and/ or
menory cel dcsivanchalpb fouhd mesg ao@patksmograpamelldhotvhén theestent i nvention. 20l n
yet a further aspect, the invention provides conpositions conprising at

| east a bi ndi ng® ABltEEaIR2 nh¢ledtise spqupnee danbe s sHBFoBicEHAN Mede ploolagus @ccor di ng
to the inven%iqﬁtkggsggast asﬁun%thonahsyarhﬁ%%)tQ§5§of ﬁ@ixle st an
innynpconjﬂﬁ%f% %éélT8ﬂh8”F%{{ﬁ8 { 9§X?i88né_ }5?’5 gﬁ%fﬁ d .R%eyeof. I n
addi tion tglddaties hiEbCiafRRE] del @B RNk PS Lifi€le IS Tn ldifloS Lbabbt | 2i NY

nol ecul es, such as dl bum n or polyethylene glycol, or 25salts. Preferably,

t he saltt s meedltaragossahsbd iade atehpinmbdref thesivitbo anivoleogdeslquact.ifiet y of t he
bi ndi ng nol ecul es and do_not _jnpart.any undesired.toxicological effects. If
necessar y, MHFHOMURBNDIRHIIHE] Podult ealreﬁloﬁ npwvghﬁﬁaﬂ- may be coated in or
on a material t ot e he I f. I E_pther, natural or
non- nat ural con Fﬁ?%%gﬁﬁW%nggégﬁﬁé@ i%gﬁéaﬁﬁgﬁﬁ?%ﬁgﬁéiﬁgﬁggﬂﬁﬁg. 30l n yet

a further wasResleferd foanflineniiams Ra@MBS FOMPRtdriz6MBy CATHE cshb@ains! east a
nucleic acid nolecule as defined in the present invention. The conpositions

may 35 coofgh¢ kanagsiows(Hy ehdhéwmsidssecN) agrabpfecugrosoisuAt@nding tmihai ni ng

salts (e.g., NaCl or salts as descri bed above), .detergenis (e.g.,, SDS)
and/ or?%t hIEseaLinygHioa 1&1(1}}?5%%‘H%S§Pbt#9‘?stlﬂ@’ral?ﬁfr€§}”fefl %bwhgg giﬂ%u'\gl?ﬁliéﬁﬁl? &n
pertains t et | : it i S l.eastqa . . nding
ol ccule oo RRAITECRHheGR GOMRAR 0% oPATHTI & bl L3R T i
f unct i onal vifysa g8 MfluRhzawdfus Ak bl AebeBnhtiorddf 4 Basibaand HANOGHKY: kgidk €

according to the invention, at [east a conposition according to the

i nvent i on, asder e@mpiaanfilusnga vinesrsebiype HAN2ppatidERut i cal conposition of the
invention furthgr conprjses at | east one pharmaceyti cal l.y. accept abl e

exct pi ent. | Phar TS MO ‘EscRbRBr cexr gont St iR BRIt ne

ski 11 edh perinpsudie ik ERESHbYFEWFATRASN Ak AIRGARIRNG hobne [ nventi on
may further conprise at [east € other therapeutic agent. Suitable agents
are al so wdifferektsuiio gesic phefilad Bidhesiradis tmhaSaitso be referred o B variedsetidofdestmbodi ment
t he pharnmaceutical conposition according to the invention conprises at

| east one additional binding nolecule, i.e. the pharmaceutical conposition
can be a cocktail or mxture of binding nolecules. The pharmaceutical 15
conposition may conprise at |east two binding nolecules according to the
invention, or at |east one binding nolecule according to the invention and

o, o, o r  a o .



as a controlled release fornulation, including inplants, transdernal

pat ches, and m croencapsul ated delivery systens. Bi odegradabl e,

bi oconpatwbl2e13perymers can inter alia be used, such as eChpPere/0vicay|

acet ate, polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and
polylactic acid. Furthernore, it may bé0Onecessary to coat the binding
25nmol ecules with, or co-adm nister the binding nolecules wwth, a materi al
or conpound that prevents the inactivation of the human bi ndi ng nol ecul es.
For exarrplaayiretllselatjapmdicmgdmglyeam%d hata@,ﬂxetadmi“&ﬁrzﬁnsé’raed “fsolates’5oly bet i n an
appropriate carrier, npl e posones or a djluent. The
routes of %ﬁilﬁ‘?fﬁlﬂarnﬁ?f} T@aﬁuwtapmp%weﬁ%h%% 1ﬁﬂ‘11€‘rlilz%§1ff‘§g%ﬁalné§r oral and

30par ent erf'é‘&af’e‘gg%;ﬂﬁd?]%{h? bORaph 8 1A SRR REGE kb A QUG b or

i ntravenous or osage forns

inter ali ajsaatidr2RbRl§ with'tRE AfEenit GERAGESH o AN QY N A0Fived inVbr&keRENST ONS,

di spersi bl e pomders or granul es, enulsions, hard capsul es, sof t gelatln
capsul es, AfMeneswdid/08I(HIN2E Napi-hungn sttamgelee inchidguhedmst ofairgjn mrths| urri es.
These fornulatiPns can contai n pharmaceutically excipients including, but
not |imte¥RECaWert 5diluents, granulating and disintegrating agents,

bi ndi t ; | I I _
bi ndi ng_ agent s BEA CRLIARIABSINSeq RIGREY HALLY B SALBMIANGeu Kl BYRUT T 1O 01

t hi ckeni ngingg®idh $efers to bindihgenqbildyakd ithilsiedn BATRLE viruORSMaEplichevddy esent
invention can also be fornmulated for parenteral adm nistration.

For nul at i oméecting a praget nelbregardehsion thetmeshposm by hiveh nentrelrzaam @ atloevedt he form
of aqueous non eous | sqtonj.c ster.l 1 0N O i nfusi on
ol ut] Ghe BiissHARGEREN ket bRk Ce i b neet s el b agent s
that are P t enpl oyed
such as 1n§ g§g%é;ﬂs§ﬁ%%%»r Hﬁ%ﬁ%%ﬁgf?% ﬂbﬁ@ﬂgﬁﬁ%ﬁ?@%&%@?@@%hlc sodi um
chloride sfllowingnitactinhent ofﬁa‘e t/yumlthkstargeocéﬂl aghiesikhet i c agents,

preservatives, buffers, viscosity or solubility increasing agents,
15wat er - sol ubl eThfrfﬁlinb rerariteytralizing” oo  erpssencareiigipe Jastusebiciret ElatoRel at i ng

agents. a furth ect, .the.bi ul,es..such, as, hugan
manoct onal o higle WG ih e FiE iiensiorG h EhRITD o i i 3ci B PGS o™

| MuNogON; t‘ﬂg%/%ﬁmorﬁt%'?ieﬁ’t%lfzbﬁ ren%uquﬁ ARABUEALH a rﬁ?&ﬁ?%ﬁ%?”s of the

i nvention can be used as |cane a net hod of diagnosis, treatnent
and/ or preventrﬂmtamlanmﬁnﬁhmemhaemgmm&mmnﬁm@ﬁmﬁnousongn@hanbmammm@

20mol ecul es, . i mmunoconj ugat es, conpositions, ~or pharnmaceuti cal co ositions
of the i nvhichaester %zﬁ{i)@me omgwe@@r QUHE CHPISENGT VaCtoy Bt esh Intrpdced.

above-nment i gned no S ter be, use t.he di

ot ophyt axi &S8R AP TR e 8 B Bricat Ry %#Oftﬁfﬁ%%%@a@f}i rus
infection caused hbﬁchH's,eﬁ?eﬁltﬁ(ﬂerPl%etérn@@lﬁﬂéf telsnghekdy ﬁ% 1HE'seth|5{3the b@bs af8, H4, HS5,
H6, H7, H8, H9,” H1O and/or HI1 subtype. In an enbodi nent

above- rrent inodiéied 25 tind (emrbespreﬁmnadfﬁme heding exdldcnles hethel nngmtum zm,d ipdegehy| axi s,
treatnent or conbi natign thereof an infl enz Vi.rus |nfect|on caused by
an infl uen%zse@ Dt qyigmaiy eyprggseh %Sﬁ%t@mgéml@? ulesrang oyhachy cedp hystbegint r eat ed

patients suf nts who have
been or ar@>@$8%3ﬂaj 8%&§%t$2$% %%kWP%3)1h1(ﬁ&bhﬂﬁnQ$ﬁ) %o&% menti oned
ol ecul es @hak@RRASH flokPrRSsiHEMC. tlﬁs}ﬁ)mﬂ' Yiderstdod @m0 tHeWaal haahisMhtbideatdrer

nol ecul es useful in diagnosis, prophylaxis and/or treatnent. They can be

used in V|mﬁmpoexﬂykmbepmﬁEMmmmbmcuﬁgmnumstaﬁUeuKﬂhephgm@uﬁ@udDMEcules such
as 39 human nnnoc%g al anti bodi es W%gnctlonal variants thereof),
!mmno%;rbnj UgHE8 o1 Qaé S%S%?eﬁﬁﬁlam %%HOP%HY‘W%%HE?WPQ?H@%M t he

| vent | on SAEnCRAE ALY ot meAREhOGARe Lt pbRLkUERARL T US (I

avai | abl e) er nat e vaccl ne nma mni éfore or
after adm fattsbé Rlehtival Q)fthé p&emr&mitnes: @fl, Bdn ard siﬁ‘ld&ﬂctludvd withis theagoeaff a
vaccine, anti-viral agents can al so be enployed in conjunction wth the

bi ndi ng nothetumebogt ag ired perelent i nvention. Suitable anti-viral agents are

ment i oned above, The npol ecyl ar pi.cal.l for | at e t he conpositions
2nd phar maceut | B O BEENT 1 T BB TR P 4o he R R Py o
di agnogt i cgbfeyy & tfh%tr glﬁleé‘ﬁﬁ kdeﬁbéﬁ"r ta'h‘dﬁllglﬂ orB @cY ﬁﬁnafn CﬁH'lﬁEed and

adm ni stered separate For 1 nstance e ot ecu es s as the
anti - vi r al seggaict. SWharya biadiap pidledlesiy déred dirin yr, ba\sw d)IEa hirgarideqakinog amdl ecul es
of the invention may be applied intravenously. Treat ment may be
targeted at patient groups that are susceptible to influenza infection.
Such patient groups include, but are not limted to e.g., the elderly (e.qg.
> 50 years old, > 60 years old, and preferably > 65 years old), the young
(e g. <5 years oId < 151 year oId) hospltallzed patlents and already

I 1 - T 1 o o



advant ageously used as a diagnostic agent in an in vitro nmethod for the
detection of 10influenza virus. The invention thus further pertains to a
nmet hod ofwoebsaorTig i nfl uenza vi rus phyl ogenetic group PCBEPQIIQOp3637 OF

i nfluenza B subtype influenza virus in a sanple, wherein the nethod
conprises the steps of (a) contacting alsanple with a diagnostically

ef fective anount of a binding nolecule (functional fragnents and variants
t hereof) or an i mMmunoconjugate according to the invention, and (b)
deternining%mhmmhbnnbﬁﬁemﬁhdMﬂgmﬂﬁnmhﬂdmkéhwmmimmmabmnnmhqaﬁb:specificalIy
binds to a nol ecule of the npl e. The sanp be a blologlcal sanpl e

i ncl udi ng, SPseificaion. Iny Q?]ilﬁtré@fg%ﬂlﬁlt%ljhu@% Wihen %I?R%ﬁ to Wipdingmolsiss phar gyal

aspi rates, Peng(?qc I11%1u4e%\é1?c91§g§ Isnggﬂélgéa havtlﬁ SPattabRlan @ Oq%[anp %egio%g ggrﬁ%eg%ﬁner I al

fron1(poten 2 AoH- ogr c such as
water, dri lﬁihnane%eﬁnhﬂ-ehl@mﬁ @%’thl@ééqﬁénc’e@@)ﬁ&a@&ﬂorﬁwﬂaﬂé@ cémyanb% fyagan

subj ects, but also aninmals that are suspected 20as carriers of influenza
virus m ghdzccbmngelsahdmﬁmor huwndymshcmy@ apfl mduefiadi 1n|asmc|§0rmgThlhsetH¢drmnbi ndi ng
nol ecul es i mmunoc s of .the .invention a flrst be
mani pul at obIngiBE FR o "ﬁ% Tilsioming aid EﬁSIdﬂlﬁﬁeﬂ%ﬁWBad Elr e

Vet pul at | i IRANSy LG Rl 2hDRRLLBG LR SATB S1alARRES Sty ot i

and/ or con rus’in e viru i'sintegrate
into anti g@rb&ucedBP Ghramisncs mho@a)r l@ﬁ@tﬁcfffc,mﬁ%@@ﬂlwnnm bogssodatiot her
antigenic fragnents. Preferably, the human binding nol ecul es or

i Munocon] myiatiesinofiva) hdasedvanitas opeddreecie oriera ét thd simation thaga Qacﬁgb ecidnder

conditions which allow the forpation of nol ogi cal bet ween
the hutfan SHHICGTY Ext 5 coRATbme 6Ll ot VIR eSSt iar hRe R £ hor cof
t hat f I

compl o +TTARESRICH heldfe 37 Bt Mmi RO IREREE U P BIHAR REE) |

t hen deteqh&@rﬁmdﬁhﬁﬁﬁmred by suitabl e nmeans. Such met hods include, inter
alia, honpgeneous and heterogeneous binding inmunoassays, such as radio-

42 umunoassaysTl(em:rA) “ingEriaR, alsmhnmmqsdhﬁt@gn Sadeétion” rdRnASRR ShaRENiTst 1y,

FACS, a VEste bl ot anal Ees %rre assa technlﬂag

especi aI | ya“PIBP "‘?1 P@B“"é%oéll Ss%cl‘ﬁe’ﬁ‘iecrﬁﬁ N2 13 4bg %& 9 8{1‘?@ OIg AUNGALT R 604 and
bl ood- der i peoHH@f@%'ﬁi &, s ecﬁ'vél?’bas%'a Yedterne I};)Qﬂeﬁfseh giques. SELISA tests
are particu arIy preferre use reagents in ese assays, the

bi ndi ng nnlecuVH&tamlﬁmﬁMBdCQmegmﬂ&ét@bmﬂh@nuﬂumhkmodahméhemnueﬁhentIy
bonded to the inside surface of mcrotiter wells. The bindi ng nol ecul es or

i mTunocon; @é%\lidé@ ypleeyes ﬁhﬁt\ﬂéwubéﬁnw&y free quorl@épmmww@bfp@ml he nicrotiter

wel | . However nol. ecul es or noconj ugat es
of the | meenisRL R o Pindhetuate s Ml b AR SRS R B BT Dy e
vells wit har@@isylslyb%taﬂﬁalgr fr& oftothe BEAHIhdté 40 all/ott éh%mli)da[de&%xﬁﬁb%CWh% or

i mmunoconj ugates of the invention. Furthernore, the binding nol ecul es or

i Munozonj thg dindmgafiolehdesi anwmnd)mlmnant@yprb@cedmhd}em prefastilpsitstinbyilykingwn means
to the wells. Generally, the binding Iec nnunoc nj ugates are used
in a conce?ﬁwapﬁedwdﬂi@ﬁmpp@nmawlm Eﬂﬂ ece aereioduged Rbugh hi gher

as el | as| el ATt §Ih é)%éalﬁagup&tmw SpleRals SeL7, 8054 to the

vel I's coat€d & bi 1d €s or 1 munoconj ug tes 0

i nvention. dmnnam;Fyrﬂﬁﬁﬁﬁﬁéﬁnm&!ﬂﬂmﬂﬂmﬁﬁhﬁﬁﬁhﬁ§n96r&H&chﬂﬁﬁﬁkﬁ&ﬂﬁ%@@ be
used to identify speC|f|c bi ndi ng structures of influenza virus. The

bi ndi ng stmuclved msheamttssis epihe ppasinohhepiemn Sisolstedhahen appbiey rapiciadesid They

cmbod Fient ﬁa{eh@?%émé‘élﬁé’b%h{néﬁﬁ Falesgade b %%gléé%”ﬁtéséncﬁ@aﬁé”w?n%%&AN
anal ysi s (éc?dam'ofyéﬁ’l@s V{llﬂcﬁ/ﬂe ﬁél@(ﬁtﬁ% Lo qe2 3L 008, he ﬁnﬁﬁﬁgiﬁc&l@l} fls o8l -, 1996).

Alternativ a randomp y conpri si rom a protein
of i nfl uenge ofiothes nﬁ@l@otﬁl@ s@@feﬁ@agephrﬁ@nar@aﬂlued&@e Sé@@@bés‘i‘en@f)dlbg Blidihg to the

bi ndi ng ol ecul es of the invention. The invention is further

i |1 ustrat edolepulesibatitind eterinndingippingss. Bwithetingier s termhasofBedkantsisds are not

i nt ended t nlt t he sco e of th entlo i.n an EXAVPLE

Exanpl o 1 MEFIEIEEPISHES atsaa%;%ubaﬁab@ ALY oL S LUASS SRPORRAS ext r act ed
from3Q, p ] r h.Bl ogd was
e R A R e T R TR

ant i - coagutilaisbmss, palypiceastd) begenosidieqpbirgewith silichyit is nbfuedllyessoskked. obt ai ned
as described in WO 2008/ 028946, which is incorporated by reference herein
RNA was isol ated from peri pheral blood nononucl ear cells and cDNA prepared.
A two round PCR 5anplification approach was applied using the priner sets
shown in Tables 1 and 2 to isolate the i munogl obulin VH and VL regions
fromthe respective donor repertoire. Flrst round anplification on

. o " I -— 1 a I T D ) ~



Sel ection was perfornmed agai nst reconbi nant hemaggl utinin (HA) of influenza
A subtype HL (A/ New Cal edoni a/ 20/99), H3 (A/ W sconsin/67/2005), H4

( A/ Duck/ ReogomoRong/ 24/ 1976), H5 ( A/ Chi cken/ Vi et nani 28P20XEPR(121063637

(A/ Net her | ands/ 219/ 2003) and H9 ( A/ HongKong/ 1073/ 99). HA anti gens were
diluted in PBS (5.0 [tg/nml), added to NAxi Sor pTM Nunc- | muno Tubes (Nunc)
and i ncubated overnight at 4C on a rotating wheel. The i mmunotubes were
enptied and washed three tines in block buffer (2% nonfat dry mlk (ELK) in
PBS) . Subskguentl Yisolbted” nunhinadid bescwles,suh islc@iﬂz&nnﬂﬂcetee,lo;n\hi:t h 30bl ock
buffer and incubated f 1-2 hrs at roomtenp ture. Aliguots of phage

di spl ay | |W§ﬁ9‘13@]86@ﬁ?89@ei gellulapmaterigh gr Cuhuiiel‘@i jufghen s 4@6 usi ng CT

Cuppt enbnc S IR obeiGe: RLAPRRERY A t2ﬁ%ﬁ?%%geﬁ%fépﬁ'é)?@ﬁlkﬂ%eﬁﬁ%% mouse

serum for heh dhemiclly spamsiegper ature. The bl ocked phage |ibrary was added
to the immunotubes, incubated for 2 hrs at room tenperature, and washed
with wash buf f eThe(tem{)ﬁ%r(wldn)ﬂ antbedy 20 usad RBS) rafers raeanpl@parammcbfound phages.

Bound phages. were el tedfr m t he respective antigen i ncubation with 1
m of 100 @O V\%f @Pﬁﬁ‘ﬂ%&ﬁﬁ@ Srip&FIIEIBY- /4 BORPGO tﬁ’gﬁ%’fi &sr%\%lﬁgl

78 t0. noutidre Sl B PRRE oo SR DR fortuly B e [ P

XL1- Bl ue Em@ﬁddlorﬁUJtﬂtibb@y tibkets toad aﬁt@lﬁﬂygiﬁspwl@ta sifdle biadiap 3Oy vﬂfﬁ}pf
approximately 0.3. The phages were al[owed to infect the 10XL1-Bl ue
bacteri a flms v30ahi¢ andatonamregih@rderltvnféfrnmmiba@dwaélumngﬁnmlwged for 10 min at

3000xg at room't rature and, the,bacteri t. was res ended.in 0.5
i 2 1 B s EBRES Fattoet Sy R Bpnso e B By s SRy TR MEfShens1 on
was di vi de r cline,
anpicilli n&ag éclfﬁhflg‘({:%s%&% glranllahcd)el 3%1 %Rﬁ%{gﬁ&%ﬁgﬁ?ﬂ%@ %&m@{es at 37C,

t he col oni es WeTle te@i amadall}r cutuirtng” pd aded he@itthsupplied to aﬁ@bj@&t&@&rﬁoa}ﬁe

enri ched phage llbrar%@ essentially as described by De Kruif et al. (1995)
and WO 02/ frot3batzn obreciedriopmpedicgsa dehewnddn nafuige Fer axgagles o polipentidace 2TY

medi um cont |n| icillin .tetracycline a Iuc romn at a
enper at ur &g BT8 BalineesRboTiiar o oren e s By SpREGeEE Pt ided and
al | owed ¢ OinirffRChnd i PRELRE béndhichiontll fbala LyeshymiAs,GigRged Lo 2TY
containing anpicillin, tetracycline and kananycin. 20l ncubati

conti nued mﬂmnﬂyg@Mnag 30C. The next day, the bacteria were reaned from
the 2TY medi um by centrifugation after which the phages in the nedi um were

preci pi t at ed ustisgeisp| Rpsteriacihaolgryle'ons qspte)t %Wemqumﬁﬁﬂrwa t he phages
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phagem ds were used for further anal ysis. The supernatants containi ng
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i.e. binding to different HA antigens. For this purpose, bacul ovirus
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10 A/ Californial/07/2009), H2 (A Env/ MPU3156/05), H3 (A/ Hong Kong/ 1/ 68,

Al Johannesbur g/ 33/ 94, A/ Panama/ 2000/ 1999, A/ Hiroshi ma/ 52/ 2005,

Al W sconsw0/2613/@008 and A/ Bri sbane/ 10/ 2007), H4A ( A WF/ HRCVERA2@2/06637 HS
(PR8- H5N1- HK97 (6:2 reassortant of A/ Hong Kong/ 156/ 97 and A/ PR/ 8/34) and
Al Eur asi an W geon/ MPF461/07), H6 (A Euddsi an W geon/ MPD411/07), H7

(NIBRG- 60 (6:2 15reassortant of A/ Mall ard/ Net herl ands/ 12/2000) and

PR8- H7/N7-NY (7:1 reassortant of A/ New York/107/2003 (H7/N7) and A/ PR/ 8/34)),
H8 ( A/ Eur agiganlphageontPiETd¢ &8s, £19.) (BicHboge t€on gy dQ7iBteddedaodnclude any

A/ Chi ck/ HK/ 55P176/ 09), H10 ( A/ Chick/ Germany/ N 49) and H14 (PR8-H14N5 (6:2
reassort anﬁOP@PglAé‘lr?ﬁm)Oﬁpéﬁ%tmﬁl@%rﬁll%ﬁtﬂa@é@a dprbixstyandsds partpRy spplexad, st r ai ns
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MEM nedi umonamoledde datiog epaiticwert dequenioe shavbdod witderstandito enopepessatsl t ur ed f or
3-4 days at 37C and observed.daily, for the devel gpnment . of 30cyt opat hogenic
of F ect T CoRYID R ST An 46 CPBDRENBBAr AT LS IREPBPIETegEry Hatd o005,
CR9112, %R% : r SVAal! allzing activity
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Pan-i nfluenza anti bodies bind to the pre-fusion conformation of HA I n order
to det er m that ashesuaBy physécale lisladerard prpae avfenaiosalgalpliensbip wiheichgtheh&opr e- or
post-fusion conformation of the .HA.nolecule, an in_.vitro pH shift

exper i ment AL PRGN ORegbly Hipked e SoURE sqalfiee s oMb Rablsdne
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HB (A VI et o e e b el Slgéos)g scltiercl '( A'Mong
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mAb binding to different structural HA conformations, cells were detached
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trypsin (TrypLET | ect .. G beo), for, 5 mn at RT, washed (1% 15BSA i n PBS)
ana+ nouba BT LS OB i Bid e dteh (N ERREPRrB R (o 4. o)
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trypsi ni zed/ HA1-HA2; pH 4.9/fusion HA) and fractions of each treatnent were
i ncubatted esciphentiNs aCRdifidntftbat id ndmtexic tCeddimenteatehd tved dbosagebatded for 30 nin

wi th phycoerythrinconjugated anti-hunman, 1 gG (Soyt hern Biotech) in 1% BSA.
St ai ned” cefqngeniatignsy %@@p@gﬂwﬁﬁg{@r g leeéﬁrﬂt%&l%%fmulpimommalngoftmre

(Becton Digki;nson). P ndj I - f X S s after
sequenti al th rd g%t n%eﬁ% g@l’%ﬂ% @g%@ﬁﬁﬁhﬁr i%glﬁt)éa@y%g#ep %ﬁ%&ﬁﬁ@éﬁﬁﬁsﬁ?g%vgﬁ g&ﬁr essed
as per cent ggpfe®hiiidenti@ thenkt eated HA (A). See Figure 1A Ant i body
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the | gt CAIBE BRI £ G Aoy aoREs WBdinG PRt Gt e%;a&?aem%ns ﬂ}ﬂ%nti body
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FACS Diva software (Becton Dickinson). See Fig 1B. 52 Antibody CR9114
shows a hilghdd evedogoizey the bundag maitneriavgn when the HgoasingtAs peebengin pH-shi f t

i ndi cating that n these antibodi es_are bound to the nol ecul e, the | ow
bH | nauced EUHF oF AGE: BAS T RAGE o5e T Hobnoe iy 16 rishizi b B VElRRh i ¢
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performed using Amcon Utra 0.5 m Centrifugal Filters (MIlipore).

