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ANTIBODIES DIRECTED AGAINST
INFLUENZA

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a 371 USC filing of International
Application No. PCT/US 2012/020824 filed Jan. 10, 2012,
which claims the benefit of priority to U.S. Provisional Appli-
cation No. 61/431,406, which applications are hereby incor-
porated by this reference in their entireties.

GOVERNMENT SUPPORT

[0002] This invention was made with government support
under Grants U19-AI057266, U19 Al057266-06S2,
RR025008, HHSN266200700006C and NIH/NIAID
SU19A1062629-05 awarded by the National Institutes of

Health. The Government has certain rights in the invention

BACKGROUND

[0003] Influenza isthe seventh leading cause of death in the
United States (Beigel, 2008). The elderly, the very young,
pregnant women and otherwise immune-compromised popu-
lations account for over 90% of influenza-related deaths. The
pandemic HINT1 influenza virus strain is immunologically
distinct from other influenza viruses, leaving large population
groups susceptible to infection (Brockwell-Staats et al., 2009;
Dawood et al., 2009; Garten et al., 2009; Hancock et al.,
2009). The CDC reports that the 2009 HIN1 pandemic strain
caused an estimated 60 million cases and 256,000 hospital-
izations. An unusually high frequency of severe disease
occurred in younger and otherwise healthy patients (Hancock
et al., 2009). In addition, rare infections with avian H5N1
influenza strains in humans had close to a 50% mortality rate
(Subbarao and Joseph, 2007). Emergence of a zoonotic or
antigenically distinct strain that combined even a fraction of
the morbidity and mortality of the pandemic HIN1 and H5N1
viruses would have dire consequences. Antibodies play a key
role in protection against influenza infection in vivo (Gerhard
etal., 1997; Luke et al., 2006; Puck et al., 1980; Simmons et
al., 2007). The fact that there was little or no pre-existing
antibody titers present prior to the emergence of this pan-
demic virus, and that the virus atypically caused such severe
disease in young adults illustrates the importance of compre-
hensively understanding the B cell responses and antibody
specificities induced by infection with this influenza virus.

SUMMARY OF THE INVENTION

[0004] Described herein are antibodies, antibody frag-
ments and peptides wherein the antibody or the antibody
fragment or the peptide binds to an HA domain of influenza
(e.g., HIN1, H5N1 or both) virus and comprises: (a) a VH
CDRI1 comprising or consisting of an amino acid sequence
identical to or having 1, 2, or 3 amino acid residue substitu-
tions or deletions relative to a VH CDR1 in column J of Table
2; (b) aVH CDR2 comprising or consisting of an amino acid
sequence identical to or having 1, 2, or 3 amino acid residue
substitutions or deletions relative to a VH CDR2 in column L.
of Table 2; (¢) a VH CDR3 comprising or consisting of an
amino acid sequence identical to or having 1, 2, or 3 amino
acid residue substitutions or deletions relative to a VH CDR3
in column N of Table 2; (d) a VL CDR1 comprising or
consisting of an amino acid sequence identical to or having 1,
2, or 3 amino acid residue substitutions or deletions relative to
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a VL CDRI1 in column J of Table 2; (e) a VL. CDR2 compris-
ing or consisting of an amino acid sequence identical to or
having 1, 2, or 3 amino acid residue substitutions or deletions
relative to a VL. CDR2 in column L. of Table 2; and (f) a VL
CDR3 comprising or consisting of an amino acid sequence
identical to or having 1, 2, or 3 amino acid residue substitu-
tions or deletions relative to a VL. CDR3 in column N of Table
2

[0005] In some cases the antibody, antibody fragment or
peptide binds to the HA domain of HINT1 influenza. In some
cases it binds the HA of H5N1 influenza. In some cases it
binds the HA of both HIN1 and H5N1. Thus, the antibody,
antibody fragment or peptide binds to the HA domain of two
or more different subclasses of influenza A. The antibody,
antibody fragment or peptide can cross-react with two difter-
ent influenza strains (e.g., two or more different strains of
H1NI such as the 2009 pandemic strain or the 1918 pandemic
strain). In some cases, the antibody, antibody fragment or
peptide may cross-react with three or more, five or more or ten
or more different influenza strains. Thus, the antibody, anti-
body fragment or peptide binds to the HA domain (and in
some cases can neutralize) two or more of the following HINI
strains:  A/Brisb/59/07, A/BrMis/1/1918, A/Indo/5/05,
A/NewCal/20/99 and a/Solls/3/06. Some antibodies, anti-
body fragments and peptides immunospecifically bind to a
particular type of influenza, e.g., HIN1 or H5N1. In some
cases the antibody, antibody fragment or peptide immuno-
specifically binds to an influenza, e.g., influenza A, HA
domain.

[0006] Also described are purified antibodies, antibody
fragments and peptides that bind to an HA domain of (e.g.,
HINT, H5N1 or both) influenza virus and comprises: (a) aVH
CDRI1 comprising or consisting of the amino acid sequence
of a VH CDRI1 in column J of Table 2; (b) a VH CDR2
comprising or consisting of the amino acid sequence of a VH
CDR2 in column [L of Table 2; (¢) a VH CDR3 comprising or
consisting of the amino acid sequence of a VH CDR3 in
column N of Table 2; (d)a VL. CDR1 comprising or consisting
of'the amino acid sequence of VL. CDR1 in column J of Table
2; (e) aVL CDR2 comprising or consisting of the amino acid
sequence of a VI, CDR2 in column L of Table 2; and (f) a VL
CDR3 comprising or consisting of the amino acid sequence
of a VL CDR3 in column N of Table 2.

[0007] Also described is an isolated antibody or antibody
fragment, wherein the antibody or the fragment: (i) comprises
a VH chain domain comprising three CDRs and a VL chain
domain comprising three CDRs; and (ii) binds an HA domain
of influenza virus (e.g., HIN1, H5N1 or both) wherein the
three CDRs of the VH chain domain comprise: (a) a VH
CDRI1 comprising the amino acid sequence ofa VH CDR1 in
column J of Table 2; (b) a VH CDR2 comprising the amino
acid sequence of a VH CDR2 in column L of Table 2; and (c)
a VH CDR3 comprising the amino acid sequence of a VH
CDR3 in column N of Table 2. Also described is a purified
antibody or antibody fragment, wherein the antibody or the
fragment: (i) comprises a VH chain domain comprising three
CDRs and a VL chain domain comprising three CDRs; and
(ii) binds an HA domain of influenza virus (e.g., HIN1, H5SN1
or both) wherein the three CDRs of the VL. chain domain
comprise: (a) a VL CDR1 comprising the amino acid
sequence of VL. CDR1 in column J of Table 2; (b) a VL CDR2
comprising the amino acid sequence ofa VL CDR2 in column
L of Table 2; and (¢) a VL. CDR3 comprising the amino acid
sequence of a VL. CDR3 in column N of Table 2.
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[0008] Also described is a purified antibody or antibody
fragment, wherein the antibody or the fragment binds the HA
domain of an influenza virus (e.g., HIN1, H5N1 or both) and
comprises a heavy chain variable domain having an amino
acid sequence identical to or comprising up to 10 (e.g., up to
9,8,7,6,5,4,3,2or 1) amino acid residue substitutions
relative to the amino acid sequence of the heavy chain vari-
able domain (column H) of a selected antibody in Table 2 and
comprises a light chain variable domain having an amino acid
sequence identical to or comprising up to 10 (e.g., up to 9, 8,
7,6,5,4,3,2o0r1)amino acid residue substitutions relative to
the amino acid sequence of the light chain variable domain
(column H) of the selected antibody in Table 2.

[0009] Also described is a purified antibody or antibody
fragment, wherein the antibody or the fragment binds an HA
domain of influenza virus (e.g., HIN1, H5N1 or both) and
comprises a heavy chain variable domain having at least 90%
or 95% identity to the amino acid sequence of the heavy chain
variable domain (column H) of a selected antibody in Table 2
and comprises a light chain variable domain having at least
90% or 95% identity to the amino acid sequence of the light
chain variable domain (column H) of the selected antibody in
Table 2.

[0010] Also described is a purified antibody or antibody
fragment, wherein the antibody or the fragment binds an HA
domain of influenza virus (e.g., HIN1, H5N1 or both) and
comprises a heavy chain variable domain having the amino
acid sequence of the heavy chain variable domain sequence
(column H) of a selected antibody in Table 2 and the light
chain variable domain having the amino acid sequence of the
light chain variable domain sequence (column H) of the
selected antibody in Table 2.

[0011] Also described is a purified antibody or antibody
fragment, wherein the antibody or the fragment binds the
same epitope on an HA domain of influenza virus (e.g.,
HINT1, H5N1 or both) as that bound by an antibody compris-
ing: (a) a heavy chain variable domain having the amino acid
sequence of the heavy chain variable domain sequence (col-
umn H) of a selected antibody in Table 2; and (b) a light chain
variable domain having the amino acid sequence of the light
chain variable domain sequence (column H) of the selected
antibody in Table 2.

[0012] Also described is a purified antibody or antibody
fragment, wherein the antibody or the fragment binds to an
HA domain of influenza virus (e.g., HIN1, H5N1 or both),
comprising: (a) a polypeptide comprising an amino acid
sequence identical to or having up to 5 amino acid substitu-
tions compared to a V-D-J sequence in column F of Table 2;
and (a) a polypeptide comprising an amino acid sequence
identical to or having up to 5 amino acid substitutions com-
pared to a V-J sequence in column G of Table 2.

[0013] Also described is a purified antibody or antibody
fragment, wherein the antibody or the fragment binds to an
HA domain of influenza virus (e.g., HIN1, H5N1 or both),
comprising: (a) a polypeptide comprising an amino acid
sequence identical to or having up to 5 amino acid substitu-
tions compared to the V-D-J sequence in column F of Table 2
of a selected antibody; and (a) a polypeptide comprising an
amino acid sequence identical to or having up to 5 amino acid
substitutions compared to a V-J sequence in column G of
Table 2 of the selected antibody.

[0014] In various embodiments the purified antibody binds
the HA stalk; binds the HA globular head; neutralizes one or
more strains HIN1 influenza, one or more strains of H5N1
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influenza or one or more strains of both HIN1 and H5N1
influenza; has hemagglutination inhibition activity; does not
have hemagglutination inhibition activity; binds to at least 3
H1 influenza strains selected from the strains in panel A of
FIG. 8; binds to at least 5 H1 influenza strains selected from
the strains in panel A of FIG. 8; is an IgG antibody; is an IgG1
antibody; is an IgG1, kappa antibody; is an IgG1, lambda
antibody; is selected from an IgM, IgA, IgD and IgE anti-
body; is selected from a Fab, a F(ab')2 fragment, a Fd frag-
ment, an Fv fragment, a scFv, and a dAb fragment; is a
monoclonal antibody; is a humanized antibody or a fully
human antibody.

[0015] In some cases the antibody, antibody fragment or
peptide binds or binds and neutralizes HIN1 and H1HS.
[0016] In the case of an antibody, antibody fragment or
peptide comprising a CDR1, CDR2 and CDR3 (VH or VL)
having 1, 2, or 3 amino acid residue substitutions or deletions
relative in Table 2 to a CDR1, CDR2 or CDR3 Table 2, in
some cases the substitutions are conservative and in some
cases deletions are contiguous and in some case are at the
amino or carboxy terminus such that the CDR contains 2,3, 4,
5,6,7,8,9,10,11,12,13,14, 15,16, 17, 18 or 19 contiguous
amino acids of a CDR depicted in Table 2.

[0017] In certain cases the antibody, antibody fragment or
peptide comprises the heavy chain and light chain CDRs of an
antibody selected from: 1009-3D06, 1009-3B0S, 70-1F02
and 70-3B03.

[0018] In some cases the antibody, antibody fragment or
peptide comprises:

a) a CDR1 comprising at least 7 contiguous amino acids of
GMTSNSLA (SEQ ID NO. 1); a CDR2 comprising at least 7
contiguous amino acids of IIPVFETP (SEQ ID NO 2); and a
CDR3 comprising at least 14 or 15 contiguous amino acids of
ATSAGGIVNYYLSFNI; (SEQ ID NO. 3)

b) a CDRI1 comprising GMTSNSLA (SEQ ID NO. 1); a
CDR2 comprising IIPVFETP (SEQ ID NO 2); and a CDR3
comprising ATSAGGIVNYYLSFNI (SEQ ID NO. 3)

¢) a heavy chain variable domain comprising: a CDR1 com-
prising GMTSNSLA (SEQ ID NO. 1); a CDR2 IIPVFETP
(SEQ ID NO. 2); and a CDR3 comprising ATSAG-
GIVNYYLSFNI (SEQ ID NO. 3);

d) a heavy chain variable domain comprising:

(SEQ ID NO. 4)
QVQLVQSGAEVKKPGSSVKVSCKASGMTSNSLAI SWVRQAPGQGLEWMG

GIIPVFETPKYAQKFQGRVTITADKSTNTAYMDLISLKSEDTAMYYCA;

e) a CDR1 comprising at least 5 contiguous amino acids of
QTITTW (SEQ ID NO. 5); a CDR2 comprising at least 2
contiguous amino acids of KTS; and a CDR3 comprising at
least 8 contiguous amino acids of QQYSTYSGT (SEQ ID
NO. 6);

f) a CDR1 comprising QTITTW (SEQ ID NO. 5); a CDR2
comprising KTS; and a CDR3 comprising QQYSTYSGT
(SEQID NO. 6);

g) a light chain variable domain comprising: a CDR1 com-
prising QTITTW (SEQ ID NO. 5); a CDR2 comprising KTS;
and a CDR3 comprising QQYSTYSGT (SEQ ID NO. 6);
h) a light chain variable domain comprising:

(SEQ ID NO. 7)
DIQMTQSPSTLSASVGDRVTITCRASQTITTWLAWYQQKPGQAPKLLIH

KTSTLETGVPSRFSGSGSGTQFTLTI TNLQPDDSATYYCQQYSTY
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[0019] In some cases the antibody, antibody fragment or
peptide comprises:

a) a CDR1 comprising at least 8 contiguous amino acids of
GGTSNNYP (SEQ ID NO. 8); a CDR2 comprising at least 7
contiguous amino acids of SIPIFNTP (SEQ ID NO. 9); and a
CDR3 comprising at least 14 or 15 contiguous amino acids of
ATSAGGIVNYFLLFDI (SEQ ID NO. 10)

b) a CDR1 comprising GGTSNNYP (SEQ ID NO. 8); a
CDR2 comprising SIPIFNTP (SEQ ID NO. 9); and a CDR3
comprising ATSAGGIVNYFLLFDI (SEQ ID NO. 10);

¢) a heavy chain variable domain comprising: a CDR1 com-
prising GGTSNNYP (SEQ ID NO. 8); a CDR2 comprising
SIPIFNTP (SEQ ID NO. 9); and a CDR3 comprising
ATSAGGIVNYFLLFDI (SEQ ID NO. 10);

d) a heavy chain variable domain comprising:

(SEQ ID NO. 11)
QVQOLVQSGAELKKPGSSVKVSCKTSGGTSNNYPISWVRQAPGQGLEWMG

GSIPIFNTPKYGKKFQGRVTITSDTSTSTAYMELSSLRSDDTAIYYCA;

e) a CDR1 comprising at least 5 contiguous amino acids of
QSISDW (SEQ ID NO. 12); a CDR2 comprising at least 2
contiguous amino acids of KAS; and a CDR3 comprising at
least 8 contiguous amino acids of QHYNTYSGT (SEQ ID
NO. 13);

f) a CDR1 comprising QSISDW (SEQ ID NO. 12); a CDR2
comprising KAS; and a CDR3 comprising QHYNTYSGT
(SEQ ID NO. 13);

g) a light chain variable domain comprising: a CDR1 com-
prising QSISDW; a CDR2 comprising KAS; and a CDR3
comprising QHYNTYSGT (SEQ ID NO. 13);

h) a light chain variable domain comprising:

(SEQ ID NO. 14)
DIQMTQSPSTLSASVGDRVTIACRASQSISDWLAWYQQKPGKAPKLLIH

KASSLESGVPSRFSGGGSGTEFTLTISSLQADDSATYYCQHYNTY .

