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ANTIBODIES DIRECTED AGAINST
INFLUENZA

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This Application is a continuation of U.S. applica-
tion Ser. No. 14/350,632 filed Apr. 9, 2014, which is the
National Stage of International Application Number PCT/
US2012/060912 filed Oct. 18, 2012, which claims priority to
U.S. Provisional Application No. 61/603,895 filed Feb. 27,
2012 and to U.S. Provisional Application No. 61/548,704
filed Oct. 18, 2011. The entirety of each of these applications
is hereby incorporated by reference for all purposes.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] This invention was made with government support
under AI057266, HHSN266200700006C and RR025008
awarded by The National Institutes of Health. The govern-
ment has certain rights in the invention.

THE NAMES OF THE PARTIES TO A JOINT
RESEARCH AGREEMENT

[0003] There is a joint research agreement between Emory
University and The University of Chicago.

INCORPORATION-BY-REFERENCE OF
MATERIAL SUBMITTED AS A TEXT FILE VIA
THE OFFICE ELECTRONIC FILING SYSTEM
(EFS-WEB)

[0004] The Sequence Listing associated with this applica-
tion is provided in text format in lieu of a paper copy, and is
hereby incorporated by reference into the specification. The
name of the text file containing the Sequence Listing is
11177USCON_ST25.1xt. The text file is 604 KB, was created
on Jan. 4, 2016, and is being submitted electronically via
EFS-Web.

FIELD

[0005] This relates the field of influenza viruses, specifi-
cally to monoclonal antibodies, and antigen binding frag-
ments thereof, that specifically bind an influenza virus pro-
tein.

BACKGROUND

[0006] Influenza isthe seventh leading cause of death in the
United States (Beigel J H (2008), Crit Care Med 36(9):2660-
2666). The elderly, the very young, pregnant women and
otherwise immune-compromised populations account for
over 90% of influenza-related deaths. The pandemic HIN1
influenza virus strain is immunologically distinct from other
influenza viruses, leaving large population groups susceptible
to infection (Brockwell-Staats et al., Influenza Other Respi
Viruses 3:207-21, 2009; Dawood et al., N Engl J Med 360:
2605-2615, 2009; Garten et al., Science 325:197-201, 2009,
Hancock K, et al. (2009) N Engl ] Med 361(20):1945-1952).
The Center for Disease Control (CDC) reports that the 2009
HINT1 pandemic strain caused an estimated 60 million cases
and 256,000 hospitalizations. An unusually high frequency of
severe disease occurred in younger and otherwise healthy
patients (Hancock et al., 2009, supra). In addition, rare infec-
tions with avian H5N1 influenza strains in humans had close
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to a 50% mortality rate (Subbarao and Joseph, 2007, Nat Rev
Immunol 7:267-278). Emergence of a zoonotic or antigeni-
cally distinct strain that combined even a fraction of the
morbidity and mortality of the pandemic HIN1 and H5N1
viruses would have dire consequences.

[0007] Antibodies play a key role in protection against
influenza infection in vivo (Gerhard et al., 1997; Immuno-
logical reviews 159:95-103; Luke et al., 2006, Annals of
internal medicine 145:599-609; Puck et al., 1980, Journal of
infectious diseases 142:844-849; Simmons et al., 2007, PloS
Medicine 4:e178). The fact that there was little or no pre-
existing antibody titers present prior to the emergence of this
pandemic virus, and that the virus atypically caused such
severe disease in young adults illustrates the importance of
comprehensively understanding the B cell responses and anti-
body specificities induced by infection with this influenza
virus. A need remains for reagents to treat and diagnose an
influenza virus infection in a subject.

SUMMARY

[0008] Antibodies that specifically bind influenza virus
hemagglutin A (HA), and antigen binding fragments thereof
are disclosed herein. In some embodiments, these antibodies
are broadly cross reactive. In additional embodiments, the
antibodies inhibit hemmagglutination activity and neutralize
more than one of HIN1, H5N1 and H3N2. In some embodi-
ments, the antibody specifically binds HIN1 and H5N1. In
other embodiments, the antibody specifically binds HIN1
and H3N2. In yet other embodiments, the antibody specifi-
cally binds HIN1, H5N1 and H3N2. In further embodiments,
the antibody specifically binds HA of one or more of Pan-
demic (HIN1) 2009; A/Brevig mission/1/18(HIN1) 1918;
and  A/Brisbane/59/07(HIN1)  2007A/Indonesia/5/05
(H5N1) 2005; A/Brisbane10/07 (H3N2) 2007. The antibody
can bind the HA globular head and or the HA stalk. In some
embodiments, the antibody specifically binds a complex of
HA1 and HA2.