-, = . B v ~ o o o o, N o~ A NN N Y



| oss was observed. Median clinical scores of the mce are depicted in Fig.
3C. O the mce treated with 15 ng/kg mAb CR9114 at day -1 pre-chall enge,
al | surviweadosm7mione of the ani mals showed any cli ni calPCSiEga&12063683Ng t he
observation period (fromday O to day 158 post infection). These results
show that the human anti influenza antilbody CR9114, identified and

devel oped as di sclosed herein, is able to provide protection against a

| et hal dose of influenza B virus in vivo. Wen adm ni stered one day prior

t o infectiamtopt aral o SremahospEeifiepl lydimtinghiogitieer antigdbi cCRGEihthana o1 afitopes. o
conpletely prevent clinical manifestation of influenza B infection in mce.
55 Tabl e 1A%mdﬂ1§tm@@@ﬂ@thakmwosmcaﬁﬁﬁhagm%tw ey mag andénethey i per  nane

P ruclsghL T SERMEIEE SRR MR SN GE Ml GATG A0 8

GIG ATG A@I%%%%[e-ﬁ%e@ﬁm%%ww@@sa LISA), SIACORE, Hth&AgalCT CC 68
ACA CTC ACG CAG T

OK5( HUVKS) GAA A CT CC 69 OK6( HUVKS) GAA ATT GIG CTG ACT
CAG TCB CCkib@mOTk{cHuCRindh@ANGIEQITCE fEgmeas Tha@aok tECTn@Tmospeciftalytind 0A) * CAG
TCT GTG CTG AGT CAG CC 72. OL1(HUVL1B)* CAG TCT GIG YTG ACG CAG CCG CC

73 OL1( HuVAMABfIeromey RqrogsTisagtivg WiEacleld aatgsreceamying|thy 34RAoPHPPCAG TCT GOC

Ter Tor cade it Al o Fred Rl B IR et et i Te 78
OL6( HUVL5)a B0t GFS3s e3ct WET oBAGIBEESTC 79 OL7(HUVLE) AAT TTT ATG CTG ACT

CAG CCC CA 80 OL8(HuVL7/8) CAG RCT GIG GIG ACY CAG GAG CC 81 OL9( HuVL9)#
CWG CCT GTG CTG\Agbsi@a® 6ed 8ere il d¢riateyIthaoiefl aGMENECROTEEENETGIADD CAG 83

OCL( HuCL2) X. TGA AQA TTC T% AGG GGC C@% T(é&i?oégggu 7) X AGA GCA TTC TGC
AGE GEC ARSI S5 Tey RN AR AT RGIRTE & eSS EXYTCT GG

The term “therapeutically effective amount” refers to an amount of the binding
molecule as defined herein that is effective for preventing, ameliorating and/or treating a
condition resulting from infection with an influenza B virus. Ameloriation as used in
herein may refer to the reduction of visible or perceptible disease symptoms, viremia, or

15  any other measurable manifestation of influenza infection.

The term “treatment” refers to therapeutic treatment as well as prophylactic or
preventative measures to cure or halt or at least retard disease progress. Those in need of
treatment include those already inflicted with a condition resulting from infection with
influenza virus as well as those in which infection with influenza virus is to be prevented.

20 Subjects partially or totally recovered from infection with influenza virus might also be in
need of treatment. Prevention encompasses inhibiting or reducing the spread of influenza
virus or inhibiting or reducing the onset, development or progression of one or more of
the symptoms associated with infection with influenza virus.

The term “vector” denotes a nucleic acid molecule into which a second nucleic

25  acid molecule can be inserted for introduction into a host where it will be replicated, and
in some cases expressed. In other words, a vector is capable of transporting a nucleic acid
molecule to which it has been linked. Cloning as well as expression vectors are
contemplated by the term “vector”, as used herein. Vectors include, but are not limited to,
plasmids, cosmids, bacterial artificial chromosomes (BAC) and yeast artificial

30 chromosomes (YAC) and vectors derived from bacteriophages or plant or animal

(including human) viruses. Vectors comprise an origin of replication recognized by the



86 OH1( HuVHLC) + SAG GIC CAG CTG GIR CAG TCT GG 87 OH2(HuVH2B) CAG RTC ACC
TTG AAG GAG TCT GG 88 OH3(HuVH3A) GAG GIG CAG CTG GIG GAG 89 OH4( HuVH3C)
GAG GIG (MG 20BBIGETE GAG WCY GG 90 COHS(HuVHAB) CAG GIG CRGIEPAICABEAG TGG
GG 91 OH6(HUVHAC) CAG STG CAG CTG CAG GAG TCS GG 92 0OH7(HuVHBA) CAG GTA CAG
CTG CAG CAG TCA GG 93 OCM HuCl gM TGG AAG AGG CAC GIT CTT TTC TTT 94 * M X
in 1:1:1 ratio # Mx in 1:1 ratio XMx in 1:1 ratio 5+ Mx in 1:1 ratio
WO 2013/ 007770PCT/ EP2012/ 063637 56 Tabl e 2. Second round Vkappa, VI anbda
and VH anppropisedhosdnsd inRabseiexpervoPyéchas, pnemadtendndadehes ecpubrtag rgfi@sl D NO
OK1S (HuVK1B- SAL). . TGA GCA WIG ACC CAC CAG AGG TCT TCG CC ACG .GAC ATC CAG 95
0K25 ( HuVKzeasaized pysthadioat: ATiceportaringacepqnd npctricpeld glepdesisdptrodusad GTG 96

K38 & BRI i T AR SORARE AT: TSy ACRFTATT GO

Certain vectors are capable of autonomous replication in a host into which they are
5 introduced (e.g., vectors having a bacterial origin of replication can replicate in bacteria).
Other vectors can be integrated into the genome of a host upon introduction into the host,

and thereby are replicated along with the host genome.

DETAILED DESCRIPTION

10 In a first aspect the present invention encompasses binding molecules capable of
specifically binding to hemagglutinin (HA) of influenza A virus subtypes of phylogenetic
group 1 and influenza A virus subtypes of phylogenetic group 2. In an embodiment, the
binding molecules are capable of neutralizing influenza A virus subtypes of both
phylogenetic group | and phylogenetic group 2. The binding molecules of the invention

15  thus are unique in that they are capable of cross-neutralizing group 1 influenza A virus
strains and group 2 influenza A virus strains. In an embodiment, the binding molecules
are capable of neutralizing at least one or more, preferably two or more, preferably three
or more, preferably four or more, even more preferably five or more group 1 influenza A
virus subtypes selected from the group consisting of the H1, H2, H5, H6, H8, H9 and

20 HI1 subtype, and at least one or more, preferably two or more, preferably three or more
group 2 influenza A virus subtypes selected from the group consisting of the H3, H4, H7,
and H10 subtype. In an embodiment, the binding molecules are capable of specifically
binding to hemagglutinin (HA) of influenza B virus subtypes. In another embodiment, the
binding molecules are capable of neutralizing influenza B viruses. In an embodiment, the

25  binding molecules are capable of in vivo neutralizing influenza A and/or B viruses. The
influenza A and B virus strains may be both human and non-human influenza virus
strains (i.e. obtained from non-human animals, e.g. birds).

Preferably, the binding molecules are human binding molecules. In a preferred
embodiment, the binding molecules are human antibodies, or antigen-binding fragments

30 thereof.



CAC CAG AGG TCT TCG CC ACG GAA ATT GTIG 98 OK5S (HuVK5- SAL) TGA GCA CTC ACG
CAC CAG AGG TCT TCG CC ACG GAA ACG ACA 99 0K65 (HuVK6- SAL) TGA GCA CTG ACT
CAC CAG AE0200100T086 CC ACG GAA ATT GIG 100 QJIK1 (HuJK1- ROT)EP@AG0GIGAT TTT GAT
TTC TTC TCG CAC ACT CTT TGC GGC CGC ACG GGTI CCC 101 QIK2 (HuJK2- NOT) GAG
TCA TTT GAT TTC CTC TCG CAG ACT CTT TG GEC CGC ACG GGI CCC 102 QIK3
(HuJK3-NOT) GAG TCA TTT GAT TTC ATC TCG CAC ACT TTT TGC GGC CGC ACG GGI' CcC
103 QJK4 (HuJK4-NOT) GAG TCA TTT GAT TTC CTC TCG CAC ACT

In an embodiment, the binding molecules are derived from the VH1-69 germ line

gene. Thus, the binding molecules all use the same VH1-69 germ line encoded
framework.

In an embodiment, the binding interaction of the binding molecules, preferably

5  the antibody, and HA is mediated exclusively by heavy chain variable sequences.

In an embodiment, the binding molecules comprise a heavy chain CDR1
comprising the amino acid sequence of SEQ ID NO: 133 or SEQ ID NO: 139, a heavy
chain CDR2 comprising the amino acid sequence of SEQ ID NO: 134, SEQ ID NO: 140
or SEQ ID NO: 151, and a heavy chain CDR3 comprising an amino acid sequence

10  selected from the group consisting of SEQ ID NO: 135, SEQ ID NO: 141, SEQ ID NO:
145, SEQ ID NO: 152, SEQ ID NO: 161, and SEQ ID NO: 162. The CDR regions of
binding molecules of the invention are shown in Table 7. CDR regions are according to
Kabat ef al. (1991) as described in Sequences of Proteins of Immunological Interest.

Influenza viruses infect cells by binding to sialic acid residues on the cell surface

15  of target cells, and following transfer into endosomes, by fusing their membranes with the
endosomal membranes and releasing the genome-transcriptase complex into the cell.
Both receptor binding and membrane fusion process are mediated by the HA
glycoprotein. The HA of influenza virus A comprises two structurally distinct regions,
1.e. a globular head region, which contains a receptor binding site which is responsible for

20  virus attachment to the target cell, and is involved in the haemagglutination activity of
HA, and a stem region, containing a fusion peptide which is necessary for membrane
fusion between the viral envelope and the endosomal membrane of the cell. The HA
protein is a trimer in which each monomer consists of two disulphide - linked
glycopolypeptides, HA1 and HA2, that are produced during infection by proteolytic

25  cleavage of a precursor (HAO). Cleavage is necessary for virus infectivity since it is
required to prime the HA for membrane fusion, to allow conformational change.
Activation of the primed molecule occurs at low pH in endosomes, between pHS and
pH6, and requires extensive changes in HA structure. Each of the stages in the priming
and activation of HA for its participation in the membrane fusion process, presents a

30  different target for inhibition, e.g. by monoclonal antibodies. In an embodiment, the



CTT TGC GBC CGC ACG GGI CCC 104 QIK5 (HuJK5-NOT) GAG TCA TTT AAT TTC CTC
TCG CAG ACT TCG TGC GGC CEC ACG TGT CCC 105 OL1S (HuVL1A-SAL)* TGA GCA CTG
ACT CAC (WG203m0CCA TCG CC ACG CAG TCT GIG 106 OL1S ( HUYCTEP3ARN6363TGA GCA
YTG ACG CAC CAG AGG CCG TCG CC ACG CAG TCT GTG 107 OL1S (HuVL1GC SAL)* TGA
GCA GIG ACG CAC CAG AGG CCG TCG CC ACGITAG TCT GIC 108 0L25 (HuVL2B- SAL)
TGA GCA CTG ACT CAC CAG AGG CC TCG ACG CAG TCT GCC 109 0OL35 (HUVL3A- SAL)
TGA GCA CTG ACT CAC CAG AGG CCA TCG CC ACG TCC TAT GAG 110 0L45

( HuVL3B- SAtihdifiGAaoBCAleCTiE cA@iblGADlocking the pH-induced conformational changes in HA
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associated with membrane fusion.

The binding molecules of the invention may be capable of specifically binding to
the HAO, HA1 and/or HA2 subunit of the HA protein. They may be capable of
specifically binding to linear or structural and/or conformational epitopes on the HAO,
HAT1 and/or HA2 subunit of the HA protein. The HA molecule may be purified from
viruses or recombinantly produced and optionally isolated before use. Alternatively, HA
may be expressed on the surface of cells. In an embodiment, the binding molecules of the
invention are capable of specifically binding to an epitope in the stem region of HA. In an
embodiment, the binding molecules bind to an epitope that is accessible in the pre-fusion
conformation of HA.

The binding molecules of the invention may be capable of specifically binding to
influenza viruses that are viable, living and/or infective or that are in
inactivated/attenuated form. Methods for inactivating/attenuating virus, e.g. influenza
viruses are well known in the art and include, but are not limited to, treatment with
formalin, B-propiolactone (BPL), merthiolate, and/or ultraviolet light.

The binding molecules of the invention may also be capable of specifically
binding to one or more fragments of the influenza viruses, such as inter alia a preparation
of one or more proteins and/or (poly)peptides, derived from subtypes of influenza A
and/or B viruses or one or more recombinantly produced proteins and/or polypeptides of
influenza A and/or B viruses. The nucleotide and/or amino acid sequence of proteins of
various influenza A and B strains can be found in the GenBank-database, NCBI Influenza
Virus Sequence Database, Influenza Sequence Database (ISD), EMBL-database and/or
other databases. It is well within the reach of the skilled person to find such sequences in
the respective databases.

In another embodiment the binding molecules of the invention are capable of
specifically binding to a fragment of the above-mentioned proteins and/or polypeptides,
wherein the fragment at least comprises an epitope recognized by the binding molecules
of the invention. An "epitope" as used herein is a moiety that is capable of binding to a
binding molecule of the invention with sufficiently high affinity to form a detectable

antigen-binding molecule complex.



CAG AGG GAC TCG CC ACG TCT TCT GAG 111 OL5S (HuVL4B-SAL) TGA GCA CTG ACT
CAC CAA AGG TC TCG ACG CAG CYT GIG 112 0L65 (HuVL5-SAL) TGA GCA CTG ACT CAC
CAG AGG (E0G20B3BITC0ACG CAG CCT GIG 113 OL75 (HuVL6- SAL) PCE&APBOA063HE& ACT CAC
CAG AGG CCC TCG CA ACG AAT TTT ATG 114 0L85 (HuVL7/8-SAL) TGA GCA GIG ACY
CAC CAG AGG GAG TCG CC ACG CAG RCT GIGI&15 0L95 (HuVL9-SAL)# TGA GCA CTG
ACT CAC CAG AGG CCM TCG CC ACG CWG CCT GIG 116 0L95 (HuVL10- SAL)# TGA GCA
CTG ACT CAC CAG AGG TCG ACG CAG GCA GGG 117 QJL1 (HuJL1-NOT) GAG TCA TAG

GAC
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The binding molecules of the invention may or may not be capable of specifically
binding to the extracellular part of HA (also called herein soluble HA (sHA)).

The binding molecules of the invention can be intact immunoglobulin molecules
such as polyclonal or monoclonal antibodies or the binding molecules can be antigen-
binding fragments thereof, including, but not limited to, heavy and light chain variable
regions, Fab, F(ab'), F(ab'),, Fv, dAb, Fd, complementarity determining region (CDR)
fragments, single-chain antibodies (scFv), bivalent single-chain antibodies, single-chain
phage antibodies, diabodies, triabodies, tetrabodies, and (poly)peptides that contain at
least a fragment of an immunoglobulin that is sufficient to confer specific antigen binding
to influenza virus strains or a fragment thereof. In a preferred embodiment the binding
molecules of the invention are human monoclonal antibodies, and/or antigen-binding
fragments thereof. The binding molecules may also be Nanobodies, alphabodies,
affibodies, FN3-domain scaffolds and other scaffolds based on domains in (human)
repeat proteins like Adnectins, Anticalins, Darpins, etc, or other scaffolds comprising
epitope binding sequences.

The binding molecules of the invention can be used in non-isolated or isolated
form. Furthermore, the binding molecules of the invention can be used alone or in a
mixture comprising at least one binding molecule (or variant or fragment thereof) of the
invention, and/or with other binding molecules that bind to influenza and have influenza
virus inhibiting effect. In other words, the binding molecules can be used in combination,
e.g., as a pharmaceutical composition comprising two or more binding molecules of the
invention, variants or fragments thereof. For example, binding molecules having
different, but complementary activities can be combined in a single therapy to achieve a
desired prophylactic, therapeutic or diagnostic effect, but alternatively, binding molecules
having identical activities can also be combined in a single therapy to achieve a desired
prophylactic, therapeutic or diagnostic effect. Optionally, the mixture further comprises at
least one other therapeutic agent. Preferably, the therapeutic agent such as, e.g., M2
inhibitors (e.g., amantidine, rimantadine) and/or neuraminidase inhibitors (e.g.,
zanamivir, oseltamivir) is useful in the prophylaxis and/or treatment of an influenza virus

infection



TTC GGI' TCG GAC ACT CTT TGC GEC CGC ACC GGI CCC 118 QJL2 (HuJL2/ 3-NOT) GAG
TCA TAG GAC TTC GGTI TCG CAG ACT CTT TGC GGC CGC ACC GGTI CcC 119 QL3
(HuJL7- NOVD 26800TCA GAG GAC TTC GGT TCG CAG ACT CTG TGCPGBEPZBR08%667 GGT GCC
120 WD 2013/007770PCT/ EP2012/ 063637 57 OH1S (HuVH1B- SFl)+ GIC ATG CTC GCC
GCA ACT GCG GCC CAG CCG GCC CAG RTG CA®CTG GTG CAR TCT GG 121 OH1S
(HuVHLC- SFI') + GTC ATG CTC GCC GCA ACT GCG GCC CAG CCG GCC SAG GIC CAG CTG
GTR CAG TCT GG 122 0OH25 (HuVH2B- SFI) GIC ATG CTC GCC GCA ACT GCG GCC CAG
CCG GCC CAG RTA vaally,TiinddEGmaGheuIECIccading2d thidHaSer(tidun \VhiBBinSfd heEHRIANPG CTC
aoC GCA ACILrt%;Cercs;, i%:gn %@1%61(1:2%% S/;I(l‘:l% gfpz\gcr;ou%-rlc;(s%c;as%rlcl;\ll a%;d %%ﬂu]ég;a A virus of
group 2 (such as H3N2), and/or an influenza B virus, and/or fragments thereof, with an
affinity constant (Kg-value) that is lower than 0.2x10™ M, 1.0x10™ M, 1.0x10° M,
5 1.0x107 M, preferably lower than 1.0x10°° M, more preferably lower than 1.0x10” M,
more preferably lower than 1.0x10™° M, even more preferably lower than 1.0x10™" M,
and in particular lower than 1.0x10™* M. The affinity constants can vary for antibody
isotypes. For example, affinity binding for an IgM isotype refers to a binding affinity of
at least about 1.0x10” M. Affinity constants can for instance be measured using surface
10  plasmon resonance, for example using the BIACORE system (Pharmacia Biosensor AB,
Uppsala, Sweden).
The binding molecules of the invention exhibit neutralizing activity. Neutralizing
activity can for instance be measured as described herein. Alternative assays measuring
neutralizing activity are described in for instance WHO Manual on Animal Influenza
15  Diagnosis and Surveillance, Geneva: World Health Organisation, 2005, version 2002.5.
Typically, the binding molecules according to the invention have a neutralizing
activity of 50pg/ml or less, preferably 20ug/ml or less, more preferably a neutralizing
activity of 10 ug/ml or less, even more preferably 5 pg/ml or less, as determined in an in
vitro virus neutralization assay (VNA) as described in Example 6. The binding molecules
20 according to the invention may bind to influenza virus or a fragment thereof in soluble
form such as for instance in a sample or in suspension or may bind to influenza viruses or
fragments thereof bound or attached to a carrier or substrate, e.g., microtiter plates,
membranes and beads, etc. Carriers or substrates may be made of glass, plastic (e.g.,
polystyrene), polysaccharides, nylon, nitrocellulose, or Teflon, etc. The surface of such
25  supports may be solid or porous and of any convenient shape. Furthermore, the binding
molecules may bind to influenza virus in purified/isolated or non-purified/non-isolated
form.
As discussed above, the present invention relates to isolated human binding
molecules that are able to recognize and bind to an epitope in the influenza

30  haemagglutinin protein (HA) wherein said binding molecules have neutralizing activity

against influenza A viruses of phylogenetic group 1 and influenza A viruses of



OH4S (HUVH3C- SFI) GIC ATG CTC GCC GCA ACT GCG GCC CAG CCG GCC GAG GIG CAG
CTG GIG GAG WCY GG 125 OH55 (HuVH4B- SFI) GIC ATG CTC GCC GCA ACT GCG GCC
CAG CCG Q0 20300GET6G CAG CTA CAG CAG TGG GG 126 0H65 ( HUYEZEPSHRY6IBIT ATG
CTC GCC GCA ACT GCG GCC CAG CCG GCC CAG STG CAG CTG CAG GAG TCS GG 127 OH7s
(HUVHBA- SFI') GIC ATG CTC GCC GCA ACT G205 GCC CAG CCG GCC CAG GTA CAG CTG
CAG CAG TCA GG 128 QJH1 (HuJHL1/2-XHO GAG CAG TCA GGI TTC TCG ACT CGA GAC
RGT GAC GCC 129 QJH2 (HuJH3- XHO GAG CAT TCA TGT TTC TCG ACT CGA GAC GGT
GAC CCC 13yla@dhiSic(grioni/Ascxidg tGAG 10ABHITAL (BE haF Theem SEwAGhat@wrbiGdiGe GGT GAC
TCC 131 AJH4 (HuJH6- XHO) GAG CGI TCA GGI. TTC TCG ACT CGA GAC GGI' GAC CCC
molecules of the present invention cross-neutralize influenza virus subtypes belonging to
both phylogenetic groups. The skilled person, based on what has been disclosed herein,
can determine whether an antibody indeed cross-reacts with HA proteins from different
5  subtypes and can also determine whether they are able to neutralize influenza viruses of
different subtypes in vitro and/or in vivo.
In an embodiment the binding molecule according to the present invention is
selected from the group consisting of:
a) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:133, a
10 heavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDR3 region of SEQ
ID NO:135,
b) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:140, and a heavy chain CDR3 region of SEQ
ID NO:141,
15  c¢) abinding molecule comprising a heavy chain CDR1 region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDR3 region of SEQ
ID NO:145,
d) a binding molecule comprising a heavy chain CDRI region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:151, and a heavy chain CDR3 region of SEQ
20 IDNO:152,
e) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDR3 region of SEQ
ID NO:152,
f) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:139, a
25  heavy chain CDR2 region of SEQ ID NO:151, and a heavy chain CDR3 region of SEQ
ID NO:161,
g) a binding molecule comprising a heavy chain CDRI region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:151, and a heavy chain CDR3 region of SEQ

ID NO:162, and
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h) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDR3 region of SEQ
ID NO:141.