[0020] In some cases the antibody, antibody fragment or
peptide comprises:

a) a CDR1 comprising at least 8 contiguous amino acids of
GGIFRSNA (SEQ ID NO. 15); a CDR2 comprising at least 7
contiguous amino acids of IAVFGTA (SEQ ID NO. 16); and
a CDR3 comprising at least 14 or 15 contiguous amino acids
of ARGPYYYGNSHLDF (SEQ ID NO. 17)

b) a CDR1 comprising GGIFRSNA (SEQ ID NO. 15); a
CDR2 comprising [TAVFGTA (SEQ ID NO. 16); and a CDR3
comprising ARGPYYYGNSHLDF (SEQ ID NO. 17);

¢) a heavy chain variable domain comprising: a CDR1 com-
prising GGIFRSNA (SEQ ID NO. 15); a CDR2 comprising
ITAVFGTA (SEQID NO. 16); and a CDR3 comprising ARG-
PYYYGNSHLDF (SEQ ID NO. 17);

d) a heavy chain variable domain comprising:

(SEQ ID NO. 18)
QVQLVQSGAEVKKPGSSVKVSCRASGGIFRSNAI SWWRQAPGQGLEWMG

EITAVFGTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCA;

e) a CDR1 comprising at least 5 contiguous amino acids of
QSVSSNY (SEQ ID NO. 19); a CDR2 comprising at least 2
contiguous amino acids of GAS; and a CDR3 comprising at
least 8 contiguous amino acids of QQYGTSPRT (SEQ ID
NO.20);
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f)aCDR1 comprising QSVSSNY (SEQIDNO. 19);a CDR2
comprising FAS; and a CDR3 comprising QQYGTSPRT
(SEQ ID NO. 20);

g) a light chain variable domain comprising: a CDR1 com-
prising QSVSSNY (SEQ ID NO. 19); a CDR2 comprising
GAS; and a CDR3 comprising QQYGTSPRT (SEQ ID NO.
20);

h) a light chain variable domain comprising:

(SEQ ID NO. 21)
EIVLTQSPGTLSLSPGERATLSCRASQSVS SNYLAWYQQKPGQAPRLLI

YGASNRATGIPDRFSGSGSGTDFTLAISRLEPEDFAVYYCQQYGTSP .

[0021] Also described is a sterile composition comprising
the purified antibody or antibody fragment and a sterile com-
position comprising the purified antibody or antibody frag-
ment and a pharmaceutically acceptable carrier.

[0022] Also described is an isolated nucleic acid encoding
the antibody or antibody fragment; a vector comprising the
nucleic acid; a host cell comprising the vector or nucleic acid.
Also descried are method for reducing the risk of infection
with HIN1 and/or H5N1 influenza virus in a human subject,
the method comprising administering the antibody or anti-
body fragment; a method for treating a human subject
infected with HIN1 and/or H5N1 influenza virus, the method
comprising administering the antibody or antibody fragment;
a method of preventing HIN1 and/or HSN1 influenza disease
in a human subject, said method comprising administering
the antibody or antibody fragment; and a method of amelio-
rating one or more symptoms associated withan H1N1 and/or
HINI influenza infection in a human subject, the method
comprising administering the antibody or antibody fragment.
[0023] Also described is an antibody that binds the same
epitope of HA as does: 1009-3D06, 1009-3B05, 70-1F02 and
70-3B03. Also described is a peptide that comprises the HA
epitope bound by at least one of the following antibodies:
1009-3D06, 1009-3B05, 70-1F02 and 70-3B03. Also
described is a pharmaceutical composition (e.g., a composi-
tion capable of eliciting an immune response to HIN1) com-
prising: 1) a peptide that comprises the HA epitope bound by
at least one of the following antibodies: 1009-3D06, 1009-
3B0S, 70-1F02 and 70-3B03; 2) an adjuvant suitable for
administering to a human patient. Also described is a method
for eliciting an immune response in a patient by administering
apeptide that comprises the HA epitope bound by at least one
of the following antibodies: 1009-3D06, 1009-3B05,
70-1F02 and 70-3B03; and an optional adjuvant suitable for
administering to a human.

DESCRIPTION OF THE FIGURES

[0024] FIG. 1: Generation of human mAbs against pan-
demic HINT1 influenza virus from infected patients. (FIG. 1A
is a representative ELISPOT. Numbers of plasmablasts
secreting antibody reactive to pandemic HIN1 is compared to
the total number of IgG-secreting cells from each PBMC
sample (numerals). All ELISPOT assays were performed in
duplicate. FIG. 1B is a summary of all the donors analyzed;
each dot represents one patient or control. Both FIG. 1A and
FIG. 1B shows Magnitude of the plasmablast response
observed in peripheral blood of 6 pandemic HIN1 infected
patients and 22 healthy (non-infected/non-vaccinated)
donors by ELISPOT analysis. FIG. 1C shows the y specificity
of the sorted plasmablasts measured by ELISPOT analysis.
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Representative ELISPOT showing plasmablasts producing
antibodies reactive with total IgG or pandemic HIN1 whole
virus, annual influenza vaccine (2009/2010 TIV vaccine), or
recombinant HA from pandemic H1N1, the previous year’s
annual vaccine HINT strain (A/Brisbane/59/2007), or the
previous year’s H3N2 strain (A/Brisbane/10/2007). FIG. 1D
is a summary of the frequency of whole IgG secreting cells
specific pandemic HIN1 whole virus, recombinant HA from
pandemic HIN1 and recombinant HA from the previous
year’s vaccine. Donors EM1 and SF1000 were not analyzed
in this fashion as the antigens were not available for live-cell
analyses atthat time early in the pandemic. FIG. 1E shows the
sorting of plasmablast cells from pandemic HIN1 influenza
infected patients to generate mAbs. Flow cytometry plots
show percentage of CD27%CD38" cells (dot plots are gated
on CD3-CD20"~ lymphocytes). The plasmablasts are
defined herein as CD37CD20’~ CD19*CD38"'CD27" cells.
The right panel shows an example of post-sort purity of
ungated cells (verified for each sample). Single plasmablasts
were isolated from the sorted fraction by cell sorting, and
variable antibody genes were cloned from individual cells
(see Materials and Methods). (F, G) FIG. 1F is scatchardplots
of binding of the isolated mAbs to pandemic HIN1 whole
purified virus, FIG. 1G is scatchardplots of binding of the
isolated mAbs to pandemic HINI recombinant HA as mea-
sured by ELISA. Antibodies were scored positive (frequency
above plots) if they bound at least 2 standard deviations
greater than the mean absorbance of naive B cell antibodies at
10 ug/ml (detailed in FIG. 7A). Antibodies were tested at 10
ug/ml and 3-fold serial dilutions until a non-binding concen-
tration was determined. Each antibody was tested in at least
two (and typically more) replicates for specificity and affinity
estimations. *Note that only 14 of 15 HA-binding antibodies
have curves in FIG. 1G, because one of the HA-reactive
antibodies only binds HA on whole virions, not on the recom-
binant protein.

[0025] FIG. 2. Plasmablasts induced by pandemic HIN1
infection are highly cross-reactive and have accumulated par-
ticularly high levels of variable gene somatic hypermutation.
FIG. 2A shows Pandemic HIN1 reactive mAbs isolated from
infected patients (1000, EM, 70, 1009) were assayed for
binding to annual HIN1 influenza strain whole virus. The
minimum detectable concentration is defined as two standard
deviations above the mean binding of 48 randomly chosen
naive B cell antibodies (FIG. 7A). Bars are color coded to
approximate levels of cross-reactivity to the annual vaccine
(circulating) strains of recent years. In FIG. 2B Panels A and
B use the same color scheme. Each value is representative of
at least two replicate ELISAs repeated until a single consis-
tent minimum concentration was established. Center numeral
equals total antibodies. FIG. 2C is an analysis of the variable
gene sequences from plasmablasts of the four pandemic
HINTI infected patients indicated that approximately 16.5%
of the pandemic HIN1 induced plasmablasts were clonally-
related (shared identical VH and JH genes and CDR3 junc-
tions). FIG. 2D shows the average number of somatic hyper-
mutations in the pandemic HIN1 patient plasmablast variable
region genes compared to primary 1gG plasmablast responses
to vaccinia (small pox) or the anthrax vaccine, or after at least
4 boosters with the anthrax vaccine. To account for the obvi-
ous outlier in the pandemic HIN1 group (patient-EM),
median values are indicated by the bar. Students t-tests
excluding the outlier indicated a p-value of <0.04 for the
remaining five pandemic HIN1 samples compared to the IgG
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memory and GC cells or the primary IgG plasmablast
responses (0.2 with EM included), and <0.0001 against the
IgM populations. Notably, besides patient-EM, each indi-
vidual set of VH genes averaged significantly more mutations
than the IgG memory and GC or the primary responses (F1G.
9A). Each point represents one individual donor and is aver-
aged from 25 to 75 sequences except for the primary response
to anthrax from which only 10 VH genes could be cloned
from single cells do to the highly limited response. Mutations
accumulated per individual sequence are depicted in FIG. 9.
Detailed sequence characteristics are provided in FIGS.
11-13 for antibodies confirmed as binding H1NI and in FIGS.
14-16 for antibodies that have not been characterized. The
naive, IgG and IgM GC and memory populations are derived
from historical data (Koelsch et al., 2007, Wrammert et al.,
2008; Zheng et al., 2005; Zheng et al., 2004).

[0026] FIG.3.HA specific antibodies induced by pandemic
HINI infection bind cross-reactive neutralizing epitopes.)
FIG. 3A shows In vitro functional analysis of 15 antibodies
from indicated patients that bound pandemic HIN1 influenza
recombinant HA protein. The left panel shows HAI (HA-
inhibition) minimum effective antibody concentration, the
middle panel shows PRNT50 plaque reduction neutralization
minimum effective antibody concentration, and the right
panel shows ELISA binding summarized as minimum posi-
tive concentration (defined for FIG. 2) against recombinant
HA (original curves are in FIG. 1F and FIG. 8A). The anti-
bodies are grouped based on whether they show HAI and/or
neutralizing (neut) function. Antibody 1009-3B06 was only
tested for binding to whole virus as this antibody did not bind
to rHA due to binding of a quaternary or conformationally
sensitive epitope that is not present in the recombinant pro-
tein. HAI and neutralization assays were performed in dupli-
cate and repeated at least three times. ELISA curves are
providedin FIG. 8 A. FIG. 3B shows ELISA binding as shown
by minimum positive concentration (defined for FIG. 2) of
neutralizing mAbs to rHA or whole virions from pandemic
HINT or other influenza strains (ELISA binding curves are
provided in FIG. 8A). Three binding patterns (epitopes 1 and
2, and 3) were observed that coincided with specificity com-
parisons by competitive ELISA as illustrated in FIG. 4A. FIG.
3C is representative neutralizing antibodies (EM-4C04,
70-1F02, 1009-3B06) were used for HAI and micro-neutral-
ization (MN) activity against pandemic HIN1 and several
other annual or laboratory HIN1 influenza strains. Experi-
ments were performed in duplicates and repeated at least
three times. Minimum effective concentration is shown for
both assays.

[0027] FIG. 4. The neutralizing antibodies bind to three
non-overlapping epitopes in either the stalk or the globular
head of the HA molecule. In FIG. 4A, competition ELISA
assays were used to determine the similarity in specificity
between the various neutralizing antibodies. Shown is the
percent competition of each antibody in an ELISA binding
assay against all other neutralizing antibodies. A ten-fold
molar excess of unlabeled antibody was used to inhibit a
biotinylated antibody. Percent competition is calculated as
the reduction in absorbance relative to the level of inhibition
of any particular antibody against itself. Colors indicate
degree of inhibition of antibody binding as indicated. Anti-
body C179 is a commercial antibody that binds to the stalk
region of the HA molecule identifying epitope-1. Epitope-2
and -3 are each on the HA-head active site. 1000-2G06 and
the non-neutralizing but HA binding antibodies had no com-
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petition with any of the other HA-reactive antibodies and are
therefore not shown. VH gene usage of the individual anti-
bodies is listed on the right. All assays were performed in
duplicate. In FIG. 4B, plasmids encoding full-length wild
type (WT) H5-THO4 (A/Thailand/2-SP-33/2004 (HS5N1))
and its mutants were transiently transfected into 293T cells.
24 hours after transfection, cells were harvested for FACS
analysis, and binding of indicated antibodies were tested at 10
ng/mL. The cell surface HA expression of each of the mutants
were verified with a ferret anti-HSN1 serum (data not shown).
Antibody F10 was one of the antibodies used to characterize
the HA-stalk epitope by X-ray crystallography (Sui, 2009)
and served as a positive control for the binding pattern
expected of HA stalk reactive antibodies to these HA mutants.

[0028] FIG.5.Invivo prophylactic and therapeutic efficacy
of human mAbs against pandemic HIN1 influenza virus. 6-8
week old Balb/c mice were infected with a 3xLD50 dose of
highly pathogenic, mouse-adapted 2009 pandemic HIN1
influenza (A/California/04/09). 24, 48 and 60 hours after
infection 200 ug (10 mg/kg of body weight) of EM-4C04,
70-F02 or 1009-3B06 human mAb were injected intraperito-
neally. All mice were monitored daily for body weight
changes and any signs of morbidity and mortality. Percent of
initial body weight is plotted and number of surviving mice is
shown in the lower right of each plot. Infected, untreated mice
showed clear signs of sickness around day 4-5 post-infection
and perished by day 8-9. Prophylactic treatment is shown on
the left for comparison. Antibody treatment conferred signifi-
cant protection as determined by comparison of weights in
untreated versus prophylaxis, and at the time of treatment
versus 12 days post-infection (unpaired, two-tailed students
t-test p<0.05). The log-rank test indicated significant survival
as well (p<0.001). Figure shows one representative experi-
ments of at least three independent repeat experiments.

[0029] FIG. 6. Breadth of in vivo prophylactic efficacy in
mice. 6-8 week old Balb/c mice were treated with 200 ug (10
mg/kg of body weight) EM-4C04, 70-1F02 or 1009-3B06
human mAb intra-peritoneally, Control mice were treated
with PBS only, a control mAb or polyclonal human IgG. 12
hours later they were challenged with a 3xLD50 dose of
mouse adapted pandemic HIN1, PR/8/34 or FM/1/47 influ-
enza virus. All mice were monitored daily for body weight
changes and any signs of morbidity and mortality. Percent of
initial body weight (left) and survival curves (right) are plot-
ted. Infected, untreated mice showed clear signs of sickness
around day 4-5 post infection and perished by day 8-9. Figure
shows one representative experiments of at least three inde-
pendent repeat experiment. Antibody treatment conferred
significant protection as determined by comparison of
weights in untreated versus prophylaxis, and at the time of
treatment versus 12 days post-infection (unpaired, two-tailed
students t-test p<0.05). The log-rank test indicated significant
survival as well (p<0.003).

[0030] FIG. 7. Binding characteristics of control mAbs. In
FIG. 7A, Naive antibody cross-reactivity levels were used to
establish thresholds for scoring antibodies as positive against
the pandemic HIN1 influenza strains. A set of 48 naive anti-
bodies were screened by ELISA for binding to the pandemic
HINI influenza strain at concentrations beginning at 10
ug/ml and three 3-fold dilutions (the same initial concentra-
tion used to test the anti-H1N1 plasmablast antibodies). We
assigned the minimum binding threshold at 2 standard devia-
tions (2xSD) above the mean absorbance for the naive anti-
bodies at 10 ug/ml (left). Overall binding of curves of the
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naive antibodies relative to this threshold are also provided.
All ELISA assays were performed in duplicate. In FIG. 7B,
annual vaccine induced antibodies generated against past
influenza strains prior to the 2009 pandemic HIN1 pandemic
are only approximately one-third (22%) as likely to cross-
react with the pandemic HINT strain than the inverse (FIGS.
2A and 2B, 63% of the pandemic H1N1-induced antibodies
cross-react with past annual strains). We had generated 50
mAbs following annual vaccination prior to the pandemic.
Binding of these pre-pandemic mAbs to annual strains is
presented in the left panel and to the pandemic HIN1 strain on
the right panel. These analyses were performed at least twice.
[0031] FIG. 8. Binding characteristics of the neutralizing
mAbs. (A)ln FIG. 8A, ELISA binding curves for multiple
recombinant HA proteins and whole purified virus from dif-
ferent influenza strains for the 11 mAbs that neutralize pan-
demic HINT infectivity in vitro. These data were used for the
summary analysis in FIG. 3 panels A and C. The ELISA
assays were perform at least twice. In FIG. 8B, Antibody
avidities were determined by Biacore Surface Plasmon Reso-
nance (SPR) and ELISA. Antibodies 1009-3B06, 1000-3E01,
and 1000-2G06 could not be determined because these mAbs
did not bind to the recombinant HA protein from baculovirus
sufficiently well for SPR. Avidities for these mAbs and for the
antibodies that did not neutralize infection in vitro were esti-
mated by Scatchard plot analyses of ELISA data (shown in
parentheses). Three replicates were performed for the SPR
analyses.

