1 Monocl onal anti bodi es havi ng honbsubtype cross-neutralization
properties against influenza A viruses subtype The present invention
in general relates to the field of imunology. Mre specifically, the
i nvention concerns a nonocl onal antlbpdy di rect ed agai nst the
Hi - subtype HA (hemaggl utinin) antigen of the influenza A virus, which
i s capable of recognizing and neutralizing both of strains i sol at ed
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Capab| e J L] <K > a1l Y Mo SIS o4l h H BORE e A BN 4l '.' | y
everalvﬁﬁgggwmﬁgﬁg]ne and eqU|ne speC|es Cnly a fEMIOf t hese
vi ruses have succeeded in adapting to man, i.e. infecting it and
especially spreading itself fromman to nan. The nmain factor that
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subt ype, recognized by the antibody that is the object of the present
i nvention, appeared in man in 1918 causing the terrible pandemc
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where the first cases were reported Recent studi es have denonstr
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developed the ability fo infect man and spread itself from man to man. The 1918 isolate is the
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common progenitor of all the HI-subtype viruses found in man and other animals, such as
swine. The H1-subtype viruses were responsible for the annual human influenza epidemics until
1957, during which yeart they were displaced by a virus having an H2-subtype hemagglutinin,
which has been responsible for the so-called “Asian” pandemic. No more cases caused by
the H1 subtype were reported until 1977, duting which year a few HI isolates turned up

| again in Russia for reasons that are still non completely understood. Thus, nowadays H1-
subtype viruses are still circulating, in association with H3-subtype viruses that appeared in -

man since 1967. For instance, notifications in Europe for the 2007-08 influenza season,



The annual influenza virus epidem cs have a considerabl e inpact on
the public health service and on the costs associated therewith. In
the United States of Anerica alone it is estimated that nore than
200, 000 people are hospitalized eachqear for syndrones connected to
i nfluenza viruses, w th about 40,000 deaths nore or less directly
related thereto (Thonpson et al., JAMA, 2003, 289:179-186). To these
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protein inhibitors (amantadine and rimantadine), and the neuraminidase inhibitors (osel-

tamivir and zanamivir). However, in this situation too, a series of problems can be already



The influenza virus is further characterized by the presence, within
the core, of a segnented genone conprised of 8 single stranded RNA
fragnments. The three known influenza virus types are recogni zabl e
based on the features of sone proteing within the virion (NP and M):
type A, type B, and type C. Those responsible for the annual
epidem cs are the type A and type B viruses. Instead, type C viruses
are responsi bl e.for, Less,severe ndrones. The role of the surface

ot ot e nepeel Blate ng i Rpe el P AR RE iAo e il Fadt Piefif iy
henaggl Wdtidhanido tHeapidQipédiaricd akhioh havirebdiCocéinidiBhdvwvEL 6 ORIt 1iRe
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cycle, that is during the release of new virus particles fromthe
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magglutinin is the protein that allows the virus to recognize the sialic acid present on the
surface of some cells, and to infect them. Instead, neuraminidase operates at the end of the
viral replication cycle, that is during the release of new virus patticles from the infected

cells. Its function is to promote the release of hemagglutinin of the newly formed virions



5 The present inventors have now succeeded in obtaining nonocl onal
anti bodies with the above-nentioned desirable features. Thus, a first
aspect of the invention is a nonoclonal antibody directed agai nst the
i nfluenza A virus, which is able to hjnd a plurality of isolates,
bot h human and ani mal, of the influenza A virus which express the
H - subt ype henmaggl utinin. A second aspect of the present invention is

a nonocl.onal, ant,i body direct agal nst, .t he . nf T
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to this virus, the nonoclonalantibody 0f the invention constitutes a

key facthspbisetivehantibedipgy irasiicedringhe corge ofprevipussepidentics on thhwbole gro-
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br oad- r ange e Hl -subtype viruses, conpared to the one
I nduced by the presently used vacci nes.

The main protective role within the anti-influenza immune response is played by the hu-
moral component. Antibodies exert their protective role primarily interfering with the bind-
ing of hemagglutinin to sialic acid, thereby preventing infection of the cells. Such a selec-
tive pressure determines the high rate of mutation in hemagglutinin, Within such a high va-
riability, however, some unchanged amino acid residues have been foqnd, indicative of
their essential role in the function of the protein. These hemagglutinin portions represent a
potential target for a cross-neutraliz"ing response. However, it is predictable that such re-
gions will not be able to induce an effective antibody response in most patients, in that the
hiding of such targets in immunosilent areas has certainly represented a very favorable evo-

Iutionary step for the virus,

In‘view of the prophylactic and therapeutic aspect, it would be extremely useful to provide anti-
body molecules capable of recognizing such common regions within one subtype. Such anti-
bodies could in fact represent a useful prevention tool when administered to subjects at risk,
since they would be able to recognize a broad range of viruses of the same subtype but evolu-
tionarily far away from one another, and thus would potentially be able to protect from most of
the viruses belonging to such a subtype, including possible new viruses that acquire the ability
to spread from animals to humans. This type of immunity, which is lost when the circulating
isolates show a high rate of mutation compared fo those of the previous years, is known as
HOMOSUBTYPE ANTI-INFLUENZA IMMUNITY.



The steps that led to the attai nment of the nonocl onal antibody of
the invention are described in detail in the experinental section
that follows, which also illustrates its binding and neutrali zing
properties. The nonocl onal antibody ajtainable by the procedure
specifically described in the experinental section is a hunman

anti body. 6 ogy, as for exanple described in Baca et al, 1997 J.

Bi ol . Cq%n1272 10678-84 or Carter et al, 1992, Proc.'Natl, Acad.  Sci
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i1 ustrgbd-ROmaRbne@Hedilapk takdra- |'n fact, other nethodol ogies for the
preparation of humani zed anti bodi es are knomn in the prior art and
can be used within the present invenfion. The attainment of one clone
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virus is specifically described in the ex erlnental section. The

nonocl ofg#e & ¥impyhichsxpressdbe Hl-selitves barea .(desi gnated as Fab49)
represent one preferred enbodi nent of the invention, as the inventors
have experinentally proved that these anti bodies di spl ay a
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cr oss- nelenplantibpdiyreaegnizes homagalutingm (Fppofithe .Hlmbtyse qﬁblnm Avins agthe
shows t?&a%gl no acid sequence of the heavy chain variable domain (SEQ
JD NO 1 of the light chain variable domain (SEQ ID NO 2) of
Fab49 of the |nventi on. It fmther shows their respective encodi ng
nucl eot | de se nat ed .as, SE NG 3 and SEQ NO 4,
respect%rgﬁﬂfm % Wi"%éflog e@%“@&ﬁé?’&ﬁ’@ﬁ%h“@é@fh‘&ﬁmﬂ@crl bes the
manuf act ure of the Fab49 nonocl onal antibodi es as Fab fragnents.
However, it is understood that the nonoclonal antibodies can be
manuf ac Buchentibediesrepsesentra valublde pfevention tavbdwhenrdmisisterbdto pesientpdt eiskvhol e
i mrunogl obulins, 'or in the formof other types of antibody fragnents,
such as for instance F(ab')2 fragnments or anti body fragments small er

t han Fabsorédver, tiexaspl @hu@ﬁﬂ@'lﬁnﬁﬂﬁé@nﬁﬁédl&ﬁﬁdxﬁﬁodﬁbﬂ%ﬁn%ﬁﬁtﬂs a fur-
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aci ds i Kef @%ﬁtﬁgw th Shpdpman pchusaazed ARBAGY @g@r@mlywlb@kerqt@des as the
Fab.