In a preferred embodiment, the binding molecule comprises a heavy chain CDR1
region comprising the amino acid sequence of SEQ ID NO:139, a heavy chain CDR2
region comprising an amino acid sequence of SEQ ID NO:134, and a heavy chain CDR3
region comprising the amino acid sequence of SEQ ID NO:145 or SEQ ID NO: 152.

In another embodiment, the human binding molecules according to the invention
are selected from the group consisting of:

a) a binding molecule having a heavy chain CDR1 region of SEQ ID NO:133, a heavy
chain CDR2 region of SEQ ID NO:134, and a heavy chain CDR3 region of SEQ ID
NO:135, a light chain CDR1 region having the amino acid sequence of SEQ ID NO:136,
a light chain CDR2 region having the amino acid sequence of SEQ ID NO:137, and a
light chain CDR3 region having the amino acid sequence of SEQ ID NO:138,

b) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:140, and a heavy chain CDR3 region of SEQ
ID NO:141, a light chain CDRI1 region having the amino acid sequence of SEQ ID
NO:142, a light chain CDR2 region having the amino acid sequence of SEQ ID NO:143,
and a light chain CDR3 region having the amino acid sequence of SEQ ID NO:144,

¢) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDR3 region of SEQ
ID NO:145, a light chain CDR1 region having the amino acid sequence of SEQ ID
NO:146, a light chain CDR2 region having the amino acid sequence of SEQ ID NO:174,
and a light chain CDR3 region having the amino acid sequence of SEQ ID NO:147,

d) a binding molecule comprising a heavy chain CDRI region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDR3 region of SEQ
ID NO:145, a light chain CDR1 region having the amino acid sequence of SEQ ID

NO: 148, a light chain CDR2 region having the amino acid sequence of SEQ ID NO:149,
and a light chain CDR3 region having the amino acid sequence of SEQ ID NO:150,

e) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:151, and a heavy chain CDR3 region of SEQ
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ID NO:152, a light chain CDRI1 region having the amino acid sequence of SEQ ID
NO:153, a light chain CDR2 region having the amino acid sequence of SEQ ID NO:154,
and a light chain CDR3 region having the amino acid sequence of SEQ ID NO:155,

f) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDR3 region of SEQ
ID NO:152, a light chain CDRI1 region having the amino acid sequence of SEQ ID

NO: 148, a light chain CDR2 region having the amino acid sequence of SEQ ID NO:149,
and a light chain CDR3 region having the amino acid sequence of SEQ ID NO:150,

g) a binding molecule comprising a heavy chain CDRI region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDR3 region of SEQ
ID NO:152, a light chain CDRI1 region having the amino acid sequence of SEQ ID
NO:156, a light chain CDR2 region having the amino acid sequence of SEQ ID NO:157,
and a light chain CDR3 region having the amino acid sequence of SEQ ID NO:158,

h) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDR3 region of SEQ
ID NO:152, a light chain CDRI1 region having the amino acid sequence of SEQ ID

NO: 148, a light chain CDR2 region having the amino acid sequence of SEQ ID NO:159,
and a light chain CDR3 region having the amino acid sequence of SEQ ID NO:160,

1) a binding molecule comprising a heavy chain CDRI region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:151, and a heavy chain CDR3 region of SEQ
ID NO:161, a light chain CDRI1 region having the amino acid sequence of SEQ ID
NO:142, a light chain CDR2 region having the amino acid sequence of SEQ ID NO:143,
and a light chain CDR3 region having the amino acid sequence of SEQ ID NO:144,

j) a binding molecule comprising a heavy chain CDRI region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:151, and a heavy chain CDR3 region of SEQ
ID NO:162, a light chain CDR1 region having the amino acid sequence of SEQ ID
NO:163, a light chain CDR2 region having the amino acid sequence of SEQ ID NO:164,
and a light chain CDR3 region having the amino acid sequence of SEQ ID NO:165,

k) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDR3 region of SEQ
ID NO:152, a light chain CDRI1 region having the amino acid sequence of SEQ ID
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NO: 166, a light chain CDR2 region having the amino acid sequence of SEQ ID NO:167,
and a light chain CDR3 region having the amino acid sequence of SEQ ID NO:168,
1) a binding molecule comprising a heavy chain CDRI region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDR3 region of SEQ
5 ID NO:152, a light chain CDRI region having the amino acid sequence of SEQ ID
NO:169, a light chain CDR2 region having the amino acid sequence of SEQ ID NO:149,
and a light chain CDR3 region having the amino acid sequence of SEQ ID NO:150,
m) a binding molecule comprising a heavy chain CDRI region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDR3 region of SEQ
10 ID NO:141, a light chain CDRI region having the amino acid sequence of SEQ ID NO:
163, a light chain CDR2 region having the amino acid sequence of SEQ ID NO:169, and
a light chain CDR3 region having the amino acid sequence of SEQ ID NO:170,
n) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDR3 region of SEQ
15 1D NO:152, a light chain CDRI1 region having the amino acid sequence of SEQ ID
NO:171, a light chain CDR2 region having the amino acid sequence of SEQ ID NO:164,
and a light chain CDR3 region having the amino acid sequence of SEQ ID NO:172,
0) a binding molecule comprising a heavy chain CDRI region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDR3 region of SEQ
20 ID NO:145, a light chain CDR1 region having the amino acid sequence of SEQ ID
NO:142, a light chain CDR2 region having the amino acid sequence of SEQ ID NO:143,
and a light chain CDR3 region having the amino acid sequence of SEQ ID NO:173, and
p) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDR3 region of SEQ
25 ID NO:152, a light chain CDR1 region having the amino acid sequence of SEQ ID
NO:142, alight chain CDR2 region having the amino acid sequence of SEQ ID NO:143,
and a light chain CDR3 region having the amino acid sequence of SEQ ID NO:144.
In another embodiment, the human binding molecules according to the invention
are selected from the group consisting of:
30  a)abinding molecule comprising a heavy chain CDR1 region of SEQ ID NO:139, a
heavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDR3 region of SEQ
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ID NO:145, a light chain CDR1 region having the amino acid sequence of SEQ ID
NO:146, a light chain CDR2 region having the amino acid sequence of SEQ ID NO:174,
and a light chain CDR3 region having the amino acid sequence of SEQ ID NO:147,
b) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:139, a
5  heavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDR3 region of SEQ
ID NO:152, a light chain CDRI1 region having the amino acid sequence of SEQ ID
NO:171, a light chain CDR2 region having the amino acid sequence of SEQ ID NO:164,
and a light chain CDR3 region having the amino acid sequence of SEQ ID NO:172,
¢) a binding molecule comprising a heavy chain CDR1 region of SEQ ID NO:139, a
10 heavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDR3 region of SEQ
ID NO:145, a light chain CDR1 region having the amino acid sequence of SEQ ID
NO:142, a light chain CDR2 region having the amino acid sequence of SEQ ID NO:143,
and a light chain CDR3 region having the amino acid sequence of SEQ ID NO:173, and
d) a binding molecule comprising a heavy chain CDRI region of SEQ ID NO:139, a
15  heavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDR3 region of SEQ
ID NO:152, a light chain CDRI1 region having the amino acid sequence of SEQ ID
NO:142, a light chain CDR2 region having the amino acid sequence of SEQ ID NO:143,
and a light chain CDR3 region having the amino acid sequence of SEQ ID NO:144.
In another embodiment, the binding molecule according to the invention is
20 selected from the group consisting of
a) a binding molecule comprising a heavy chain variable region of SEQ ID NO: 2,
b) a binding molecule comprising a heavy chain variable region of SEQ ID NO: 6,
¢) abinding molecule comprising a heavy chain variable region of SEQ ID NO: 10,
d) abinding molecule comprising a heavy chain variable region of SEQ ID NO: 14,
25 e) abinding molecule comprising a heavy chain variable region of SEQ ID NO: 18,
f) abinding molecule comprising a heavy chain variable region of SEQ ID NO: 22,
g) a binding molecule comprising a heavy chain variable region of SEQ ID NO: 26,
h) a binding molecule comprising a heavy chain variable region of SEQ ID NO: 30,
1) abinding molecule comprising a heavy chain variable region of SEQ ID NO: 34,
30 j) abinding molecule comprising a heavy chain variable region of SEQ ID NO: 38,
k) a binding molecule comprising a heavy chain variable region of SEQ ID NO: 42,



10 L4 OL4S AJL1 L4J1 30 PL4 1 OL4S QJL2 L4J2 60

L5 OL5S AJL1 L5J1 30 PL5 1 (OL5S AJL2 L5J2 60 OL5S QJL3 L5J3 10

OL6S QILIWOheim/@e77PL6 1 OL6S QJL2 L6J2 60

QL1 L7J1 30 PLY

10

15

20

25

30

25

1) abinding molecule comprising a heavy chain variable region of SEQ ID NO: 46,

m) a binding molecule comprising a heavy chain variable region of SEQ ID NO: 50,

n) a binding molecule comprising a heavy chain variable region of SEQ ID NO: 54,

0) abinding molecule comprising a heavy chain variable region of SEQ ID NO: 58,

and

p) abinding molecule comprising a heavy chain variable region of SEQ ID NO: 62.
In an embodiment, the binding molecule according to the invention is selected from the
group consisting of a binding molecule comprising a heavy chain variable region of SEQ
ID NO: 10 a binding molecule comprising a heavy chain variable region of SEQ ID NO:
54, a binding molecule comprising a heavy chain variable region of SEQ ID NO: 58, and
a binding molecule comprising a heavy chain variable region of SEQ ID NO: 62.

In a further embodiment, the binding molecules according to the invention
comprise a light chain variable region comprising an amino acid sequence selected from
the group consisting of SEQ ID NO:4, SEQ ID NO:8, SEQ ID NO:12, SEQ ID NO:16,
SEQ ID NO:20, SEQ ID NO:24, SEQ ID NO:28, SEQ ID NO:32, SEQ ID NO:36, SEQ
ID NO:40, SEQ ID NO:44, SEQ ID NO:48, SEQ ID NO:52, SEQ ID NO:56, SEQ ID
NO:60, and SEQ ID NO:64.

In yet another embodiment, the binding molecule is selected from the group
consisting of

a) a binding molecule comprising a heavy chain variable region of SEQ ID NO: 2

and a light chain variable region of SEQ ID NO: 4,

b) a binding molecule comprising a heavy chain variable region of SEQ ID NO: 6

and a light chain variable region of SEQ ID NO: 8,

¢) abinding molecule comprising a heavy chain variable region of SEQ ID NO: 10

and a light chain variable region of SEQ ID NO: 12,

d) abinding molecule comprising a heavy chain variable region of SEQ ID NO: 14

and a light chain variable region of SEQ ID NO: 16,

e¢) a binding molecule comprising a heavy chain variable region of SEQ ID NO: 18

and a light chain variable region of SEQ ID NO: 20,

f) abinding molecule comprising a heavy chain variable region of SEQ ID NO: 22

and a light chain variable region of SEQ ID NO: 24,

OL4S AJL3 L4J3 10
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g) a binding molecule comprising a heavy chain variable region of SEQ ID NO: 26

and a light chain variable region of SEQ ID NO: 28,

h) a binding molecule comprising a heavy chain variable region of SEQ ID NO: 30

and a light chain variable region of SEQ ID NO: 32,

1) abinding molecule comprising a heavy chain variable region of SEQ ID NO: 34

and a light chain variable region of SEQ ID NO: 36,

j) abinding molecule comprising a heavy chain variable region of SEQ ID NO: 38

and a light chain variable region of SEQ ID NO: 40,

k) a binding molecule comprising a heavy chain variable region of SEQ ID NO: 42

and a light chain variable region of SEQ ID NO: 44,

1) abinding molecule comprising a heavy chain variable region of SEQ ID NO: 46

and a light chain variable region of SEQ ID NO: 48,

m) a binding molecule comprising a heavy chain variable region of SEQ ID NO: 50

and a light chain variable region of SEQ ID NO: 52,

n) a binding molecule comprising a heavy chain variable region of SEQ ID NO: 54

and a light chain variable region of SEQ ID NO: 56,

0) a binding molecule comprising a heavy chain variable region of SEQ ID NO: 58
and a light chain variable region of SEQ ID NO: 60, and
p) abinding molecule comprising a heavy chain variable region of SEQ ID NO: 62

and a light chain variable region of SEQ ID NO: 64.

In an embodiment, the human binding molecules according to the invention are
selected from the group consisting of: a binding molecule comprising a heavy chain
variable region of SEQ ID NO: 10 and a light chain variable region of SEQ ID NO: 12, a
binding molecule comprising a heavy chain variable region of SEQ ID NO: 54 and a light
chain variable region of SEQ ID NO: 56, a binding molecule comprising a heavy chain
variable region of SEQ ID NO: 58 and a light chain variable region of SEQ ID NO: 60,
and a binding molecule comprising a heavy chain variable region of SEQ ID NO: 62 and
a light chain variable region of SEQ ID NO: 64.

In a preferred embodiment, the binding molecules according to the invention are
for a use as a medicament, and preferably for use in the diagnostic, therapeutic and/or

prophylactic treatment of influenza infection caused by influenza A and/or B viruses.
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Preferably, the influenza virus that causes the influenza infection and that can be treated
using the binding molecules of the present invention is an influenza A virus of
phylogenetic group 1 and/or 2, and/or a influenza B virus. The present invention also
relates to a pharmaceutical composition comprising at least one binding molecule
according to the invention, and a pharmaceutically acceptable excipient.

In yet another embodiment the invention relates to the use of a binding molecule
according to the invention in the preparation of a medicament for the diagnosis,
prophylaxis, and/or treatment of an influenza virus infection. Such infections can occur in
small populations, but can also spread around the world in seasonal epidemics or, worse,
in global pandemics where millions of individuals are at risk. The invention provides
binding molecules that can neutralize the infection of influenza strains that cause such
seasonal epidemics, as well as potential pandemics. Importantly, protection and treatment
can be envisioned now with the binding molecules of the present invention in relation to
various influenza subtypes as it has been disclosed that the binding molecules of the
present invention are capable of cross-neutralizing various influenza subtypes of both
phylogenetic group 1, encompassing H1, H2, H5, H6, H8, H9 and H11 subtypes and
phylogenetic group 2, encompassing subtypes H3, H4, H7 and H10 subtypes, as well as
influenza B subtypes.

Another aspect of the invention includes functional variants of the binding
molecules as defined herein. Molecules are considered to be functional variants of a
binding molecule according to the invention, if the variants are capable of competing for
specifically binding to an influenza virus or a fragment thereof with the “parental” or
“reference” binding molecules. In other words, molecules are considered to be functional
variants of a binding molecule according to the invention when the functional variants are
still capable of binding to the same or overlapping epitope of the influenza virus or a
fragment thereof. For the sake of this application “parental” and “reference” will be used
as synonyms meaning that the information of the reference or parental molecule, or the
physical molecule itself may form the basis for the variation. Functional variants include,
but are not limited to, derivatives that are substantially similar in primary structural
sequence, including those that have modifications in the Fc receptor or other regions

involved with effector functions, and/or which contain e.g. in vitro or in vivo
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modifications, chemical and/or biochemical, that are not found in the parental binding
molecule. Such modifications include inter alia acetylation, acylation, covalent
attachment of a nucleotide or nucleotide derivative, covalent attachment of a lipid or lipid
derivative, cross-linking, disulfide bond formation, glycosylation, hydroxylation,

5  methylation, oxidation, pegylation, proteolytic processing, phosphorylation, and the like.
Alternatively, functional variants can be binding molecules as defined in the present
invention comprising an amino acid sequence containing substitutions, insertions,
deletions or combinations thereof of one or more amino acids compared to the amino acid
sequences of the parental binding molecules. Furthermore, functional variants can

10  comprise truncations of the amino acid sequence at either or both the amino or carboxyl
termini. Functional variants according to the invention may have the same or different,
either higher or lower, binding affinities compared to the parental binding molecule but
are still capable of binding to the influenza virus or a fragment thereof. For instance,
functional variants according to the invention may have increased or decreased binding

15  affinities for an influenza virus or a fragment thereof compared to the parental binding
molecules. Preferably, the amino acid sequences of the variable regions, including, but
not limited to, framework regions, hypervariable regions, in particular the CDR3 regions,
are modified. Generally, the light chain and the heavy chain variable regions comprise
three hypervariable regions, comprising three CDRs, and more conserved regions, the so-

20 called framework regions (FRs). The hypervariable regions comprise amino acid residues
from CDRs and amino acid residues from hypervariable loops. Functional variants
intended to fall within the scope of the present invention have at least about 50% to about
99%, preferably at least about 60% to about 99%, more preferably at least about 70% to
about 99%, even more preferably at least about 80% to about 99%, most preferably at

25  least about 90% to about 99%, in particular at least about 95% to about 99%, and in
particular at least about 97% to about 99% amino acid sequence identity and/or homology
with the parental binding molecules as defined herein. Computer algorithms such as inter
alia Gap or Bestfit known to a person skilled in the art can be used to optimally align
amino acid sequences to be compared and to define similar or identical amino acid

30  residues. Functional variants can be obtained by altering the parental binding molecules

or parts thereof by general molecular biology methods known in the art including, but not
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variants of the invention have neutralizing activity against influenza A viruses of group 1
and group 2, and/or influenza B viruses. The neutralizing activity may either be identical,
5  or be higher or lower compared to the parental binding molecules. Henceforth, when the
term (human) binding molecule is used, this also encompasses functional variants of the
(human) binding molecule. Assays for verifying if a variant binding molecule has
neutralizing activity are well known in the art (see WHO Manual on Animal Influenza
Diagnosis and Surveillance, Geneva: World Health Organisation, 2005 version 2002.5).
10 In yet a further aspect, the invention includes immunoconjugates, i.e. molecules
comprising at least one binding molecule as defined herein and further comprising at least
one tag, such as inter alia a detectable moiety/agent. Also contemplated in the present
invention are mixtures of immunoconjugates according to the invention or mixtures of at
least one immunoconjugates according to the invention and another molecule, such as a
15  therapeutic agent or another binding molecule or immunoconjugate. In a further
embodiment, the immunoconjugates of the invention may comprise more than one tag.
These tags can be the same or distinct from each other and can be joined/conjugated non-
covalently to the binding molecules. The tag(s) can also be joined/conjugated directly to
the human binding molecules through covalent bonding. Alternatively, the tag(s) can be
20 joined/conjugated to the binding molecules by means of one or more linking compounds.
Techniques for conjugating tags to binding molecules are well known to the skilled
artisan.
The tags of the immunoconjugates of the present invention may be therapeutic
agents, but they can also be detectable moieties/agents. Tags suitable in therapy and/or
25  prevention may be toxins or functional parts thereof, antibiotics, enzymes, other binding
molecules that enhance phagocytosis or immune stimulation. Immunoconjugates
comprising a detectable agent can be used diagnostically to, for example, assess if a
subject has been infected with an influenza virus or to monitor the development or
progression of an influenza virus infection as part of a clinical testing procedure to, e.g.,
30  determine the efficacy of a given treatment regimen. However, they may also be used for

other detection and/or analytical and/or diagnostic purposes. Detectable moieties/agents
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include, but are not limited to, enzymes, prosthetic groups, fluorescent materials,
luminescent materials, bioluminescent materials, radioactive materials, positron emitting
metals, and non-radioactive paramagnetic metal ions. The tags used to label the binding
molecules for detection and/or analytical and/or diagnostic purposes depend on the
5  specific detection/analysis/diagnosis techniques and/or methods used such as inter alia

immunohistochemical staining of (tissue) samples, flow cytometric detection, scanning
laser cytometric detection, fluorescent immunoassays, enzyme-linked immunosorbent
assays (ELISAs), radioimmunoassays (RIAs), bioassays (e.g., phagocytosis assays),
Western blotting applications, etc. Suitable labels for the detection/analysis/diagnosis

10  techniques and/or methods known in the art are well within the reach of the skilled
artisan.