[0032] FIG.9. Pandemic HIN1 induced plasmablasts have
accumulated large numbers of somatic mutations. In FIG. 9A,
similar to the results based on mutations averaged by donor,
mutation frequency considered by each individual VH gene
are also particularly high in the pandemic H1N1 patient plas-
mablast samples, comparable to annual influenza and
repeated anthrax-booster responses. FIG. 9B shows an analy-
sis of the variable gene repertoire indicated that cross-reactive
antibodies binding pandemic HIN1 better than annual HIN1
strains have significantly more combined VH and VL. muta-
tions, suggesting accumulation after further affinity matura-
tion of memory cells. Extraction of mutation numbers from
the broadly cross-reactive antibodies indicates that in general
they are from highly mutated variable genes as well. Statis-
tical comparisons were made using student’s t tests. The data
points (variable genes) are grouped by hypothetical origins as
described in the text. In total, the variable genes encoding
cross-reactive antibodies as a single grouping also had sig-
nificantly more somatic mutations than the pandemic HIN1
specific antibody genes (p=0.03). The frequency of mutations
was significantly greater than the IgG controls for all donors
except EM (t-test p<0.05).

[0033] FIG. 10. Therapeutic control of pandemic HIN1
viral titers in lungs after mAb treatment. 6-8 week old Balb/c
mice were infected with a lethal 3xLD50 dose of mouse
adapted pandemic HIN1 and treated with 200 ug given i.p.
EMA4C04 48 hours later. Lung tissue was removed from
groups of 5 mice per timepoint at 4, 6 and 12 days post
infection. Lung viral titers were determined by plaque assay
on MDCK cells and are reported as pfu per gram tissue.
[0034] FIG. 11 (Table 2). Amino acid sequence information
for HIN1 binding antibodies. Table 2 provides detailed infor-
mation, including sequence information, about each of the
antibodies that were confirmed to bind influenza. Each anti-
body is identified in Col. A by antibody name and an indica-
tion of whether the heavy or light chain is being described.
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Heavy chains are indicated by H1, H2 or H3 and light chains
are indicated by K1, K2, K3 or K4 at the end of the identifier
in Col. A. Thus, line 2 of Table 2 describes 1000-1BO2H,
which is a heavy chain for one of the cloned antibodies, and
line 3 of Table 2 describes 1000-1B02K2, which is the light
chain for the same antibody. Accordingly, each pair of lines
(e.g. 2/3, 4/5, 5/6, 8/9. 10/11, 12/13, 14/15, 16/17, 18/19,
20/21,22/23,24/25,26/27,28/29,20/31,32/33,34/35,36/37,
38/39,40/41,42/43,44/45,46/47,48/49,50/51,52/53, 54/55,
56/57,58/59,60/61,62/63,64/65,66/67,68/69,70/71,72/73,
74/75,76/77,78/79,80/81,82/83,84/85,86/87,88/89, 90/91,
and 92/93) represent paired heavy and light chains from a
cloned human antibody. Col. B indicates whether the clone
was productive. Col. C provides the V gene and V gene allele;
Col. E provides the J gene and J allele. Col. E provides the D
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gene and allele (for heavy chains). Col. F provides the V-D-J
region amino acid sequence (for heavy chains). Col. G pro-
vides the V-J region amino acid sequence (for light chains).
Col. H provides the V-region amino acid sequence. Col. |
provides the FR1 amino acid sequence. Col. J provides the
CDRI1 amino acid sequence. Col. K provides the FR2 amino
acid sequence. Col. L. provides the CDR2 amino acid
sequence. Col. M provides the FR3 amino acid sequence. Col.
N provides the CDR3 amino acid sequence. Col. O provides
the junction amino acid sequence. Col. P provides the J-re-
gion amino acid sequence. Col. Q provides the FR4 amino
acid sequence. In this table the information for the heavy
chain of 1000-3D04 (rows labeled 1000-3D0H2) should be
replaced with the following information:

[0035] V gene and allele: IGHV1-69*01 F; J gene and
allele: IGHI6*03 F; D gene and allele:

IGHD3-3*01 F; V-D-J region:

(SEQ ID NO. 22)

QVQLVQSGAEVKKPGSSVKVSCRASGGTFSSFAVSWVRQAPGQGLEWMGGI IGMF

GTTKYAQRFLGRVTITADESTSSAYMELSSLTSEDTAVYYCARPGDYRTIRYYHFF

MDVWGKGTTVTVSS ;

V region:

(SEQ ID NO. 23)

QVQOLVQSGAEVKKPGSSVKVSCRA

SGGTFSSFAVSWVRQAPGQGLEWMGGI IGMFGTTKYAQRFLGRVTITADESTSSAY

MELSSLTSEDTAVYYCAR;

FR1-IMGT:

QVOLVQSGAEVKKPGS

SVKVSCRAS;

CDR1-IMGT:

GGTFSSFA;

FR2-IMGT:

VSWVRQAPGQGLEWMGG ;

CDR2-IMGT:

IIGMFGTT;

FR3-IMGT:

KYAQRFLGRVTITADESTSSAYMELSSL

TSEDTAVYYC;

CDR3-IMGT:

ARPGDYRTIRYYHFFMDV;

JUNCTION :

CARPGDYRTIRYYHFFMDVW;

J-REGION:

FEFMDVWGKGTTVTVSS;
and

FR4-IMGT:

WGKGTTVTVSS.

(SEQ ID

(SEQ ID

(SEQ ID

(SEQ ID NO.

(SEQ ID

(SEQ ID

(SEQ ID

(SEQ ID

(SEQ ID

NO.

NO.

NO.

NO.

NO.

NO.

NO.

NO.

24)

25)

26)

27

28)

29)

30)

31)

32)
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[0036] FIG. 12 (Table 3). General information for HIN1
binding antibodies. Table 3 provides additional information
about the antibodies in Table 2 (FIG. 11). Columns A-C are as
in Table 2. Column D is the V-region score; column E is the
V-region % identity; column F is the V-region % identify at
the nucleotide level; column G is the J-gene and allele; col-
umn [ is the J-region % identity; column J is the J-region %
identify at the nucleotide level; column K is the D-gene and
allele; column L is the D-region reading frame; column M is
the CDR1-imgt length; column N is the CDR2-imgt length;
column O is the CDR3-imgt length; column P is the CDR-
imgt lengths; column Q is the FR-imgt length; column R is the
AA junction; column S indicates the frame of the junction;
column T indicates the orientation; column U has function-
ality comments; column V has information regarding the
potential for V-region inserts or deletions; column W has
comments on the J-gene and allele; and column X provides
the nucleotide sequence.

[0037] FIG.13 (Table4). Nucleotide sequence information
for HIN1 binding antibodies. Table 4 provides additional
information about the antibodies in Table 2 (FIG. 11). Col-
umns A-E are as in Table 2. Col. F provides the V-D-J region
nucleotide sequence (heavy chains). Col. G provides the V-]

V-D-J-REGION:
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region nucleotide sequence (for light chains). Col. H provides
the V-region nucleotide sequence. Col. I provides the FR1
nucleotide sequence. Col. J provides the CDR1 nucleotide
sequence. Col. K provides the FR2 nucleotide sequence. Col.
L provides the CDR2 nucleotide sequence. Col. M provides
the FR3 nucleotide sequence. Col. N provides the CDR3
nucleotide sequence. Col. O provides the junction nucleotide
sequence. Col. P provides the 3' V-region nucleotide
sequence. Col. Q provides the N and D region nucleotide
sequence. Column R provides the P 3'V nucleotide sequence.
Column S provides the N-region nucleotide sequence. Col-
umn T provides the N1-region nucleotide sequence. Column
U provides the P 5'D nucleotide sequence. Column V pro-
vides the D-region nucleotide sequence. Column W provides
the P3'D-region nucleotide sequence. Column X provides the
N2-region nucleotide sequence. ColumnY provides the P 5'J
nucleotide sequence. Column 7 provides the 5'J-region
nucleotide sequence. Column AA provides the D-J-region
nucleotide sequence. Column AB provides the J-region
nucleotide sequence. Column AC provides the FR3 nucle-
otide sequence. In this table the information for the heavy
chain of 1000-3D04 (rows labeled 1000-3D0H2) should be
replaced with the following information.

(SEQ ID NO. 33)

caggtgcagctggtgcagtetggggetgaggtgaagaagectgggtecteegtgaaggtctectgeagggegtetggaggeacct

tcagcagcetttgctgtcagetgggtgegacaggecectggacaaggacttgaatggatgggagggatcateggtatgtttgggaca

acaaaatacgcacagaggttcctgggcagagtcacgattacegeggacgagtctacgagetcagectacatggagetgageagee

tgacatctgaggacacggcegtgtattattgtgegagacegggtgattategaaccattagatactatcacttettcatggacgtetggy

gcaaagggaccacggtcaccegtcetectea

V-REGION:
(SEQ ID NO. 34)
Caggtgcagctggtgcagtetggggctgaggtgaagaagectgggtectecgtgaaggtctectgecagggegtetggaggecace

ttcagcagctttgetgteagetgggtgegacaggecectggacaaggacttgaatggatgggagggatcateggtatgtttgggaca

acaaaatacgcacagaggttcctgggcagagtcacgattacegeggacgagtctacgagetcagectacatggagetgageagee

tgacatctgaggacacggccegtgtattattgtgegaga

FR1-IMGT:
(SEQ ID NO. 35)
caggtgcagctggtgcagtetggggctgaggtgaagaagectgggtectecgtgaaggtctectgecagggegtet

CDR1-IMGT:
(SEQ ID NO. 36)
ggaggcaccttcagcagetttget

FR2-IMGT:
(SEQ ID NO. 37)
gtcagctgggtgcgacaggccectggacaaggacttgaatggatgggaggg

CDR2-IMGT:
(SEQ ID NO. 38)
atcatcggtatgtttgggacaaca

FR3-IMGT:
(SEQ ID NO. 39)

aaatacgcacagaggttectgggcagagtcacgattacegeggacgagtetacgagetcagectacatggagetgageagectga

catctgaggacacggcecgtgtattattgt
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-continued

CDR3-IMGT:

gecgagaccgggtgattatcgaaccattagatactatcacttettecatggacgte

JUNCTION :
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(SEQ ID NO. 40)

(SEQ ID NO. 41)

tgtgcgagaccgggtgattatcegaaccattagatactatcacttettcatggacgtetygyg

3'V REGION:
tgtgcgaga

(N-D) -J-REGION:

(SEQ ID NO. 42)

cegggtgattatcgaaccattagatactatcacttetteatggacgtetggggecaaagggaccacggtcacegtetectea

(N-D) -REGION:

cegggtgattatcgaaccattagatactatce

N1-REGION:
ccgyg

D-REGION:

gtgattatcgaacc

N2-REGION:

attagatactatc

5'J-REGION

acttcttcatggacgtetgg

D-J-REGION:

(SEQ ID NO. 43)

(SEQ ID NO. 44)

(SEQ ID NO. 45)

(SEQ ID NO. 46)

(SEQ ID NO. 47)

gtgattatcgaaccattagatactatcacttettcatggacgtcetggggcaaagggaccacggtecacegtetectea

J-REGION:
acttcttecatggacgtetggggcaaagggaccacggtcacegtcetectea
FR4-IMGT:

tggggcaaagggaccacggtcacegtetectea

[0038] FIG.14 (Table5). Amino acid sequence information
for antibodies not tested for HIN1 binding. Table 5 provides
detailed information, including sequence information, about
certain antibodies that were not tested for binding to influ-
enza. Hach antibody is identified in Col. A by antibody name
and an indication of whether the heavy or light chain is being
described. Heavy chains are indicated by H1, H2 or H3 and
light chains are indicated by K1, K2, K3 or K4 at the end of
the identifier in Col. A. Col. B indicates whether the clone was
productive. Column C provides the V gene and V gene allele.
Column D provides the J gene and J allele. Column. E pro-
vides the D gene and allele (for heavy chains). Column F
provides the V-D-J region amino acid sequence (for heavy
chains). Column G provides the V-J region amino acid
sequence (for light chains). Column H provides the V-region
amino acid sequence. Column I provides the FR1 amino acid
sequence. Column provides the CDR1 amino acid sequence.
Column K provides the FR2 amino acid sequence. Column L.
provides the CDR2 amino acid sequence. Column M pro-
vides the FR3 amino acid sequence. Column N provides the
CDR3 amino acid sequence. Column O provides the junction
amino acid sequence. Column P provides the J-region amino
acid sequence. Column Q provides the FR4 amino acid
sequence.

[0039] FIG. 15 (Table 6). General information for antibod-
ies not tested for HIN1 binding. Table 6 provides additional

(SEQ ID NO. 48)

(SEQ ID NO. 49)

information about the antibodies in Table 5 (FIG. 14). Col-
umns A-C are as in Table 5. Column D is the V-region score;
column E is the V-region % identity; column F is the V-region
% identify at the nucleotide level; column G is the J-gene and
allele; column I is the J-region % identity; column J is the
J-region % identify at the nucleotide level; column K is the
D-gene and allele; column L is the D-region reading frame;
column M is the CDR1-imgt length; column N is the CDR2-
imgt length; column O is the CDR3-imgt length; column P is
the CDR-imgt lengths; column Q is the FR-imgt length; col-
umn R is the AA junction; column S indicates the frame ofthe
junction; column T indicates the orientation; column U has
functionality comments; column V has information regarding
the potential for V-region inserts or deletions; column W has
comments on the J-gene and allele; and column X provides
the nucleotide sequence.

[0040] FIG. 16 (Table 7). Nucleotide sequence information
for antibodies not tested for HIN1 binding. Table 7 provides
additional information about the antibodies in Table 5 (FIG.
14). Columns A-E are as in Table 5. Col. F provides the V-D-J
region nucleotide sequence (heavy chains). Col. G provides
the V-J region nucleotide sequence (for light chains). Col. H
provides the V-region nucleotide sequence. Col. I provides
the FR1 nucleotide sequence. Col. J provides the CDR1
nucleotide sequence. Col. K provides the FR2 nucleotide
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sequence. Col. L provides the CDR2 nucleotide sequence.
Col. M provides the FR3 nucleotide sequence. Col. N pro-
vides the CDR3 nucleotide sequence. Col. O provides the
junction nucleotide sequence. Col. P provides the 3' V-region
nucleotide sequence. Col. Q provides the N and D region
nucleotide sequence. Column R provides the P 3'V nucleotide
sequence. Column S provides the N-region nucleotide
sequence. Column T provides the Nl-region nucleotide
sequence. Column U provides the P 5'D nucleotide sequence.
Column V provides the D-region nucleotide sequence. Col-
umn W provides the P 3'D-region nucleotide sequence. Col-
umn X provides the N2-region nucleotide sequence. Column
Y provides the P 5' ] nucleotide sequence. Column Z provides
the 5'J-region nucleotide sequence. Column AA provides the
D-J-region nucleotide sequence. Column AB provides the
J-region nucleotide sequence. Column AC provides the FR3
nucleotide sequence.

DETAILED DESCRIPTION

[0041] The present invention provides antibodies, includ-
ing human and/or humanized forms, as well as fragment,
derivatives/conjugates and compositions thereof that bind to
an HA domain of the HIN1 influenza virus. Certain of the
antibodies can neutralize multiple HINT1 strains and certain
antibodies can neutralize multiple HIN1 and H5N1 strains.
Anti-influenza antibodies are also herein referred to as anti-
bodies of the invention.