In addition, by representing a component of the human antibody response to this virus, the mo-
noclonal antibody of the invention constitutes a key factor for the design of innovatory vaccines
that are able to induce an immunity that is extremely more effective, protective and broad-range

towards the H1-subtype viruses, compared to the one induced by the presenily used vaccines.

The steps that led to the attainment of the monoclonal antibody of the invention are de-
scribed in detail in the experimental section that follows, which also illustrates its binding
and neutralizing properties, The monoclonal antibody attainable by the procedure specifi-

cally described in the experimental section is a human antibody.

The preparation of humanized antibodies can be performeci by any per se known methodol-



7 Single chain anti bodies can be constructed according to the nethod
described in US patent 4,946,778 by Ladner et al., hereby included as
reference. Single chain antibodies conprise the |ight and heavy chain
variabl e regions linked by a flexibleglinker. The antibody fragment
designated as single domain anti body 1s even smaller than the single
chain antibody, as it conprises only one isolated VH domai n.
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bind totidn.in an isolated form In the description that follows, the
term"anti body" wll then be used to refer to all the enbodi.nents
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i ts | mMypeaRAiatidcrionNON-1im ting exanples of carriers are proteins
such as KLH (keyhol e Iinpet henobcyanin), edestin, thyroglobulin,

al bum ns as bovine serum al bum n (BSA) or human serum al bumi n (HSA),
erythro r P t i
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cross-neufralizing activity for subtype H1”.

The sequence listing shows the amino acid sequence of the heavy chain variable domain (SEQ
ID NO:1) and of the light chain variable domain (SEQ ID NO:2) of Fab49 of the invention. It
further shows their respective encoding nucleotide sequences, designated as SEQ ID NO:3 and
SEQ ID NO:4, respectively.

In particular, the experimental sec.:tion describes the manufacture of the Fab49 monoclonal
antibodies as Fab fragments. However, it is understood that the monoclonal antibodies can
be manufactuted and used in other forms too, such as for example whole immunoglobulins,
or in the form of other types of antibody fragments, such as for instance F(ab’), fragments
or antibody fragments smaller than Fabs (for example, single chain antibodies, single do-
main antibodies), as well as in the form of peptides at least 8 amino acids in length which

have the same immunological properties as the Fab.



Thus, the use of the nonocl onal antibody of the invention for
preparing a nedi canent for the prophylactic or therapeutic treatnent
of pathol ogi es caused by Hi -subtype influenza A virus infections,
such as for instance the influenza syadrome, falls within the scope
of the invention. In this context too, the expression "Fab49

anti body" includes not only the Fab fragments but al so any other fonn
into which the anti body can be prepared, for exanple whole

i mmunogl obul i ns, other kinds of antibody fragments, single chain
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the sequestesniof rﬁdﬂﬁ)d’ﬁ? dﬁtﬁa:ﬁﬁé v&iabld reSiHR by ALaBEBEY hetkvy Rh&in (VH sin-
expressed by it (SEQ JD NO5). A further particularly advantageous

pr oper t \El®fomya ) Bkl aufigiend affind forfbe tagepitens thind to ibisi dniisy-
to bind j4be grgeonbi nant HA protein fromthe A/ California/04/2009

i nfluenza virus isolate, recently identified as one of the isol ates
responsi ble for the so-call ed svm ne influenza", officially

desi fl t t t
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that the nonocl onal antibody Fab4 he 1nvention is able to bind
bot h of aHeodydEagmsnhines, mg%rcbmian@bodﬂeaﬁmm danaindntitedipgseté.ur t her
denonstrate that the nonoclonal antibody Fab49 is able to neutralize
HA protein pseudo-particles fromboth of the above-nentioned

i nf | uenZEheuhoneslonslansibedies of the invention may be generated and used in a free form or in

a carrier-conjugated form. A carrier is any molecule or chemical or biological entity capa-
ble of conjugating with an antibody and making it immunogenic or increasing its immuno-
genicity. Non-limiting examples of carriers are proteins such as KLH (keyhole limpet
hemocyanin), edestin, thyroglobulin, albumins as bovine serum albumin (BSA) or human
serum albumin (HSA), etythrocytes such as sheep erythrocytes (SRBC), tetanus anatoxin,
cholera anatoxin, polyamino acids such as for example poly(D-Iysine:D-glutamic acid) and
the like. In order to faciiitate the binding of the antibody to the carrier, the antibody C-
terminus or N-terminus may be modified, for example, by the insertion of additional amino
acid residues, for instance one or more cysteine residues that are able to form disulfide

bridges.

Because of its properties, which will be shown in detail in the experimental section that fol-

lows with reference to Fab49, the monoclonal antibody of the invention is particularly



The specific procedures used for generating the transformed B cel
lines frompatients' peripheral blood are described in the foll ow ng
experinental section. The procedures used for cloning the genes
encodi ng the Pd portion of the heavy &nd |ight chains of the Fab49
anti body of the invention are also described, as well as those for
produci ng them reconbi nantly, both as single peptides and Fab

fragnment g, bl LE ke £ he ponacl pnal. antibo of the i,nvention
o react et AR biiEE et e R EAT in R ARAR of f et HEEHLBE
f r om t hethblbraadbtuygeeproptylaceo 22 therMientis tré@mentwiH I-kudbdyde)infhdn2A Aavigus in-

I mmunof I%Jor_eseence. In addition, a neutralizing assay was carried out
i n or der™®FEPer | fy the in vitro biological activity of the anti body.
In this assay, the Fab49 anti body showed a honpsubtype
cross-neutralizing activity towards the human and ani mal type A and
subt ype Fhusytheaise pfheanewchsal andibody efithe iroestionTioe prptange thedahment for