[0009] In several embodiments, nucleic acids encoding
these monoclonal antibodies, vectors including these nucleic
acids, and host cells transformed with these vectors are also
disclosed. Compositions are disclosed that include these anti-
bodies, antigen binding fragments, nucleic acids, vectors and
host cells.

[0010] Methods of using these antibodies, and antigen
binding fragments, nucleic acids, vectors and host cells, such
as for diagnosis and treatment of an influenza virus infection
are also provided. In some embodiments, these antibodies
and antigen binding fragments are used to diagnose an influ-
enza virus infection is provided. In other embodiments, these
antibodies, antigen binding fragments, nucleic acids, vectors,
orhost cells are used for the treatment and or prevention of an
influenza virus.

[0011] The foregoing and other objects, features, and
advantages of the invention will become more apparent from
the following detailed description, which proceeds with ref-
erence to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIGS. 1A-1D. Rapid and potent plasmablast and
serological responses after vaccination with the monovalent
pandemic HIN1 2009 vaccine. Healthy adult volunteers were
vaccinated with the pandemic HIN1 2009 monovalent vac-
cine. A control group was vaccinated with the 2008/09 TIV in
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2008. FIG. 1A shows fold change in serum antibody titers
between day 0 and day 28 were determined by HA1. FIG. 1B
shows the number of vaccine-specific IgG-producing plas-
mablasts were determined by ELISPOT at 0, 7, 14 and 28
days post-vaccination. FIG. 1C shows the number of vaccine-
specific plasmablasts correlates with improved serum anti-
body titers by HA1 (Spearman’s rank correlation). FIG. 1D
shows the numbers of vaccine-specific IgG-, IgA-, and IgM-
producing plasmablasts at day 7 after vaccination as deter-
mined by ELISPOT. Dotted lines=limit of detection.

[0013] FIGS.2A-2D. Stem-binding antibodies are induced
following pandemic HIN1 2009 vaccination. Human mAbs
were generated from plasmablasts isolated from individuals
vaccinated with the pandemic HIN1 2009 vaccine. FIG. 2A
shows binding to the pandemic HIN1 2009 virus by ELISA.
FIG. 2B shows binding to pandemic HIN1 2009 HA by
ELISA. FIG. 2C shows all HA-binding m Abs were tested for
HA1 and neutralization activity. Three putative stem-binding
mAbs are highlighted in blue. Dotted lines represent the
highest concentration of mAb tested. Data are representative
of 2-4 repeat experiments. FIG. 2D shows the 3 putative
stem-binding mAbs were tested by competition ELISA with
2 known stem-binding m Abs (70-1F02 and 70-5B03)(8). Per-
centage inhibition is the ratio of binding with or without
competitor. The reciprocal stem-binding mAb for each assay
in the pair was used as a positive control and EM4C04 which
binds the HA head was used as a negative control. Bars
represent means+/—SEM for three repeats. The V,, gene usage
of'the individual stem-binding mAbs is indicated on the right.
[0014] FIGS. 3A-3C. The pandemic HIN1 2009 vaccine
induces highly cross-reactive HA-specific antibodies. FIG.
3 A shows twenty-eight pandemic HIN1 HA-binding mAbs
were tested for binding to HAs from the indicated influenza
strains by ELISA. FIG. 3B shows twenty-five HA head-bind-
ing mAbs were tested for neutralizing activity against the
indicated panel of HIN1 virus strains. Two mAbs (20-3G06
and 15-1A03) expressed poorly and were not tested for cross-
reactivity (ND). FIG. 3C shows three stem-binding mAbs
were tested for neutralizing activity against various influenza
virus strains. Influenza strains are arranged from left to right
in order of sequence similarity to the pandemic HIN1 2009.
Monoclonal antibodies are arranged according to degree of
binding by ELISA to pandemic HIN1 2009 HA and grouped
according to cross-reactivity by ELISA (blue: stem-binders,
bind all HIN1, H5N1 and H3N2; black: bind all HIN1; red:
bind A/California/04/09 and A/Brevig Mission/1/18; green:
bind A/California/04/09 only). Dotted lines represent limits
of detection. Data are representative of 2-4 repeats.