Furthermore, the human binding molecules or immunoconjugates of the invention
can also be attached to solid supports, which are particularly useful for in vitro
immunoassays or purification of influenza viruses or fragments thereof. Such solid

15  supports might be porous or nonporous, planar or non-planar. The binding molecules of
the present invention can be fused to marker sequences, such as a peptide to facilitate
purification. Examples include, but are not limited to, the hexa-histidine tag, the
hemagglutinin (HA) tag, the myc tag or the flag tag. Alternatively, an antibody can be
conjugated to a second antibody to form an antibody heteroconjugate. In another aspect

20  the binding molecules of the invention may be conjugated/attached to one or more
antigens. Preferably, these antigens are antigens which are recognized by the immune
system of a subject to which the binding molecule-antigen conjugate is administered. The
antigens may be identical, but may also differ from each other. Conjugation methods for
attaching the antigens and binding molecules are well known in the art and include, but

25  are not limited to, the use of cross-linking agents. The binding molecules of the invention
will bind to influenza virus HA and the antigens attached to the binding molecules will
initiate a powerful T-cell attack on the conjugate, which will eventually lead to the

destruction of the influenza virus.

Next to producing immunoconjugates chemically by conjugating, directly or
30 indirectly, via for instance a linker, the immunoconjugates can be produced as fusion

proteins comprising the binding molecules of the invention and a suitable tag. Fusion
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constructing nucleic acid molecules comprising nucleotide sequences encoding the
binding molecules in frame with nucleotide sequences encoding the suitable tag(s) and

then expressing the nucleic acid molecules.

5 It is another aspect of the present invention to provide a nucleic acid molecule
encoding at least a binding molecule, functional variant or immunoconjugate according to
the invention. Such nucleic acid molecules can be used as intermediates for cloning
purposes, e.g. in the process of affinity maturation as described above. In a preferred
embodiment, the nucleic acid molecules are isolated or purified.

10 The skilled man will appreciate that functional variants of these nucleic acid
molecules are also intended to be a part of the present invention. Functional variants are
nucleic acid sequences that can be directly translated, using the standard genetic code, to
provide an amino acid sequence identical to that translated from the parental nucleic acid
molecules.

15 Preferably, the nucleic acid molecules encode binding molecules comprising the
CDR regions as described above. In a further embodiment the nucleic acid molecules
encode binding molecules comprising two, three, four, five or even all six CDR regions
of the binding molecules of the invention.

In another embodiment, the nucleic acid molecules encode binding molecules

20 comprising a heavy chain comprising the variable heavy chain sequences as described
above. In another embodiment the nucleic acid molecules encode binding molecules
comprising a light chain comprising the variable light chain sequences as described
above. The nucleotide sequences and the amino acid sequences of the heavy and light
chain variable regions of the binding molecules of the invention are given below.

25 It is another aspect of the invention to provide vectors, i.e. nucleic acid constructs,
comprising one or more nucleic acid molecules according to the present invention.
Vectors can be derived from plasmids such as inter alia F, R1, RP1, Col, pPBR322, TOL,
Ti, etc; cosmids; phages such as lambda, lambdoid, M13, Mu, P1, P22, Qp, T-even, T-
odd, T2, T4, T7, etc; plant viruses. Vectors can be used for cloning and/or for expression

30  of the binding molecules of the invention and might even be used for gene therapy

purposes. Vectors comprising one or more nucleic acid molecules according to the
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are also covered by the present invention. The choice of the vector is dependent on the
recombinant procedures followed and the host used. Introduction of vectors in host cells
can be effected by inter alia calcium phosphate transfection, virus infection, DEAE-

5  dextran mediated transfection, lipofectamin transfection or electroporation. Vectors may
be autonomously replicating or may replicate together with the chromosome into which
they have been integrated. Preferably, the vectors contain one or more selection markers.
The choice of the markers may depend on the host cells of choice, although this is not
critical to the invention as is well known to persons skilled in the art. They include, but

10  are not limited to, kanamycin, neomycin, puromycin, hygromycin, zeocin, thymidine
kinase gene from Herpes simplex virus (HSV-TK), dihydrofolate reductase gene from
mouse (dhfr). Vectors comprising one or more nucleic acid molecules encoding the
human binding molecules as described above operably linked to one or more nucleic acid
molecules encoding proteins or peptides that can be used to isolate the human binding

15  molecules are also covered by the invention. These proteins or peptides include, but are
not limited to, glutathione-S-transferase, maltose binding protein, metal-binding
polyhistidine, green fluorescent protein, luciferase and beta-galactosidase.

Hosts containing one or more copies of the vectors mentioned above are an
additional subject of the present invention. Preferably, the hosts are host cells. Host cells

20 include, but are not limited to, cells of mammalian, plant, insect, fungal or bacterial
origin. Bacterial cells include, but are not limited to, cells from Gram-positive bacteria or
Gram-negative bacteria such as several species of the genera Escherichia, such as E. coli,
and Pseudomonas. In the group of fungal cells preferably yeast cells are used. Expression
in yeast can be achieved by using yeast strains such as inter alia Pichia pastoris,

25  Saccharomyces cerevisiae and Hansenula polymorpha. Furthermore, insect cells such as
cells from Drosophila and Sf9 can be used as host cells. Besides that, the host cells can be
plant cells such as inter alia cells from crop plants such as forestry plants, or cells from
plants providing food and raw materials such as cereal plants, or medicinal plants, or cells
from ornamentals, or cells from flower bulb crops. Transformed (transgenic) plants or

30  plant cells are produced by known methods, for example, Agrobacterium-mediated gene

transfer, transformation of leaf discs, protoplast transformation by polyethylene glycol-
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modifications that are most similar to natural molecules of mammalian origin. Since the

present invention deals with molecules that may have to be administered to humans, a

completely human expression system would be particularly preferred. Therefore, even

more preferably, the host cells are human cells. Examples of human cells are inter alia

10 HeLa, 911, AT1080, A549, 293 and HEK293T cells. In preferred embodiments, the
human producer cells comprise at least a functional part of a nucleic acid sequence
encoding an adenovirus E1 region in expressible format. In even more preferred
embodiments, said host cells are derived from a human retina and immortalized with
nucleic acids comprising adenoviral EI sequences, such as 911 cells or the cell line

15  deposited at the European Collection of Cell Cultures (ECACC), CAMR, Salisbury,
Wiltshire SP4 OJG, Great Britain on 29 February 1996 under number 96022940 and
marketed under the trademark PER.C6® (PER.C6 is a registered trademark of Crucell
Holland B.V.). For the purposes of this application “PER.C6 cells” refers to cells
deposited under number 96022940 or ancestors, passages up-stream or downstream as

20 well as descendants from ancestors of deposited cells, as well as derivatives of any of the
foregoing. Production of recombinant proteins in host cells can be performed according
to methods well known in the art. The use of the cells marketed under the trademark
PER.C6" as a production platform for proteins of interest has been described in WO
00/63403 the disclosure of which is incorporated herein by reference in its entirety.

25 In yet another embodiment, binding molecules of the present invention can also
be produced in transgenic, non-human, mammals such as inter alia rabbits, goats or
cows, and secreted into for instance the milk thereof.

In yet another alternative embodiment, binding molecules according to the present
invention may be generated by transgenic non-human mammals, such as for instance

30  transgenic mice or rabbits that express human immunoglobulin genes. Preferably, the

transgenic non-human mammals have a genome comprising a human heavy chain
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W. Strober (2001), John Wiley & Sons Inc., New York, the disclosures of which are
incorporated herein by reference. Immunization protocols often include multiple
10  immunizations, either with or without adjuvants such as Freund's complete adjuvant and
Freund's incomplete adjuvant, but may also include naked DNA immunizations. In
another embodiment, the human binding molecules are produced by B-cells, plasma
and/or memory cells derived from the transgenic animals. In yet another embodiment, the
human binding molecules are produced by hybridomas, which are prepared by fusion of
15  B-cells obtained from the above-described transgenic non-human mammals to
immortalized cells. B-cells, plasma cells and hybridomas as obtainable from the above-
described transgenic non-human mammals and human binding molecules as obtainable
from the above-described transgenic non-human mammals, B-cells, plasma and/or

memory cells and hybridomas are also a part of the present invention.

20 In yet a further aspect, the invention provides compositions comprising at least a
binding molecule, preferably a human monoclonal antibody, according to the invention,
at least a functional variant thereof, at least an immunoconjugate according to the
invention and/or a combination thereof. In addition to that, the compositions may
comprise inter alia stabilizing molecules, such as albumin or polyethylene glycol, or

25  salts. Preferably, the salts used are salts that retain the desired biological activity of the
binding molecules and do not impart any undesired toxicological effects. If necessary, the
human binding molecules of the invention may be coated in or on a material to protect
them from the action of acids or other natural or non-natural conditions that may
inactivate the binding molecules.

30 In yet a further aspect, the invention provides compositions comprising at least a

nucleic acid molecule as defined in the present invention. The compositions may



na) SC09- 114 as SC09-009 a) 02SC09-004 a SC09-031 SCO9- 005 SCO9- 006 SCO9-012
SC09-113 SC09-003 23 5565455679311 15 984 5556767738
9 9 3 13Wb20BM037795.9. 2 2 321223466 8 12 95rP0THP202083647 0 3 4
3445646 10 10 35

comprise aqueous solutions such as aqueous solutions containing salts (e.g., NaCl or salts
as described above), detergents (e.g., SDS) and/or other suitable components.

Furthermore, the present invention pertains to pharmaceutical compositions
comprising at least a binding molecule such as a human monoclonal antibody of the

5 1invention (or functional fragment or variant thereof), at least an immunoconjugate
according to the invention, at least a composition according to the invention, or
combinations thereof. The pharmaceutical composition of the invention further comprises
at least one pharmaceutically acceptable excipient. Pharmaceutically acceptable
excipients are well known to the skilled person. The pharmaceutical composition

10  according to the invention may further comprise at least one other therapeutic agent.
Suitable agents are also well known to the skilled artisan.

In a preferred embodiment the pharmaceutical composition according to the
invention comprises at least one additional binding molecule, i.e. the pharmaceutical
composition can be a cocktail or mixture of binding molecules. The pharmaceutical

15  composition may comprise at least two binding molecules according to the invention, or
at least one binding molecule according to the invention and at least one further influenza
virus binding and/or neutralizing molecule, such as another antibody directed against the
HA protein or against other antigenic structures present on influenza viruses, such as M2.
In another embodiment the additional binding molecule may be formulated for

20  simultaneous separate or sequential administration.

In an embodiment the pharmaceutical compositions may comprise two or more
binding molecules that have neutralizing activity against influenza A viruses and/or
influenza B viruses. In an embodiment, the binding molecules exhibit synergistic
neutralizing activity, when used in combination. As used herein, the term "synergistic"

25  means that the combined effect of the binding molecules when used in combination is
greater than their additive effects when used individually. The synergistically acting
binding molecules may bind to different structures on the same or distinct fragments of
influenza virus. A way of calculating synergy is by means of the combination index. The
concept of the combination index (CI) has been described by Chou and Talalay (1984).

30  The compositions may e.g. comprise one binding molecule having neutralizing activity
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and one non-neutralizing binding molecule. The non-neutralizing and neutralizing
binding molecules may also act synergistically in neutralizing influenza virus.

In an embodiment, the pharmaceutical composition may comprise at least one
binding molecule according to the invention and at least one further influenza virus

5  neutralizing binding molecule. The binding molecules in the pharmaceutical composition
preferably are capable of reacting with influenza viruses of different subtypes. The
binding molecules should be of high affinity and should have a broad specificity.
Preferably, both binding molecules are cross-neutralizing molecules in that they each
neutralize influenza viruses of different subtypes. In addition, preferably they neutralize

10  as many strains of each of the different influenza virus subtypes as possible.

A pharmaceutical composition according to the invention can further comprise at
least one other therapeutic, prophylactic and/or diagnostic agent. Preferably, the
pharmaceutical composition comprises at least one other prophylactic and/or therapeutic
agent. Preferably, said further therapeutic and/or prophylactic agents are agents capable

15  of preventing and/or treating an influenza virus infection and/or a condition resulting
from such an infection. Therapeutic and/or prophylactic agents include, but are not
limited to, anti-viral agents. Such agents can be binding molecules, small molecules,
organic or inorganic compounds, enzymes, polynucleotide sequences, anti-viral peptides,
etc. Other agents that are currently used to treat patients infected with influenza viruses

20 are M2 inhibitors (e.g., amantidine, rimantadine) and/or neuraminidase inhibitors (e.g.,
zanamivir, oseltamivir). These can be used in combination with the binding molecules of
the invention. “In combination” herein means simultaneously, as separate formulations,
or as one single combined formulation, or according to a sequential administration
regimen as separate formulations, in any order. Agents capable of preventing and/or

25  treating an infection with influenza virus and/or a condition resulting from such an
infection that are in the experimental phase might also be used as other therapeutic and/or
prophylactic agents useful in the present invention.

The binding molecules or pharmaceutical compositions of the invention can be
tested in suitable animal model systems prior to use in humans. Such animal model

30  systems include, but are not limited to, mouse, ferret and monkey.
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Typically, pharmaceutical compositions must be sterile and stable under the
conditions of manufacture and storage. The binding molecules, immunoconjugates,
nucleic acid molecules or compositions of the present invention can be in powder form
for reconstitution in the appropriate pharmaceutically acceptable excipient before or at

5  the time of delivery. In the case of sterile powders for the preparation of sterile injectable
solutions, the preferred methods of preparation are vacuum drying and freeze-drying
(lyophilization) that yield a powder of the active ingredient plus any additional desired

ingredient from a previously sterile-filtered solution thereof.

Alternatively, the binding molecules, immunoconjugates, nucleic acid molecules

10 or compositions of the present invention can be in solution and the appropriate
pharmaceutically acceptable excipient can be added and/or mixed before or at the time of
delivery to provide a unit dosage injectable form. Preferably, the pharmaceutically
acceptable excipient used in the present invention is suitable to high drug concentration,
can maintain proper fluidity and, if necessary, can delay absorption.

15 The choice of the optimal route of administration of the pharmaceutical
compositions will be influenced by several factors including the physicochemical
properties of the active molecules within the compositions, the urgency of the clinical
situation and the relationship of the plasma concentrations of the active molecules to the
desired therapeutic effect. For instance, if necessary, the binding molecules of the

20  invention can be prepared with carriers that will protect them against rapid release, such
as a controlled release formulation, including implants, transdermal patches, and
microencapsulated delivery systems. Biodegradable, biocompatible polymers can inter
alia be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, collagen,
polyorthoesters, and polylactic acid. Furthermore, it may be necessary to coat the binding

25  molecules with, or co-administer the binding molecules with, a material or compound
that prevents the inactivation of the human binding molecules. For example, the binding
molecules may be administered to a subject in an appropriate carrier, for example,
liposomes or a diluent.

The routes of administration can be divided into two main categories, oral and

30  parenteral administration. The preferred administration route is intravenous or by

inhalation.
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aqueous or o1ly suspensions, dispersible powders or granules, emulsions, hard capsules,

soft gelatin capsules, syrups or elixirs, pills, dragees, liquids, gels, or slurries. These

formulations can contain pharmaceutically excipients including, but not limited to, inert

5  diluents, granulating and disintegrating agents, binding agents, lubricating agents,
preservatives, colouring, flavouring or sweetening agents, vegetable or mineral oils,

wetting agents, and thickening agents.

The pharmaceutical compositions of the present invention can also be formulated
for parenteral administration. Formulations for parenteral administration can be inter alia
10  1in the form of aqueous or non-aqueous isotonic sterile non-toxic injection or infusion
solutions or suspensions. The solutions or suspensions may comprise agents that are non-
toxic to recipients at the dosages and concentrations employed such as 1,3-butanediol,
Ringer’s solution, Hank’s solution, isotonic sodium chloride solution, oils, fatty acids,
local anaesthetic agents, preservatives, buffers, viscosity or solubility increasing agents,
15  water-soluble antioxidants, oil-soluble antioxidants and metal chelating agents.
In a further aspect, the binding molecules such as human monoclonal antibodies
(functional fragments and variants thereof), immunoconjugates, compositions, or
pharmaceutical compositions of the invention can be used as a medicament. So, a method
of diagnosis, treatment and/or prevention of an influenza virus infection using the binding
20 molecules, immunoconjugates, compositions, or pharmaceutical compositions of the
invention is another part of the present invention. The above-mentioned molecules can
inter alia be used in the diagnosis, prophylaxis, treatment, or combination thereof, of an
influenza virus infection caused influenza viruses comprising HA of the H1, H2, H3, H4,
H5, H6, H7, H8, H9, H10 and/or H11 subtype. In an embodiment, the above-mentioned
25  molecules can also be used in the diagnosis, prophylaxis, treatment or combination
thereof of an influenza virus infection caused by an influenza B virus. They are suitable
for treatment of yet untreated patients suffering from an influenza virus infection and
patients who have been or are treated for an influenza virus infection.
The above-mentioned molecules or compositions may be employed in
30  conjunction with other molecules useful in diagnosis, prophylaxis and/or treatment. They

can be used in vitro, ex vivo or in vivo. For instance, the binding molecules such as
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human monoclonal antibodies (or functional variants thereof), immunoconjugates,
compositions or pharmaceutical compositions of the invention can be co-administered
with a vaccine against influenza virus (if available). Alternatively, the vaccine may also
be administered before or after administration of the molecules of the invention. Instead
5 of avaccine, anti-viral agents can also be employed in conjunction with the binding
molecules of the present invention. Suitable anti-viral agents are mentioned above.

The molecules are typically formulated in the compositions and pharmaceutical
compositions of the invention in a therapeutically or diagnostically effective amount.
Alternatively, they may be formulated and administered separately. For instance the other

10 molecules such as the anti-viral agents may be applied systemically, while the binding

molecules of the invention may be applied intravenously.

Treatment may be targeted at patient groups that are susceptible to influenza
infection. Such patient groups include, but are not limited to e.g., the elderly (e.g. > 50
years old, > 60 years old, and preferably > 65 years old), the young (e.g. <5 years old, <
15 | year old), hospitalized patients and already infected patients who have been treated with

an antiviral compound but have shown an inadequate antiviral response.

Dosage regimens can be adjusted to provide the optimum desired response (e.g.,

a therapeutic response). A suitable dosage range may for instance be 0.01-100 mg/kg
body weight, preferably 0.1-50 mg/kg body weight, preferably 0.01-15 mg/kg body

20 weight. Furthermore, for example, a single bolus may be administered, several divided
doses may be administered over time or the dose may be proportionally reduced or
increased as indicated by the exigencies of the therapeutic situation. The molecules and
compositions according to the present invention are preferably sterile. Methods to render
these molecules and compositions sterile are well known in the art. The other molecules

25  useful in diagnosis, prophylaxis and/or treatment can be administered in a similar dosage
regimen as proposed for the binding molecules of the invention. If the other molecules
are administered separately, they may be administered to a patient prior to (e.g., 2 min, 5
min, 10 min, 15 min, 30 min, 45 min, 60 min, 2 hrs, 4 hrs, 6 hrs, 8 hrs, 10 hrs, 12 hrs, 14
hrs, 16 hrs, 18 hrs, 20 hrs, 22 hrs, 24 hrs, 2 days, 3 days, 4 days, 5 days, 7 days, 2 weeks,

30 4 weeks or 6 weeks before), concomitantly with, or subsequent to (e.g., 2 min, 5 min, 10

min, 15 min, 30 min, 45 min, 60 min, 2 hrs, 4 hrs, 6 hrs, 8 hrs, 10 hrs, 12 hrs, 14 hrs, 16
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hrs, 18 hrs, 20 hrs, 22 hrs, 24 hrs, 2 days, 3 days, 4 days, 5 days, 7 days, 2 weeks, 4 weeks
or 6 weeks after) the administration of one or more of the human binding molecules or
pharmaceutical compositions of the invention. The exact dosing regimen is usually sorted
out during clinical trials in human patients.

5 Human binding molecules and pharmaceutical compositions comprising the
human binding molecules are particularly useful, and often preferred, when to be
administered to human beings as in vivo therapeutic agents, since recipient immune
response to the administered antibody will often be substantially less than that occasioned
by administration of a monoclonal murine, chimeric or humanized binding molecule.

10 In another aspect, the invention concerns the use of the binding molecules such as
neutralizing human monoclonal antibodies (functional fragments and variants thereof),
immunoconjugates, nucleic acid molecules, compositions or pharmaceutical
compositions according to the invention in the preparation of a medicament for the
diagnosis, prophylaxis, treatment, or combination thereof, of an influenza virus infection,

15  in particular an influenza virus infection caused influenza viruses comprising HA of the
H1, H2, H3, H4, H5, H6, H7, HS, H9, H10, and/or H11 subtype and/or influenza B
viruses.

Next to that, kits comprising at least a binding molecule such as a neutralizing
human monoclonal antibody (functional fragments and variants thereof), at least an

20  immunoconjugate, at least a nucleic acid molecule, at least a composition, at least a
pharmaceutical composition, at least a vector, at least a host according to the invention or
a combination thereof are also a part of the present invention. Optionally, the above-
described components of the kits of the invention are packed in suitable containers and
labelled for diagnosis, prophylaxis and/or treatment of the indicated conditions. The

25  above-mentioned components may be stored in unit or multi-dose containers as an
aqueous, preferably sterile, solution or as a lyophilised, preferably sterile, formulation for
reconstitution. The containers may be formed from a variety of materials such as glass or
plastic and may have a sterile access port (for example, the container may be an
intravenous solution bag or a vial having a stopper pierceable by a hypodermic injection

30  needle). The kit may further comprise more containers comprising a pharmaceutically

acceptable buffer. It may further include other materials desirable from a commercial and
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user standpoint, including other buffers, diluents, filters, needles, syringes, culture
medium for one or more of the suitable hosts and, possibly, even at least one other
therapeutic, prophylactic or diagnostic agent. Associated with the kits can be instructions
customarily included in commercial packages of therapeutic, prophylactic or diagnostic
5  products, that contain information about for example the indications, usage, dosage,
manufacture, administration, contra-indications and/or warnings concerning the use of
such therapeutic, prophylactic or diagnostic products.
The binding molecules according to the present invention can also be
advantageously used as a diagnostic agent in an in vitro method for the detection of

10  influenza virus. The invention thus further pertains to a method of detecting influenza
virus phylogenetic group 1 or group 2, or influenza B subtype influenza virus in a sample,
wherein the method comprises the steps of (a) contacting a sample with a diagnostically
effective amount of a binding molecule (functional fragments and variants thereof) or an
immunoconjugate according to the invention, and (b) determining whether the binding

15  molecule or immunoconjugate specifically binds to a molecule of the sample. The sample
may be a biological sample including, but not limited to blood, serum, stool, sputum,
nasophargyal aspirates, bronchial lavages, urine, tissue or other biological material from
(potentially) infected subjects, or a non-biological sample such as water, drink, etc. The
(potentially) infected subjects may be human subjects, but also animals that are suspected

20 as carriers of influenza virus might be tested for the presence of the virus using the
human binding molecules or immunoconjugates of the invention. The sample may first be
manipulated to make it more suitable for the method of detection. Manipulation means
inter alia treating the sample suspected to contain and/or containing the virus in such a
way that the virus will disintegrate into antigenic components such as proteins,

25  (poly)peptides or other antigenic fragments. Preferably, the human binding molecules or
immunoconjugates of the invention are contacted with the sample under conditions which
allow the formation of an immunological complex between the human binding molecules
and the virus or antigenic components thereof that may be present in the sample. The
formation of an immunological complex, if any, indicating the presence of the virus in

30  the sample, is then detected and measured by suitable means. Such methods include, inter

alia, homogeneous and heterogeneous binding immunoassays, such as radio-

0
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mH3 nHA CRRDIBA tests are particularly preferred. For use as reagents in these assays, the binding

molecules or immunoconjugates of the invention are conveniently bonded to the inside
surface of microtiter wells. The binding molecules or immunoconjugates of the invention
may be directly bonded to the microtiter well. However, maximum binding of the binding
molecules or immunoconjugates of the invention to the wells might be accomplished by

10  pre-treating the wells with polylysine prior to the addition of the binding molecules or
immunoconjugates of the invention. Furthermore, the binding molecules or
immunoconjugates of the invention may be covalently attached by known means to the
wells. Generally, the binding molecules or immunoconjugates are used in a concentration
between 0.01 to 100 pg/ml for coating, although higher as well as lower amounts may

15  also be used. Samples are then added to the wells coated with the binding molecules or
immunoconjugates of the invention.