I ndi cate,that .the.antibody .of the invention is tentially effective
in confePf ipﬁca’hgﬁﬁtécs%ri tb‘éra]i’ %‘Fhﬁﬁf?g‘"%ﬂé’%@d?ﬂ@ W?&Hﬁ}é —éul?t#q WEHenza A
Virus tovifidEnfeuiigBCéeh o foriaBlahde the iFHEhA Fh@6RE, falls WP helsBspef F1HS
described, and its Useful ness in the broad-range prophyl axis and

t her apy BVer®thol ogi es caused by infection with the H -subtype

i nfluenza A virus, such as for instance the influenza syndronme. Thus,

a further aspect of the invention is a pharnmaceutical conposition
conpri si mgh@rcoafeketob the exprossivn GFatid9entibedyt linuhades aot ohlgdiie Bab frhgments

car 1 er BHARBAGP LTS DR AL 05 o PEPEHD O GACHATIE TBKE

to i nducg ot BERPkRIEES Bfttboly frhifert Binelchhif aldMddilest &, CONMposi tion

I's adm nistered, 10 for exanpl'e t0 neutralize the H -subtype

i nfl uenza A virus. '
As described in defail in the experimental section, the present monoclonal antibody has
been obtained by molecular biology techniques starting from an EBV-transformed buman
lymphocyte capable of producing human cross-reactive monoclonal antibodies, thus able to
recognize MDCK. (Madin-Darby canine kidney) (ATCC ® n°CCL-34TM) cell lysates in-
fected with a few human reference isolates of the influenza A virus as referred to herein be-
low, which express Hl-subtype hemagglutinin: A/Puerto Rico/8/34 (ATCC ® n° VR~
1469TM), A/Wilson-Smith/33 (ATCC ® n°® VR-1520); A/Malaya/302/54 (ATCC ® n° VR-
98). The antibody in question also resulted to be capable of recognizing NSK. (Newborn swine
kidney) (Istituto Zooprofilattico di Brescia) cell lysates infected with an animal-derived “field”
isolate, and in particular swine-derived (SW1), as demdnstrated by the sequence of the HA2
fragment of Hi-subtype hemagglutinin expressed by it (SEQ ID NO:5).

A further particularly advantageous property of the monoclonal antibody of the invention is its
ability to bind the recombinant HA protein from the A/Califormnia/04/2009 influenza virus iso-
late, recently identified as one of the isolates responsible for the so-called “swine influenza”, of-
ficially designated as “new influenza” by the WHO,

Binding assays performed with the recombinant HA protein from the A/California/04/2009 iso-



In this context, the term"subject” designates any ani mal host to

whi ch the conposition can be adm nistered, including humans.
Non-limting exanpl es of pharmaceutically acceptable carriers or

di luents usable in the pharnmaceuticalg conmposition of the invention

i nclude stabilizers such as SPGA, par%ohydr ates (for exanple,
sorbitol, mannitol, starch, sucrose, glucose, dextran), proteins such
as al bum n or casein, protein-containj nﬂ %gents such as bovj ne serijm

or ski mAtean th recambmpi Esprotepry fipm the R¥sisplatedised A agpopitive gentro
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ant i - H bedsbfaps® of thé invremiioa isAblei to bimd hothiolf the reombintukt HAdpwoteimsal  or
simlar neutralizing properties in a biological sanple previously
obtained froma patient (such as for exanple a serum plasnma, bl ood

sanpl e Qhe g&iﬁ_)rﬁfeﬂ %gsa%#ﬁlhﬁé?'d;@n@hs‘%@%& A A8 IohaA ahtiboddFab49 Biableenas-A
virus antibodies with identical or simlar neutralizing properties"”
are ant fpliee 24 pratein paspdppantcles fieoneatiubl theeove-mentionedinfueriza vine isadatesyi t y
versus the human or aninmal H -subtype influenza A virus. These

anti bodies may be found in the biological sanple fromthe patient (or
ani mal ) Tas sgecifiequbdedwts dsed fod veuiing Xipatnsdmicd Buell livieh Gomzmtiduty ivetish-

or becauseg, th tient. had en previously admnistered with the
nonocl o blﬁﬂ‘f?‘%@ﬁ%?“&d’{‘ ) f‘itﬁ Bt fcPtpeut i ¢ or prophyl actic

or research purposes. An assay nethod for detecting, in a biological
sanpl e previously obtained froma patient or an ani mal host, the
pr esenc dheprogeduicesiusgd foreioningthe pengs enending theif'd pottian pfithe beavy ansblight chains

' e, S ds th b e
cont act Phbiedisb ) BB ot int OB Bt Grcrthed HEWHE B PSR bR gm o
t he i nvedtbindinands, Wdiispatidld feplidednnd RBGABMents.S t hus included in the

scope of the invention. 11 subtype influenza A virus anti bodies
havi ng a honosubtype cross-neutralizing activity may be carried out

by, for 18x3pfiRs of‘tl'fé%&ﬁ)tciohhl\/&%iggﬁfg% t@% ?rg?éntim%%c@ w20 i Ged Wit

conpri sing the nonoclonal anti ing to the invention as a -
speci f i differeagdmmansind|agimaliitolvtes frdve the Bpeubtlype ndlucmaehk tvirasn wetdheeridfimidd

kit bei icularl esi gned for, ,the detecti.on or quanti.fjcation
of ant! DY REER A e HERTTRE du seiE A Sy A iR Sen g ed 6 in 8
Cr 0ss- nasit toddridy B AGkdy biqugmxvaétﬁﬁtgt&fsh&htﬁwmﬁems REdaliSihE Fabde/ uit!S
in a biological sanple previously obtained froma patient or an .

ani mal Bedx showed a homosubtype cross-neutralizing activity towards the human and animal

type A and subtype H1 viral isolates as indicated above.

The obtained data indicate that the antibody of the invention is potentially effective in con-
ferring a passive immunity towards the H1-subtype influenza A virus to the subjects to
whom it is administered in one of the forms described, and its usefulness in the broad-
range prophylaxis and therapy of pathologies caused by infection with the H1-subtype in-

fluenza A virus, such as for instance the influenza syndrome.