[0015] FIGS. 4A-4B. Monoclonal antibodies induced fol-
lowing the pandemic HIN1 2009 vaccine display high levels
of somatic hypermutation consistent with a recall response.
Variable genes from plasmablasts induced following the pan-
demic HIN1 2009 vaccine were amplified by single-cell RT-
PCR and scored for numbers of somatic mutations. FIG. 4A
shows the number of mutations per V; gene following pan-
demic HIN1 2009 vaccination are compared with previously
published data (12, 27-29). The red line shows the mean
(p-values are from Student’s t-tests). FIG. 4B shows the num-
ber of mutations per V,, gene in HA-specific mAbs only.
Colors represent the degree of cross-reactivity as in FIG. 3.
[0016] FIGS. 5A-5B. Memory B cells reactive to the pan-
demic HIN1 2009 influenza are detectable even prior to the
emergence of the pandemic strain. PBMCs obtained prior to
vaccination were tested for the presence of memory B cells

Jul. 14, 2016

reactive against the pandemic HIN1 2009 HA by polyclonal
activation followed by detection using ELISPOT. The per-
centage of [gG-secreting memory B cells compared with total
IgG-secreting cells is shown in subjects from FIG. 5A the
year that the pandemic HIN1 2009 emerged (2009/10) and
FIG. 5B the previous year (2008/09).

[0017] FIG. 6. A model contrasting the antibody response
induced after vaccination with seasonal versus pandemic
influenza vaccines. The pre-existing influenza-specific B cell
pool primarily consists of memory cells that recognize
epitopes in the globular head of HA from recent seasonal
strains that undergo antigenic drift and thus change relatively
little year to year (shown in green). These are highly
expanded due to recurrent stimulation over several winter
seasons while memory B cells specific for epitopes in the
stem of HA (shown in red) are crowded out. Following an
infection or vaccination with drifted seasonal influenza
strains, the large numbers of immunodominant head-reactive
memory B cells undergo re-expansion while those against
conserved epitopes cannot compete. In a pandemic strain,
many epitopes in the HA head are replaced while conserved
epitopes in the stem and head remain. Cross-reactive memory
B cells specific for the conserved epitopes now have a greater
chance of being recruited into the response.

[0018] FIG. 7. The 2008/09 trivalent inactivated influenza
vaccine induces a rapid plasmablast response. Healthy adult
volunteers were vaccinated with the 2008/09 TIV. PBMCs
were taken at 0, 7, 14 and 28 days post-vaccination and the
number of vaccine-specific IgG-producing plasmablasts
were determined by ELISPOT. Dotted lines represent the
limits of detection for each assay.

[0019] FIG. 8. Sequence homology of HAs from HIN1
strains. HA sequences were obtained from GENBANK®
(ncbi.nlm.nih.gov/protein/). Sequences were aligned using
ClustalW2 and displayed as a phylogenetic tree. Numbers in
brackets represent pairwise alignment scores. Correlation
analysis was done using Spearman’s rank correlation and
comparison between groups using Student’s t-test.

[0020] FIGS. 9A-9D. Plasmablasts induced by the
monovalent (HIN1) 2009 vaccine cross-react with the 2009/
10 seasonal TIV. Healthy adult volunteers were vaccinated
with pandemic (HIN1) 2009 vaccine. FIG. 9A shows the
numbers of IgG-producing plasmablasts in day 7 PBMCs that
reacted against pandemic (HIN1) 2009 virus or the 2009/10
TIV (which contained the A/Brisbane/59/07 HINT1 strain)
were determined by ELISPOT. FIG. 9B shows example of
plasmablast isolation by flow cytometry. FIG. 9C shows rep-
resentative ELISPOT images showing total IgG-producing
plasmablasts and those reactive against indicated HA pro-
teins. FIG. 9D shows ELISPOT scoring of sorted plasma-
blasts reactive against HA derived from the indicated viruses.
ELISPOT for 1 donor is not shown due to insufficient plas-
mablast numbers post-sort. FIGS. 10A-10C. Patterns of
crossreactivity among HA specific vaccine-induced mono-
clonal antibodies. The 28 HA specific monoclonal antibodies
were analyzed by ELISA for their binding to HA proteins
derived from either the pandemic HIN1 2009 or the Brisbane
HIN1 (A/Brisbane/59/07 (HIN1)) influenza strains. The
antibodies showed binding patterns that conformed to three
distinct categories. One category (9/28 antibodies) showed
very similar binding to both HAs (FIG. 10A). Another cat-
egory (14/28) showed better binding to the pandemic HIN1
HA, likely representing ongoing adaptation through affinity
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maturation (FIG. 10B), while the last category (5/28) bound
better to the Brisbane HA (FIG. 10C), consistent with OAS
(original antigenic sin).