Furthermore, binding molecules of the invention can be used to identify specific
binding structures of influenza virus. The binding structures can be epitopes on proteins
and/or polypeptides. They can be linear, but also structural and/or conformational. In one

20 embodiment, the binding structures can be analysed by means of PEPSCAN analysis (see
inter alia WO 84/03564, WO 93/09872, Slootstra et al., 1996). Alternatively, a random
peptide library comprising peptides from a protein of influenza virus can be screened for
peptides capable of binding to the binding molecules of the invention.

The invention is further illustrated in the following examples and figures. The

25  examples are not intended to limit the scope of the invention in any way.

EXAMPLES

Example 1 Construction of scFv phage display libraries using RNA extracted from

30  peripheral blood mononuclear cells
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Peripheral blood was collected from normal healthy donors by venapuncture in
EDTA anti-coagulation sample tubes. scFv phage display libraries were obtained as
described in WO 2008/028946, which is incorporated by reference herein. RNA was
isolated from peripheral blood mononuclear cells and cDNA prepared. A two round PCR
5  amplification approach was applied using the primer sets shown in Tables 1 and 2 to
isolate the immunoglobulin VH and VL regions from the respective donor repertoire.
First round amplification on the respective cDNA using the primer sets

mentioned in Table 1 yielded 7, 6 and 9 products of about 650 base pairs for respectively
VH, Vkappa and Vlambda regions. For IgM VH region amplification the OCM constant

10  primer was used in combination with OH1 to OH7. The thermal cycling program for first
round amplifications was: 2 min 96°C (denaturation step), 30 cycles of 30 sec 96°C/ 30
sec 60°C/ 60 sec 72°C, 10 min 72°C final elongation and 6°C refrigeration. The products
were loaded on and isolated from a 1% agarose gel using gel-extraction columns
(Macherey Nagel) and eluted in 50 pl 5 mM Tris-HCI1 pH 8.0. Ten percent of first round

15  products (3 to 5 pl) was subjected to second round amplification using the primers
mentioned in Table 2. These primers were extended with restriction sites enabling the
directional cloning of the respective VL and VH regions into phage display vector PDV-
C06. The PCR program for second round amplifications was as follows: 2 min 96°C
(denaturation step), 30 cycles of 30 sec 96°C/ 30 sec 60°C/ 60 sec 72°C, 10 min 72°C

20 final elongation and 6°C refrigeration. The second round products (~350 base pairs) were
first pooled according to natural occurrence of J segments found in immunoglobulin gene
products, resulting in 7, 6 and 9 pools for respectively the VH, Vkappa and Vlambda
variable regions (see Tables 3 and 4). To obtain a normalized distribution of
immunoglobulin sequences in the immune library the 6 Vkappa and 9 Vlambda light

25  chain pools were mixed according to the percentages mentioned in Table 3. This single
final VL pool (3 ng) was digested overnight with Sall and Notl restriction enzymes,
loaded on and isolated from a 1% agarose gel (~350 base pairs) using Macherey Nagel
gel-extraction columns and ligated in Sall-Notl cut PDV-C06 vector (~5000 base pairs)
as follows: 10 ul PDV-C06 vector (50 ng/ul), 7 pl VL insert (10 ng/ul), 5 pl 10X ligation

30  buffer (NEB), 2.5 T4 DNA Ligase (400 U/ul) (NEB), 25.5 ul ultrapure water (vector to

insert ratio was 1:2). Ligation was performed overnight in a water bath of 16°C. Next, the

+
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volume was doubled with water, extracted with an equal volume of phenol-chloroform-
isoamylalcohol (75:24:1) (Invitrogen) followed by chloroform (Merck) extraction and
precipitated with 1 pl Pellet Paint (Novogen), 10 ul sodium acetate (3 M pH 5.0) and 100
ul isopropanol for 2 hrs at -20°C. The obtained sample was subsequently centrifuged at
20.000xg for 30 min at 4°C. The obtained precipitate was washed with 70% ethanol and
centrifuged for 10 min at 20.000xg at room temperature. Ethanol was removed by
vacuum aspiration and the pellet was air dried for several min and then dissolved in 50 pl
buffer containing 10 mM Tris-HCI, pH 8.0. 2 pl ligation mixture was used for the
transformation of 40 ul TG-1 electro-competent cells (Agilent) in a chilled 0.1 cm
electroporation cuvette (Biorad) using a Genepulser II apparatus (Biorad) set at 1.7 kV,
200 Ohm, 25 pF (time constant ~4,5 msec). Directly after pulse, the bacteria were flushed
from the cuvette with 1000 pl SOC medium (Invitrogen) containing 5% (w/v) glucose
(Sigma) at 37°C and transferred to a 15 ml round bottom culture tube. Another 500 pl
SOC/glucose was used to flush residual bacteria from the cuvette and was added to the
culture tube. Bacteria were recovered by culturing for exactly one hr at 37°C in a shaker
incubator at 220 rpm. The transformed bacteria were plated over large 240 mm square
petridishes (NUNC) containing 150 ml 2TY agar (16 g/l bacto-tryptone, 10 g/ bacto-
yeast extract, 5 g/l NaCl, 15 g/l agar, pH 7.0) supplemented with 50 pg/ml ampicillin and
5% (w/v) glucose (Sigma). A 1 to 1000 dilution was plated for counting purposes on 15
cm petridishes containing the same medium. This transformation procedure was repeated
sequentially ten times and the complete each transformation was plated on a separate
square petridish and grown overnight in a 37°C culture stove. Typically, around 1x10’
cfu (1x10° per petridish) were obtained using the above protocol. The intermediate VL
light chain library was harvested from the plates by mildly scraping the bacteria into 10
ml 2TY medium per plate. The cell mass was determined by OD600 measurement and
two times 500 OD of bacteria was used for maxi plasmid DNA preparation using two
P500 maxiprep columns (Macherey Nagel) according to manufacturer's instructions.
Analogous to the VL variable regions, the second round VH-JH products were
first mixed together to obtain the normal J segment usage distribution (see Table 4),
resulting in 7 VH subpools called PH1 to PH7. The pools were mixed to acquire a

normalized sequence distribution using the percentages depicted in Table 4, obtaining

0.5 H6 A/EW MPD411/07 29.7
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one VH fraction that was digested with Sfil and Xhol restriction enzymes and ligated in
Sfil-Xhol cut PDV-VL intermediate library obtained as described above. The ligation set-
up, purification method, subsequent transformation of TG1 and harvest of bacteria was
essentially as described for the VL intermediate library (see above) with the exception
5  that 20 transformations and 20 square petridishes were used. The final library

(approximately 1x10’ cfu) was checked for insert frequency with a colony PCR using a
primer set flanking the inserted VH-VL regions. 90% of the colonies showed a correct
length insert. The colony PCR products were used for subsequent DNA sequence analysis
to check sequence variation and to assess the percentage of colonies showing a complete

10 ORF. This was 76% . Finally, the library was rescued and amplified by using CT helper
phages (see WO 02/103012) and was used for phage antibody selection by panning

methods as described below.

Example 2
15 Selection of phages carrying single chain Fv fragments against Influenza A and Influenza

B heamagglutinin
Antibody fragments were selected using antibody phage display libraries
constructed essentially as described above and general phage display technology and
MABSTRACT® technology essentially as described in US Patent Number 6,265,150 and
20 1n WO 98/15833 (both of which are incorporated by reference herein). Furthermore, the
methods and helper phages as described in WO 02/103012 (which is incorporated by
reference herein) were used in the present invention.
Selection was performed against recombinant hemagglutinin (HA) of influenza A
subtype HI (A/New Caledonia/20/99), H3 (A/Wisconsin/67/2005), H4 (A/Duck/Hong
25  Kong/24/1976), HS (A/Chicken/Vietnam/28/2003), H7 (A/Netherlands/219/2003) and
H9 (A/HongKong/1073/99). HA antigens were diluted in PBS (5.0 pg/ml), added to
MaxiSorp™ " Nunc-Immuno Tubes (Nunc) and incubated overnight at 4°C on a rotating
wheel. The immunotubes were emptied and washed three times in block buffer (2% non-
fat dry milk (ELK) in PBS). Subsequently, the immunotubes were filled completely with
30  block buffer and incubated for 1-2 hrs at room temperature. Aliquots of phage display
library (500-1000 ul, 0.5x10" — 1x10" cfu, amplified using CT helper phage (see WO
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SEQUENCESVO2C20008 VH DNA (SEQ I D NO 1) PCT/EP2012/063637

GAGGT GCAGCTGGT GGAGT CTGGEECT GAGGT CAAGAAGGCT GGGT CCTCGGT GAAAGT CTCCTGCAAGTC
TTCTGGAGGCACCT CCAACAACT TTGGTAT CAGCT GGHACGACAGGECCCCTGECCAAGGCCTTGAGT GGA
TGGGCGCGATCAGCCCAATCTTTGGT TCGACAGT CTACGCACAGAAAT TTCAGGGCAGAGTCACTATTTCC
GCGGACATATTTTCACACACT GCCTACAT GGAGATGAACAGCCT GACATCTGAGGACACGGCCGTCTATTT
CTGT GCGAGGRATBGAZAWEATH AIKET GT BIGTICRE T AT SHACSTGTCECHEECONABGEMSIACGGT CACC
>5C09- 003 VH PROTEIN (SEQ I D NO

W@VES@EVW@@W@K@SWW@QSWWMM shjopadTVRHeRrOERYTI S
ADI FSHT AV TRERTAAE AR YR ARRNGRRIT Y BR0PR 9% AfhoRA (SEQ 1D

NO  3)
TCCTATGTCGE e\ G hEEFAL G A Gl OGS TRASTAGACEBOGARIRAh Teiad el CEEEG
AGACAACGT TGGAAGT AACAGT GT GCACT GGT ACCAGCAGAAGCCAGGCCA GTGCTGGTCGTCT

ATGAT GAT CGOHBADCEAGEST BABGEHRESOT (A CGAITTTET CRGEPECCAACT GIGGGAATACRBCCACC
CTGACCATCAGC AAGCCGEEE TGA TACTGTCAGGTGTGGGATAGTAGTAGTGA
- mAEER W Jsbr %@@O%éemermév oquSEdy. D NO
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CAGGTCCA' QEIIC TRIBEIGT NN ASIOCBREET CAHT Stk CGhdAad GdéCalr WAAGT C
TTCTGGCGGECACCT CCAATAACTATGCCATCAGCT GGGT GCGACAGGCCCCT GGACAAGGCCT TGACTGEA

TGGEGECGEGEGEGTCAFSCOTATOR TIGaTrTderASOCTATSGATAGINET T easatiozatadTaaiATTTCC
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I D NG 8) WO 02/103012. Briefly, scraped bacteria were used to inoculate 2TY medium containing

QSVLTQDPAVSGTPGQ?VTI SCSGSDSNI GRRSVNWYQQFPGTAPKLLI YSNDORPSVVPDRFSGSKSGTS
ASLAI SGL QSEmEAH Y SAAYYIDSE REGh&IPEsETol Sow ns ot poRuggt t@SE@D P 9)
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TGCECCECATAHAEG A tednbESRT iﬁ@%&ﬁ%ﬁ%@% m&&%&gﬂﬁ@
GCGGACATATTTTCGAACACA ACATGGAGCT TCTGAGGACA ATATTT
CT GT GCAGCHGADGERAMNGT ANTATINCEACTICGERTAT Wmmmam@@m CACC
>5C09-005 VH PRAOTEIN (SEQ I D 10 71
quqsmmﬁ@s@&v@(é@gw@%t@%}wﬁmﬂ@@i@\m s gpfhe ReNAPABIRIEQGRVTI S
ADI FSNTAYNEL NSt RN oYy PRV MR R, Pt 2ml BRagdh Wl (SEQ 1D

NO 11)

CAGTCT GCCC&'%QE%@?@I[ GEPBOGHNGPC DA M@ﬁﬁéﬁ%ﬁ%@%ﬁ%@@%@ G
AACCAGCAGT GACGT CGGT GGT TATAACTATGT CT CCTGGT ACCAACAACACCCAGGCAAAGCCCCCAAAC

TCCTGATT T TInGHE GEQACTEATICEROGET EAEWRT TonGAT CRCTTTCEPECRITECAMSTGTBECGAC
ACGGCCTCCCTGAC T CT GGACTC CA ee GATTATTACTGCTGCTCATATGCAGG
FCE RSNAC PEIEATCR IKEEPEBTAG >5C09- 005 VL PROTEI N ( SEQ

'QBAE'?'QP%?VSGSP&? %%%P&%@B@&W&Wé&ﬁﬁ%%? e IR s sAD

TASLTI SA.QAGIERABRIYSY; Mﬁ@ RatTatiid TN erthE0R o A R uNiHo PNfec SEG diladhED:  13)
GAGGTGCAGCTGGTGGA CI;TCAAGAGGGTCGGTGAAAGFCTCCTGCAAGFC

TTCTGGAGGCﬁ@EiTG@M\W@IEM@WMW eiadieacatbtodtcESNabeOTIGATI GGA
@WWAW@M@%@%W&%W TATTT
R A R s S

EVQL VESGABMSRRGRSWHMSEEGSEETEMNEA SYWRQAPGHBMISHSR) RS TIAA@F QGRVTI S
ADI FSNTAYMELNSL TSEDTAVYFCARHGNYYYYSGVDLWEQGTTVT >5C09- 006 VL DNA (SEQ I D
NO  15)

TCCTATGI GCTGACT CAGCCACCCT CGGT GT CAGT GGCCCCAGGACAGACGECCAGGAT TACCT GTGEEGEG
AAACAACATTGGAAGTAAAACT GTGCAT TGGT ACCAGCAGAACT CAGGCCAGECCCCTGIGCTGGTCGTCT
ATGGTGATAGCGACCGGECCCT CAGGGAT CCCTGAGCGAT TCTCTGECT CCAACT CTGGGACCACGGECCACC
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>5009- 029 VL DNA (SEQ I D NO 43)

GAAATTGTGATGACGCAGT CTCCAGGCACCCTGTCTTTGT CTCCT GGGGAAAGAGGCACCCTCTCCTGCAG
GGCCAGT CAZAGI BITAGEAGCT ACT TAGCCT GGTACCAACAGAAACCT GGCCAGBCTERSAGBEHECT CA
TCTATGGT GCAT CCACCAGGGCCACT GGCAT CCCAGACAGGT TCACT GGCAGT GGGT CTGGGACAGACTTC
ACTCTCACCAT CAGCAGACT GGAGCCT GAAGAT TTTGCAGT GTATTACT GTCAGCAGT AT GGGAGCTCACC
ATTCGCTTTCGGCCCT GGGACCAAGGTGGAGATCAAA >5009- 029 VL PROTEIN (SEQ | D NO. 44)
El VMIQSPGTL SLSPGERGTL SCRASQSVSSYL AWYQOKPGQAPRLLI YGASTRATGI PDRFTGSGSGTDF
TLTI SRLEPEDERMYYURQVESSREAS CRETIKIE age@0iBe AiB0W b ubdAdi(eBEQIN ELISA fod 5)

CAGATGCAGCTGGTGCAGTCTGGGGCTGAGGTCAAGAAGCCTGGGTCCTCGGTGAAAGTCTCCTGCAAGTC
TTCTGGAGGCARE AR Anegos cifometAckyT oSt _nidad GGA
AN

TGGGCCGEEAT, AT TCCAGGGCAGAGT CACTATTTCC
(X:GGACATA‘I'%%&@M GGA CCT ATCTGAGGACACGGCCGTATATTT
CTGT GCGAGGCACGGGAATTATTATTACTACT CCGGTAT GGACGT CT GGGGCCAAGGGACCACGGT CACCG
TCTCGAGC > 1§30 VH PROTEIN (SEQ | D NO. 46)

QVIL VQSGA VKVSCKSSGGTSNNYAI SWRQAPGQGL DWWGG SPI FGSTAYAQKFQGRVTI S

ADI FSNTAYMELNSLTSEDTAVYFCARHGNYYYYSGVDVW\GQGTTVTVSS >5C09- 030 VL DNA (SEQ I D
NO. 47)5  Validation of the HA specific single-chain phage antibodies

TCCTATGTGCTGACT CAGCCACCCT CGGT GTCAGT GECCCCAGGACAGACGGECCAGGATTACCT GTGEEEG
AAACAACAT TGGAAGRMA A GTETGIACT GEIADGASTARAASIOAaECOABEHECHTCTGE DEGIREET CT

TR COAT AR ISF AT R EPECCOAH R A S AR AT A ROTCA

TCATCCCOGT G LY A AR I el T - IR s Reee it Rant e IAAEL N (SEQ

I D NO 48)
SYVLTQPPSV@MMM9 OB VESKSIVEXO0B SRR VG B DIRBRA) PERFSGSNSGT TAT
LTI SRVEAGDEADYYCQWD! SSDHPGAVFGGGTQ_TVL >5009- 031 VH DNA (SEQ I D NO 49)
CAGGT CCAGCEPESRhaAmrne? Gy camedr ¥ el GTC

e ST S e T
AT AT L AT BEACT CACIC] CURACAT TG ATTA 75

CCG
TCTCGAGC >&Q09 EOR1foVHhPRGEE xh herfSai@ule DTINGel o) single-chain phage antlbodles
Q\/Q_V@GAEVERPGSSVKVSCKSSGGTSNNYAI SV\X/RQAPGQG_D\M/GG SPI FGSTAYAQKFQGRVTI S
ADI FSI\I'I'AYIVEF;INSLCFIBEEIT , avyes aysg 4565 EDK-to ghtaiy blgwad ( SEQ | D
NG 51

TS AP R Resier e PUoAgS PP Bl iodaehed oo e B RBS I L oieep-ABr o

GAGCAGCT CCARGRY| @@e@@%gﬁr O%f é%%@?%&%mér SERCHMEAMIACANC
TCCTCATTTATGATAACAACAATCGT GGCGT T TCTGACCGAT TCTCTGGCTCCAAGT CTGGCACT

TCAGCCT CCGIIsGEaAT fidCIaEHHECAGRED GACHATGASIEET Gih PBBIACHAORAGPOGRATGACAG

CGGCCTGAGT CCTTCGCCTTATGI CT TCCGAGCT GGGACCAAGGT CACCGTCCTAG >5C09- 031 VL
PROTEI N ( SEonf phago angbgdies were detected (using OD 492nm measurement) using an anti-

SASLA! T DT BT SR P I TS B3 GH BRATTRED 1D NG 59)

CAGGT GRAGT FECATICRET oA GCAAGTC
TTU%@C@A#MUAT@%TCA%&W%&%B %EI;GACTGGA
TWT@MM&JHMEWWHMW@HWATTT&

GCGGACATATTIT CACAGCCT ACATGGAGCT
CTGT GCGA! RoranesT 35

TCTCCACE s 4 LT R P i v A o

ﬁg FggAYWE@EAW%Wm{\S@@WWS@@ -60988609-020,\dCONA (SEQ I D

CAGT CTGT GTUGASGINGEDECO0TIC AT IECREETH0ACEESAGAGIST CACCAT CTCCTGCACT GG
GAGCAGCGCCAACATCGGGGCAGGTTATGATGTCCACTGGTACCAGCAGTTTCCAGGAACAGCCCCCAAAC
TCCTCATCTATGGT ARNGARTAATKS CIGhPAGRATIZES PFe T G &eeCACC
TCAGCCTCCCTGGCCATCACT CCA! GGATGAGGCTGATTATT GCCAGTCCTATGACAG
CAGCCT GAGTGET GralitaE hEaead sl FPEACOGIGETAG ths@uegposd, ZuNAlenBROTEI N
(SEQ I D NO.

QSVLT@PS\IS@&%%%%%@AW@@PBWW@@%@RW@Q 19 INRRPSGVPDRFSGSKSGT

CACAT A AT A TR R e MR T e e BB

TTCT CGACCCARIRd S FPFIRABE TATCTR A DA e fé Tl Kk AR C AP Quiboldlés el GGA
TGGGECGCEGATCAGT CCAATCTTTGGT TCGACAGT CTACGCACAGAAAT TCCAGGECAGAGT CACTATTTCC

GOGGACATATTTTCACACACT GOCTACAT GGAGCT GAACAGCCT GACAT CTGAGGACACGGCCGCATATTT
CTGTGOGAGGCACGGAAACT AT TATTACT ACT COGGT AT GGACCT CT GGGGCCAAGGGACCACGGT CACCG
TCTCGAGC >5009- 113 VH PROTEI N (SEQ I D NO. 58)

R AN N FN N NA TN JL 70T R P NECNC N JILIN 1NN L OO VTR IR N Z A1 £ AU IFrNA A PN~~~ 1 AN A TN 7N N"T"\ N 7 R 7N\ 71 7~/ I\ 11 o~




attacggggt cattagttca tagcccatat 420 atggagttcc gcgttacata acttacggta
aat ggcccgc ctggctgacc gcccaacgac 480 ccccgeccat tgacgtcaat aatgacgtat
gtt cccat ayorasagecraat agggactttc 540 cattgacgtc aat gggt @Ea/ERLERI63HETY
t aaact gccc acttggcagt acatcaagtg 600 tatcatatgc caagtacgcc ccctattgac
gt caat gacg gt aaatggcc cgcctggcat 660 té8gcccagt acatgacctt atgggacttt
cctacttggc agtacatcta cgtattagtc 720 atcgctatta ccatggtgat gcggttttgg
cagt acat ca atgggcgtgg atagcggttt 780 gactcacggg gatttccaag tctccacccc
at t gacgt cal ht ipgaed by thytet wish gepe with @BSaad aiBSHa Boggd plidges wercakteatedt cgt

t ttgas t X 00 t tgt ) tctatat
Aacaga00t L KAG QAReEEa LAAN bobob  GR B agageTs g6 din daes: BN grtevbac

ctccat agaa, ga ﬁl%%%ggeglﬂargr?e%?ff ﬁﬁ‘gqg-cljfsgg %hage antibodies specifically binding influenza
A subtypes H1, H3 and H7 HA were found (SC09-003, SC09-004, SC09-005, SC09-006,
5 SC09-007, SC09-008, SC09-009. SC09-010, SC09-011, SC09-012, SC09-030, SCO9-
112, SC09-113 and SC09-114). See table 6.