Thus, a further aspect of the invention is a pharmaceutical composition comprising an ef-
fective amount of the monoclonal antibody of the invention as the active ingredient and a
pharmaceutically acceptable carrier and/or diluent. An effective amount is the one which is

able to induce a favourable effect in the subject to which the composition is administered,



Simlarly, the nonoclonal antibody of the invention can be used as a
specific reagent in an assay nethod for detecting or quantifying, in
a previously prepared i nmunogeni ¢ or vacci ne conposition, epitopes
capabl e of evoking, in the subject tggwhich such a conposition has
been adm ni stered, anti-Hl-subtype influenza A virus antibodies
havi ng neutralizing properties identical or simlar to those of the
nonocl onal antj hody .of. t he Jinventio that Ls a honosubtype

Cross-n ?ftefiﬁlwifiqﬂ&g%athize%@?ﬁ‘%&@&é’ﬁ%@zﬁygﬂﬁt ype influenza A virus.
Such a nethod is predicted to be useful for the assessnent of any

preparation to be used as a vaccine or immunogenic preparation, as

t he recdyiit¢optexbyihe amysviiedt odrsignains yoaymalthostie windethe compessincape
i ndi cat i . .0, the i munogeni c preparation and/ or
vaccinePgg?ﬁ%ﬁéggéﬁﬁgﬁéﬂégwpé%és capabl e of stinulating the
production of antibody cl ones capabl e of recogni zi ng an advant ageous
epi tope,_such as for exanple an epitope capable of eljiciting )
honosubN%Leilmlﬁmﬁ (fepkes At Rhermpacentigelly, aepepishle; ¢ariera 93 sibpenys Pﬁ@?e in the
Final |y phdihifa J:d}é‘%d it 088 Yot ¥ SRb1128:sWvh B sPERI ch@bhy-
prepariﬁg anfgg?gfot glantébod¥%s é%§%¥%@ng to ngthods per ég&%nd%n.
Ant i - i didetesporamxeinipled serbitel; saamitdl puattle suepes ighicosd, Hyxtding, ectteits saskoasds
the idiotype of the broad-range neutrali.zi ant i bodi es. .used t

or epar o SRR O sireths PR 2B 2o St PSR seBgP op PR il mme
recogni sesferior ekahsik YRGsphate blfeh.es directed agai nst the nonocl ona
anti body of the invention are therefore included in the scope of the
i nvention. 12 tation. EXPERI MENTAL SECTI ON

The monocional antibody of the invention can also be advantageously used as a diagnostic

reagent in an in vitro method for the detection of anti-H1-subtype influenza A virus anti-
bodies with identical or similar neutralizing properties in a biological sample previously
obtained from a patient (such as for example a serum, plasma, blood sample or any other

suitable biological material).

“Anti-influenza A virus antibodies with identical or similar neutralizing properties™ are an-
tibodies that display a homosubtype cross-neutralizing activity versus the human or animal
Hl-subtype influenza A virus. These antibodies may be found in the biological sample
from the patient (or animal) as a result of a previous exposure to an influenza A virus, or
because the patient had been previously administered with the monoclonal antibody of the

invention for therapeutic or prophylactic or research purposes.

An assay method for detecting, in a biological sample previously obtained from a patient or
an animal host, the presence of anti-influenza A virus antibodies having a homosubtype
cross-neutralizing activity towards the H1 subtype, comprising contacting the said biologi-
cal sample with the monoclonal antibody of the invention, as a specific assay reagent, is

thus included in the scope of the invention.

The assay can be qualitative or quantitative. The detection or quantification of the anti-H1-



Sel ection of the patients The patients enrolled in the study were
selected so as to increase the chances of cloning therefrom
cross-reactive anti-influenza anti bodies, that is antibodi es capabl e
of recogni zing, and potentially of n?ﬁtralizing, different influenza
virus isolates. In particular, it is“described that sone individuals,
despite continuous exposure to the influenza virus (sonetines for
prof essi onal reasons, .as physicians, pediatricians, people working in
ki nder g8¥hitaednBumnza Angaisntibefieshsving g homasubtyneerossygnisaizing gctiyify gay
reason . : ' f ion
of hurmit GErSEPS thr R Hlimb, 280k fREELISERLTHES o fabiR HARRR
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responsi‘bl e for the annual epidencs during the five years precedi ng
t he st udgytralizing-actdtyeiomanisshe Bltsublype inflyenzetlevirgy s biotegicabgimphgpienst
two hunman rlef eng&%OHlNl-.sybt%pe.vi us A isolates (A/ Puerto

Ri co/ 8/ 3PITXP y gb%?%t}f)u; oL nagmﬂ?%li 8t~ anti -i nfl uenza vacci nation; -

conpliance to receive anti-influenza vacci nation.
Similarly, the monoclonal antibody of the invention can be used as a specific reagent in an
assay method for detecting or quantifying, in a previously prepared immunogenic or vac-
cine composition, epitopes capable of evoking, in the subject to which such a composition
has been administered, anti-H1-subtype influenza A virus antibodies having neutralizing
properties identical or similar to those of the monoclonal antibody of the invention, thatis a

homosubtype cross-neutralizing activity towards the H1-subtype influenza A virus.

Such a method is predicted to be useful for the assessment of any preparation to be used as
a vaccine or immunogenic preparation, as the recognition by the monoclonal antibody of
the invention could be indicative of the presence, in the immunogenic preparation and/or
vaccine, of one or more epitopes capable of stimulating the production of antibody clones
capable of recognizing an advantageous epitope, such as for example an epitope capablé of

eliciting a homosubtype immunity against the Hi-subtype influenza A vixus.

Finally, the monoclonal antibody of the invention may be used for preparing anti-idiotype
antibodies according to methods per se known. Anti-idiotype antibodies are antibodies spe-
cifically directed towards the idiotype of the broad-range neuiralizing antibodies used to

prepare them, and as such are able to mimic the key epitopes they recognize.

Anti-idiotype antibodies directed against the monoclonal antibody of the invention are

therefore included in the scope of the invention.

The following experimental section is provided purely by way of illustration and not limi-



At vacci nation, and about 3 weeks post-vaccination, approximtely 20
m of blood were drawn from each patient into heparinized test-tubes.
Culture of the reference virus isolates MDCK (Madi n-Dar by cani ne

ki dney) cells (ATCC(r) no. CCL-34TM jpropagated in Mdi- fied Eagle
Medi um (MEM (G BCO), supplenented with 10%inactivated (treatnent at
13 56C for 30 mnutes) fetal bovine serum (FBS) (EuroC one), 50 ng/nil
penicillin, 100 pg/nml streptonycin (G BCO and 2 nM L-gl utam ne
(EuroCI(S “were used as the cell line. As for the field sw ne
isolate SWL (characterized in an unequi vocal way by the HA2 region
sequence attached to the patent application), NSK (Newborn sw ne

ki dney) T rofilattico di Brescia) were used

i nstead, which were treated simlarly. The cells were incubated at
37C in a 5% CO2 atnosphere and were passaged at a 1:3 ratio twice a
week. Fdelebtion efthepativant s described in this patent application, the
follow ng HLN1- subtype influenza virus isolates were used: A/ Puerto
Ri co/ 8134 strain (ATCC no. VR1469TM; A/WIson-Snmth/ 33 strain (ATCC
(1) no. ¥R g endNidd A M sy F0R/sartoed 531l 1 BRI MRS by
regard to HINL subtype, a sw rie-derived isolate (SW) was al so used,
char act dhérefeem erosseachug puti-vifluehen adihodias dhasfis anebodiasegpible phiasogmhz-
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bel onging to type 13 (B/Lee/40 - ATCC (r) no. VR-101). As the culture
medi um ttEnegrignprodessipngl rsasopEslyBIFiant Pe anp peonlerworkipgda kindergage
trypsin | A { L1 . L
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appear ance. of. @ Cé{%ﬁl?thic effect. Cenerally 4 days after the
i nf ect i SRV PHEIEED ThtR2I¥DE | ect ed, centrifuged at 1000 RCF