[0021] FIG. 11. Cross-reactivity of HA-specific mono-
clonal antibodies by HA1. Twenty-eight pandemic (HIN1)
HA-binding mAbs were tested for neutralizing activity
against a panel of HIN1 virus strains. Influenza strains are
arranged in order of sequence similarity to the pandemic
(HIN1) 2009 and mAbs are arranged according to cross-
reactivity and degree of binding to pandemic (H1N1) 2009
HA. Dotted lines represent limits of detection. Data are rep-
resentative of 2-4 repeat experiments.

[0022] FIG.12 (Table 1). Amino acid sequence information
for HIN1 binding antibodies. Table 1 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.
Heavy chains are indicated by H and light chains are indicated
by L at the end of the identifier in Col. A. For example, line 2
of Table 1 discloses 005-2G02H, which is a heavy chain for
one of the cloned antibodies, and line 3 of Table 1 discloses
005-2G02L, which is the light chain for the same antibody.
Accordingly, each pair of rows (2/3, 4/5, 6/7, 8/9, 10/11,
12/13,14/15,16/17,18/19,20/21,22/23,24/25,26/27, 28/29,
30/31,32/33,34/35,36/37,38/39,40/41,42/43,44/45, 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, 92/93, 94/95, 96/97, 98/99, 100/
101,102/103, 104/105, 106/107,108/109,110/111, 112/113,
114/115,116/117,118/119,120/121,122/123, 124/125, 126/
127,128/129, 130/131, 132/133, 134/135, 136/137, 138/139,
and 140/141) represent paired heavy and light chains from a
cloned human antibody. Col. G provides the V region amino
acid sequence. Col. H provides the FR1 amino acid sequence.
Col. I provides the CDR1 amino acid sequence. Col. J pro-
vides the FR2 amino acid sequence. Col. K provides the
CDR2 amino acid sequence. Col. L provides the FR3 amino
acid sequence. Col. M provides the CDR3 amino acid
sequence. Col. N provides the nucleotide sequence. Col. O
provides the translated V region amino acid sequence. Colum
P provides the FR4 amino acid sequence.

[0023] FIG.13.Clinical characteristics of study and control
groups (Table 2). Number of subjects, age, gender and time
interval between receiving pandemic (HIN1) 2009 vaccine
and 2009/10 TIV are shown. Age and interval between vac-
cinations are expressed as median and range.

[0024] FIGS. 14A and 14B. Sequence, mutation and
V-gene rearrangement data for pandemic (H1N1) 2009 virus-
specific mAbs (Table 3). Variable genes were amplified from
plasmablasts stimulated by pandemic (HIN1) 2009 vaccine
by single-cell RT-PCR and then determined using in-house
analysis software compared with the Immunogentics V gene
dataset and the IMGT search engine. F1G. 14A discloses SEQ
ID NOS 1401-1478, residues 2-28 of SEQ ID NO: 1479 and
SEQ ID NOS 1480-1498, respectively, in order of appear-
ance, and FIG. 14B discloses SEQ ID NOS 1499-1540,
respectively, in order of appearance.

DETAILED DESCRIPTION

[0025] Influenza viruses are segmented negative-strand
RNA viruses that belong to the Orthomyxoviridae family.
There are three types of Influenza viruses, A, B and C. Influ-
enza A viruses infect a wide variety of birds and mammals,
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including humans, horses, marine mammals, pigs, ferrets,
and chickens. In animals, most influenza A viruses cause
localized infections of the respiratory and intestinal tract.
Animals infected with influenza A often act as a reservoir for
the influenza viruses and certain subtypes have been shown to
cross the species barrier to humans.