All 16 phage antibodies, SC09-003, SC09-004, SC09-005, SC09-006, SC09-007,
SC09-008, SC09-009. SC09-010, SC09-011, SC09-012, SC09-029, SC09-030, SCO9-
031, SC09-112, SC09-113 and SC09-114, were used for construction of fully human

10 immunoglobulins.

Example 4

Construction of fully human immunoglobulin molecules (human monoclonal antibodies)

from the selected single chain Fvs

From the selected specific single-chain phage antibodies (scFv) clones plasmid
15 DNA was obtained and nucleotide and amino acid sequences were determined according
to standard techniques. Heavy and light chain variable regions of the scFvs were cloned
directly by restriction digest for expression in the IgG expression vectors plg-C911-
HCgammal (see SEQ ID NO: 175), pIG-C909-Ckappa (see SEQ ID NO: 176), or plg-
(C910-Clambda (see SEQ ID No: 177). The VH and VL gene identity (see Tomlinson IM
20 etal. V-BASE Sequence Directory. Cambridge United Kingdom: MRC Centre for
Protein Engineering (1997)) of the scFvs were determined (see Table 7).

Nucleotide sequences for all constructs were verified according to standard
techniques known to the skilled artisan. The resulting expression constructs encoding the
human IgG1 heavy and light chains were transiently expressed in combination in 293T

25  cells and supernatants containing human IgG1 antibodies were obtained and produced

using standard purification procedures.

The amino acid sequence of the CDRs of the heavy and light chains of the

selected immunoglobulin molecules is given in Table 7.



ctccgcggcec gggaacggtg cattggaagc tggcctggat atcctgactc tcttaggtag 1080
ccttgcagaa gttggtcgtg aggcact ggg caggtaagta tcaaggttac aagacaggtt 1140
t aaggagatwoaatagawact gggctt gtcg agacagagaa gactcttgcg rCraprgaRasge3200
gcacctattg gtcttactga catccacttt gcctttctct ccacaggtgt ccactcccag 1260
ttcaattaca gctcgccacc atgggatgga gctgtdéPcat cctcttcttg gtactgectge 1320
t ggcccagcc ggccagtgac cttgaccggt gcaccacttt tgatgatgtt caagctccta 1380
attacactca acatacttca tctatgaggg gggtttacta tcctgatgaa atttttagat 1440
cggacact ct tt atTheamatbecafgano-hat diffatices aid the fatdetitnaf alyht¢aay agdbght1500
2013/ 007770 . 77 _PCT/ EP2012/ 063637 ttcatactat taatcatacg tttggcaacc

ct gt cat accChtatnt‘taélaB]Séﬂpm@@ﬁéﬁtleedklp TpBlsd. 1 ¢ gct gccac agagaaatca aatgttgtcc

gt ggt t gggt
Example 5

Cross-binding reactivity of IgGs

5 A panel of five of the IgG antibodies described above, CR9005, CR9030,
CRI112, CR9113 and CR9114, was validated in ELISA for binding specificity, i.e.
binding to different HA antigens. For this purpose, baculovirus expressed recombinant
H1 (A/New Caledonia/20/1999), H3 (A/Wisconsin/67/2005), HS (A/Vietnam/1203/04,
H7 (A/Netherlands/219/2003) and H9 (A/HongKong/1073/99) HA’s (Protein Sciences,

10 CT, USA) were coated to Maxisorp'  ELISA plates. After coating, the plates were
washed three times with PBS containing 0.1% v/v Tween-20 and blocked in PBS
containing 3% BSA or 2% ELK for | hr at room temperature. The plates were emptied,
washed three times with PBS/0.1% Tween-20 and the IgG antibodies were added to the
wells. Incubation was allowed to proceed for one hr, the plates were washed with

15 PBS/0.1% Tween-20 and bound antibodies were detected (using OD 492nm
measurement) using an anti-human IgG antibody conjugated to peroxidase. As a control,
an unrelated IgG CR4098 was used.

CR9005, CR9030, CR9112, CR9113 and CR9114 were shown to have
heterosubtypic cross-binding activity to all the recombinant HAs tested. See table 9.

20 Additionally, the selected antibodies were used to test heterosubtypic binding by
FACS analysis. For this purpose, full-length recombinant influenza A subtypes H1
(A/New Caledonia/20/1999), H3 (A/Wisonsin/67/2005) and H7
(A/Netherlands/219/2003) HAs were expressed on the surface of PER.C6 cells. The cells
were incubated with IgG antibodies for 1 hr followed by three wash steps with

25  PBS+0.1%BSA. Bound antibodies were detected using PE conjugated anti-human
antibody. As a control, untransfected PER.C6 cells were used. CR9005, CR9030,
CRI9112, CRI113 and CR9114 show cross-binding activity to influenza A subtypes HI,
H3 and H7 HA but not wild-type PER.C6 cells. See table 9.

Example 6



ttttggttct accatgaaca 1620
tgttgttata cgagcatgta 1680
acccat gggvoacsomgreac 1740
gtacatatct gatgcctttt 1800
acgagagttt gtgtttaaaa 1860
tatagatgta gttcgtgatc 1920
gcctcttggt attaacatta 1980
agacat t t ggCggcaegtadiaigg 2040tyalf dg@gcct a ttttgttgge
tat gct caag tatgatgaaa 2100

acttgctgaa ctcaddf

acaagt caca gtcggtgatt
actttgaatt gtgtgacaac
at act at gat att cgat aat
cgcttgatgt ttcagaaaag
at aaagat gg §0ttctctat
taccttctgg ttttaacact
caaattttag agccattctt

.at ggt acaat tgct
fo eieoiien i berbaselcideigate

attattaaca attctactaa
cctttctttg ctgtttctaa
gcat t t RETIEPQTIAO6IGBT ga
tcaggtaatt ttaaacactt
gtttataagg gctatcaacc
ttgaaaccta tttttaagtt
acagcctttt cacctgctca
tatttaaagc caact acatt

gtt attgtt ctcaaaatcc
re Eﬁ%@@@%@pm& Buldakac

ctctaatttc, gaggl '[Aggtrta?ns,zgd%%io%glt H YBAMARs neutralization assays (VNA) were performed.
The VNA were performed on MDCK cells (ATCC CCL-34). MDCK cells were cultured
in MDCK cell culture medium (MEM medium supplemented with antibiotics, 20 mM

10

15

20

25

30

Hepes and 0.15% (w/v) sodium bicarbonate (complete MEM medium), supplemented
with 10% (v/v) fetal bovine serum). The HI (A/WSN/33, A/New Caledonia/20/1999,
A/Solomon Islands/IVR-145 (high-growth reassortant of A/Solomon Islands/3/2006),
A/Brisbane/59/2007, AINYMC/X-181 (high-growth reassortant of
A/California/07/2009), H2 (A/Env/MPU3156/05), H3 (A/Hong Kong/1/68,
A/Johannesburg/33/94, A/Panama/2000/1999, A/Hiroshima/52/2005,
A/Wisconsin/67/2005 and A/Brisbane/10/2007), H4 (A/WF/HK/MPA&92/06), H5 (PR8-
H5N1-HK97 (6:2 reassortant of A/Hong Kong/156/97 and A/PR/8/34) and A/Eurasian
Wigeon/MPF461/07), H6 (A/Eurasian Wigeon/MPD411/07), H7 (NIBRG-60 (6:2
reassortant of A/Mallard/Netherlands/12/2000) and PR§-H7N7-NY (7:1 reassortant of
A/New York/107/2003 (H7N7) and A/PR/8/34)), H8 (A/Eurasian Wigeon/MPH571/08)
H9 (A/Hong Kong/1073/99 and A/Chick/HK/SSP176/09), H10 (A/Chick/Germany/N/49)
and H14 (PR8-H14NS5 (6:2 reassortant of A/mallard/Astrakhan/263/1982 (H14N5) and
A/PR/8/34)) strains which were used in the assay were all diluted to a titer of 5,7 x10°

TCID50/ml (50% tissue culture infective dose per ml), with the titer calculated according

to the method of Spearman and Karber. The IgG preparations (200 pg/ml) were serially

2-fold diluted (1:2 - 1:512) in complete MEM medium in quadruplicate wells. 25 ul of

the respective IgG dilution was mixed with 25 ul of virus suspension (100 TCID50/25 pl)

and incubated for one hr at 37°C. The suspension was then transferred in quadruplicate

onto 96-well plates containing confluent MDCK cultures in 50 pl complete MEM

medium. Prior to use, MDCK cells were seeded at 3x10* cells per well in MDCK cell

culture medium, grown until cells had reached confluence, washed with 300-350 ul PBS,

pH 7.4 and finally 50 ul complete MEM medium was added to each well. The inoculated

cells were cultured for 3-4 days at 37°C and observed daily for the development of

cytopathogenic effect (CPE). CPE was compared to the positive control.



tgttgtgaga ttccctaata ttacaaactt gtgtcctttt ggagaggttt 2280 ttaatgctac
taaattccct tctgtctatg catgggagag aaaaaaaatt tctaattgtg 2340 ttgctgatta
ct ct gt gctwonasa@mel7caa catttttttc aacctttaag tgctatggcg PCOEPRAROGPETAC
taagttgaat gatctttgct tctccaatgt ctatgcagat tcttttgtag 2460 tcaagggaga
t gat gt aaga caaat agcgc caggacaaac tggtgdtatt gctgattata 2520 attataaatt
gccagatgat ttcatgggtt gtgtccttgc ttggaatact aggaacattg 2580 atgctacttc
aactggtaat tataattata aatataggta tcttagacat ggcaagctta 2640 ggccctttga
gagagacata tct a@R%IO@cCRf)I]QgOR@d:B gt RYddahow hetegsalnyec 2i008naacbriggt ct
taattgttat tg(\%ccattaa atgattatg ttttt(flcacc actactggca 2760 ttggctacca
acct t acagadc§iit )ngar@PrgaemﬂtVeﬁr%%%f dldtetteq BHRENZ3 CorbfgerH1 Ad2d1% §l Bogt gg

accaaaat t ag G¢A¢I#0%nk Hb AR &GRAL 95 It ©

5 Example 7

Pan-influenza antibodies bind to the pre-fusion conformation of HA

In order to determine whether the selected 1gGs were capable of binding the pre-
or post-fusion conformation of the HA molecule, an in vitro pH-shift experiment was
performed. For this purpose, full-length recombinant influenza A subtypes HI (A/New

10  Caledonia/20/99), H3 (A/Wisonsin/67/2005), H5 (A/Vietnam/1203/04), H7
(A/Netherlands/219/03) and H9 (A/Hong Kong/1073/99) HA were expressed on the
surface of PER.C6 cells. To measure mAb binding to different structural HA
conformations, cells were detached from the plastic support using PBS-EDTA and
subsequently treated with trypsin (TrypLE™Select, Gibco) for 5 min at RT, washed (1%

15  BSA in PBS) and incubated for 15 min in citric acid—sodium phosphate buffer (pH 4.9).
Cell samples were set aside after each processing step (untrypsinized/HAO;
trypsinized/HA1-HA2; pH 4.9/fusion HA) and fractions of each treatment were incubated
with mAb CR9114 for 1 hour. Cells were then incubated for 30 min with phycoerythrin-
conjugated anti-human IgG (Southern Biotech) in 1% BSA. Stained cells were analysed

20 using a FACS Canto with FACS Diva software (Becton Dickinson).

FACS binding of IgG1s to surface expressed HA was after sequential treatment with
trypsin and pH 4.9 buffered medium and expressed as percentage binding to untreated
HA (A). See Figure 1A.

Antibody CR9114 shows a marked decrease in binding after pH-shift indicating

25  specificity for an epitope present only before the low pH induced conformational change
of the HA molecule.

Alternatively, to test whether the IgGs can block the low pH induced
conformational change of HA, antibody CR9114 was added before the low pH step.
Samples of consecutive treatments were split and stained with either phycoerythrin-

30  conjugated anti-human IgG (Southern Biotech). Stained cells were analysed using a

FACS Canto with FACS Diva software (Becton Dickinson). See Fig 1B.



aattttaatt 2880 ttaatggact cactggtact ggtgtgttaa ctccttcttc aaagagattt
caaccatttc 2940 aacaatttgg ccgtgatgtt tctgatttca ctgattccgt tcgagatcct
aaaacat ctwyo200moamat att aga catttcacct tgctcttttg ggggt graagEregasicssaca
cctggaacaa 3060 atgcttcatc tgaagttgct gttctatatc aagatgttaa ctgcactgat
gtttctacag 3120 caattcatgc agatcaactc &accagctt ggcgcatata ttctactgga
aacaatgtat 3180 tccagactca ggcaggctgt cttataggag ctgagcatgt cgacacttct
tatgagtgcg 3240 acattcctat tggagctggc atttgtgcta gttaccatac agtttcttta
t t acgt agt aABtERMy €iR9] ¢4 slamvas adltigh kivelgtf gesghtat Bindiag &o thegtvatidusatds dfgpe pHat agt
tcaattgctt 3360 actctaataa caccattgct atacctacta acttttcaat tagcattact

acagaagt asshpgicafjpg thet when theseggtibodies ascbaund de Hig B mglasleathe davapht ct g
ggagattcta 3489 c8ﬁf%ﬁ§§t%1glcchtal?g%t&otegﬁcgttoccur.

5 Example &

Affinity measurements of Fabs on various influenza A and B HASs.

Recombinant soluble HA of A/New Caledonia/20/1999 (H1), A/Brisbane/59/2007

(H1), A/Wisconsin/67/2005 (H3), A/Brisbane/10/2007 (H3, B/Florida/4/2006 (B),
B/Brisbane/60/2008 (B) and B/Malaysia/2506/2004 (B) produced using baculovirus

10  vectors in insect cells were purchased from Protein Sciences Corp (CT, USA) and
biotinylated at room temperature (RT) for 40 min using EZ-link sulfo-NHS-LC-LC-
biotin (Pierce). Buffer exchange step to PBS was performed using Amicon Ultra 0.5 ml
Centrifugal Filters (Millipore). Biotinylated HA was bound to Streptavidin sensors at 37
°C for 1200 seconds. Association of Fab fragment of CR9005, CR9112, CR9113 and

15  CRO9114 to HA was measured on Octet QK (ForteBio) for 700 seconds at 37 °C by
exposing the sensors to 100 nM antibody in 1x kinetic buffer (ForteBio). Dissociation of
the Fab fragments was assessed by exposing the sensors to 1x kinetic buffer for 9000
seconds at 37 °C. Fab fragments of CR9005, CR9112, CR9113 and CR9114 all bind with

micro- to pico-molar affinities to H1, H3 and influenza B HA.

20

Example 9

Competition for binding with other stem binding antibodies

Recombinant soluble HA of A/New Caledonia/20/1999 (HINI1) and
A/Wisconsin/67/2005 (H3N2) produced using baculovirus vectors in insect cells were
25  purchased from Protein Sciences Corp (CT, USA) and biotinylated at room temperature
(RT) for 40 min using EZ-link sulfo-NHS-LC-LC-biotin (Pierce). Buffer exchange step
to PBS was performed using Amicon Ultra 0.5 ml Centrifugal Filters (Millipore).
Biotinylated HA was bound to Streptavidin sensors at 37 °C for 1200 seconds.
Association of antibodies CR9114 and CR6261 to HI HA was measured on Octet QK
30  (ForteBio) for 700 seconds at 37 °C by exposing the sensors to 100 nM antibody in 1x



ctccaatatg gtagcttttg cacacaacta aatcgtgcac 3540 tctcaggtat tgctgctgaa
caggat cgca acacacgtga agtgttcgct caagtcaaac 3600 aaat gt acaa aaccccaact
tt gaaat atworopggyott taatttttca caaatattac 3660 ctgacce®CTiEPAEAY6IHADCT
aagaggtctt ttattgagga cttgctcttt aataaggtga 3720 cactcgctga tgctggcttc
at gaagcaat atggcgaatg cctaggtgat attaatgcta 3780 gagatctcat ttgtgcgcag
aagttcaatg gacttacagt gttgccacct ctgctcactg 3840 atgatatgat tgctgcctac
actgctgctc tagttagtgg tactgccact gctggatgga 3900 catttggtgc tggcgctgcet
ct t caaat ackintticthudiet dortgBadattggelach tic dgget ochadtittDabiindoatvbgessesyed icccaa
aatgttctct atgagaacca aaaacaaatc gccaaccaat 4020 ttaacgaggc gattagtcaa
at t caagaat ©XPavpg HEaarsorde arecnd aniRosy{ §Yhed i dsbingtc byftabigdhcpesegts aac

cagaat gct ¢, AR0RFAL glﬁl%%d}(/\ a%%tl\ﬁ)%% 7RPREGRELE 7 °C. As a control, mAb CR9020,
binding to the globular head of H1 was taken along. Association of antibodies CR9114
5 and CR8020 to H3 HA was measured on Octet QK (ForteBio) for 900 seconds at 37 °C
by exposing the sensors to 100 nM antibody in 1x kinetic buffer (ForteBio) after which
the degree of additional binding was assessed by exposing the sensors to a second
antibody (100 nM in 1x kinetic buffer) in the presence of the first antibody (100 nM) for
900 seconds at 37 °C. As a control, mAb CR8057, binding to the globular head of H3

10  was taken along.

CRI9114 competes for binding to H1 HA with CR6261 and to H3 HA with
CR&8020. CR9114 therefore likely binds an epitope overlapping with both the epitopes of
CR6261 and CR8020 in the stem-region of HA. (See Fig. 2)

15  Example 10
Prophylactic activity of human IgG monoclonal antibody CR9114 against lethal

influenza B challenge in vivo
A study was performed to test the prophylactic effect of the monoclonal antibody

CR9114 against a lethal challenge with influenza B virus in vivo. MAb CR9114 was

20  tested for prophylactic efficacy in a mouse lethal challenge model with mouse adapted
influenza B/Florida/04/2006 virus (Central Veterinary Institute (CVI), Lelystad, The
Netherlands). The B/Florida/04/2006 virus was adapted to mice after 5 lung-to-lung
passages. The mouse adapted influenza B passage 5 virus was propagated in embryonated
chicken eggs in CVI’s laboratory. All mice (Balb/c, female, age 6-8 weeks, n=10 per

25  group) were acclimatized and maintained for a period of at least 4 days prior to the start
of the experiment. MAb CR9114 was dosed at 15 mg/kg intravenously in the tail vein
(vena coccygeus) at day -1 before challenge, assuming an average weight of 18 g per
mouse and a fixed dose volume of 0.2 mL. A control group was taken along dosed with
vehicle control. The mice were then challenged at day 0 with 25 LDs, B/Florida/04/2006

30  influenza B virus by intranasal inoculation. Clinical signs and body weights were

determined daily from day-1 before challenge until day 8. Clinical signs were scored with



4140 gctctaattt tggtgcaatt tcaagtgtgc taaatgatat cctttcgcga cttgataaag 4200
t cgaggcgga ggt acaaatt gacaggttaa ttacaggcag acttcaaagc cttcaaacct 4260
at gt aacacsioacsa®rHat c agggct gct g aaat cagggc ttctgctaat eCcrgregens3cdsd20
ctaaaatgtc tgagtgtgtt cttggacaat caaaaagagt tgacttttgt ggaaagggct 4380
accaccttat gtccttccca caagcagccc cgcat§gtgt tgtcttccta catgtcacgt 4440
at gt gccat c ccaggagagg aacttcacca cagcgccagc aatttgtcat gaaggcaaag 4500
catacttccc tcgtgaaggt gtttttgtgt ttaatggcac ttcttggttt attacacaga 4560
ggaact t ct ta ¢doahg swtama((Enaatiniadtsgzns dlFacamhtcast; attough ciatdeggermatd dirmgd 620

atgtcgttat tggcatcatt aacaacacag tttatgatcc tctgcaacct gagcttgact 4680
cattcaaagahaaég%ﬁg*wgha%zraﬁﬁdc R l%b&a@dgaa@aéen&ﬁ%saé@a@%&dlﬁmgéa@ gy 4740

gcgacattt C4=6}919g%aéota€?§lleg%tt):[ ﬁ%c%r&gbreathing, inactive response to

manipulation/handlings). At a score of 4 the animal was euthanized.

5 All mice were active and appeared healthy without showing signs of disease
during the acclimatization period. Fig. 3A shows the survival rates of the mice, following
mAb administration. Mice dosed with 15 mg/kg mAb CR9114 showed a survival rate of
100%, whereas in the control mAb group 50% survived.