(relative centiictdgfhnd 93 g&)s §fge;10 M nutes to elinmnate the cell
debris and filtered with 0.22 agmfilters (M LLIPORE). The super nat ant

was t hen al i-derstieppibglegical gpedical hist@gpdontieden yeafrs precsging ibe studganegativeon
of monog}onak .. éﬁi&fsW&Bﬁl@s-Vi rus anti bodi es from peripheral blood B
| ynzphocyt es ?
- antibody titer higher than 1:1000 against HI1N1-subtype virus isolates, responsible
for the annual epidemics during the five years preceding the study;
- detectable neutralizing titer (IC50 >=1:20) against two human reference HIN1-
subtype virus A isolates (A/Puerto Rico/8/34; A/Malaya/302/54),
- 1o prior anti-influenza vaceination;

- compliance to receive anti-influenza vaccination.

At vaccination, and about 3 weeks post-vaccination, approximately 20 ml of blood were

drawn from each patient into heparinized test-tubes.

Culture of the reference virus isolates

MDCK (Madin-Darby canine kidney) cells (ATCC® no. CCL-34TM) propagated in Modi-
fied Bagle Medium (MEM) (GIBCO), supplemented with 10% inactivated (treatment at



The production of nonocl onal antibodies frompatients was carried out
by using a transformation nmethod via infection with Epstein-Barr
virus (EBV), previously described by Cole et al, 1984 Cancer Research
22:2750-2753. The supernatant fromt g different clones obtained was
assessed for the presence of antibodies by ELI SA. C ones capabl e of
produci ng 1gG anti bodies in the supernatant which are able to react
in the ELI SA against the cell lysates infected with the

above- meftG éwe pirees)higheh foyisssaruas (BBY) EveoGlaned- 80 mefplepeniciilinglAe

e oo b sttorRtln REACHYaph R TR BIGR Bkl oo WU as thg ofl,

a subs eﬂﬂ@ﬂis ﬁa‘%lﬁeﬁﬁéi& ivERtitdite SWIl RbtabeHidl in alYReKnERIBWHE b the HA2
infected with the aforesaid isolates at a high multiplicity of

i nf ect i Biglonasauencs gtisshed to thenetontppalication), NSKdNewbpm spanekidaayd epllsdIs-

suspenagi BOBTREER Piebt) E8re el hRend iRl o B AR Crig s

and 0. 5%t intarate) ata%ﬁﬂCsﬁ 01580 Cn atmr;aphere ad wetemikeged dihel Bahtio dveibe BS

were centr.ifuge at 10 for 5, mnutes agnd. th r nat was
o od Mook S8 the SRS peastibedop. i pier REOBRn B Lo e TIRE
control s@iﬁzpegﬁﬂluemnwhﬁfl@&&tﬁﬂ w"e@é h&dw%fﬁle}tf) Q@éo%hdf QHM?A?@GH@%YVRWG
supernatant protein concentration was determ ned in duplicate using
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Sigma) were added to each well and the plate was incubated for 1 hour
at 37C. Inshast, aBemipfestingtinicalls ﬂw mhncrbast O/25 9bsered rizilly toi@opitorghe FhyRar-

peroxi d r t A
15 mi nut'es &;%jé}tfrt S%%e(e?ﬁ%y%% %ctd% @erv\tg% %%10 %B?Agglﬁnnﬁﬁggl
of 11250stedN derittifaged g0 WCF (Elatiey @etrifiddd fdceFect 0 mtudsawlitinateiheat
450nm In particular, one clone (designated as cl NF49) proved to be

abl e t oCflt Sefrtseangfilickrslawisls 023 4B [Hdterst BRRE) Al pepernatan svap fthen gl
all the [ S|nfected with the different
HIN1- sugtyé&e%?{%tﬁltaé?%%%%{&?&&Qflﬁ'ggam mal isolate. Instead, no
signal was detectable in the cultures |nfected with the two

H3N2- sutlype Vi i
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avoi d pg ens due to |nstab|I|ty of antlbody prodUC|ng ceII clones
to bettér characterize the encodi ng genes fromthe nol ecul ar point of
view, in order to have nol ecul es that are certainly nonocl onal at

one’ s dipR0eehictds of BlohodSnal RSERAE TR DHSs 9l L8P0l RPN & 28hL
formation method via infection with Epstein-Barr virus (EBV), previously described by
Cole et al, 1984 Cancer Research 22:2750-2753. The supernatant from the different clones

obtained was assessed for the presence of antibodies by ELISA. Clones capable of produc-
ing IgG antibodies in the supernatant which are able to react in the ELISA against the cell

lysates infected with the above-mentioned three human isolates and the H1N1-subtype



The nessenger RNA (nRNA) was extracted fromthe cultured cl NF49 cl one
and reverse transcribed using an oligo-dT according to nmethods per se
known. The cDNAs encoding the light chain and the Fd fragnment (i.e.
the heavy chain variable portion and{fhe part of the constant portion
present within the Fab fragnent) were then anplified by described

met hods (CSI-1 press, Phage display manual, ed. D.R Burton, p. Al.6).
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The genes encoding for the Fab49 chains were cloned into a prokaryotic expression vector.




The Fab produced fromclone INF49 (fromhere on indifferently
referred to as "clone" or "Fab") was thus imunoaffinity purified

wi th colums conposed of a sepharose resin containing the protein G 2
ng/ mL), to which a polycl onal preparggi on of goat antibodi es capabl e
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cultures infected with all the mentioned reference viruses were
trypsinized and, after two washes in PBS, counted under a m croscope
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somatic mutation processes.

ELISA assessment of Fab49 obtained by cloning into RBCaf

40 recombinant bacterial clones transformed with the Fab49 construct were analyzed by
ELISA using crude lysates obtained by subjecting cultures to heat shock. In particular,
clones of bacteria transformed with the construct were inoculated into 10 mi of SB medium

containing ampicillin and tetracycline at the concentrations of 50pg/ml and 10pg/ml, re-
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chanber in the dark with a fluoresceine isothiocyanate-conj ugated
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exam ned under a fluorescence mcrosggpe (A ynpus). A conmercial
nouse nonocl onal (Argene) specific for the ML influenza virus protein
was used as a positive control. An antibody directed against the E2
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dilution
immunoglobulins (Sigma) in PBS/1% BSA was added thereto. After a 1-hour incubation at

37°C and a further series of 10 washes, the substrate (OPD-o-phenylenediamine) was

added to the wells, The plates were then incubated for 30 minutes at room temperature in
the dark. The reaction was quenched with 1N sulfuric acid and the optical density was as-
sessed by spectrophotometric reading at 450nm. All the assayed clones displayed a specific
reactivity towards every lysate obtained from the cells infected with the HIN1-subtype vi-
ruses. One bacterial clone transformed with the expression vector containing the genes for
the light chain and the heavy chain Fd fragment of Fab49 was thus selected. The selected
bacterial clone was designated as INF49.