[0026] The influenza A virus genome encodes nine struc-
tural proteins and one nonstructural (NS1) protein with regu-
latory functions. The influenza virus segmented genome con-
tains eight negative-sense RNA (nsRNA) gene segments
(PB2, PB1, PA, NP, M, NS, HA and NA) that encode at least
ten polypeptides, including RNA-directed RNA polymerase
proteins (PB2, PB1 and PA), nucleoprotein (NP), neuramini-
dase (NA), hemagglutinin (subunits HA1 and HA2), the
matrix proteins (M1 and M2) and the non-structural proteins
(NS1and NS2) (Krugetal., In “The Influenza Viruses,” R. M.
Krug, ed., Plenum Press, N. Y., 1989, pp. 89 152).

[0027] HA is a viral surface glycoprotein generally com-
prising approximately 560 amino acids and representing 25%
of' the total virus protein. It is responsible for adhesion of the
viral particle to, and its penetration into, a host cell in the early
stages of infection. Cleavage of the virus HAO precursor into
the HA1 and HA2 sub-fragments is a necessary step in order
for the virus to infect a cell. Thus, cleavage is required in order
to convert new virus particles in a host cell into virions
capable of infecting new cells. Cleavage is known to occur
during transport of the integral HAO membrane protein from
the endoplasmic reticulum of the infected cell to the plasma
membrane. In the course of transport, hemagglutinin under-
goes a series of co- and post-translational modifications
including proteolytic cleavage of the precursor HA into the
amino-terminal fragment HA1 and the carboxy terminal
HA2.

[0028] Antibodies, including human and/or humanized
forms, as well as fragment, derivatives/conjugates and com-
positions thereof that bind to an HA domain of influenza A are
provided herein. Methods of using these antibodies are also
provided.

[0029] In several embodiments, these antibodies are
broadly cross reactive. In additional embodiments, the anti-
bodies inhibit hemmagglutination activity and neutralize
more than one of HIN1, H5N1 and H3N2. In some embodi-
ments, the antibody specifically binds HIN1 and H3N2. In
further embodiments, the antibody specifically binds HA of
one or more of Pandemic (HIN1) 2009; A/Brevig mission/1/
18(HIN1) 1918; and A/Brisbane/59/07(HIN1) 2007 A/Indo-
nesia/5/05 (HSN1) 2005; A/Brisbanel0/07 (H3N2) 2007.
The antibody can bind the HA globular head and or the HA
stalk. In some embodiments the antibodies are broadly cross-
reactive and provide heterosubtypic protection.

Terms

[0030] Unless otherwise noted, technical terms are used
according to conventional usage. Definitions of common
terms in molecular biology can be found in Benjamin Lewin,
Genes V, published by Oxford University Press, 1994 (ISBN
0-19-854287-9); Kendrew et al. (eds.), The Encyclopedia of
Molecular Biology, published by Blackwell Science Ltd.,
1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.),
Molecular Biology and Biotechnology: a Comprehensive
Desk Reference, published by VCH Publishers, Inc., 1995
(ISBN 1-56081-569-8). Terms describing protein structure
and structural elements of proteins can be found in Creighton,
Proteins, Structures and Molecular Properties, W.H. Freeman
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& Co., New York, 1993 (ISBN 0-717-7030) which is incor-
porated by reference herein in its entirety.

[0031] Unless otherwise explained, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure belongs. The singular terms “a,” “an,” and “the”
include plural referents unless context clearly indicates oth-
erwise. Similarly, the word “or” is intended to include A, B or
both unless the context clearly indicates otherwise.

[0032] It is further to be understood that all base sizes or
amino acid sizes, and all molecular weight or molecular mass
values, given for nucleic acids or polypeptides are approxi-
mate, and are provided for descriptive purposes, unless oth-
erwise indicated. Although many methods and materials
similar or equivalent to those described herein can be used,
particular suitable methods and materials are described
below. In case of conflict, the present specification, including
explanations of terms, will control. In addition, the materials,
methods, and examples are illustrative only and not intended
to be limiting.

[0033] To facilitate review of the various embodiments of
this disclosure, the following explanations of terms are pro-
vided:

[0034] Administration: The introduction of a composition
into a subject by a chosen route. Administration can be local
or systemic. For example, if the chosen route is intravenous,
the composition is administered by introducing the composi-
tion into a vein of the subject. In some examples a disclosed
antibody that specifically binds HA, or a nucleic acid encod-
ing the antibody, is administered to a subject.

[0035] Amino acid substitution: The replacement of one
amino acid in peptide with a different amino acid.