[0042] As used herein, the terms “antibody” and “antibod-
ies”, also known as immunoglobulins, encompass mono-
clonal antibodies (including full-length monoclonal antibod-
ies), spolyclonal antibodies, multispecific antibodies formed
from at least two different epitope binding fragments (e.g.,
bispecific antibodies), human antibodies, humanized anti-
bodies, camelised antibodies, chimeric antibodies, single-
chain Fvs (scFv), single-chain antibodies, single domain anti-
bodies, domain antibodies, Fab fragments, F(ab')2 fragments,
antibody fragments that exhibit the desired biological activity
(e.g. the antigen binding portion), disulfide-linked Fvs
(dsFv), and anti-idiotypic (anti-Id) antibodies (including,
e.g., anti-Id antibodies to antibodies of the invention), intra-
bodies, and epitope-binding fragments of any of the above. In
particular, antibodies include immunoglobulin molecules and
immunologically active fragments of immunoglobulin mol-
ecules, i.e., molecules that contain at least one antigen-bind-
ing site. Immunoglobulin molecules can be of any isotype
(e.g., IgG, IgE, IgM, IgD, IgA and IgY), subisotype (e.g.,
1gG1, 1gG2, 1gG3, 1gG4, IgAl and 1gA2) or allotype (e.g.,
Gm, e.g., Glm(f, z, aorx), G2m(n), G3m(g, b, orc), Am, Em,
and Km(1, 2 or 3)). Antibodies may be derived from any
mammal, including, but not limited to, humans, monkeys,
pigs, horses, rabbits, dogs, cats, mice, etc., or other animals
such as birds (e.g. chickens).

[0043] Native antibodies are usually heterotetrameric gly-
coproteins of about 150,000 daltons, composed of two iden-
tical light (L) chains and two identical heavy (H) chains. Each
light chain is linked to a heavy chain by one covalent disulfide
bond, while the number of disulfide linkages varies between
the heavy chains of different immunoglobulin isotypes. Each
heavy and light chain also has regularly spaced intrachain
disulfide bridges. Each heavy chain has at one end a variable
domain (VH) followed by a number of constant domains
(CH). Each light chain has a variable domain at one end (VL)
and a constant domain (CL) at its other end; the constant
domain of the light chain is aligned with the first constant
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domain of the heavy chain, and the light chain variable
domain is aligned with the variable domain of the heavy
chain. Light chains are classified as either lambda chains or
kappa chains based on the amino acid sequence of the light
chain constant region. The variable domain of a kappa light
chain may also be denoted herein as VK.

[0044] Theantibodies of the invention include full length or
intact antibody, antibody fragments, native sequence anti-
body or amino acid variants, human, humanized, post-trans-
lationally modified, chimeric or fusion antibodies, immuno-
conjugates, and functional fragments thereof. The antibodies
can be modified in the Fc region to provide desired effector
functions or serum half-life. As discussed in more detail in the
sections below, with the appropriate Fc regions, the naked
antibody bound on the cell surface can induce cytotoxicity,
e.g., via antibody-dependent cellular cytotoxicity (ADCC) or
by recruiting complement in complement dependent cytotox-
icity (CDC), or by recruiting nonspecific cytotoxic cells that
express one or more effector ligands that recognize bound
antibody on a influenza cell and subsequently cause phago-
cytosis of the influenza cell in antibody dependent cell-me-
diated phagocytosis (ADCP), or some other mechanism.
Alternatively, where it is desirable to eliminate or reduce
effector function, so as to minimize side effects or therapeutic
complications, certain other Fc regions may be used. The Fc
region of the antibodies of the invention can be modified to
increase the binding affinity for FcRn and thus increase serum
half-life. Alternatively, the Fc region can be conjugated to
PEG or albumin to increase the serum half-life, or some other
conjugation that results in the desired effect.

[0045] Naturally-occurring antibodies are immunoglobu-
lin molecules comprised of four polypeptide chains, two
heavy (H) chains and two light (L) chains inter-connected by
disulfide bonds. Each heavy chain is comprised of a heavy
chain variable region (VH) and a heavy chain constant region.
The heavy chain constant region is comprised of three
domains, CH1, CH2 and CH3. Each light chain is comprised
of'alight chain variable region (VL) and a light chain constant
region. The light chain constant region is comprised of one
domain, CL. The VH and VL regions can be further subdi-
vided into regions of hypervariability, called complementar-
ity determining regions (CDR), interspersed with regions that
are more conserved, called framework regions (FR). Each VH
and VL is composed of three CDRs and four FRs, arranged
from amino-terminus to carboxy-terminus in the following
order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4.

[0046] CDRs and FRs may be defined according to Kabat
(Sequences of Proteins of Immunological Interest (National
Institutes of Health, Bethesda, Md., 1987 and 1991)). Amino
acid numbering of antibodies or antigen binding fragments is
also according to that of Kabat.

[0047] Each CDR can included amino acid residues from a
complementarity determining region as defined by Kabat (i.e.
about residues 24-34 (CDR-L1), 50-56 (CDR-1.2) and 89-97
(CDR-L3) in the light chain variable domain (SEQ ID NO:1)
and 31-35 (CDR-H1), 50-65 (CDR-H2) and 95-102 (CDR-
H3) in the heavy chain variable domain (SEQ ID NO:2);
Kabat et al., Sequences of Proteins of Immunological Inter-
est, 5th Ed. Public Health Service, National Institutes of
Health, Bethesda, Md. (1991)) and/or those residues from a
hypervariable loop (i.e. about residues 26-32 (CDR-L1),
50-52 (CDR-L2) and 91-96 (CDR-L3) in the light chain
variable domain (SEQ ID NO:1)and 26-32 (CDR-H1), 53-55
(CDR-H2) and 96-101 (CDR-H3) in the heavy chain variable
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domain (SEQ ID NO:2); Chothia and Lesk J. Mol. Biol.
196:901-917 (1987)). In some instances, a complementarity
determining region can include amino acids from botha CDR
region defined according to Kabat and a hypervariable loop.
[0048] Framework regions are those variable domain resi-
dues other than the CDR residues. Each variable domain
typically has four FRs identified as FR1, FR2, FR3 and FR4.
Ifthe CDRs are defined according to Kabat, the light chain FR
residues are positioned at about residues 1-23 (LCFR1),
35-49 (LCFR2), 57-88 (LCFR3), and 98-107 (LCFR4) of
SEQ ID NO:1) and the heavy chain FR residues are posi-
tioned about at residues 1-30 (HCFR1), 36-49 (HCFR2),
66-94 (HCFR3), and 103-113 (HCFR4) of SEQ ID NO:2. If
the CDRs comprise amino acid residues from hypervariable
loops, the light chain FR residues are positioned about at
residues 1-25 (LCFR1), 33-49 (LCFR2), 53-90 (LCFR3),
and 97-107 (LCFR4) in the light chain (SEQ ID NO:1) and
the heavy chain FR residues are positioned about at residues
1-25 (HCFR1), 33-52 (HCFR2), 56-95 (HCFR3), and 102-
113 (HCFR4) in the heavy chain (SEQ ID NO:2). In some
instances, when the CDR comprises amino acids from both a
CDR as defined by Kabat and those of a hypervariable loop,
the FR residues will be adjusted accordingly.

[0049] An Fv fragment is an antibody fragment which con-
tains a complete antigen recognition and binding site. This
region consists of a dimer of one heavy and one light chain
variable domain in tight association, which can be covalent in
nature, for example in scFv. It is in this configuration that the
three CDRs of each variable domain interact to define an
antigen binding site on the surface of the VH-VL dimer.
Collectively, the six CDRs or a subset thereof confer antigen
binding specificity to the antibody. However, even a single
variable domain (or half of an Fv comprising only three CDRs
specific for an antigen) has the ability to recognize and bind
antigen, although usually at a lower affinity than the entire
binding site.

[0050] The Fab fragment contains a variable and constant
domain of the light chain and a variable domain and the first
constant domain (CH1) of the heavy chain. F(ab')2 antibody
fragments comprise a pair of Fab fragments which are gen-
erally covalently linked near their carboxy termini by hinge
cysteines between them. Other chemical couplings of anti-
body fragments are also known in the art.

[0051] Single-chain Fv or (scFv) antibody fragments com-
prise the VH and VL. domains of antibody, wherein these
domains are present in a single polypeptide chain. Generally
the Fv polypeptide further comprises a polypeptide linker
between the VH and VL domains, which enables the scFv to
form the desired structure for antigen binding.

[0052] Diabodies are small antibody fragments with two
antigen-binding sites, which fragments comprise a heavy
chain variable domain (VH) connected to a light chain vari-
able domain (VL) in the same polypeptide chain (VH and
VL). By using a linker that is too short to allow pairing
between the two domains on the same chain, the domains are
forced to pair with the complementary domains of another
chain and create two antigen-binding sites.).

[0053] Linear antibodies comprise a pair of tandem Fd
segments (VH-CH1-VH-CH1) which, together with comple-
mentary light chain polypeptides, form a pair of antigen bind-
ing regions. Linear antibodies can be bispecific or monospe-
cific.

[0054] The antibodies herein specifically include chimeric
antibodies (immunoglobulins) in which a portion of the heavy
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and/or light chain is identical with or homologous to corre-
sponding sequences in antibodies derived from a particular
species or belonging to a particular antibody class or subclass,
while the remainder of the chain(s) is identical with or
homologous to corresponding sequences in antibodies
derived from another species or belonging to another anti-
body class or subclass, as well as fragments of such antibod-
ies, so long as they exhibit the desired biological activity.

[0055] An antigen binding portion of an antibody specifi-
cally binds to an antigen (e.g., HIN1). It has been shown that
the antigen-binding function of an antibody can be performed
by portions of a full-length antibody, all of which are encom-
passed by the general term antibody, including: (i) a Fab
fragment, a monovalent fragment consisting of the VL, VH,
CL and CHI1 domains; (ii) a F(ab")2 fragment, a bivalent
fragment comprising two Fab fragments linked by a disulfide
bridge at the hinge region; (iii) a Fd fragment consisting of the
VH and CH1 domains; (iv) a Fv fragment consisting of the
VL and VH domains of a single arm of an antibody, (v) a dAb
fragment (Ward et al, (1989) Nature 341:544 546), which
consists of a VH domain; and (vi) an isolated complementa-
rity determining region (CDR). Furthermore, although the
two domains of the Fv fragment, VL. and VH, are coded for by
separate genes, they can be joined, using recombinant meth-
ods, by a synthetic linker that enables them to be made as a
single protein chain in which the VL. and VH regions pair to
form monovalent molecules (known as single chain Fv
(scFv); see e.g., Bird et al. (1988) Science 242:423 426; and
Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879
5883). Single chain Fv and other forms of single chain anti-
bodies, such as diabodies are also encompassed by the gen-
eral term antibody. Diabodies are bivalent, bispecific antibod-
ies in which VH and VL domains are expressed on a single
polypeptide chain, but using a linker that is too short to allow
for pairing between the two domains on the same chain,
thereby forcing the domains to pair with complementary
domains of another chain and creating two antigen binding
sites (see e.g., Holliger et al. (1993) Proc. Natl. Acad. Sci.
USA 90:6444; Poljak et al. (1994) Structure 2:1121).

[0056] An antibody or antigen-binding portion thereof may
be part of a larger immunoadhesion molecule, formed by
covalent or noncovalent association of the antibody or anti-
body portion with one or more other proteins or peptides.
Examples of such immunoadhesion molecules include use of
the streptavidin core region to make a tetrameric scFv mol-
ecule (Kipriyanov etal. (1995) Human Antibodies and Hybri-
domas 6:93) and use of a cysteine residue, a marker peptide
and a C-terminal polyhistidine tag to make bivalent and bioti-
nylated scFv molecules (Kipriyanov et al. (1994) Mol. Immu-
nol. 31:1047). Antibody portions, such as Fab and F(ab),
fragments, can be prepared from whole antibodies using con-
ventional techniques, such as papain or pepsin digestion,
respectively, of whole antibodies. Moreover, antibodies, anti-
body portions and immunoadhesion molecules can be
obtained using standard recombinant DNA techniques.

[0057] Human antibodies include antibodies having vari-
able and constant regions derived from (or having the same
amino acid sequence as those derived from) human germline
immunoglobulin sequences. Human antibodies may include
amino acid residues not encoded by human germline immu-
noglobulin sequences (e.g., mutations introduced by random
or site-specific mutagenesis in vitro or by somatic mutation in
vivo), for example in the CDRs and in particular CDR3.
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[0058] Recombinant antibodies are prepared, expressed,
created or isolated by recombinant means, such as antibodies
expressed using a recombinant expression vector transfected
into a host cell, antibodies isolated from a recombinant, com-
binatorial human antibody library, antibodies isolated from
an animal (e.g., a mouse) that is transgenic for human immu-
noglobulin genes (Taylor et al. (1992) Nucl. Acids Res.
20:6287) or antibodies prepared, expressed, created or iso-
lated by any other means that involves splicing of human
immunoglobulin gene sequences or variants thereof to other
DNA sequences. Such recombinant human antibodies have
variable and constant regions derived from human germline
immunoglobulin sequences or variants thereof. In certain
embodiments, however, such recombinant human antibodies
are subjected to in vitro mutagenesis (or, when an animal
transgenic for human Ig sequences is used, in vivo somatic
mutagenesis) and thus the amino acid sequences of the VH
and VL regions of the recombinant antibodies are sequences
that may not naturally exist within the human antibody ger-
mline repertoire in vivo.

[0059] In certain embodiments, the anti-influenza antibod-
ies are isolated and/or purified and/or pyrogen free antibod-
ies. The term “purified” as used herein, refers to other mol-
ecules, e.g. polypeptide, nucleic acid molecule that have been
identified and separated and/or recovered from a component
of its natural environment. Thus, in one embodiment the
antibodies of the invention are purified antibodies wherein
they have been separated from one or more components of
their natural environment.

[0060] The anti-influenza antibodies of the invention
immunospecifically bind an epitope specific to an HA domain
of an HINT influenza virus and do not specifically bind to
other polypeptides. The term “epitope” as used herein refers
to a protein determinant capable of binding to an antibody.
Epitopes usually consist of chemically active surface group-
ings of molecules such as amino acids or sugar side chains
and usually have specific three dimensional structural char-
acteristics, as well as specific charge characteristics. Confor-
mational and non-conformational epitopes are distinguished
in that the binding to the former but not the latter is lost in the
presence of denaturing solvents.

[0061] The present anti-influenza antibodies comprise at
least one antigen binding domain that comprises at least one
complementarity determining region (CDR1, CDR2 and
CDR3). In one embodiment, the anti-influenza antibodies
comprise a VH that comprises at least one VH CDR (e.g.,
CDR-H1, CDR-H2 or CDR-H3). In another embodiment, the
anti-influenza antibodies comprise a VL that comprises at
least one VL. CDR (e.g., CDR-L1, CDR-L2 or CDR-L3).

[0062] In certain embodiments, the anti-influenza antibod-
ies comprise a VH CDR1 having an amino acid sequence
identical to or comprising 1, 2, or 3 amino acid residue sub-
stitutions relative to a VH CDR1 in column J of Table 2 or
Table 5,a VH CDR2 having an amino acid sequence identical
to or comprising 1, 2, or 3 amino acid residue substitutions
relative to a VH CDR2 in column L of Table 2 or Table 5 and
a VH CDR3 having an amino acid sequence identical to or
comprising 1, 2, or 3 amino acid residue substitutions relative
to a VH CDR3 in column N of Table 2 or Table 5. In another
embodiment, the anti-influenza antibodies comprise a VL.
CDRI1 having an amino acid sequence identical to or com-
prising 1, 2, or 3 amino acid residue substitutions relative to a
VL CDRI1 in column J of Table 2 or Table 5, a VL. CDR2
having an amino acid sequence identical to or comprising 1,

Feb. 13,2014

2, or3 amino acid residue substitutions relative to a VL. CDR2
in column L, of Table 2 or Table 5, and a VL. CDR3 having an
amino acid sequence identical to or comprising 1, 2, or 3
amino acid residue substitutions relative to a VL CDR3 in
column N of Table 2 or Table 5.