In Figure 3B the mean body weight change of the mice during the 8 day study

10 period following mAb administration is shown. In the mAb CR9114 group the mice did
not loose weight over the 8 day study period, whereas in the vehicle control group weight
loss was observed. Median clinical scores of the mice are depicted in Fig. 3C. Of the
mice treated with 15 mg/kg mAb CR9114 at day -1 pre-challenge, all survived and none
of the animals showed any clinical signs during the observation period (from day 0 to day

15 8 post infection). These results show that the human anti influenza antibody CR9114,
identified and developed as disclosed herein, is able to provide protection against a lethal
dose of influenza B virus in vivo. When administered one day prior to infection at a dose
of 15 mg/kg or higher, mAb CR9114 was able to completely prevent clinical

manifestation of influenza B infection in mice.



tcaacattca aaaagaaatt gaccgcctca 4800 atgaggtcgc taaaaattta aatgaatcac
tcattgacct tcaagaactg ggaaaatatg 4860 agcaat atat taaatggcct ctcgacgaac
aaaaact cavoebsagamgag gat ct gaatg 4920 WO 2013/ 007770 PBT/EP2012/063637
PCT/ EP2012/ 063637 ct gt gggcca ggacacgcag gaggtcatcg tggtgccaca ctccttgecc
tttaaggtgg 4980 tggtgatctc agccatcctg §écctggtgg tgctcaccat catctccctt
atcatcctca 5040 tcatgctttg gcagaagaag ccacgttagg cggccgctcg agtgctagca
ccaagggccc 5100 cagcgtgttc cccctggeccc ccagcagcaa gagcaccagc ggcggcacag
ccgccct gggTatle. ks caind gtkappea ddachdacind (Vi emplafixatonsgt gaccgt g agct ggaaca

gcggcgcct R?zﬂ agaccaacaac atacacacet tecceccacecat act acaqagaaqac nnhggcctgt

acagcct gag ngﬂmﬁaﬁﬁﬁtggig a%§é§6§@é%“§&$§@§%¥%¥eggg é@@cc Ndedt acat ct
gcaacgt gapori34uvECRICaagCCGAC ATC CAG WTG ACC CAG TCT CC 65
OK2 (Huvk2) GAT GTT GTG ATG ACT CAG TCT CC 66
OK3 (HuUvK2B2) GAT ATT GTG ATG ACC CAG ACT CC 67
OK4 (HuUVK3B) GAA ATT GTG WTG ACR CAG TCT CC 68
OK5 (HUVK5) GAA ACG ACA CTC ACG CAG TCT CC 69
OK6 (HUVKG) GAA ATT GTG CTG ACT CAG TCT CC 70
OCK (HUCK) ACA CTC TCC CCT GTT GAA GCT CTT 71
OL1 (HuVL1A)~* CAG TCT GTG CTG ACT CAG CCA CC 72
OL1 (HuvL1B)* CAG TCT GTG YTG ACG CAG CCG CC 73
OL1 (HuvLlC)* CAG TCT GIC GIG ACG CAG CCG CC 74
OL2 (HuvL2B) CAG TCT GCC CTG ACT CAG CC 75
OL3 (HuvL3A) TCC TAT GWG CTG ACT CAG CCA CC 76
OL4 (HuvL3B) TCT TCT GAG CTG ACT CAG GAC CC 77
OL5 (HuVL4B) CAG CYT GTG CTG ACT CAA TC 78
OL6 (HuvL5) CAG GCT GTG CTG ACT CAG CCG TC 79
OL7 (HuvL6) AAT TTT ATG CTG ACT CAG CCC CA 80
OL8 (HuvL7/8) CAG RCT GTG GIG ACY CAG GAG CC 81
OL9 (HuvLO)# CWG CCT GTG CTG ACT CAG CCM CC 82
OL9 (HuvL10)# CAG GCA GGG CTG ACT CAG 83
OCL (HuCL2)X TGA ACA TTC TGT AGG GGC CAC TG 84
OCL (HuCL7)X AGA GCA TTC TGC AGG GGC CAC TG 85
OH1 (HUVHIB7A) + CAG RTG CAG CTG GTG CAR TCT GG 86
OHL (HUVHIC) + SAG GTC CAG CTG GTR CAG TCT GG 87
OH2 (HuVH2B) CAG RTC ACC TTG AAG GAG TCT GG 88
OH3 (HuVH3A) GAG GTG CAG CTG GIG GAG 89
OH4 (HuVH3C) GAG GTG CAG CTG GIG GAG WCY GG 90
OH5 (HuVH4B) CAG GTG CAG CTA CAG CAG TGG GG 91
OH6 (HuVH4C) CAG STG CAG CTG CAG GAG TCS GG 92
OH7 (HUVHGA) CAG GTA CAG CTG CAG CAG TCA GG 93
OCM (HuCIgM) TGG AAG AGG CAC GIT CTT TTC TTT 94

* Mix in 1:1:1 ratio

# Mix in 1:1 ratio

X Mix in 1:1 ratio
5 + Mix in 1:1 ratio



agcaacacca aggtggacaa acgcgtggag cccaagagct gcgacaagac 5400 ccacacctgc
cccecectgece ctgeccccga getgetggge ggaccctcceg tgttectgtt 5460 cccccccaag
cCccaaggacsiocetimal’gat cagccggacc cccgaggtga cctgcgt ggt PeTEPIYRAGHETYL g
agccacgagg accccgaggt gaagttcaac tggtacgtgg acggcgtgga 5580 ggtgcacaac
gccaagacca agccccggga ggagcagtac aacagbéécct accgggt ggt 5640 gagcgtgctc
accgtgctgc accaggactg gctgaacggc aaggagtaca agtgcaaggt 5700 gagcaacaag
gccctgectg cccccat cga gaagaccat c agcaaggcca agggccagcc 5760 ccgggagccc
caggtgtacdeMeﬂg&mom@nmm@é@ggg@@k@dghmgé&%hmn@ﬁhmﬁmggt 5820 gtccctcacc
t gt ct ggt g agaactteta cecece gcgac t C c 5880 caacogcca
cccgagaac ac#ﬁéﬁﬁbﬁ@m%accccccct gty E@E%%ﬁtb%b§§§5§8§ 5940 c%%%??@@tg
caacecnt ooy acena t ane
tacagcaageqtea PRk B PP 8e L S8R 3%E oG cac atc cac 95
WTG ACC CAG TCT CC
OK2S (HuVK2-SAL) TGA GCA CAC AGG TCG ACG GAT GTT GTG 96
ATG ACT CAG TCT CC
OK3S (HuvK2B2-SAL) TGA GCA CAC AGG TCG ACG GAT ATT GTG 97
ATG ACC CAG ACT CC
OK4S (HuVK3B-SAL) TGA GCA CAC AGG TCG ACG GAA ATT GTG 98
WTG ACR CAG TCT CC
OK5S (HuVK5-SAL) TGA GCA CAC AGG TCG ACG GAA ACG ACA 99
CTC ACG CAG TCT CC
OK6S (HuVK6-SAL) TGA GCA CAC AGG TCG ACG GAA ATT GTG 100
CTG ACT CAG TCT CC
OJK1 (HuJK1-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACG 101
TTT GAT TTC CAC CTT GGT CCC
0JK2 (HuJK2-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACG 102
TTT GAT CTC CAG CTT GGT CCC
0JK3 (HuJK3-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACG 103
TTT GAT ATC CAC TTT GGT CCC
0JK4 (HuJK4-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACG 104
TTT GAT CTC CAC CTT GGT CCC
0JK5 (HuJK5-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACG 105
TTT AAT CTC CAG TCG TGT CCC
OL1S (HuVL1A-SAL)* TGA GCA CAC AGG TCG ACG CAG TCT GTG 106
CTG ACT CAG CCA CC
OL1S (HuVL1B-SAL)* TGA GCA CAC AGG TCG ACG CAG TCT GTG 107
YTG ACG CAG CCG CC
OL1S (HuVL1C-SAL)* TGA GCA CAC AGG TCG ACG CAG TCT GTC 108
GTG ACG CAG CCG CC
OL2S (HuVL2B-SAL) TGA GCA CAC AGG TCG ACG CAG TCT GCC 109
CTG ACT CAG CC
OL3S (HuVL3A-SAL) TGA GCA CAC AGG TCG ACG TCC TAT GWG 110
CTG ACT CAG CCA CC
OL4S (HuVL3B-SAL) TGA GCA CAC AGG TCG ACG TCT TCT GAG 111
CTG ACT CAG GAC CC
OL5S (HuVL4B-SAL) TGA GCA CAC AGG TCG ACG CAG CYT GTG 112
CTG ACT CAA TC
OL6S (HuVL5-SAL) TGA GCA CAC AGG TCG ACG CAG GCT GTG 113
CTG ACT CAG CCG TC
OL7S (HuvVL6-SAL) TGA GCA CAC AGG TCG ACG AAT TTT ATG 114
CTG ACT CAG CCC CA
OL8S (HuVL7/8-SAL) TGA GCA CAC AGG TCG ACG CAG RCT GTG 115
GTG ACY CAG GAG CC
OL9S (HuvL9-SAL) # TGA GCA CAC AGG TCG ACG CWG CCT GTG 116
CTG ACT CAG CCM CC
0OL9S (HuvL10-SAL)# TGA GCA CAC AGG TCG ACG CAG GCA GGG 117
CTG ACT CAG
0JL1 (HuJL1-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACC 118
TAG GAC GGT GAC CTT GGT CCC
0JL2 (HuJL2/3-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACC 119
TAG GAC GGT CAG CTT GGT CCC
0JL3 (HuJL7-NOT) GAG TCA TTC TCG ACT TGC GGC CGC ACC 120
GAG GAC GGT CAG CTG GGT GCC




gcaacgt gt
gcct gagec

t 6000 cagctgcagc
t 6060 gagccccggc

cct cgact gvo@appogret t ct agt

t gaccct gg

a 6180 aggtgccact

attgtctgag 6240 taggtgtcat

gt gat gcacg
aagt gat aat
t gccagccat
cccactgtcc
tctattctgg

aggccctgca caaccactac acccagaaga
ct agagggcc cgtttaaacc cgctgatcag
ctgttgtttg cccctcPCEEPIIGOCIGBTCt
tttcctaata aaat gaggaa attgcatcgc

0999t ggggt ggggcaggac agcaaggggg

aggattggga 6300 agacaat agc aggcatgctg gggat gcggt gggctctatg gcttctgagg
cggaaagaac 6360 cagctgggdc tctagggggt atccccacgc gccct gt agc ggcgcattaa
gcgcggcggolB420iugitggt gt t |dad§cyageig ALYECE geiCacr@ et gE€€agce [gccéthagege
ccgctccttl 6480 cgctttcttc |[dEEtEEt A Riegéeadgt 6T §et Jgétdd |cccecgtcaa
ct ct aaat cgPE540iygHget Tt ﬂﬂﬁgﬁ@%@@%Agﬁﬂﬁﬁdﬁ¥g@Nl?@%éﬁ@cac ctcdaéccca
aaaaact t ga_6600 ttagqqgt gat |dgetcAcghG@ GIC C TCT
OH2S (HuVH2B-SFI) GTC CTC GCA ACT GCG GCC CAG CCG GCC 123
ATG GCC CAG RTC ACC TTG AAG GAG TCT GG
OH3S (HuVH3A-SFI) GTC CTC GCA ACT GCG GCC CAG CCG GCC 124
ATG GCC GAG GTG CAG CTG GTG GAG
OH4S (HuVH3C-SFI) GTC CTC GCA ACT GCG GCC CAG CCG GCC 125
ATG GCC GAG GTG CAG CTG GTG GAG WCY GG
OH5S (HuVH4B-SFI) GTC CTC GCA ACT GCG GCC CAG CCG GCC 126
ATG GCC CAG GTG CAG CTA CAG CAG TGG GG
OH6S (HuVH4C-SFI) GTC CTC GCA ACT GCG GCC CAG CCG GCC 127
ATG GCC CAG STG CAG CTG CAG GAG TCS GG
OH7S (HUVH6A-SFI) GTC CTC GCA ACT GCG GCC CAG CCG GCC 128
ATG GCC CAG GTA CAG CTG CAG CAG TCA GG
OJHL (HuJH1/2-XHO) GAG TCA TTC TCG ACT CGA GAC RGT GAC 129
CAG GGT GCC
OJH2 (HuJH3-XHO) GAG TCA TTC TCG ACT CGA GAC GGT GAC 130
CAT TGT CCC
OJH3 (HuJH4/5-XHO) GAG TCA TTC TCG ACT CGA GAC GGT GAC 131
CAG GGT TCC
OJH4 (HuJH6-XHO) GAG TCA TTC TCG ACT CGA GAC GGT GAC 132
CGT GGT CCC

* Mix in 1:1:1 ratio
# Mix in 1:1 ratio
+ Mix in 1:1 ratio



gt gggccat ¢ gccct gat ag
at agt ggact cttgttccaa
at t t at aagwogatiargecy
aatttaacgc gaattaattc
ctccccagca ggcagaagt a
aaagt cccca ggct ccccag
aaccat agtc ccgcccct aa

acggtttttc gccctttgac
act ggaacaa cact caaccc
atttcggcect attggttaaa
t gt ggaatgt gtgtcagtta
t gcaaagcat gcat cb8aat
caggcagaag t at gcaaagc
ctccgeccat cccgecccta

6660
6720
6780
6840
6900
6960
7020

t t ct ccgcccTalde §gsdcgat ranadMitegibhs dmplificatigrevcrds®
ctctgagcta ttccagaagt agtgaggagg cttttttgga 7140

gct cccggg
t cgcat gat

gttggagtcc acgttcttta
tatctcggtc tattcttttg
aaat ga@CTEPaRaHAAAA
agt ccccagg
ccaggt gt gg
at t agt cagc
gttccgccca
ccgectctge
ggcct aggct tttgcaaaaa

gggt gt ggaa
t agt cagcaa
atgcat ctca
act ccgccca

gaggccgagg

a gcttgtatat ccatt|ttcgg atgtgatcaa |7200 gagpcaggat @aggat cgt
[ GaaCtaagadby gatt gcacgc agpbtaeiiccg | Share in | Pool Share in
primer primer PK/PL (%) VL (%)
OK1S 0JK1 K1J1 25
OK1S 0JK2 K1J2 25
K1 OK1S 0JK3 K1J3 10 PK1 30
OK1S 0JK4 K1J4 25
OK1S 0JK5 K1J5 15
OK2S 0JK1 K2J1 25
OK2S 0JK2 K2J2 25
K2 OK2S 0JK3 K2J3 10 PK2 4
OK2S 0JK4 K2J4 25
OK2S 0JK5 K2J5 15
OK3S 0JK1 K3J1 25
OK3S 0JK2 K3J2 25
K3 OK3S 0JK3 K3J3 10 PK3 1
OK3S 0JK4 K3J4 25
OK3S 0JK5 K3J5 15
OK4S 0JK1 K4J1 25
OK4S 0JK2 K4J2 25
K4 OK4S 0JK3 K4J3 10 PK4 19
OK4S 0JK4 K474 25
OK4S 0JK5 K4J5 15
OK5S 0JK1 K5J1 25

t



7260 gccgcttggg tggagaggct attcggctat gactgggcac aacagacaat cggctgctct 7320

acgggcegtt
ct att gggc
gtatccatc
ttcgaccac
gt cgat cag
aggct caag
tt gccgaat

ggt gt ggcg

gat gccgccg tgttccgget gtcagcgcag gggcgecccgg ttcectttttgt caagaccgac 7380
ct gt ccggtwoceti@ampga act gcaggac gaggcagcgc ggctatcgtg gcrgweaiansg363440
C cttgcgcagc tgtgctcgac gttgtcactg aagcgggaag ggactggctg 7500
g aagtgccggg gcaggatctc ctgtcdPctc accttgectcc tgccgagaaa 7560
a tggctgatgc aatgcggcgg ctgcatacgc ttgatccgge tacctgeccca 7620
C aagcgaaaca tcgcatcgag cgagcacgta ctcggatgga agccggtctt 7680
g at gatctgga cgaadagcat caggggctcg |cgccagccga actgticgecc 7740
0 cgcgcat géedscgacgddfag gar €idgt cg |[tgacccat gg cgat gect gc 78700
a tcatggtgga aaatdgccgc ttftctggat [tcatcgactg tggccggectg 7860
Oxs:accgct af eeyggacataageg K5J3 10 PK5 1
OK5S 0JK4 K574 25
OK5S 0JK5 K5J5 15
OK6S 0JK1 K6J1 25
OK6S 0JK2 K6J2 25
K6 OK6S 0JK3 K6J3 10 PK6 5
OK6S 0JK4 K6J4 25
OK6S 0JK5 K6J5 15
0L1S 0JL1 L1J1 30
Ll 0L1S 0JL2 L1J2 60 PL1 14
OL1S 0JL3 L1J3 10
0L2S 0JL1 L2J1 30
L2 0L2S 0JL2 L2J2 60 PL2 10
OL2S 0JL3 L2J3 10
OL3S 0JL1 L3J1 30
L3 OL3S 0JL2 L3J2 60 PL3 10
OL3S 0JL3 L3J3 10
0L4S 0JL1 L4J1 30
L4 0L4S 0JL2 L4J2 60 PL4 1
OL4S 0JL3 L4J3 10
OL5S 0JL1 L5J1 30
L5 OL5S 0JL2 L5J2 60 PL5 1
OL5S 0JL3 L5J3 10




ttggctaccc gtgatattgce
ctttacggta tcgccgcetcc

ttcttct gayocgymetiot g
cgat tccacc

cacgagat t
gggacgccg
ccaactt gt
caaat aaag
cttatcatg
PCT/ EP201
tatccgctc
gcct aat ga

t

t gaagagctt 7920
cgattcgcag 7980
gggt t cgaaa 8040
gccgecttct 8100

ggcggcgaat
cgcat cgcct
t gaccgacca
at gaaaggt t

gggct gaccg cttcctcgtg
tctatcgect tcttgacgag
agcgac @CTEPAACOLIFGT at
gggcttcgga atcgttttce

g ctggatgatc ctccagcgcg 8160 §@gatctcat gctggagttc ttcgcccacc
t tattgcagct tataatggtt 8220 acaaataaag caatagcatc acaaatttca
C atttttttca ctgcattcta 8280 gttgtggttt gtccaaactc atcaatgtat
I ctgtatagcg tcgadctcta 8340 WO 2Q13/007770 79
2/ 063637 get&gagct|toigycgt aptcl t ggt|c@t agc tgtttcct gl gt gaaatt gt
a 8400 cafttccaca |[caacatacpa gccggdagca taajpgt gtaa agcct ggggt
oL8460 t gagedsaact |gacatt aaltegcgtt gaget PL6 1

OL6S 0JL3 L6J3 10

OL7S 0JL1 L7J1 30
L7 OL7S 0JL2 L7J2 60 PL7 1

OL7S 0JL3 L7J3 10

OL8S 0JL1 L8J1 30
L8 OL8S 0JL2 L8J2 60 PL8 1

OL8S 0JL3 L8J3 10

0L9S 0JL1 L9J1 30
L9 0L9S 0JL2 L9J2 60 PL9 1

0L9S 0JL3 L9J3 10

VL 100%




cact gcccgce

tttccagtcg

ggaaacct gt

8520

cgt gccagct

gcatt aat ga

at cggccaac

gcgcggggag aggcggtttg cgtattgggc 8580 gectcttccge ttceccectcgetc actgactcgce
t gcgct cggwoegtymgyet g cggcgagcgg 8640 tat cagctca ct caaa®gtgErgeiaasaxeygt
t at ccacaga at caggggat aacgcaggaa 8700 agaacat gtg agcaaaaggc cagcaaaagg
ccaggaaccg taaaaaggcc gcgttgctgg 8760 6ftttttcca taggctccge ccccctgacg
agcat cacaa aaat cgacgc tcaagtcaga 8820 ggtggcgaaa cccgacagga ctat aaagat
accaggcgtt tccccctgga agctccctcg 8880 tgcgectctce tgttccgacc ctgeccgetta
ccggatacct gtccgccttt ctcccttcgg 8940 gaagcgtggc gctttctcat agctcacgcet
gtaggtatct cagttcggtg taggtcgttc 9000 gctccaagct gggctgtgtg cacgaacccc
ccgttcagcc cgaccgcectgec gecttatccg 9060 gtaactatcg tcttgagtcc aacccggtaa
gacacgactt atcg ccactg gcagcagcca 9120 ctggtaacag gattagcaga gcgaggtatg
t aggcggt gcTakle dgSagvneround ¥abregyns emplifiggon veaview cggct acact agaagaacag
tatttggtaf ctgcgctftg ctgaggccag
Template 57 37 Product Share in | Pool Share in
primer primer PK/PL VH (%)
(%)
OH1S OJH1 H1J1 10
OH1S OJH2 H1J2 10
H1 OH1S OJH3 H1J3 60 PH1 25
OH1S OJH4 H1J4 20
OH2S OJH1 H2J1 10
OH2S OJH2 H2J2 10
H2 OH2S OJH3 H2J3 60 PH2 2
OH2S OJH4 H2J4 20
OH3S OJH1 H3J1 10
OH3S OJH2 H3J2 10
H3 OH3S OJH3 H3J3 60 PH3 25
OH3S OJH4 H3J4 20
OH4S OJH1 H4J1 10
OH4S OJH2 H4J2 10
H4 OH4S OJH3 H4J3 60 PH4 25
OH4S OJH4 H4J4 20
OH5S OJH1 H5J1 10
OH5S OJH2 H5J2 10
H5 OH5S OJH3 H5J3 60 PH5 2




9240 ttaccttcgg aaaaagagtt ggtagctctt gatccggcaa acaaaccacc gctggtagcg 9300
gtttttttgt ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa gaagatcctt 9360
tgat cttttworasgygyoct gacgct cagt ggaacgaaaa ctcacgttaa ®ggaree2geEE63420

tcatgagatt atcaaaaagg atcttcacct agatcctttt aaattaaaaa tgaagtttta 9480
aat caat cta aagtatatat gagtaaactt ggtct@acag ttaccaatgc ttaatcagtg 9540
aggcacctat ctcagcgatc tgtctatttc gttcatccat agttgcctga ctccccgtcg 9600
t gt agat aac tacgatacgg gagggcttac catctggccc cagtgctgca atgataccgc 9660
gagacccacyg ctcaccggct ccagdtttat cagcaataaa |ccagccagcc ggaagggccg 9720
agcgcagaag tggtcct gé#dsacttt|dléég cclivHt cca |[glctattapt tgttgeccggg 9780
aagct agagf aagtagitcg ccagilftaata giftgcgcaa|cgitgitgcc attgciacag 9840
gcat cgtggt gtcacgctoegd cgt tjitiggt a t gpgetdicatt [aagctccggt tcccaacgat 9900
caaggcgagt tacat gatcc—cccatigttgt—gcpaaaaagc[ggttagetrcc ttcggficctc 9960
cgatcgttof OH6S 0JH2 H6J2 10
H6 OH6S OJH3 H6J3 60 PH6 20
OH6S OJH4 H6J4 20
OH7S OJH1 H7J1 10
OH7S OJH2 H7J2 10
H7 OH7S OJH3 H7J3 60 PH7 1
OH7S OJH4 H7J4 20
VH 100%




cagaagtaag ttggccgcag tgttatcact catggttatg gcagcactgc 10020 ataattctct
tactgtcatg ccatccgtaa gatgcttttc tgtgactggt gagtactcaa 10080 ccaagtcatt
ct gagaat ayongt3awgrggc gaccgagttg ctcttgcccg gcgt caat ac POTAP2@g@eicant ac
cgcgccacat agcagaactt taaaagtgct catcattgga aaacgttctt 10200 cggggcgaaa
actctcaagg atcttaccgc tgttgagatc cagttégatg taacccactc 10260 gt gcacccaa
ctgatcttca gcatctttta ctttcaccag cgtttctggg tgagcaaaaa 10320 caggaaggca
aaat gccgca aaaaagggaa taagggcgac acggaaat gt tgaatactca 10380 tactcttcct
t t t t caat at Talde Sg@mgebintingattaggy PEGENAGH-preimtgdgod §iter-26440d aingkeat t t ga
atgtatttag aaaaat aaac aaat aggggt . tccgcgcaca tttccccgaa 10500 aagtgccacc
t gacg 19wmphgge %}bomegtocﬁg@?éﬁ g emsm@aws? by ELEYaciggamding
gggagatctc ) . tagctc . cgat.ag
P aagecagt Ca e Ther LB nE I EShERER b At ShTE i el

HA of influenza A HI subtype; H3= HA of influenza A H3 subtype; H5=HA of influenza

5 A HS5 subtype; H7=HA of influenza A H7 subtype; B= HA of influenza virus B;

Rabies=Glycoprotein of Rabies virus (negative control).