[0036] Amplification: A technique that increases the num-
ber of copies of a nucleic acid molecule (such as an RNA or
DNA). An example of amplification is the polymerase chain
reaction, in which a biological sample is contacted with a pair
of oligonucleotide primers, under conditions that allow for
the hybridization of the primers to a nucleic acid template in
the sample. The primers are extended under suitable condi-
tions, dissociated from the template, and then re-annealed,
extended, and dissociated to amplify the number of copies of
the nucleic acid. The product of amplification can be charac-
terized by electrophoresis, restriction endonuclease cleavage
patterns, oligonucleotide hybridization or ligation, and/or
nucleic acid sequencing using standard techniques. Other
examples of amplification include strand displacement
amplification, as disclosed in U.S. Pat. No. 5,744,311; tran-
scription-free isothermal amplification, as disclosed in U.S.
Pat. No. 6,033,881; repair chain reaction amplification, as
disclosed in PCT Publication No. WO 90/01069; ligase chain
reaction amplification, as disclosed in EP-A-320 308; gap
filling ligase chain reaction amplification, as disclosed in U.S.
Pat. No. 5,427,930; and NASBA™ RNA transcription-free
amplification, as disclosed in U.S. Pat. No. 6,025,134.
[0037] Animal: Living multi-cellular vertebrate organisms,
a category that includes, for example, mammals and birds.
The term mammal includes both human and non-human
mammals. Similarly, the term “subject” includes both human
and veterinary subjects.

[0038] Antibody: A polypeptide substantially encoded by
an immunoglobulin gene or immunoglobulin genes, or anti-
gen binding fragments thereof, which specifically binds and
recognizes an analyte (antigen) such as HA or an antigenic
fragment of HA, such as a conserved domain from the stalk or
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head of the HA protein. Immunoglobulin genes include the
kappa, lambda, alpha, gamma, delta, epsilon and mu constant
region genes, as well as the myriad immunoglobulin variable
region genes. encompass monoclonal antibodies (including
full-length monoclonal antibodies), polyclonal antibodies,
multispecific antibodies formed from at least two different
epitope binding fragments (e.g., bispecific antibodies),
human antibodies, humanized antibodies, camelised antibod-
ies, chimeric antibodies, single-chain Fvs (scFv), single-
chain antibodies, single domain antibodies, domain antibod-
ies, 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-idio-
typic (anti-Id) antibodies (including, e.g., anti-Id antibodies
to antibodies of the invention), intrabodies, and epitope-bind-
ing fragments of any of the above. In particular, antibodies
include immunoglobulin molecules and immunologically
active fragments of immunoglobulin molecules, i.e., mol-
ecules that contain at least one antigen-binding site. Immu-
noglobulin molecules can be of any isotype, for example,
1gG, IgE, IgM, IgD, IgA and IgY), subisotype (e.g., IgG,
1gG,, 1gGs;, 1gG4, IgAl and IgA2) or allotype (e.g., Gm, e.g.,
Glm(f, z, a or x), G2m(n), G3m(g, b, or ¢), Am, Em, and
Km(1, 2 or 3). Antibodies can 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).

[0039] 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 (V) followed by a number of constant domains
(Cpp- Each light chain has a variable domain at one end (V)
and a constant domain (C;) at its other end; the constant
domain of the light chain is aligned with the first constant
domain of the heavy chain, and the light chain variable
domain is aligned with the variable domain of the heavy
chain. References to “V” or “VH” refer to the variable
region of an immunoglobulin heavy chain, including that of
an antibody fragment, such as Fv, scFv, dsFv or Fab. Refer-
ences to “V,” or “VL” refer to the variable region of an
immunoglobulin light chain, including that of an Fv, scFv,
dsFv or Fab. 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.