[0063] In certain embodiments, the anti-influenza antibod-
ies comprise a VH CDR1 having an amino acid sequence
identical to a VH CDRI1 in column J of Table 2 or Table 5, a
VH CDR2 having an amino acid sequence identical to a VH
CDR2 in column L of Table 2 or Table 5 and a VH CDR3
having an amino acid sequence identical to a VH CDR3 in
column N of Table 2 or Table 5. In another embodiment, the
anti-influenza antibodies comprise a VL. CDR1 having an
amino acid sequence identical to a VI, CDR1 in column J of
Table 2 or Table 5, a VL. CDR2 having an amino acid
sequence identical to a VL. CDR2 in column L, of Table 2 or
Table 5; and a VL. CDR3 having an amino acid sequence
identical to a VL CDR3 in column N of Table 2 or Table 5. In
certain embodiments the VH and VL CDRs are all from the
same antibody in Table 2 or Table 5.

[0064] In certain embodiments, the anti-influenza antibod-
ies comprise a heavy chain V-region having an amino acid
sequence identical to a heavy chain V-region in column H of
Table 2 or Table 5 and a light chain V-region identical to a light
chain V-region in column H of Table 2 or Table 5.

[0065] In certain embodiments, the anti-influenza antibod-
ies comprise a heavy chain V-region having an amino acid
sequence identical to or having 1, 2,3, 4,5, 6,7, 8, 9 or 10
amino acid substitution relative to a heavy chain V-region in
column H of Table 2 or Table 5 and a light chain V-region
having an amino acid sequence identical to or having 1, 2, 3,
4,5,6,7,8,9 or 10 amino acid substitution relative to a light
chain V-region in column H of Table 2 or Table 5

[0066] In certain embodiments, the anti-influenza antibod-
ies comprise a heavy chain VDJ-region having an amino acid
sequence identical to a heavy chain VDI-region in column F
of Table 2 or Table 5 and a light chain VJ-region identical to
a light chain VJ-region in column G of Table 2 or Table 5
[0067] In certain embodiments, the anti-influenza antibod-
ies comprise a heavy chain VDJ-region having an amino acid
sequence identical to or having 1, 2,3, 4,5, 6,7, 8, 9 or 10
amino acid substitution relative to a heavy chain VDJ-region
in column F of Table 2 or Table 5 and a light chain VJ-region
having an amino acid sequence identical to or having 1, 2, 3,
4,5,6,7,8,9 or 10 amino acid substitution relative to a light
chain VJ-region in column G of Table 2 or Table 5.

[0068] In addition to the amino acid sequences described
above, the invention further provides nucleotide sequences
corresponding to the amino acid sequences and encoding for
the human, humanized and/or chimeric antibodies of the
invention. In one embodiment, the invention provides poly-
nucleotides comprising a nucleotide sequence encoding an
anti-influenza antibody described herein or fragments
thereof. These include, but are not limited to, nucleotide
sequences that code for the above referenced amino acid
sequences. Thus, the present invention also provides poly-
nucleotide sequences encoding VH and VL framework
regions including CDRs and FRs of antibodies described
herein as well as expression vectors for their efficient expres-
sion in cells (e.g. mammalian cells).

[0069] In one embodiment, the anti-influenza antibodies
immunospecifically bind an HA domain of an HIN1 influ-
enza virus or antigenic fragments thereof, having at least
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or having at
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least 100% identity to the amino acid sequence of an antibody
described herein. In a further embodiment, the anti-influenza
antibodies immunospecifically bind to an HA domain of an
HINI influenza virus polypeptide or antigenic fragments
thereof, having at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or having at least 100% identity to the
amino acid sequence of an antibody described herein.
[0070] Methods for producing and screening for specific
antibodies using recombinant DNA technology are routine
and well known inthe art (e.g. U.S. Pat. No. 4,816,567). DNA
encoding the monoclonal antibodies may be readily isolated
and/or sequenced using conventional procedures (e.g., by
using oligonucleotide probes that are capable of binding spe-
cifically to genes encoding the heavy and light chains of
murine antibodies). Once isolated, the DNA may be placed
into expression vectors, which are then transfected into host
cells such as E. coli cells, simian COS cells, Chinese Hamster
Ovary (CHO) cells, or myeloma cells that do not otherwise
produce antibody protein, to obtain the synthesis of mono-
clonal antibodies in the recombinant host cells. Review
articles on recombinant expression in bacteria of DNA encod-
ing the antibody include Skerra et al., Curr. Opinion in Immu-
nol., 5:256-262 (1993) and Pluckthun, Immunol. Revs., 130:
151-188 (1992). As described below for antibodies generated
by phage display and humanization of antibodies, DNA or
genetic material for recombinant antibodies can be obtained
from source(s) other than hybridomas to generate antibodies
of the invention.

[0071] Recombinant expression of an antibody or variant
thereof generally requires construction of an expression vec-
tor containing a polynucleotide that encodes the antibody.
The invention, thus, provides replicable vectors comprising a
nucleotide sequence encoding an antibody molecule, a heavy
or light chain of an antibody, a heavy or light chain variable
domain of an antibody or a portion thereof, or a heavy or light
chain CDR, operably linked to a promoter. Such vectors may
include the nucleotide sequence encoding the constant region
of'the antibody molecule (see, e.g., U.S. Pat. Nos. 5,981,216;
5,591,639, 5,658,759 and 5,122,464 ) and the variable domain
of the antibody may be cloned into such a vector for expres-
sion of the entire heavy, the entire light chain, or both the
entire heavy and light chains.

[0072] Once the expression vector is transferred to a host
cell by conventional techniques, the transfected cells are then
cultured by conventional techniques to produce an antibody.
Thus, the invention includes host cells containing a poly-
nucleotide encoding an antibody of the invention or frag-
ments thereof, or a heavy or light chain thereof, or portion
thereof, or a single-chain antibody of the invention, operably
linked to a heterologous promoter. In certain embodiments
for the expression of double-chained antibodies, vectors
encoding both the heavy and light chains may be co-ex-
pressed in the host cell for expression of the entire immuno-
globulin molecule, as detailed below.

[0073] Mammalian cell lines available as hosts for expres-
sion of recombinant antibodies are well known in the art and
include many immortalized cell lines available from the
American Type Culture Collection (ATCC), including but not
limited to Chinese hamster ovary (CHO) cells, Hel.a cells,
baby hamster kidney (BHK) cells, monkey kidney cells
(COS), human hepatocellular carcinoma cells (e.g., Hep G2),
human epithelial kidney 293 cells, and a number of other cell
lines. Different host cells have characteristic and specific
mechanisms for the post-translational processing and modi-
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fication of proteins and gene products. Appropriate cell lines
or host systems can be chosen to ensure the correct modifi-
cation and processing of the antibody or portion thereof
expressed. To this end, eukaryotic host cells which possess
the cellular machinery for proper processing of the primary
transcript, glycosylation, and phosphorylation of the gene
product may be used. Such mammalian host cells include but
are not limited to CHO, VERY, BHK, Hela, COS, MDCK,
293,373, W138, BT483, Hs578T, HTB2, BT20 and T47D,
NSO (a murine myeloma cell line that does not endogenously
produce any functional immunoglobulin chains), SP20,
CRL7030 and HsS78Bst cells. In one embodiment, human
cell lines developed by immortalizing human lymphocytes
can be used to recombinantly produce monoclonal antibod-
ies. In one embodiment, the human cell line PER.C6. (Cru-
cell, Netherlands) can be used to recombinantly produce
monoclonal antibodies.

[0074] Additional cell lines which may be used as hosts for
expression of recombinant antibodies include, but are not
limited to, insect cells (e.g. S21/519, Trichoplusia ni Bti-
Tn5b1-4) or yeast cells (e.g. S. cerevisiae, Pichia, U.S. Pat.
No. 7,326,681; etc), plants cells (US20080066200); and
chicken cells (W02008142124).

[0075] Once an antibody molecule has been produced by
recombinant or hybridoma expression, it may be purified by
any method known in the art for purification of an immuno-
globulin molecule, for example, by chromatography (e.g.,ion
exchange, affinity, particularly by affinity for the specific
antigens Protein A or Protein G, and sizing column chroma-
tography), centrifugation, differential solubility, or by any
other standard technique for the purification of proteins. Fur-
ther, the antibodies of the present invention or fragments
thereof may be fused to heterologous polypeptide sequences
(referred to herein as “tags”) described above or otherwise
known in the art to facilitate purification.

[0076] Itis known that variants of the Fc region (e.g., amino
acid substitutions and/or additions and/or deletions) enhance
or diminish effector function of the antibody (See e.g., U.S.
Pat. Nos. 5,624,821, 5,885,573, 6,538,124, 7,317,091, 5,648,
260; 6,538,124; WO 03/074679; WO 04/029207; WO
04/099249; WO 99/58572; US Publication No. 2006/
0134105; 2004/0132101; 2006/0008883) and may alter the
pharmacokinetic properties (e.g. half-life) of the antibody
(see, U.S. Pat. Nos. 6,277,375 and 7,083,784). Thus, in cer-
tain embodiments, the anti-influenza antibodies of the inven-
tion comprise an altered Fc region (also referred to herein as
“variant Fc region”) in which one or more alterations have
been made in the Fc region in order to change functional
and/or pharmacokinetic properties of the antibodies. The
serum half-life of proteins comprising Fc regions may be
increased by increasing the binding affinity of the Fc region
for FcRn. The term “antibody half-life” as used herein means
a pharmacokinetic property of an antibody that is a measure
of the mean survival time of antibody molecules following
their administration. Antibody half-life can be expressed as
the time required to eliminate 50 percent of a known quantity
of immunoglobulin from the patient’s body (or other mam-
mal) or a specific compartment thereof, for example, as mea-
sured in serum, i.e., circulating half-life, or in other tissues.
Half-life may vary from one immunoglobulin or class of
immunoglobulin to another. In general, an increase in anti-
body half-life results in an increase in mean residence time
(MRT) in circulation for the antibody administered. In a
specific embodiment, the present invention provides an Fc
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variant antibody, wherein the Fc region comprises at least one
non-naturally occurring amino acid at one or more positions
selected from the group consisting of 252, 254, and 256. In
one embodiment, the non-naturally occurring amino acids are
selected from the group consisting of 252Y, 254T and 256E.
[0077] In certain embodiments, the anti-influenza antibod-
ies and compositions thereof of the invention may be used in
vivo and/or in vitro for diagnosing HIN1 influenza associated
diseases. This can be achieved, for example, by contacting a
sample to be tested, optionally along with a control sample,
with the antibody under conditions that allow for formation of
a complex between the antibody and HIN1 influenza. Com-
plex formation is then detected (e.g., using an ELISA). When
using a control sample along with the test sample, complex is
detected in both samples and any statistically significant dif-
ference in the formation of complexes between the samples is
indicative of the presence of influenza in the test sample.
[0078] In one embodiment, the invention provides a
method of determining the presence of influenza in a sample
suspected of containing influenza, said method comprising
exposing the sample to an anti-influenza antibody of the
invention, and determining binding of the antibody to the
HINTI influenza virus in the sample wherein binding of the
antibody to the HIN1 influenza virus in the sample is indica-
tive of the presence of the HIN1 influenza virus in the sample.
In one embodiment, the sample is a biological sample. In
another embodiment, the sample is a nasopharyngeal wash.
[0079] In certain embodiments, the anti-influenza antibod-
ies and compositions thereof of the invention may be admin-
istered for prevention and/or treatment of influenza disease
caused by an HINI influenza infection. The invention
encompasses methods of preventing, treating, ameliorating a
symptom of, or reducing the risk of an influenza-mediated
infection, disease or disorder, wherein the methods comprise
administering anti-influenza antibodies of the invention.

EXAMPLES

[0080] Described below is an analysis of plasmablast and
monoclonal antibody responses induced by pandemic HIN1
infection in humans. Unlike antibodies elicited by annual
influenza vaccinations, most neutralizing antibodies induced
by pandemic HIN1 infection were broadly cross-reactive
against epitopes in the hemagglutinin (HA) stalk and head
domain of multiple influenza strains. The antibodies were
from cells that had undergone extensive affinity maturation.
Thus, it is possible that the plasmablasts producing these
broadly neutralizing antibodies were predominantly derived
from activated memory B cells specific for epitopes con-
served in several influenza strains. Consequentially, most
neutralizing antibodies were broadly reactive against diver-
gent HIN1 and H5N1 influenza strains. Certain of the anti-
bodies generated potently protected and rescued mice from
lethal challenge with pandemic HIN1 or antigenically dis-
tinct influenza strains.

Influenza-Specific Plasmablasts are Persistently Induced
Throughout Infection Providing a Rich Source of Antiviral
mAbs.

[0081] The B cell responses were examined in nine patients
infected with the pandemic 2009 HINI1 influenza virus.
These patients had a varying course and severity of disease.
The cases ranged from mild disease with rapid viral clearance
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within a few days after onset of symptoms, to severe cases that
shed virus for several weeks and required hospitalization with
ventilator support. A majority of the patients were treated
with antiviral drugs. The diagnoses were confirmed by pan-
demic H1N1 specific RT-PCR and serology. All patients had
neutralizing titers of serum antibodies at the time of blood
collection. A summary of the clinical patient data is shown in
Table 1. The majority of samples were obtained around 10
days after the onset of symptoms, with the exception of a
particularly severe case where sampling was done 31 days
after symptom onset. Antigen specific plasmablasts appear
transiently in peripheral blood after vaccination with influ-
enza or other vaccines (Bernasconi et al., 2002; Brokstad et
al., 1995; Sasaki et al., 2007; Wrammert et al., 2008), but the
kinetics of their appearance and persistence during an ongo-
ing infection remain unclear. Here we have analyzed the
magnitude and specificity of the plasmablast response in
blood samples taken within weeks after onset of clinical
symptoms of pandemic HIN1 influenza virus infection.
Using a virus-specific ELISPOT assay, we could show a
significant number of pandemic HIN1 reactive plasmablasts
in the blood of the infected patients, while none were detect-
able in a cohort of healthy volunteers (FIGS. 1A and 1B).

[0082] These cells were also readily detectable in the more
severe cases, several weeks after symptom onset. FIGS. 1A
and 1C illustrates that of the total IgG secreting cells over half
of the cells were producing antibodies that bound pandemic
HINI influenza virus. Moreover, plasmablasts specific for
HA occurred at 30-50% the frequency of virus-specific cells
(FIGS. 1C and D), the specificity most likely to be critical for
protection. Most patients also had a relatively high frequency
of plasmablasts making antibodies that bound to past, sea-
sonal influenza strains (FIG. 1C) orindeed recombinant HA
from the previous annual HIN1 strain, A/Brisbane/59/2007.
Based on the overall frequency of pandemic H1N1 specific
cells it is likely that the cells binding other strains were-
lapping populations and cross-reactive. None of the induced
plasmablast cells bound to recombinant HA from the H3N2
strain from the same vaccine (A/Brisbane/10/2007). These
findings demonstrate that influenza-specific human plasma-
blasts are continuously generated throughout an ongoing
infection and that a fairly high proportion ofthese cells makes
antibodies that also cross-react with previous annual HIN1
influenza strains.