Purification of the Fab49 and assessment of the same by ELISA on infected cell lysates

The Fab produced from clone INF49 (from here on indifferently referred to as “clone” or
“Bah”) was thus immunoaffinity purified with columns composed of a sepharose resin con-
taining the protein G (~ 2 mg/ml), to which a polyclonal preparation of goat antibodies ca-
pable of binding human Fabs (PIERCE, Mllinois) was covalently linked. In short, one col-



infectivity>50%- infectivity<0% 19 fection (MQO1Il.) of
approximately 0.01 (1 virus particle per 100 cells) in the
neutralization experinent. In the actual neutralization assay, the
cells were seeded in a 24-well plate,.with each well containing a
sterile slide. The neutralization EXBZI‘I ment was performed on 80%
90% conf | uent cell s i.e. about 48 hours after the seeding thereof
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In order to confirm the data achieved by ELISA, lFab49 was also analyzed by an im-
munofluorescence assay. Briefly, the cells from the cultures infected with all the mentioned
reference viruses were trypsinized and, after two washes in PBS, counted under a micro-
scope with a hematocytometer. The cell suspension was thus used for the preparation of
slides by centrifugation in a cytocentrifuge (Cytospin4, Shandon Southern Products) at 90 g
for 3 minutes. The so prepared slides each contained a total of 2 x 10° cells. Control slides
~ were prepared similarly with uninfected cells. The cells were then fixed and permeabilized
at room temperature with a methanol-acetone solution (used at the temperature of -20°C)
for 10 minutes. After 3 washes in PBS, the cells were incubated with Fab49 (100 ug/ml)

- for 30 minutes at 37°C in a humid chamber and subsequently washed three times in PBS.



human and ani mal HLN1-subtype virus A isolates. Instead, no reduction
was detected in the infecting ability of the two H3N2-subtype viruses
and of type B virus used in the study, 20 confirmng the specificity
of the honpbsubtype neutralizing actikty observed for subtype HINI.
In particular, the Fab produced by clone I NF49 (called Fab49) showed
an 1 Cso (the Fab concentration that inhibits 50% of infection by the
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results obtained with the human 0509 antiH b are re d as_a
negat i vaagentfogipad, no fluorescence was seen in uninfected cells, cells infected with H3N2-

subtype virus and those infected with the B type isolate, or with the negative control anti-
body.

Neutralization assay

In order to characterize the in vifro biological activity of the selected clone, a neutralization
assay was designéd for some of the reference virus isolates used in the study. In short,
MDCK cells (NSK in the case of the swine isolate SW1) were seeded into MEM-10% FBS
in a 96-well plate (2x10* cells/well). Serial dilutions (from 107 to 10®) of the virus stocks,
obtained as described above, were prepared in maintenance medium (MEM with 2% FBS).
Each dilution was repeated six times. When the cultured cells were confluent, the growth
medium was removed and 100 pl of each of the virus dilutions were added to each well.
After 1 hour at 37°C, the inocula were removed and 200 pl of MEM medium added with 1
pg/ml trypsin were placed into each well. The viral titer, expressed as TCIDj, (the dose ‘
that infects 50% of the cell culture), was caleulated by applying Reed-Muench’s formula:

TCID5p = infectivity> 50% - 50% x dilution factor

infectivity>50% - infectivity<50%

In the Jight of the obtained data, the virus stock was diluted so as to use a multiplicity of in-



Figure 3 illustrates the neutralization percentage of the field sw ne
i solate SWL used herein by different Fab 49 concentrations. The
results obtained wth the human e509 anti-HCV Fab are reported as a
negative control. Characterization of,the antigen recogni zed by
Fab49: Western blot on a lysate frominfected cells 10 ug of a cell
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The Fab produced by clone INF49 showed a homotype cross-neutralizing activity against
human and animal HI1NI-subtype virus A isolates. Instead, no reduction was detected in

the infecting ability of the two H3N2-subtype viruses and of type B virus used in the study,
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82(2):1047-52. The experinment denonstrated that Fab49 recogni zes 293T
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The liters of the HA pseudo-types were neasured on 293T and MDCK

cel | s. B4ty HCABFdboare sepafiedas 4 negaliseicontrelf the cells with 100 gl of
the lentivitus Luc HA-pseudotyped vector (HA-Luc) at different
dilutions, the cells in 96-well plates were lysed in a Luc assay cell
| ysi s bwidues 2(ib dqirir that illustrates the neutralization percentage of the A/Wilson-Smith/33

isolate by different Fab 49 concentrations. The results obtained with the human ¢509 anti-

HCYV Fab are reported as a negative control.

Figure 3 illustrates the neutralization percentage of the field swine isolate SW1 used herein
by different Fab 49 concenirations. The results obtained with the human €509 anti-HCV

Fab are reported as a negative control.

Characterization of the anticen recognized by Fab49: Western blot on a lysate from in-

fected cells

10 pg of a cell lysate infected with the A/Puerto Rico/8/34 isolate, prepared as described ear-
lier, were run under native conditions on 2 10% polyacrylamide gel. For this purpose, the

samples were run at 100V for 1 houf in a proper refrigerated tank (BIORAD). Thereafter,



23 rase assay reagent, Promega) according to the manufacturer's

I nstructions. The titers of the pseudo-types have been expressed as
relative | um nescence units (RLU nm ). Fab49's neutralization activity
was tested by using a neutralization, assay based on influenza

pseudo- particles. This approach showtd that Fab49 has a strong
neutralization activity towards all the influenza virus
pseudo-particles generated with the two HLNL-subtype isol ates