Phage midi Elisa
H3 H5 H7

=
=y

sc09-003
sc09-004
sc09-005
sc09-006
sc09-007
sc09-008
sc09-009
sc09-010
sc09-011
sc09-012
sc09-029
sc09-030
sc09-031
sc09-112
sc09-113
sc09-114

+/-

+/-

+/-

+
1

+/-

|+ |+ +| ]+ F| ]+ ]+ |+ +|+]+
|+ |+ +| ]+ F| ]+ ]+ |+ +|+]+
|+ |+ +| ]+ F| ]+ ]+ |+ +|+]+

+ |+ |+
1




cgcgagcaaa atttaagcta caacaaggca aggcttgacc gacaattgtt aattaacatg 180
aagaatctgc ttagggttag gcgttttgcg ctgcttcget aggtggtcaa tattggccat 240
t agccat atwoantpmrt7ggt t at at agcat aaat caatat tggctattgg ecairrg@anesc3D0O
cgttgtatcc atatcataat atgtacattt atattggctc atgtccaaca ttaccgccat 360
gttgacattg attattgact agttattaat agtaabéaat tacggggtca ttagttcata 420
gcccat atat ggagttccgc gttacataac ttacggtaaa tggcccgect ggctgaccge 480
ccaacgaccc ccgcccattg acgtcaataa tgacgtatgt tcccatagta acgccaatag 540
ggact t t cca Tablpatc fACBaantlygigiof PEGIN ACH-praciggited atabfﬁl@mteaid:ized@ggagmﬂmdﬁﬁlo
at caagt gta t cat at gcca agtacgcccc ctattgacgt caatgacggt aaat 660
cct ggcat t at Therdngye4s bag gt at- gloylindipg 62-tnbackgpuad) m@a %fé 720

e A S T G e R Rt S S
ttt ggcaccapRAaHR8LME subtypes H1, H3 and H7 subtypes, respectlvely.

5

Phage midi Facs (% gated UL)
PerC6 mH1 mH3 mH7
sc09-003 - + +
sc09-004 - +
sc09-005 -
sc09-006 -
sc09-007 -
sc09-008 -
sc09-009 -
sc09-010 -
sc09-011 -
sc09-012 -
sc09-029 -
sc09-030 -
sc09-031 -
sc09-112 -
sc09-113 -
sc09-114 -
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+
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+/-
+/-
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gactttccaa aatgtcgtaa caactccgcc ccattgacgc 900 aaat gggcgg taggcgtgta
cggt gggagg tctat ataag cagagctcgt ttagtgaacc 960 gtcagatcgc ctggagacgc
cat ccacgowogbtidagmect ccat agaaga caccgggacc 1020 WO 20p8rPZiz0636380
PCT/ EP2012/ 063637 gat ccagcct ccgcggccgg gaacggtgca ttggaatcga tgactctcett
aggtagcctt 1080 gcagaagttg gtcgtgaggc actgggcagg taagtatcaa ggttacaaga
caggtttaag 1140 gagat caata gaaact gggc gt cgagac agagaagact cttgcgtttc
t gat aggcac 1200 ctattggtct tactgacatc cactttgcct ttctctccac aggtgtccac
{ cocamiaigh RIARAGEHAISEREAROSIINE THFOINGRINThaG et | of oa
tgctgtggot 1 gcccgecectcg agatctatcg atgcatgcca tggtaccaag cttgccacca
t gagcagcag 1380 ctcttggctg ctgctgagcc tggtggccgt gacagccgcc cagagcacca

t cgaggagca 1440 ggccaagacc ttcctggaca

lgG# VH HC CDR! HC CDR2 HC CDR3 VL LC CDR LC CDR2 LC CDR3
CR9003 [ IGHV1-69°06 | GGTSNNFG (133) | ISPIFGST (134) [ ARHGNYYFYSGMDL (135) | IGLV3-21%02 | NVGSNS(136) | DOR(137) | QVWDSSSDHRY (138)
CR9004 [ IGHV1-69706 | GGTSNNYA(139) | VSPIFGST (140) [ ARHGNYYYNSGMDV (141) | IGLV144°01 | DONIGRRS(142) | SND(143) | AAWDDSLKGAV (144)
CR9005 [ IGHV1-69°06 | GGTSNNYA(139) | ISPIFGST (134) [ ARHGNYYYYSGMDL (145) | IGLV2-14°01 | SSDVGGYNY (146) | DVS (174) CSYAGSAKGY (147)
CR9006 [ IGHV1-69°06 | GGTSNNYA(139) | ISPIFGST (134) [ ARHGNYYYYSGMDL (14) | IGLV3-21702 | NIGSKT (148) | GDS(149) | QVWDSSSDHPGAV (150)
CRO007 [ IGHV1-69706 | GGTSNNYA(139) | ISPIFGSA(151) [ ARHGNYYYYSGMODV (162) | IGLV144°01 | SSNIGSNT(153) | GDD(154) | ATWDDSLNGHV (15)
CR9008 [ IGHV1-69°06 | GGTSNNYA(139) | ISPIFGST (134) | ARHGNYYYYSGMOV (152) | IGLV3-21702 | NIGSKT (148) | GDS(149) | QVWDSSSDHPGAV (150)
CR9009 [ IGHV1-69°06 | GGTSNNYA(139) | ISPIFGST (134) | ARHGNYYYYSGMOV (152) | IGKV1-12°01 |  QHISSW (156) | SAS(157) QQANSFPLT (158)
CRI010 [ IGHV1-69°06 | GGTSNNYA(139) | ISPIFGST (134) [ ARHGNYYYYSGMOV (152) | IGLV3-21%02 | NIGSKT (148) | VDS(159) | QVWDSNSDHPGAV (160)
CRO011 [ IGHV1-69°06 | GGTSNNYA(139) | ISPIFGSA (151) [ ARHGNYYYYSGTDV (161) | IGLV144°01 | DONIGRRS(142) | SND(143) | AAWDDSLKGAV (144)
CRI012 [ IGHV1-69°06 | GGTSNNYA(139) | ISPIFGSA (151) [ ARHGTYYYYSGMDV (162) | IGLV140°02 | SSNIGAGYD(163) | GNN(164) | QSYDQNLSEGV (165)
CR9029 | IGHV1-69706 | GGTSNNYA(139) | ISPIFGST (134) [ ARHGNYYYYSGMOV (162) | IGKV3-20°01 | QSVSSY (166) | GAS(167) QQYGSSPFA (168)
CR9030 [ IGHV1-69°06 | GGTSNNYA(139) | ISPIFGST (134) | ARHGNYYYYSGMOV (152) | IGLV3-21%02 | NIGSKS(169) | GDS(149) | QVWDSSSDHPGAV (150)
CR9031 [ IGHV1-69°06 | GGTSNNYA(139) | ISPIFGST (134) | ARHGNYYYNSGMODV (141) | IGLV140°01 | SSNIGAGYD (163) | DNN(169) | QSYDSGLSASPYV(170)
CR9M2 [ IGHV1-69°06 | GGTSNNYA(139) | ISPIFGST (134) | ARHGNYYYYSGMOV (152) | IGLV140°01 | SANIGAGYD(171) | GNN({164) | QSYDSSLSGAL (172)
CR9M3 [ IGHV1-69706 | GGTSNNYA(139) | ISPIFGST (134) [ ARHGNYYYYSGMDL (145) | IGLV144°01 | DONIGRRS(142) | SND(143) | AAWDASLSGPV (173)
CR9114 [ IGHV1-69°06 | GGTSNNYA(139) | ISPIFGST (134) [ ARHGNYYYYSGMOV (152) | IGLV144°01 | DONIGRRS(142) | SND(143) | AAWDDSLKGAV (144)




agttcaacca cgaggccgag gacctgttct accagagcag 1500 cctggccagc tggaactaca
acaccaacat caccgaggag aacgtgcaga acatgaacaa 1560 cgccggcgac aagt ggagcg
ccttcct gawioggsgoayagc acact ggccc agatgtaccc 1620 cct gcaggagratieoespaancc
t gaccgt gaa gctgcagctg caggccctgc agcagaacgg 1680 cagcagcgtg ctgagcgagg
acaagagcaa gcggctgaac accatcctga acaccatgtc 1740 caccatctac agcaccggca
aagt gt gcaa ccccgacaac ccccaggagt gectgébget 1800 ggagcccgge ct gaacgaga
t cat ggccaa cagcctggac tacaacgagc ggctgtgggc 1860 ctgggagagc tggcggagcg
aagt gggcaa gcagctgcgg cccctgtacg aggagtacgt 1920 ggtgctgaag aacgagat gg
ccagggccaa ccactacgag gactacggcg actactggag 1980 aggcgact ac gaagt gaacg
gcgt ggacgg ct acgact ac agcagaggcc agct gat cga 2040 ggacgtggag cacaccttcg
aggagat ctc ac_ gagcacctgc ?cct acgt
Table . et yeross ables of i amin acid sequences he heavy nd light chain variable domains.
A
Amino acid differences in Heavy Chain
N - N 0 0 o] o] < 0 < - 9] © N 9] y]
o} - - - N o} M - o} o} M o} o} N - o}
o} o} - o} o} o] o} - o} o} o} o] o] o} - o}
® ¢ o ¢ o o o ¢ 9o o & o o o 9 0
o} o} o} o} o} o} o} o} o} o} o} o} o} o} o} o}
o 0 0 0 0 0O 0O 0 0 O 0 O 0O 0 0 0
" o o o o o O o o 0 o 0 0 0 0 0
2 5 [ 6 | 5 | 4[5 [ 5 67T 19 13|15
6 | 7 | 6 [ 7T [ 7T |89 193|131
3| 2 1 2 2 | 3 | 4] 6 6 8 12
§C09-010 3 L4 | 3 [ 445 [ 6 [ 416 0] 0
§C09-029 41 3 4 4[5 6 46 [ 1010
> SC06-008 [ 9.0 | 950 | 975 2 | 3 |5 |6 [ 5|5 1719 M
E SC09-030 | 99 [ %42 | %84 | %7 2 [ 4 | 5 | 416 |86 ] 12
o SO0%114 | 967 | 950 | 962 | G75 | 975 | 984 HEEEEEEEEEE RN
£ 500000 | 959 | %2 | 984 | %7 | 967 | 975 | 984 415 46 [ 8 [ 8|1
0
g SC09-004 | 9 | %42 | 984 | %7 | 967 | 959 | %7 | 975 L6 1 8 8 [ 10|
oscoomt | %0 | %4 | 975 | %9 | %9 | %0 | %9 | w7 | s 5 T 19 M| B
SC09-005 | 942 | 926 | 9%6.7 | %50 | %0 | 959 | 967 [ 975 | %67 | 950 2 | 8 | 6110
SC09-006 | 926 | 926 | 950 | 9.7 | 967 | 959 | 950 | 959 | 950 | 934 | %42 8
SC09-012 | 975 [ 975 | 950 | %0 | 950 | 942 | 934 | %2 | 934 | 934 | 926
SCO9-113 1 909 | 893 | 934 | 917 | 917 | 926 | 950 | %42 | 934 | 917 | 909
SC09-003 | 876 | 87.6 | 901 ] 917 | 917 [ 909 | 90.1 | 909 | 0.1 | 884 | 876




2100 gcgggccaag ctgatgaacg cctaccccag ctacatcagc cccatcggct gcctgecccge 2160

ccacctgctg

ggcgacat gt

ct t cggccayoApIOEHAC A

ccagcggat c
ccagggcettt
ccaccccacc
gaccat ggac
ctacgccgcec
gggcgagat c
gagccccgac
gacca%cgtg

tt caaggagg
t gggagaaca
gcct gggacc
gacttcctga
cagcccttcc
at gagcct ga
tt ccaggagg
ggcaccct gc

ggggccggt t
t cgacgt gac
ccgagaagt t
gcat gct gac
t gggcaaggg
ccgcccacca
t gct gcggaa
gcgccgecac
acaacgagac
ccttcaccta

ct ggaccaac
cgacgccat g
cttcgt gage
cgaccccgge
cgact htcgg
cgagat gggc
cggcgccaac
ccccaagceac
cgagat caac

ct gt acagcc

gt ggaccagg
gt gggcct gc
aat gt gcaga
at cct gat gt
cacat ccagt
gagggctttc
ct gaagagca
ttcctgctga

t gaccgt gcc

2220

CCTIPIBICH6363280

ccaacat gac
aggeccecgtgtg
gcaccaaagt
acgacat ggc
acgaggccgt
t cggect get
agcaggccct

SC09-011
SC09-114
SC09-004

Amino acid differences in Light Chain

SC09-113
SC09-007
SC09-012

SCO09-112
SC09-031
SC09-005

SC09-006
SC09-008
SC09-030
SC09-010

SC09-003
SC09-009
SC09-029

Percentage identity

§C09-011
§C09-114
§C09-004
SC09-113
§C09-007
§C09-012
§C09-112
§C09-031
§C09-005
SC09-006
§C09-008
§C09-030
§C09-010
§C09-003
§C09-009
SC09-029

L]

2340
2400
2460
2520
2580
2640
2700



catgct ggag aagtggcggt ggatggtgtt 2760 taagggcgag atccccaagg accagt ggat
gaagaagt gg tgggagat ga agcgggagat 2820 cgtgggcgtg gtggagcccg tgccccacga
cgagacct awongugmerecg ccagcctgtt 2880 ccacgtgagc aacgacPatiEPe@RiocHBTCg
gt act acacc cggaccctgt accagttcca 2940 gttccaggag gccctgtgcc aggccgccaa
gcacgagggc cccctgcaca agtgcgacat 3000 é8gcaacagc accgaggccg gacagaaact
gttcaacatg ctgcggctgg gcaagagcga 3060 gccctggacc ctggccctgg agaat gt ggt
gggcgccaag aacatgaatg tgcgccccct 3120 gctgaactac ttcgagcccc tgttcacctg
gct gaaggacTaldg QaCmaghindmagedctieigy of3A60, aygaesgedbye ERESAyamt §a@Sgcccct acge

cgaccagagc,_at caaagt gc ggat cagcct 3240, gaagagcgce. ct ggc aca aggcctacga
gt ggaacgacHize @Qm@é@tt@ﬂt%é‘ﬁ&a @laégégggggt@dé eECcPgeygRagt a

cttect gaaa, ghagaanacH @B PRKS B5=330Re recombinant A/Vietnam/1203/04 H5 HA;
H7=soluble recombinant A/Netherlands/219/2003 H7 HA; H9= soluble recombinant
A/Hong Kong/1073/99 H9 HA; B= soluble recombinant B/Ohio/01/05 influenza B HA;
Rabies=rabies glycoprotein; PER.C6=untransfected PER.C6 cells (control);
mHI1=PER.C6 expressed A/New Caledonia/20/1999 H1 HA; mH3= PER.C6 expressed
A/Wisconsin/67/2005 H3 HA; mH7= PER.C6 expressed A/Netherlands/219/2003 H7
HA; ND=not done. + = binding (>10x background); +/- = low binding (2-10x
background) - = no detectable binding.

IgG Elisa IgG Facs

H1 H3 H5 H7 H9 B Rabies PerCé mH1 mH3 mH7
CR9005 + + + + + + + + +
CR9030 + + + + + +/- + + +
CR9112 + + + + + + + + +
CR9113 + + + + + + + + +
CR9114 + + + + + + + + +
CR4098 - - - - - - +




gttcggcgag gaggacgtga
cgt gaccgcc cccaagaacg
ccggat gagwoegpayergga
cctgggcat c cagcccaccc
cgtgtttggc gtggtgatgg
cat ccgggac cggaagaaga
cgat at cagc aagggcgaga
ct t ct gat aa TableddaGogangatatigmatattvigaddebs; dligrsqaglaagpdgt a gt gt gadatan3840
ggat ccgat a_t cgccgt gg
cagctgaagaKé@d@Bﬁ%

gccaaggtg Cex%%}n%%é‘,gﬂtoo 993 %@lﬁ%ﬁ%ng tagﬁigge%gfégted concentration (100 pg/ml).

gagt ggccaa
t gagcgacat
t caacgacgc
t gggccct cc
gcgt gat cgt
agaacaaggc
acaaccccgg

ggccgcaccg,

te PGERTGINgG

cct gaagccc
cat cccccgg
cttccggctg
caaccagccc

ggt gg2at c
ccggagcggce
cttccagaac

cggat cagct
accgaagt gg
aacgacaact
cccgt gagca
gt gat cct ga
gagaacccct
accgacgacg

tcaacttctt 3420
agaaggccat 3480
CCTIEPQ@Q106363540
tctggctgat 3600
tcttcaccgg 3660
acgccagcat 3720
t gcagaccag 3780

3900

tgttca tcit t ,
8 e gerymBdeadst mthpdal by day ic9560

Subtype Strain CR9005 | CR9112 | CR9113 | CR9114
Group | H1 A/WSN/33 1.1 0.9 1.1 1.1
A/New Caledonia/20/99 2.6 19 44 3.7
A/Solomon Islands/3/2006 1.4 1.3 22 1.8
A/Brishane/59/2007 34 2 31 26
A/California/7/2009 0.7 0.5 0.3 0.3
H2 A/Env/IMPU3156/05 8.8 6.3 8.8 8.8
H5 A/Hong Kong/156/97 0.8 0.7 0.9 0.4
A/EW/MPF461/07 10.5 10.5 8.8 10.5
H6 AJEW/MPD411/07 29.7 10.5 17.7 10.5
H8 AJEW/MPH571/08 8.8 8.8 8.8 8.8
H9 A/Hong Kong/1073/99 6.3 3.7 3.7 44
A/CK/HK/SSP176/09 44 44 6.3 6.3
Group Il H3 A/Hong Kong/1/68 42 27.6 22.3 19
AlJohannesburg/33/94 17.7 13.8 324 219
A/Panama/2007/1999 28.2 475 475 39.9
A/Hiroshima/52/2005 22.9 10.5 13.6 12.5
A/Wisconsin/67/2005 35.4 297 354 324
A/Brishane/10/2007 11.2 5.6 94 5.6
H4 A/WF/MPA 892/06 1.2 0.8 1.3 0.8
H7 A/Mallard/Netherlands/12/2000 9.6 6.3 6.3 48
A/New York/107/2003 >100 >100 >100 >100
H10 A/Chick/Germany/N/49 29.6 26.5 19.8 15.7
H14 A/Mallard/Astrakhan/263/1982 > 100 >100 >100 >100
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CLAIMS

1. Anisolated antibody or antigen-binding fragment thereof, capable of specifically binding to an
epitope in the stem region of the hemagglutinin protein (HA) of influenza A virus subtypes of
phylogenetic group 1 and influenza A virus subtypes of phylogenetic group 2 subtypes, and
capable of neutralizing at least one or more group 1 influenza A virus subtypes, selected from the
group consisting of influenza A viruses comprising HA of the H1, H2, H5, H6, H8, H9 and H11
subtype, and at |east one or more group 2 influenza A virus subtypes, selected from the group
consisting of influenza A viruses comprising HA of the H3, H4, H7, and H10 subtype,
characterized in that the antibody or antigen-binding fragment thereof is aso capable of

specifically binding to the hemagglutinin protein (HA) of influenza B virus subtypes.

2. An antibody or antigen-binding fragment thereof according to claim 1, wherein the antibody

or antigen-binding fragment thereof has no hemagglutination inhibiting activity.

3. An antibody or antigen-binding fragment thereof according to any of the preceding claims,
wherein the antibody or antigen-binding fragment thereof is selected from the group consisting

of:

an antibody or antigen-binding fragment thereof comprising a heavy chain CDRL1 region of SEQ
ID NO:139, aheavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDRS3 region of
SEQ ID NO:145, and alight chain CDR1 region of SEQ ID NO: 146, alight chain CDR2 region

of SEQ ID NO: 174, and alight chain CDR3 region of SEQ ID NO: 147,



72

aheavy chain CDR1 region of SEQ ID NO:139, a heavy chain CDR2 region of SEQ ID NO:134,
and a heavy chain CDRS3 region of SEQ ID NO:145, and alight chain CDRL1 region of SEQ ID
NO: 148, alight chain CDR2 region of SEQ ID NO: 149, and alight chain CDR3 region of SEQ
ID NO: 150,

aheavy chain CDR1 region of SEQ ID NO:139, a heavy chain CDR2 region of SEQ ID NO:134,
and a heavy chain CDRS3 region of SEQ ID NO:145, and alight chain CDRL1 region of SEQ ID
NO: 142, alight chain CDR2 region of SEQ ID NO: 143, and alight chain CDR3 region of SEQ
ID NO: 173;

an antibody or antigen-binding fragment thereof comprising a heavy chain CDR1 region of SEQ
ID NO:139, aheavy chain CDR2 region of SEQ ID NO:134, and a heavy chain CDRS3 region of
SEQ ID NO:152, and alight chain CDR1 region of SEQ ID NO: 148, alight chain CDR2 region
of SEQ ID NO: 149, and alight chain CDR3 region of SEQ ID NO: 150,

aheavy chain CDR1 region of SEQ ID NO:139, a heavy chain CDR2 region of SEQ ID NO:134,
and aheavy chain CDRS3 region of SEQ ID NO:152, and alight chain CDR1 region of SEQ ID
NO: 156, alight chain CDR2 region of SEQ ID NO: 157, and alight chain CDRS3 region of SEQ
ID NO: 158,

aheavy chain CDR1 region of SEQ ID NO:139, a heavy chain CDR2 region of SEQ ID NO:134,
and a heavy chain CDRS3 region of SEQ ID NO:152, and alight chain CDR1 region of SEQ ID
NO: 171, alight chain CDR2 region of SEQ ID NO: 164, and alight chain CDR3 region of SEQ
ID NO: 172, and

aheavy chain CDR1 region of SEQ ID NO:139, a heavy chain CDR2 region of SEQ ID NO:134,

and a heavy chain CDRS3 region of SEQ ID NO:152, and alight chain CDRL1 region of SEQ ID
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NO: 142, alight chain CDR2 region of SEQ ID NO: 143, and alight chain CDRS3 region of SEQ

ID NO: 144.

4. A nucleic acid molecule encoding an antibody or antigen-binding fragment thereof according

to any one of claims 1-3.

5. An antibody or antigen-binding fragment thereof according to any one of claims 1-3, and/or a

nucleic acid molecule according to claim 4, for use as a medicament

6. An antibody or antigen-binding fragment thereof according to claim 5 for usein the

prophylactic and/or thereapeutic treatment of influenze infection.

7. A pharmaceutical composition comprising an antibody or antigen-binding fragment thereof
according to any one of claims 1-3, and/or a nucleic acid molecule according to clam 4, and a

pharmaceutically acceptable excipient.