[0083] Inorder to analyze the specificity, breadth and neu-
tralizing capacity of these plasmablasts, we used single-cell
PCR to amplify the heavy and light chain variable region
genes from individually sorted cells (defined as CD19™",
CD20"~,CD3~, CD38"&" CD27""¢" cells) (FIG. 1E) (Smith
etal.,2009; Wrammert et al., 2008). These genes were cloned
and expressed as mAbs in 293 cells and the antibodies
screened for reactivity by ELISA. Thresholds for scoring
antibodies as specific to the influenza antigens were empiri-
cally determined based on being two standard-deviations
greater than the background level of binding evident from 48
naive B cell antibodies (detailed in FIG. 7A). Of 86 antibodies
generated in this fashion, 46 (53%) bound pandemic HIN1
(FIG. 1F) and one third (15 antibodies) were reactive to HA
(FIG. 1G and FIG. 8A), most of them at sub-nanomolar
avidities (based on surface
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TABLE 1

Summary of clinical data for patients with acute pandemic H1N1 virus infections

HAI MN Co-
Gender titer titer morbidities

Sample Antiviral

Patient Age Initial symptoms Hospital course collection treatment mAb

EM 30 F 640 1280 none Fever, cough, dyspnea Acute respiratory distress Day 31 Oseltamivir ~ Yes
syndrome, bacterial pneumonia,
pulmonary embolism, prolonged
oscillatory ventilator support,
tracheostomy, discharged after
2 mo
1000 37 M 80 40 Hypertension, Fever, cough, shortness ~ Pneumonia, acute sinusitus, Day 18 Oseltamivir, Yes
interstitial of breadth, nausea, acute renal failure, discharged Zanamavir
lung disease vomiting after 8 d
of unknown
etiology
70 38 F 80 160 none Fever, cough, body aches N/A Day 15 None Yes
1009 21 M 20 20 Congenital Fever, cough, sore throat, N/A Day 9 Oseltamivir ~ Yes
heart disease,  nausea, diarrhea
repair for
Tetralogy of
Fallot
1010 24 M 10 10 none Fever, cough, nausea, N/A Day 11 Oseltamivir  No
vomiting, diarrhea
1011 25 M 20 10 none Fever, cough, sore throat, N/A Day 9 Oseltamivir  No
vomiting, headache,
confusion
1013 26 M 80 160 none Fever, cough, sore throat, N/A Day 9 None No
body aches, nausea,
vomiting, diarrhea
1014 45 F 80 20 none Fever, chills, cough, N/A Day 9 None No

sore throat, body aches,
headache, nausea,
vomiting

!Indicates whether monoclonal antibodies were made from the plasmoblasts of these patients.

plasmon resonance analyses, FIG. 8B). On a per donor basis,
55% of the mAbs bound to purified pandemic HIN1 virions
(range: 33% to 77%). Of the virus-specific antibodies 31%
bound to recombinant HA (range: 14% to 55%). We conclude
that virus-specific plasmablasts are readily detected after pan-
demic HIN1 influenza virus infection and that virus-specific
human mAbs can be efficiently generated from these cells.
Plasmablasts from Patients Infected with Pandemic HIN1
Influenza were Highly Cross-Reactive to Pre-Pandemic
Influenza Strains

[0084] As the plasmablasts are specifically induced by the
ongoing immune response, we can learn about the origin of
the B cells activated by pandemic HIN1 infection. Consistent
with the frequency of plasmablasts secreting antibodies bind-
ing annual influenza strains by ELISPOT analyses (FIG. 1C),
a majority (29/46 or 63%) of the pandemic H1N1-specific
antibodies also cross-reacted with seasonal influenza viruses
(FIGS. 2A and 2B). In fact, by ELISA, one third of these
antibodies bind to the pre-pandemic strains at lower concen-
trations than they did to the pandemic HIN1 strain, suggest-
ing higher avidity binding. By comparison, only 22% (11/50)
of plasmablasts induced by annual HIN1 strains prior to the
pandemic could bind the pandemic HIN1 influenza (FIG.
7B). We propose that the cross-reactivity of pandemic HIN1
induced cells derives from the activation of memory cells
originally specific for past influenza immunizations in an
original antigenic sin(OAS) fashion.

Evidence of Extensive Affinity Maturation Suggests a High
Frequency of Memory Cell Activation Against the Pandemic
HIN1 Strain

[0085] Basedonthe 10to 15-fold induction of plasmablasts
and expression of intracellular Ki67 during ongoing immune

responses (Bernasconi et al., 2002; Brokstad et al., 1995;
Sasaki et al., 2007; Smith et al., 2009; Wrammert et al., 2008)
we can assume that most plasmblasts result from the ongoing
infection or vaccine response. The ready detection of clonal
expansions at an average frequency of 16.5% of the cells for
the six patients supports this view (based on CDR3 sequence
similarity, FIG. 2C). Since the discovery of somatic mutation
it has been appreciated that mutations progressively accumu-
late on variable genes after repeated immunizations (McKean
et al., 1984). Thus, we can gain insight into the origin of the
pandemic HIN1 response by comparing the somatic muta-
tion frequency of the plasmablasts present during HIN1
infection to that of other plasmablast responses. The PCR
strategy allowed isolation of either IgG or IgA transcripts and
identified 68% IgG and 32% IgA plasmablasts from the
patients. Similar to plasmablasts induced by annual vaccina-
tion (Wrammert et al., 2008), or after a 4” booster vaccine to
anthrax, the variable genes of novel HI1N1-induced cells from
five of the six patients harbored high numbers of somatic
mutations (averaging >19 per patient, FIG. 2D and FIG. 9A).
For these 5 patients mutations had accumulated significantly
more than from primary IgG plasmablast responses to
anthrax or vaccinia (small pox) vaccines, and more so than for
IgG positive memory B cells from our historical data that
averaged 14/VH gene (Koelsch et al., 2007; Wrammert et al.,
2008; Zheng et al., 2005; Zheng et al., 2004) (t-test p<0.05,
FIG. 2C and FIG. 9B) or from 347 IgG memory cell
sequences previously published by another group (averaging
15/VH gene) (de Wildt et al., 2000). Interestingly, for patient
EM (outlier in FIG. 2D) who had the most severe infection
(Table 1), mutations had accumulated at a significantly lower
frequency than the I1gG controls (FIG. 9A, p<0.0001), sug-
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gesting a unique circumstance such as a low-level or lacking
primary response. Though based on a limited number of
patients, the frequent cross-reactivity and high number of
somatic mutations support a model in which many of the
plasmablasts induced by pandemic HIN1 infection arose
from cross-reacting memory B cells.

A Majority of the Neutralizing Antibodies Bound to Highly
Conserved Epitopes in Both the HA Stalk and Head Regions.

[0086] A high frequency of the HA-specific antibodies was
able to neutralize the virus in vitro (totaling 73% or 11/15,
FIG. 3A). These neutralizing antibodies could be further cat-
egorized into two distinct groups: 1) neutralizing antibodies
that displayed HAI (hemagglutination inhibition) activity
(HAI), and ii) neutralizing antibodies that had no HAIT activ-
ity, indicating that they bound to sites other than the HA active
site. Interestingly, antibodies of the latter type were predomi-
nant in the response (FIG. 3A). This specificity is reminiscent
of antibodies against the recently discovered broadly neutral-
izing epitopes found on the HA stalk, rather than those
located on the HA globular head that is more typical for
neutralizing antibodies (Ekiert et al., 2009; Sui et al., 2009).
Importantly, five of these antibodies are indeed of similar
specificity (including antibodies 70-5B03, 70-1F02, 1000-
3D04, and a clonal pair from donor 1009: 3B05 and 3E06).
These five antibodies bind with high affinity to most H1
strains including all from the vaccines of the past 10 years, the
1918 pandemic strain, and to the HS of a highly pathogenic
avian influenza strain (FIG. 3B and FIG. 8A). In addition,
these five antibodies cross-compete for a similar epitope that
was not over-lapping with the HAI" antibodies (epitope-1,
FIG. 4A). These antibodies are competitively inhibited by a
commercial antibody referred to as C179 that binds this HA-
stalk region (Okuno et al., 1993), and four of five of these
antibodies are encoded by the hallmark VH1-69 gene (Ekiert
et al., 2009; Sui et al., 2009). To verify HA stalk reactivity
these five antibodies were tested for binding to HS variants
predicted to affect the stalk-epitope by the crystal structure
and their binding patterns compared to that of the prototypical
stalk antibody (mAb F10, (Sui et al., 2009)) (FIG. 4B). Each
HS variant has a single residue mutation in the stalk region
and was transiently expressed on 2937 cells. FACS analysis
showed that the five antibodies bound to all 13 HS5 variants
tested at levels quite similar to F10 for which a crystal struc-
ture had been generated to define this epitope. Thus, half of
the neutralizing and a surprising 10% of all antibodies
induced by pandemic HIN1 infection bound to a conserved,
critical epitope on the HA stalk. By comparison, none of 50
HINT strain-specific antibodies that we had previously iso-
lated after annual vaccination prior to the 2009 pandemic had
this reactivity (data not shown). The frequency of pandemic
induced stem reactive antibodies (5/46) versus those from
annual vaccine (0/50) is significantly greater (Chi-square test
p=0.02). Further, this specificity is only rarely seen in human
memory B cells (Corti et al., 2010) or from phage-display
libraries (Sui et al., 2009). These observations support the
idea that a vaccine might be developed that preferentially
influenzas the HA-stalk, thus providing broad protection
against many influenza strains.

[0087] The remaining neutralizing antibodies were HAI*
and therefore bound to the HA -globular head. Based on cross-
competition analyses these antibodies fell into two groups
binding non-overlapping regions of the HA head including
epitope-2 and epitope-3 (FIGS. 3B and 4A). Indeed, by spon-

Feb. 13,2014

taneous escape mutant selection, we found that the EM4C04
mADb binds to the Sa region of the HA globular head (unpub-
lished data). Thus by proximity based on the competition
assay (FIG. 4A), we can predict that all of the epitope-2
antibodies bind near the Sa/Sb region (including: EM-4C04,
1009-3B06, and 1009-3F01).

[0088] Broadly-reactive antibodies binding both pandemic
HINT1 strains and common annual HIN1 strains have been
identified both in humans (Krause et al.; Xu et al.) and in mice
(Manicassamy et al., 2010). It is notable that three of five of
the HA globular-head binding antibodies induced by pan-
demic HINT1 infection were also broadly-reactive to various
HINT strains (FIG. 3B). One such novel antibody was the
SF1009-3B06 antibody that reacts strongly with the pan-
demic HINI strain as well as all recent HIN1 vaccine strains
(FIG. 3B and FIG. 8A). The precise epitope to which the
1009-3B06 antibody binds appears to be quite unique: it is
only accessible on whole virions, not on recombinant HA,
suggesting that the epitope is quaternary in nature. Finally,
two antibodies cross-reacted and inhibited hemagglutination
to all recent H1 vaccine strains and reacted strongly to the
1918 pandemic strain (antibodies 1009-3E04 and 1000-
3E01, FIGS. 3B and 4A epitope-3). These mAbs bind to past
vaccine strains with higher avidity than to the pandemic
HINI.

[0089] Only two of 11 neutralizing antibodies were highly
specific for the pandemic HIN1 strain alone (FIG. 3B and
FIG. 8A), including a low avidity antibody, 1000-2G06, that
only showed slight neutralization capacity in vitro, and
EM-4C04 that was very effective at neutralizing the pan-
demic HIN1 influenza. We conclude from these experiments
that a surprising 82% (9/11) of the neutralizing plasmablasts
that we isolated during pandemic HIN1 influenza infections
were broadly cross-reactive to multiple influenza strains.
Potent In Vivo Protection and Rescue of Mice Challenged
with a Lethal Dose of Pandemic HIN1 or Antigenically Dis-
tinct Influenza Virus Strains.

[0090] Thereis a distinct interest in the world in developing
monoclonal antibodies for use in a therapeutic setting. We
selected three representative antibodies of the set we have
identified for detailed functional analysis both in vitro (FIG.
3C) and in vivo (FIGS. 5 and 6), including: EM-4C04, 1009-
3B06 and 70-1F02. As described above, the antibodies
EM-4C04 and 1009-3B06 are specific for the active site of the
HA molecule, whereas 70-1F02 binds to the stalk region.
Furthermore, EM-4C04 is highly specific for pandemic
HI1NT1 whereas 1009-3B06 and 70-F02 display broadly cross-
reactive binding (FIG. 3B) and have functional activity
against multiple recent and older HIN1 strains (FIG. 3C).
These antibodies were all highly effective at providing pro-
phylactic protection against infection with a lethal dose of
mouse-adapted pandemic HIN1 in 6-8 week old Balb/c mice
(FIG. 5). Moreover, all three antibodies were effective thera-
peutically, even when they were administered as late as 60
hours after the lethal challenge infection, well after the mice
were symptomatic. For EM-4C04 we have successfully
treated mice as far out as 72 hours post-infection (data not
shown). Infected mice were already showing measurable
weight loss that was reversed by administration of the anti-
body, demonstrating therapeutic potential even after the onset
of disease. Viral clearance was analyzed in mice treated at 48
hours post infection with EM4C04 (FIG. 10). As early as day
4, the antibody-treated mice exhibited more than a log reduc-
tion in viral titers; titers continued to decline, such that by day
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6, virus was undetectable or present at very low levels. The
untreated mice perished by day 7 or 8 whereas the treated
mice cleared the infection with no detectable virus on day 12.
Finally, the two broadly-reactive antibodies, 1009-3B06 and
70-1F02 that showed activity against several current and
older HIN1 seasonal influenza strains in vitro (FIG. 3C) were
also tested in vivo against antigenically distinct influenza
strains. For these experiments mice were treated with 200 ug
of mAb intraperitoneally 12 hours prior to infection with a
lethal dose of either pandemic HIN1 influenza or either of the
two common influenza lab strains PR/8/34 or FM/1/47. 1009-
3B06 and 70-1F02 showed protection against these antigeni-
cally distinct HIN1 influenza strains, as illustrated in FIG. 5.
EM-4C04, that is highly specific for the pandemic HIN1, had
no protective effect on infection with PR/8/34 or FM/1/47. In
conclusion, the antibodies characterized herein show promise
for development as broadly reactive therapeutic agents
against the pandemic HIN1 influenza virus as well as against
the majority of HIN1 and H5N1 influenza strains.

Detailed Information Regarding Antibodies that Bind Influ-
enza Virus

[0091] Table 2 (FIG. 11) provides detailed information,
including sequence information, about each of the antibodies
that were confirmed to bind influenza. Each antibody is iden-
tified in Col. A by antibody name and an indication of whether
the heavy or light chain is being described. Heavy chains are
indicated by H1, H2 or H3 and light chains are indicated by
K1, K2, K3 or K4 at the end of the identifier in Col. A. Thus,
line 2 of Table 2 describes 1000-1B02H, which is a heavy
chain for one of the cloned antibodies, and line 3 of Table 2
describes 1000-1B02K 2, which is the light chain for the same
antibody. Col. B indicates whether the clone was productive;
Col. Cprovides the V gene and V gene allele; Col. E provides
the J gene and J allele. Col. E provides the D gene and allele
(for heavy chains). Col. F provides the V-D-J region amino
acid sequence (for heavy chains). Col. G provides the V-J
region amino acid sequence (for light chains). Col. H pro-
vides the V-region amino acid sequence. Col. I provides the
FR1 amino acid sequence. Col. J provides the CDR1 amino
acid sequence. Col. K provides the FR2 amino acid sequence.
Col. L provides the CDR2 amino acid sequence. Col. M
provides the FR3 amino acid sequence. Col. N provides the
CDR3 amino acid sequence. Col. O provides the junction
amino acid sequence. Col. P provides the J-region amino acid
sequence. Col. Q provides the FR4 amino acid sequence.
[0092] Table 3 (FIG. 12) provides additional information
about the antibodies in Table 3 (FIG. 11). Columns A-C are as
in Table 2. Column D is the V-region score; column E is the
V-region % identity; column F is the V-region % identify at
the nucleotide level; column G is the J-gene and allele; col-
umn [ is the J-region % identity; column J is the J-region %
identify at the nucleotide level; column K is the D-gene and
allele; column L is the D-region reading frame; column M is
the CDR1-imgt length; column N is the CDR2-imgt length;
column O is the CDR3-imgt length; column P is the CDR-
imgt lengths; column Q is the FR-imgt length; column R is the
AA junction; column S indicates the frame of the junction;
column T indicates the orientation; column U has function-
ality comments; column V has information regarding the
potential for V-region inserts or deletions; column W has
comments on the J-gene and allele; and column X provides
the nucleotide sequence.