( A/ PR/ 08 poBwas netneied Hrong AteCelp¢trophoasio apmeayey and inpibated for E8 @pingtes in
S0P O S G e IS o g O SO0 S A b
hemaggl elivhinbie &Y ddi@ganticgen. Thbaraasiee onts ednittoctihadsei hebrane (Hybond-
Vi rus. | BELaesrhan Byt vdRoGFBHE Dan OIS Aoi0l PG Al m
e BEBepa B s o Ak, A s sl s
i sol at eafter washed three times in 1X PBS - 0.1% Tween. During each wash, the membrane was
left shaking on a swinging platform for 10 minutes. After which, the different Fabs, diluted
in PBS with 5% dried milk, were added at the concentration of 5 pg/ml. Besides Fab49, the
following confrols were added: 509 as a negative control; commercial mouse anti-HA
whole IgG1 (COVANCE); commercial mouse anti-M1 whole IgGl (ARGENE); mouse
anti-M2 whole IgG1 (ABCAM); human serum diluted 1:200. Each antibody was left shak-
ing for 1 hour at room temperature. Thereafier, the membrane was washed again in PBS as
described earlier. The same secondary mouse (1:1000) or human (1:2000) antibodies as de-
scribed for the ELISA assay were then added, depending on the source of the antibody to
be detected. For the detection of the signal, a working solution was prepared by mixing two
substrates (SuperSigna1® West Pico Chemiluminescent Substrate Pierce} in a 1:1 ratio, be-
ing particularly careful not to expose it fo sources of light. The nitrocellulose membrane
was incubated for 5 minutes with the working solution and then removed and mounted in a
HyperCassette (AMERSHAM). This was developed on a Kodak film in the dark room af-
ter the necessary exposure time. The described assay was performed in two different ses-
sions, and in each of them t‘he membrane portion incubated with Fab49 showed the pres-
ence of a band weighing slightly less than 80 KDa, consistent with the weight of the imma-
ture form of the viral hemagglutinin (HAOQ). This was confirmed by the same band being
also displayed on the strip incubated with the anti-hemagglutinin conrol antibody. An
analogous band, more intense than the others, was also detected in the membrane portion
incubated with buman serum. The result of this experiment shows that the antibody is di-
rected against the influenza virus hemagglutinin, perfectly consistent wfth the neutraliza-
tion data, since hemagglutinin is known to be the main target of the humoral neutralizing

response.

Binding and neutralization assays for HA from the subtvpe 4 influenza (HINI) (swine in-



3. The human nonocl onal anti body according to claiml1, wherein said
plurality of H -subtype influenza A virus isolates conprises at |east
the following isolates: A/Puerto Rico/8/ 34, AIWIson-Smth/33,

Al Mal aya/ 302/ 54 and A/ Cal i fom a/ 04/ 2699. 4. The human nonocl onal
anti body according to any of clains 1 to 3, conprising at |east one
heavy chain vari able domain and one |Iight chain variable domain, the
heavy'caain vari abl e donmai n having the am no acid sequence SEQ I D
NO 1 an# | i ght chain variable domain having the am no acid
sequence SEQ I D NO 2. 5. The human nonocl onal anti body according to
claim4, conprising at |east one heavy chain variable donmain and qne

li ght chh¢ Havprptes 08 thednfienze irgess BiAR3 andvACaliimn/QANAAP wverrammp)

P 1-
encoded [ sequ ; o . '
vari abl ggé/dgﬁlgcr?g g@i ﬁgﬁle‘ﬁgé“ ed- y %U@Ee%gf %@%@%%?@%@%HWQ%&
6. The RARATNRAgRAsSHUIE Gaimaag) indadye daedindd pgDIVA3.aryprefion vadters (Thvitrogen),
which is selected fromthe gro nsj st whol e i mmunogl Qbul i ns
and i miiSEEY ohirinies P%Fgr?@m@%gﬁniﬁmfwglﬂ&haw R %@%N«?ﬁ gfﬁlailif\
vari abl ex gqiR|:Ra84g0mye |ight chain variable domain. 25 7. The human

nonocl onal anti body according to claim®6, wherein the said
I mmunogl obulin fragnments are selected fromthe group conprising Fab

chain bt Bag et AR R shleiis b ERERBIShR yp Bt MBSt e

| D NO. | dizpldycdBf) thdsdykbnte listing as SEQ ID No: 6 (cDNA. sequence of the HA protein from
A/PR/08/1934), SEQ ID No: 7 (amino acid sequence of the HA protein from A/PR/08/1934),
SEQ ID No: 8 (c;DNA sequence of the HA protein from A/California/04/2009) and SEQ ID
NO: 9 (amino acid sequence of the HA protein from A/Califonﬁa/d4/2009), respectively.

Human epithelial kidney (HEK) 293T cells were transfected with 3 pg of the recombinant vee-
for pcDNA3.1 cénta:ﬁng the construct H1 HA (A/PR/OS/ 1934) or the construct H1 HA
(A/California/04/2009). After centrifugation and fixation, the transfected cells were incubated
with Fab49 (10 pg/ml). After further washes, the cells were incubated with a FITC-conjugated
human anti-Fab monoclonal antibody and assayed by FACS. The data were analyzed as de-
scribed by Perotti et al., J Virology, 2008 Jan;82(2):1047-52. The experiment demonstrated that

Fab49 recognizes 293 T cells transfected with either of the recombinant vectors.

For the neutralization assay, retrovirus vectors modified so as to express influenza HA proteins
on their pericapsid (pseudo-typing), including the reporter gene Luc, were produced from 293T
cells co-transfected with FuGene 6 (Roche) and the following plasmids: Luc system (5 pg
pCMVARS.2 and 5.5 ug pHR’CMV-Luc) plus 3 pg of construct H1 HA (A/PR/08/1934) or H1
HA (A/Catifornia/04/2009). The supematants were collected 48 hours after the transfection, fil-
tered through a 0.45 pm low protein-binding filter and used immediately or frozen at -80°C.
The titers of the HA pseudo-types were measured on 293T and MDCK cells. Briefly, 48 hours
after infection of the cells with 100 pl of the lentivirus Luc HA-pseudotyped vector (HA-Luc) at

different dilutions, the cells in 96-well plates were lysed in a Luc assay cell lysis buffer (fucife- .



9. The isol ated pol ypeptide according to claim 8, which has a
neutralizing activity against a plurality of influenza A virus

i sol ates expressing the Hl -subtype hernagglutinin. 10. An
anti-idiotype antibody that is specifgscally directed agai nst the

i di otype of a nonoclonal antibody according to any of clainms 1 to 7.
11. An isolated nucl eotide sequence selected from SEQ I D NG 3. and

SEQ | D NQ I Takap STy I
sequenc eIQESgEéQS%yD ep@{l’r%fééﬁ;a}ﬁ g‘l%g@?ll g\étg c&sjg é%afei nce Eﬁ%}ﬂﬁg&@sﬁ %(% gﬁ%% £ }f"l ﬂ%eh e
nucl eot ideidsdypes havwedeSEQpretrellar Blatinclubii@sdeBraNOitd(RIABmA host cel |

transfornmed with an expression vector according to claim12. 14.
Aphar maceuti cal conposition conprising an effective anpunt of at

| east ormbas nhadVizdion ABRiR )% RERLI Wﬁ&iﬁ%ﬂzﬁigx} A Blsef b&hﬁﬁlg&at 0

10 and a pharmaceutically acceptablé carrier an uent . An
ant i bodypseidompartigisepitisieppzaadivsheivad) thabFarid) hegf a stoap meuttslizatiod activily tavsedsas