[0093] Table 4 (FIG. 13) provides additional information
about the antibodies in Table 3 (FIG. 11). Columns A-E are as
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in Table 2. Col. F provides the V-D-J region nucleotides
(heavy chains). Col. G provides the V-J region nucleotide
sequence (for light chains). Col. H provides the V-region
nucleotide sequence. Col. I provides the FR1 nucleotide
sequence. Col. J provides the CDR1 nucleotide sequence.
Col. K provides the FR2 nucleotide sequence. Col. L provides
the CDR2 nucleotide sequence. Col. M provides the FR3
nucleotide sequence. Col. N provides the CDR3 nucleotide
sequence. Col. O provides the junction nucleotide sequence.
Col. P provides the 3' V-region nucleotide sequence. Col. Q
provides the N and D region nucleotide sequence. Column R
provides the P 3'V nucleotide sequence. Column S provides
the N-region nucleotide sequence. Column T provides the
N1-region nucleotide sequence. Column U provides the P 5'D
nucleotide sequence. Column V provides the D-region nucle-
otide sequence. Column W provides the P 3'D-region nucle-
otide sequence. Column X provides the N2-region nucleotide
sequence. ColumnY provides the P 5' ] nucleotide sequence.
Column Z provides the 5'J-region nucleotide sequence. Col-
umn AA provides the D-J-region nucleotide sequence. Col-
umn AB provides the J-region nucleotide sequence. Column
AC provides the FR3 nucleotide sequence.

Detailed Information Regarding Antibodies not Tested for
Binding to Influenza Virus

[0094] FIG. 14 (Table 5) provides detailed information,
including sequence information, about each of the antibodies
that were not tested for binding influenza. Certain of these
antibodies may bind influenza. Each antibody is identified in
Col. A by antibody name and an indication of whether the
heavy or light chain is being described. Heavy chains are
indicated by H1, H2 or H3 and light chains are indicated by
K1,K2, K3 or K4 at the end of the identifier in Col. A. Col. B
indicates whether the clone was productive; Col. C provides
the V gene and V gene allele; Col. E provides the J gene and
J allele. Col. E provides the D gene and allele (for heavy
chains). Col. F provides the V-D-J region amino acid
sequence (for heavy chains). Col. G provides the V-J region
amino acid sequence (for light chains). Col. H provides the
V-region amino acid sequence. Col. I provides the FR1 amino
acid sequence. Col. J provides the CDR1 amino acid
sequence. Col. K provides the FR2 amino acid sequence. Col.
L provides the CDR2 amino acid sequence. Col. M provides
the FR3 amino acid sequence. Col. N provides the CDR3
amino acid sequence. Col. O provides the junction amino acid
sequence. Col. P provides the J-region amino acid sequence.
Col. Q provides the FR4 amino acid sequence.

[0095] FIG. 15 (Table 6) provides additional information
aboutthe antibodies in Table 5 (FIG. 14). Columns A-C are as
in Table 5. Column D is the V-region score; column E is the
V-region % identity; column F is the V-region % identify at
the nucleotide level; column G is the J-gene and allele; col-
umn I is the J-region % identity; column J is the J-region %
identify at the nucleotide level; column K is the D-gene and
allele; column L is the D-region reading frame; column M is
the CDR1-imgt length; column N is the CDR2-imgt length;
column O is the CDR3-imgt length; column P is the CDR-
imgt lengths; column Q is the FR-imgt length; column R is the
AA junction; column S indicates the frame of the junction;
column T indicates the orientation; column U has function-
ality comments; column V has information regarding the
potential for V-region inserts or deletions; column W has
comments on the J-gene and allele; and column X provides
the nucleotide sequence.
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[0096] FIG. 16 (Table 7) provides additional information
about the antibodies in Table 5 (FIG. 14). Columns A-E are as
in Table 5. Col. F provides the V-D-J region nucleotide
sequence (heavy chains). Col. G provides the V-J region
nucleotide sequence (for light chains). Col. H provides the
V-region nucleotide sequence. Col. I provides the FR1 nucle-
otide sequence. Col. ] provides the CDRI1 nucleotide
sequence. Col. K provides the FR2 nucleotide sequence. Col.
L provides the CDR2 nucleotide sequence. Col. M provides
the FR3 nucleotide sequence. Col. N provides the CDR3
nucleotide sequence. Col. O provides the junction nucleotide
sequence. Col. P provides the 3' V-region nucleotide
sequence. Col. Q provides the N and D region nucleotide
sequence. Column R provides the P 3'V nucleotide sequence.
Column S provides the N-region nucleotide sequence. Col-
umn T provides the N1-region nucleotide sequence. Column
U provides the P 5'D nucleotide sequence. Column V pro-
vides the D-region nucleotide sequence. Column W provides
the P 3'D-region nucleotide sequence. Column X provides the
N2-region nucleotide sequence. ColumnY provides the P 5'J
nucleotide sequence. Column Z provides the 5'J-region
nucleotide sequence. Column AA provides the D-J-region
nucleotide sequence. Column AB provides the J-region
nucleotide sequence. Column AC provides the FR3 nucle-
otide sequence.

[0097] The following techniques and materials were used
in the studies described above.

[0098] Patients:

[0099] All studies were approved by the Emory University,
University of Chicago and Columbia University institutional
review boards (Emory IRB#22371 and 555-2000, U of C
IRB#16851E, CU IRB#AAAE1819). Patient clinical infor-
mation is detailed in Table 1.

[0100] PBMC and Plasma Isolation:

[0101] All work with samples from infected patients was
performed in a designated BSL.2+ facility at Emory Univer-
sity. Peripheral blood mononuclear cells (PBMC) were iso-
lated using Vacutainer tubes (Becton Dickinson, BD),
washed, and resuspended in PBS with 2% FCS for immediate
use or frozen for subsequent analysis. Plasma samples were
saved in -80 C.

[0102] Viruses and Antigens:

[0103] The pandemic HIN1 influenza virus (A/California/
04/2009) was kindly provided by Dr. Richard J Webby at St.
Jude Childrens Hospital. Influenza virus stocks used for the
assays were freshly grown in eggs, prepared and purified as
described (Wrammert et al., 2008) and the hemagglutination
activity (HA) was determined using turkey red blood cells
(Lampire Biological Laboratories, Pipersville, Pa.) as previ-
ously described (Wrammert et al., 2008) or purchased as
inactivated preparations (ProSpec-Tany TechnoGene Ltd.,
Rehovot, Israel) and included: A/California/04/09 (HIN1),
A/FM/1/47 (HIN1), A/PR&/34 (HIN1), A/New Calcdonia/
20/99 (HIN1), A/Solomon Island/3/06, A/Brisbane/59/07
(HIN1), A/Brisbane/10/07 (H3N2). Vaccines tested included
the 2006/7 vaccine from Chiron Vaccines Limited (Liverpool,
UK) and the 2008/9 formulation from Sanofi Pasteur Inc.
(Swiftwater, Pa.). Recombinant HA proteins were provided
by the influenza reagent resource (IRR; influenza reagent
resource.org) of the CDC (recombinant HA from A/Califor-
nia/04/2009 (HIN1) (#FR-180), A/Brisbane/10/2007
(HIN1) (#FR-61), A/Brisbane/59/2007 (H3N2) (#FR-65)) or
by Biodefense & Emerging Infections research repository
(BEIL; www.beiresources.org (recombinant HA from A/Indo-
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nesia/05/2005 (HS5N1). A/Brevig Mission/1/1918 (HIN1)
was purchased from SinoBiologicals.

[0104] ELISPOT Assay:

[0105] Direct ELISPOT to enumerate the number of either
total IgG secreting, pandemic HIN1 influenza specific or
vaccine specific ASC present in the PBMC samples were
essentially done as previously described (Crotty etal., 2003).
Briefly, 96-well ELISPOT filter plates (Millipore, MAHA
N4510) were coated overnight with either the optimized
amounts of purified pandemic HIN1 virions, recombinant
HA from the pandemic HIN1 (as above), the 08/09 influenza
vaccine at a dilution of 1/20 in PBS or with goat anti-human
Ig (Caltag). Plates were washed and blocked by incubation
with RPMI containing 10% FCS at 37° C. for 2 hrs. Purified
and extensively washed PBMCs or sorted ASCs were added
to the plates in dilution series and incubated for 6 hrs. Plates
were washed with PBS followed by PBS containing 0.05%
Tween and then incubated with a biotinylated anti-hulgG
(gamma) antibody (Caltag) and incubated for 1.5 hrs at room
temperature. After washing, the plates were incubated with an
avidin-D-HRP conjugate (Vector Laboratories) and finally
developed using AEC substrate (3 amino-9 ethyl-carbozole,
Sigma). Developed plates were scanned and analyzed using
an automated ELISPOT counter (Cellular Technologies

Ltd.).
[0106] Flow Cytometry Analysis and Cell Sorting:
[0107] Analytical flow cytometry analysis was performed

on whole blood following lysis of erythrocytes and fixing in
2% PFA. All live cell sorting and single cell sorting was
performed on purified PBMCs using either a FACSVantage or
ARIAII cell sorter system. All antibodies for both analytical
and cell sorting cytometry were purchased from Pharmingen,
except anti-CD27 that was purchased from eBiosciences.
Anti-CD3-PECy7 or PerCP, anti-CD20-PECy7 or PerCP,
anti-CD38-PE, anti-CD27-APC and anti-CD19-FITC. ASCs
were gated and isolated as CDI19*CD3~ CD20~
CD27"#"CD38"&" cells. Flow cytometry data was analyzed
using FlowJo software.

[0108] Generation of mAbs:

[0109] Identification of antibody variable region genes
were done essentially as previously described (Smith et al.,
2009; Wardemann et al., 2003; Wrammert et al., 2008).
Briefly, single ASCs were sorted into 96-well PCR plates
containing RNase inhibitor (Promega). VH and Vk genes
from each cell were amplified by RT-PCR and nested PCR
reactions using cocktails of primers specific for both IgG and
IgA using primer sets detailed in (Smith et al., 2009) and then
sequenced. To generate recombinant antibodies, restriction
sites were incorporated by PCR with primers to the particular
variable and junctional genes. VH or Vi genes amplified from
each single cell were cloned into IgG1 or Igk expression
vectors as previously described (Smith et al., 2009; Ward-
emann et al, 2003; Wrammert et al., 2008). Antibody
sequences are deposited on Genebank (Accession numbers:
HQ689701-HQ689792). Heavy/light chain plasmids were
co-transfected into the 293A cell line for expression and
antibodies purified with protein A sepharose. Antibody pro-
teins generated in this study can be provided in limited quan-
tities upon request.

[0110] Mutational Analysis:

[0111] Antibody anti-HIN1 induced plasmablast variable
genes were amplified by single cell RT-PCR using primer sets
and PCR conditions that were previously published (Smith et
al., 2009; Wrammert et al., 2008). Variable genes were deter-
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mined using in house analysis software compared to the
Immunogentics V gene data set and the IMGT search engine
(Ehrenmann et al., 2010; Lefranc et al., 2009). Background
mutation rates by this method is approximately 1 base-ex-
change per 1,000 bases sequenced (based on sequences of
constant region gene segments). Comparisons were made to
historical data some of which was previously published (Duty
et al., 2009; Wrammert et al., 2008; Zheng et al., 2005).
[0112] Plaque Assay and PRNT,, Assay:

[0113] MDCK cells were grown in 6-well plates at a den-
sity of 8x10°/well. On the next day, cells were washed with
PBS. Ten fold dilutions of virus were added in 500 ul DMEM
and incubated at 37 C for 1 hour with mixing every 10 min-
utes. Cells were washed with PBS and overlayed with 199
media containing 0.5% agarose (Seakem), 1x antibiotics (100
U/ml penicillin, 100 mg/ml streptomycin), 0.2% BSA
(Sigma-Aldrich) and 0.5 ug/ml TPCK-Trypsin (Sigma-Ald-
rich). Cells were incubated for 36-40 hrs and fixed with 2%
PFA for 10 minutes. Agarose plugs were removed and cells
were stained with 0.1% crystal violet in 25% EtOH for 1 min.
After removal the crystal violet solution, plates were dried
and used to count plaques in each well. For PRNT, assay,
MDCK cells were prepared as above. On the next day, mAbs
were 3 fold-diluted (60 to 0.74 ug/ml). 100 PFU of virus in
250 ul DMEM were incubated with equal volume of diluted
mAbs at 37 C for 1 hour prior to the plaque assay as described
above. Plaques were counted and the final concentration of
antibodies that reduced plaques to below 50 PFU were scored
as PRNT,.

[0114] Determination of 50% Tissue Culture Infectious
Dose (TCID50) and Microneutralization:

[0115] To determine the TCID,,, MDCK cells were grown
in 96-well plate at a density of 1.5x10%*well. On the next day,
cells were washed with PBS and 10 fold-diluted viruses in
100 ul DMEM were added into each well and incubated at 37
C for 1 hour. After the incubation, cells were washed with
PBS and 100 ul of DMEM containing 1x antibiotics (100
U/ml penicillin, 100 mg/ml streptomycin), 0.5% BSA
(Sigma-Aldrich) and 0.5 ug/ml TPCK-Trypsin (Sigma-Ald-
rich) were added. Cells were further incubated for 60 hrs and
50 ul of the supernatant was incubated with equal volume of
0.5% of PBS-washed Turkey red blood cells (Rockland
Immunochemicals) for 30 min. Four replicates were per-
formed for each dilution and complete agglutination was
scored as HA positive. Virus titers were calculated by Reed-
Muench method. For microneutralization assay, 100 TCID,,
of virus in 50 ul DMEM were incubated with 50 ul of 3
fold-diluted antibodies (60 to 0.082 ug/ml) at 37 C for 1 hour.
Cells were washed and incubated in the media as described
above for 60 hrs. The microneutralization titer was deter-
mined as the final concentration of mAbs that completely
inhibited infection.

[0116] HAI and ELISA Assays:

[0117] Whole virus, recombinant HA or vaccine-specific
ELISA was performed on starting concentrations of 10 ug/ml
of virus or recombinant HA and on 1:20 dilution of the vac-
cine as previously described (Wrammert et al., 2008). Briefly,
microtiter plates were coated with live virus strains totaling 8
HAU of total virus per well or with 1 ug/ml of recombinant
HA protein. In order to standardize the various ELISA assays
common high affinity antibodies with similar affinities and
binding characteristics against each virus strain were
included on each plate and the plate developed when the
absorbance of these controls reach 3.0+0.1 OD units. Goat
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anti-human IgG (Goat anti-human I-peroxidase-conjugate
(Jackson ImmunoResearch, West Grove, Pa.) was used to
detect binding of the recombinant antibodies followed by
development with horseradish peroxidase substrate (BioRad,
Hercules, Calif.). Absorbencies were measured at OD415 on
a microplate reader (Molecular Devices, Sunnyvale, Calif.).
Affinity estimates were calculated by nonlinear regression
analysis of curves from 8 dilutions of antibody (10 to 0.125
ug/ml) using GraphPad Prism. The hemagglutination inhibi-
tion (HAI) titers were determined as previously described
(Wrammert et al., 2008). Briefly, The samples were then
serially diluted with PBS in 96 well v-bottom plates and 8
HAU (as determined by incubation with 0.5% turkey RBCs in
the absence of serum) of live egg-grown virus was added to
the well. After 30 minutes at room temperature, 50 ul 0f0.5%
turkey RBCs (Rockland Immunochemicals) suspended in
PBS with 0.5% BSA was added to each well and the plates
were shaken manually. After an additional 30 minutes at room
temperature, the serum titers or minimum effective concen-
trations were read based on the final dilution for which a
button was observed.

[0118] Competition ELISA:

[0119] Competition ELISA was performed by inhibiting
binding of each biotinylated antibody (NHS-coupled,
Thermo Scientific) at the half-maximal binding concentration
with a 10-fold molar excess of purified antibody. All com-
parisons of different antibodies were based on percentage
absorbance values for each antibody against itself (which was
scored as 100% inhibition). Detection was using streptavidin-
HRP as described above for ELISA.

[0120] FACS Analysis of Binding of Anti-HA Antibodies
with HS and it’s Mutants as Previously Described (Sui et al.,
2009):

[0121] The full length HA gene (H5-THO04) of A/Thailand/
2(SP-33)/2004 (H5N1) were codon-optimized for eukaryotic
cell expression and cloned into pcDNA3.1 vector to obtain
the pcDNA3.1-H5-THO4 construct (Sui et al., 2009). All
mutants of H5-TH04 were derived from pcDNA3.1-HS-
THO4 and constructed by the QuikChange method (Strat-
agene, La Jolla, Calif.). The full-length wild type H5-THO04
and mutants expressing plasmids were transfected transiently
into 293T cells with Lipofectamine 2000 (Invitrogen Life
Science). 24 h after transfection, cells were harvested for
immunostaining Anti-HA antibodies, or a control human
mAb 80R (Sui et al., 2004) at 10 pg/mL or ferret anti-H5N1
serum at 1:300 dilution were incubated with transfected 293T
cells at4° C. for 1 h. Cells were then washed three times with
PBS containing 0.5% BSA and 0.02% NaNj;. FITC-labeled
goat anti-human IgG (Pierce Biotech., Rockford, Il1.) or
FITC-labeled goat anti-ferret I1gG (Bethyl, Montgomery,
Tex.) were then added to cells and incubated for 30 minutes at
4° C. Cells were washed as above, and binding of antibodies
to cells was analyzed using a Becton Dickinson FACScalibur
with CellQuest software.

[0122] BIACORE Analysis:

[0123] The kinetic interactions of the mAbs with recombi-
nant A/Cal/04/09 (HIN1) HA protein were determined by
surface plasmon resonance (SPR) using a BlAcore3000
instrument. EM4CO4 and SF1009-3F01 antibodies were
immobilized at 10 ulmin~ on a CMS sensor chip by amine
coupling and recombinant HA at concentrations ranging from
0.5 nM to 15 nM in HBS-EP buffer were injected at 20
ulmin~' over the immobilized antibodies or reference cell
surface. Running buffer (HBS-EP) was then applied for 600s
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after which the sensor surface was regenerated by a single
injection of 25 mM NaOH at 100 ulmin~". For the other
experiments, recombinant HA (His-tagged) was immobilized
at 5 ulmin~ on NTA sensor chips with a influenza density of
350 response units and the antibodies at concentrations rang-
ing from 1 nM to 30 nM in HBS-P buffer were injected at 20
ulmin~" over the immobilized recombinant HA or reference
cell surface, followed by a 600s dissociation phase. All
experiments were performed in triplicates. For kinetic analy-
sis, injections over reference cell surface and injections with
buffer were subtracted from the data. Association rates (k,),
dissociation rates (k) and equilibrium dissociation constants
(K,,) were calculated by aligning the curves to fita 1:1 bind-
ing model using BlAevaluation 4.1 software. Antibodies
1009-3B06, 1000-3E01, and 1000-2G06 could not be deter-
mined because these mAbs did not bind to the recombinant
HA protein from baculovirus sufficiently well for SPR. Avid-
ities for these mAbs and for the antibodies that did not neu-
tralize infection in vitro were estimated by Scatchard plot
analyses of ELISA data (shown in parentheses).

[0124] In Vivo Protection Experiments:

[0125] Female Balb/c mice 6-8 weeks old were used for the
challenge studies. Mice were inoculated intra-nasally with
3xLD50 of a highly pathogenic, mouse-adapted pandemic
HINI influenza virus (A/California/04/09), or PR/8/34 or
FM/1/47 influenza virus. The mouse adapted pandemic
HI1NT virus had been serially passaged in mice for five gen-
erations prior to use herein. The LD50 for all the viruses was
determined by in vivo infection at various virus concentra-
tions, according to the method of Reed and Muench. The
experiments were conducted in accordance with ethical pro-
cedures and policies approved by the Emory University’s
Institutional Animal Care and Use Committee. In order to
determine the prophylactic efficacy of the mAb, mice were
treated intraperitoneally with 200 ug (10 mg/kg of body
weight) of the specific mAbs. Twelve hours later mice were
challenged with 3xL.D50 of one of the mouse adapted influ-
enza viruses used in the study. All mice were monitored daily
for any signs of morbidity and mortality. Body weight
changes were registered daily for a period of 14 days. All mice
that lost more than 25% of their initial body weight were
sacrificed according to the IACUC guideless. In order to
determine the therapeutic efficacy of the mAbs, mice were
challenged with 3xL.D50 of the mouse-adapted pandemic
HI1NT1 virus. At various times post infection (12, 24, 36, 48, 60
and 72 hours) mice were treated intraperitoneally with
2000g (10 mg/kg of body weight) of the specific mAbs. All
mice were monitored daily and the body weight changes were
registered daily as described above.

[0126] Statistical Analysis:

[0127] Datawas collected and graphed using MS Excel and
Graphpad Prism software. Efficacy of the therapeutic and
challenge experiments was evaluated by ANOVA using
Graphpad Prism software.

Discussion

[0128] Our findings provide insight into the human B cell
responses to a pandemic influenza virus strain. The unique
genetic composition of the pandemic HIN1 influenza virus
meant that our relatively young cohort probably had little or
no pre-existing specific antibody mediated immunity to this
virus prior to infection (Brockwell-Staats et al., 2009;
Dawood et al., 2009; Garten et al., 2009; Hancock et al.,
2009). Thus, two sources of B cells could have contributed to
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this response: newly recruited naive B cells, and pre-existing
memory B cells that bound to epitopes conserved between
past seasonal strains and the pandemic HIN1 strain. We theo-
rize that predominant activation of the latter, pre-existing
memory cells, can account for the observed high frequency of
neutralizing antibodies (11/15 HA-binding antibodies), the
majority (9/11) of which are cross-reactive with seasonal
HINT strains (FIG. 3C) and other group 1 influenza strains,
including H5 HA. A number of observations support this
conjecture.

[0129] Most convincingly, there was a particularly high
frequency of cross-reactive antibodies overall, with a high
level of somatic mutations found particularly amongst the
variable genes of cross-reacting cells (FIG. 2 and FIG. 9). In
fact, by ELISA most antibodies were cross-reactive and one
third of the antibodies bound to past annual viral antigens at
lower concentrations, suggesting higher avidity to past influ-
enza strains than to the current pandemic HIN1 virus. Fur-
ther, cross-reacting cells that bind with higher affinity to the
pandemic HIN1 strain also have the highest frequency of
variable-gene mutations (FIG. 9B). Antibodies that were
broadly cross-reactive were amongst the more highly mutated
clones (FIG. 9B). We propose that many of these cells were
specific for cross-reactive epitopes present in annual influ-
enza strains that then underwent further affinity maturation
and adaptation to the infecting pandemic HIN1 virus. Sup-
porting this conjecture, Corti et al. first demonstrated that
naturally occurring HA-stalk reactive memory B cells could
be isolated from the blood of people recently immunized with
the annual vaccine, prior to the outbreak of pandemic HIN1
(Corti et al., 2010). The nature of that study was to screen
EBV-transformed memory cell lines, thus precluding the
determination of precise frequencies of these stalk-reactive B
cells. However, these antibodies were estimated to be quite
rare; occurring at 1 in thousands to 1 in hundreds of influenza-
binding B cells, varying by individual. In contrast we show
that plasmablasts activated by infection with the highly novel
pandemic HIN1 influenza strain have substantially increased
influenzaing to the HA-stalk region epitopes, totaling 10% of
all influenza specific antibodies and half of the neutralizing
antibodies (FIG. 4). In fact most specific antibodies isolated
in this study were cross-reactive to past influenza strains.
Collectively, the data described supports a model in which
divergent viruses that are conserved only at the most critical
regions for function will elicit a higher proportion of cross-
reactive and neutralizing antibodies. Thus although the acti-
vated plasmablasts of relatively few patients could be ana-
lyzed in detail at the monoclonal antibody level, we proffer
that with the proper immunogen, the long-sought develop-
ment of a pan-influenza vaccine might be possible.

[0130] Interestingly, the highly specific antibody EM-4C04
was derived from a patient that had a very severe disease
course, with persistent viral shedding over several weeks. In
addition, the variable genes from the plasmablasts of this
patient had the lowest average number of somatic mutations
(FIG. 2B, outlier, and FIG. 9B). Taken together the unique
specificity against pandemic H1N1, the low levels of somatic
mutation, and the unusually severe disease in the absence of
pre-disposing conditions suggest that this patient may have
mounted a primary immune response to the pandemic HIN1
influenza infection. The complete lack of pre-existing immu-
nity may have contributed to the more severe disecase
observed in this patient. In contrast, the activation of broadly
cross-neutralizing memory B cells in those with immune
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experience to annual strains might have contributed to the less
severe disease of most infected patients during the pandemic.
[0131] It is notable that there is a discrepancy between
patients for serum MN titers, the severity of disease, and the
frequency of plasmablasts expressing neutralizing antibodies
(Table 1 and FIG. 3). For example, patient EM described
above, despite having the worst disease course, had the great-
est HAT and MN serum titers. This may be due to either the
time from infection (day 31), allowing full seroconversion, or
due to the presence of highly potent antibodies such as
EM-4C04 whose activity was less likely to titer out. The
highly specific nature of the response from this patient may
have contributed to this advantage, ultimately better influen-
zaing the epitopes of the pandemic HIN1 strain. In contrast,
patient 1009 had relatively low HAI and MN serum titers but
the highest frequency of broadly neutralizing antibodies and
a less severe disease course. One possibility is that our sam-
pling from this patient was done prior to peak serological
responses. Another possibility is that the high frequency of
these potent antibodies in the memory B cell compartment
may have resulted in rapid resolution of infection, precluding
the development of a high serological response. A third pos-
sibility is that despite broader protection, the stalk-reactive
antibodies are on the whole less potent and more rapidly
titrated out then the highly specific antibodies to the HA-
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globular head. These various possibilities will be of signifi-
cant interest to study in the future.

[0132] Finally, we report the development of a large panel
of human mAbs induced by pandemic HINT1 infection. Pro-
phylactic therapy with polyclonal or mAbs has successfully
been used for RSV, rabies, Hepatitis A and B and varicella. In
the case of influenza, mAbs have been shown to provide
prophylactic or therapeutic protection in mice and other ani-
mal models (Palladino et al., 1995; Renegar et al., 2004;
Reumanetal., 1983; Sweet et al., 1987). Also passive transfer
of maternal antibodies in humans has been shown to confer
protection (Puck et al., 1980). Several of the antibodies we
isolated have broad neutralization capacity in vitro against
divergent influenza strains and show potent prophylactic and
therapeutic activity when used to treat mice that were lethally
infected with influenza. These antibodies could provide much
needed pandemic therapeutics to treat severe cases of influ-
enza and to protect high-risk populations.

[0133] In conclusion, analyses of 46 mAbs induced by
pandemic HINT1 infection indicated frequent activation of
broadly-reactive B cells. We propose that these cells had a
memory cell origin due to cross-reactivity to conserved and
functionally important epitopes. If true then it will be impor-
tant to characterize the efficacy of the pandemic HIN1 vac-
cine to induce a similarly cross-protective response.

SEQUENCE LISTING

The patent application contains a lengthy “Sequence Listing” section. A copy of the “Sequence Listing” is available in
electronic form from the USPTO web site (http://seqdata.uspto.gov/?pageRequest=docDetail&DocID=US20140046039A1).
An electronic copy of the “Sequence Listing” will also be available from the USPTO upon request and payment of the

fee set forth in 37 CFR 1.19(b)(3).

1. A purified antibody or antibody fragment, wherein the
antibody or the fragment binds to an HA domain of influenza
virus and comprises:

(a)aVH CDRI1 having an amino acid sequence identical to
or comprising 1, 2, or 3 amino acid residue substitutions
or deletions relative to a VH CDR1 in column J of Table
2;

(b) aVH CDR2 having an amino acid sequence identical to
or comprising 1, 2, or 3 amino acid residue substitutions
or deletions relative to aVH CDR2 in column L of Table
2;

(c)aVH CDR3 having an amino acid sequence identical to
or comprising 1, 2, or 3 amino acid residue substitutions
or deletions relative toa VH CDR3 in column N of Table
2;

(d) a VL CDR1 having an amino acid sequence identical to
or comprising 1, 2, or 3 amino acid residue substitutions
or deletions relative to a VL CDR1 in column J of Table
2;

(e)aVL CDR2 having an amino acid sequence identical to
or comprising 1, 2, or 3 amino acid residue substitutions
or deletions relative to a VL CDR2 in column L of Table
2; and

() a VL CDR3 having an amino acid sequence identical to
or comprising 1, 2, or 3 amino acid residue substitutions
or deletions relative toa VL CDR3 in column N of Table
2.

2. (canceled)

3. The isolated antibody or antibody fragment of claim 1
whereinthe VHCDR and VL CDR respectively selected from
lines 2/3, 4/5, 5/6, 8/9. 10/11, 12/13, 14/15, 16/17, 18/19,
20/21,22/23,24/25,26/27,28/29,20/31,32/33,34/35,36/37,
38/39,40/41,42/43,44/45, 46/47,48/49, 50/51,52/53, 54/55,
56/57,58/59,60/61,62/63, 64/65,66/67, 68/69,70/71,72/73,
74/75,76/77,78/79,80/81, 82/83, 84/85, 86/87,88/89,90/91,
and 92/93.

4. The isolated antibody or antibody fragment of claim 1
wherein the VH CDR and VL. CDR are those of an antibody
selected from the group consisting of: 1009-3D06, 1009-
3B035, 70-1F02 and 70-3B03.

5. The isolated antibody of or antibody fragment of claim 1
wherein the influenza is HIN1 or H5N1.

6. (canceled)

7. The isolated antibody or antibody fragment of claim 5
wherein the antibody or antibody fragment binds HIN1 and
H5NI.
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8. The isolated antibody or antibody fragment of claim 1
wherein the antibody or antibody fragment binds to the HA of
two or more strains of HIN1.
9.-10. (canceled)
11. The isolated antibody or antibody fragment of claim 1
wherein the antibody or antibody fragment binds to the HA of
two or more strains of H5N1.
12. (canceled)
13. Anisolated antibody or antibody fragment, wherein the
antibody or the fragment (i) comprises a VH chain domain
comprising three CDRs and a VL. chain domain comprising
three CDRs; and (ii) binds an HA domain of influenza virus
wherein the three CDRs of the VH chain domain comprise:
(a) a VH CDR1 comprising the amino acid sequence of a
VH CDRI1 in column J of Table 2;

(b) a VH CDR2 comprising the amino acid sequence of a
VH CDR2 in column L of Table 2; and

(c) a VH CDR3 comprising the amino acid sequence of a
VH CDR3 in column N of Table 2.
14. A purified antibody or antibody fragment, wherein the
antibody or the fragment (i) comprises a VH chain domain
comprising three CDRs and a VL. chain domain comprising
three CDRs; and (ii) binds an HA domain of influenza virus
wherein the three CDRs of the VL chain domain comprise:
(a)aVL CDRI1 comprising the amino acid sequence of VL.
CDRI1 in column J of Table 2;

(b) a VL. CDR2 comprising the amino acid sequence of a
VL CDR2 in column L of Table 2; and

(c) a VL CDR3 comprising the amino acid sequence of a
VL CDR3 in column N of Table 2.

15. A purified antibody or antibody fragment, wherein the
antibody or the fragment binds the HA domain of an influenza
virus and comprises a heavy chain variable domain having an
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amino acid sequence identical to or comprising up to 10
amino acid residue substitutions relative to the amino acid
sequence of the heavy chain variable domain (column H) of a
selected antibody in Table 2 and comprises a light chain
variable domain having an amino acid sequence identical to
or comprising up to 10 amino acid residue substitutions rela-
tive to the amino acid sequence of the light chain variable
domain (column H) of the selected antibody in Table 2.

16.-17. (canceled)

18. A purified antibody or antibody fragment, wherein the
antibody or the fragment binds the same epitope on an HA
domain of an influenza virus as that bound by an antibody
comprising: (a) a heavy chain variable domain having the
amino acid sequence of the heavy chain variable domain
sequence (column H) of a selected antibody in Table 2; and
(b) a light chain variable domain having the amino acid
sequence of the light chain variable domain sequence (col-
umn H) of the selected antibody in Table 2.

19. A purified antibody or antibody fragment, wherein the
antibody or the fragment binds to an HA domain of influenza
virus, comprising:

(a) a polypeptide comprising an amino acid sequence iden-
tical to or having up to 5 amino acid substitutions com-
pared to a V-D-J sequence in column F of Table 2; and

(a) a polypeptide comprising an amino acid sequence iden-
tical to or having up to 5 amino acid substitutions com-
pared to a V-J sequence in column G of Table 2.

20. (canceled)

21. The purified antibody or antibody fragment of claim 1,
wherein the purified antibody or antibody fragment binds an
HA stalk.

22-46. (canceled)