Dat hol ogilo e fréhy HiR” PRl et ” BRRed B fFclia oH i, solaes
i nf 1 uenzA/PR/98/1953 284 PY1G$S (AT akiib/idba/ R0y, Wik aﬁgmwfg}%ﬂr&matdy Z@mllge

use of an antibody or poTypeptide according to any of clains Ito
for prepar-ing a prophylactic or therapeutic nedicanent for the
treat ment pat hol ogi es caused by infec-



26 lion with an influenza A virus expressing the H -subtype
hemaggl utinin. 17. The use according to claim 16 wherein the
pat hol ogy caused by infection with an influenza A virus expressing
the H -subtype hemagglutinin is the influenza syndrone. 18. The use
according to claim 17 wherein the saigl pathology is caused by
infection with the HINI influenza A virus, also designated as sw ne
i nfluenza virus or the new influenza virus. 19. An assay nethod for
detecting, in a biological sanple fCIoamgs patient, the presence of
anti-influenza virus antibodi es havi ng honosubtype cross-neutralizing
properties for influenza A viruses expressing. the H -subtype
hemaggl ut i ni.n, A demer msiomignd antitady dimgted lagaisshibg itflvotzs g wigs. Whigkreeogi't h
a nonocl onal anti body. r.di al i : . ific
2ssay T cagirts tens B SR, SRaiadth o) LS Akt Al SREE. [ C
or vacci nea glargitysi Hil cuhtypt breéflupize deirosisadtesepi t opes from the i nfluenza A
virus expressing the H -subtype hemaggl uti nin capable of eliciting
anti-influenza A virus antibodi es having a honosubt ype
Cross- neut r gl ithe g RERcby:] agibotsiceorfing toestdam N\witreiusaid phxatityef $1lng
t he Hl -subtype hemaggl,utinin, in a subject to which the.c osi tjion
o adm ni SHEPBP IR A Ui et st o BReSRteR PR o
nonocl onal p@ndiideeay isaording to any of clains 1 to 7 as a specific
assay reagent. 21. A kit conprising a nonocl onal antibady according
to any of clainms 1 to 7 as a specific reagent, for detecting or °
quantifying anti-influenza A virus antibodi es having a honosubt ype
cross- neut %al The Invepap mepestany! angibadysecoidirzl to chinn 1,Awvheraiusiisplexiily eSBl-ng
the H - sullyp RRRRAOA Wil idateh Roflorh O AL B 53R SR AGRH, 0™ @
patient or an inmunogeni c or vaccline composltion.

co/8/34, A/Wilson-Smith/33, A/Malaya/302/54 and A/Califomnia/04/2009.

4. The human monacloxal antibody according to any of claims 1103, comprising at Jeast
one heavy chain variable domain and one light chain variable domain, the heavy chain vari-
able domain having the amino acid sequence SEQ ID NO:1 and the light chain variable do-
main having the amino acid sequence SEQ ID NO:2.

5. The human monoclonal antibody according to claim 4, comprising at least one heavy
chain variable domain and one light chain varjable domain, the heavy chain variable domain
being encoded by the mcleotide sequence SEQ ID NO:3 and the light chain variable domain
being encoded by nucleotide sequence SEQ ID NO:4.

6. The human monoclonal antibody according to any of claims 1 to 5, which is selected .
from the group consisting of whole immunoglobulins aud immunoglobulin fragiments com-

prising at least one heavy chain variable domain and one lght chain variable domain,
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7. The human monoclonal antibody according to claim 6, wherein the said inmunoglobu-
lin fragments are selected fiom the group comprising Fab fragments, Fab’ fragments, F(ab’),
fragments, Fv fragments, single chain antibodies (5¢Fv).

8. Anisolated polypeptide selected from SEQ ID NO:1 and SEQ ID NO:2,

9. The isolated polypeptide according to claim 8,which has a neutralizing activity against

a plurality of influenza A virus isolates expressing the H1-subtype hemagglutinin,

10. An anti-idiotype antibody that is specifically directed against the idiotype of a mono-

cJonal antibody according to any of ¢claims 1 to 7.

11. Anisolated nucleotide sequence selected from SEQ ID NO:3.and SEQ ID NO:4.

12. An expression vector comprising nucleotide sequence SEQ ID NO:3, or nucleotide se-
quence SEQ ID NO:4, or both the nucleotide sequences SEQ ID NO:3 and SEQ ID NO:4.

13. A host ce]l transformed with an expression vector according to claim 12.

14. A-pharmaceutical composition comprising an effective amount of at least one antibody
or one polypeptide according to any of claims 1 fo 10 and a pharmaceutically acceptable car-

rier and/or diluent.

15. An antibody or polypeptide according to any of claims 1 to 10 for use as a prophylac-
tic or therapeutic medicament for the treatment of pathologies directly or indirectly caused

by infection with an influenza A virs expressing the H1-subtype hemagglutinin,

16. The use of an antibody or polypeptide according to any of claims 1 to 10 for prepat-ing

a prophylactic or therapentic medicament for the treatment pathologies caused by infec-
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tion with an influenza A viras-expressing the Hl-subtype hemagglotinin,

17. The use according to claim 16 wherein the pathology caused by infection with en in-

fluenza A virus expressing the H1-subtype hemagglutinin is the influenza syndrome.

18. The use according to claim 17 wherein the said pathology is caused by infection with

the HINT influenza A virus, also desipnated as swine influenza virus or the new influenza

virus.

19. An assay method for detecting, in a biological sample from a patient, the presence of
anti-influenza virus antibodies having homosubiype cross-neutvalizing properties for influ-
enza A viruses expressing the Hl-subtype hemagglutinin, comprising contacting the said
biological sample with a monoclonal antibody according to any of claims I to 7 as a specific

assay reagent.

20. An assay method for detecting, in an immunogenic or vaccine cormposition, the pres-
ence of epitopes from the influenza A virus expressing the H1-subtype hemagglutinin capa-
ble of eliciting anti-influenza A virus antibodies having a homosubiype cross-neutralizing
property against influenza A viruses expressing the Hl-subtype hemagglutinin, in a subject
to which the composition is administered, comprising contacting the said composition witha

monoclonal antibody according to any of claims 1 fo 7 as a specific assay reagent.

21. Akit comprising a monoclonal antibody according to any of claims 1 10 7 as a specific
reagent, for detecting or quantifying anti-influenza A virus antibodies having a homosubtype
cross-neltralizing property against influenza A viruses expressing the Ht-subtype hemagglu-

tinin, in 2 biological sample obtained from a patient or an jmomunogenic or vaccine composi-

tion.