[0040] Light and heavy chain variable domains contain a
“framework” region interrupted by three hypervariable
regions, also called “complementarity-determining regions”
or “CDRs.” The CDRs are primarily responsible for binding
to an epitope of an antigen. The precise amino acid sequence
boundaries of a given CDR can be readily determined using
any of a number of well-known schemes, including those
described by Kabat et al. (“Sequences of Proteins of Immu-
nological Interest,” 5th Ed. Public Health Service, National
Institutes of Health, Bethesda, Md., 1991; “Kabat” number-
ing scheme), Al-Lazikani et al., (IMB 273,927-948, 1997,
“Chothia” numbering scheme), and Lefranc, et al. (“IMGT
unique numbering for immunoglobulin and T cell receptor
variable domains and Ig superfamily V-like domains,” Dev.
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Comp. Immunol., 27:55-77, 2003; “IMGT” numbering
scheme). The CDRs of each chain are typically referred to as
CDRI1, CDR2, and CDR3, numbered sequentially starting
from the N-terminus, and are also typically identified by the
chain in which the particular CDR is located. Thus, a V,
CDR3 is located in the variable domain of the heavy chain of
the antibody in which it is found, whereas a V; CDR1 is the
CDRI1 from the variable domain of the light chain of the
antibody in which it is found. Light chain CDRs are some-
times referred to as CDR L1, CDR L2, and CDR L3. Heavy
chain CDRs are sometimes referred to as CDR H1, CDR H2,
and CDR H3. The location of the the framework region and
CDRs readily can be identified (see, Kabat et al., Sequences
of Proteins of Immunological Interest, U.S. Department of
Health and Human Services, 1991, which is hereby incorpo-
rated by reference in its entirety). Thus one of ordinary skill in
the art will recognize the numbering of the residues in the
disclosed antibodies when made with reference to the Kabat
convention; the Kabat database is now maintained online.
The sequences of the framework regions of different light or
heavy chains are relatively conserved within a species. The
framework region of an antibody, that is the combined frame-
work regions of the constituent light and heavy chains, serves
to position and align the CDRs in three-dimensional space.

[0041] A “monoclonal antibody” is an antibody produced
by a single clone of B-lymphocytes or by a cell into which the
light and heavy chain genes of a single antibody have been
transfected. Monoclonal antibodies are produced by methods
known to those of skill in the art, for instance by making
hybrid antibody-forming cells from a fusion of myeloma cells
with immune spleen cells. These fused cells and their progeny
are termed “hybridomas.” Monoclonal antibodies include
humanized and fully human monoclonal antibodies. In some
examples monoclonal antibodies are isolated from a subject.
The amino acid sequences of such isolated monoclonal anti-
bodies can be determined.

[0042] A “humanized” immunoglobulin is an immunoglo-
bulin including a human framework region and one or more
CDRs from a non-human (such as a mouse, rat, or synthetic)
immunoglobulin. The non-human immunoglobulin provid-
ing the CDRs is termed a “donor,” and the human immuno-
globulin providing the framework is termed an “acceptor.” In
one embodiment, all the CDRs are from the donor immuno-
globulin in a humanized immunoglobulin. Constant regions
need not be present, but if they are, they must be substantially
identical to human immunoglobulin constant regions, such as
at least about 85-90%, such as about 95% or more identical.
Hence, all parts of a humanized immunoglobulin, except
possibly the CDRs, are substantially identical to correspond-
ing parts of natural human immunoglobulin sequences. A
“humanized antibody” is an antibody comprising a human-
ized light chain and a humanized heavy chain immunoglobu-
lin. A humanized antibody binds to the same antigen as the
donor antibody that provides the CDRs. The acceptor frame-
work of a humanized immunoglobulin or antibody may have
a limited number of substitutions by amino acids taken from
the donor framework. Humanized or other monoclonal anti-
bodies can have additional conservative amino acid substitu-
tions, such as in the framework region, which have substan-
tially no effect on antigen binding or other immunoglobulin
functions. Humanized immunoglobulins can be constructed
by means of genetic engineering (for example, see U.S. Pat.
No. 5,585,089).
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[0043] Antigen: A compound, composition, or substance
that can stimulate the production of antibodies or a T cell
response in an animal, including compositions that are
injected or absorbed into an animal. An antigen reacts with
the products of specific humoral and/or cellular immunity,
including those induced by heterologous antigens, such as the
disclosed antigens. “Epitope” or “antigenic determinant”
refers to the region of an antigen to which B and/or T cells
respond. In one embodiment, T cells respond to the epitope,
when the epitope is presented in conjunction with an MHC
molecule. Epitopes can be formed both from contiguous
amino acids or noncontiguous amino acids juxtaposed by
tertiary folding of a protein. Epitopes formed from contigu-
ous amino acids are typically retained on exposure to dena-
turing solvents whereas epitopes formed by tertiary folding
are typically lost on treatment with denaturing solvents. An
epitope typically includes at least 3, and more usually, at least
5, about 9, or about 8-10 amino acids in a unique spatial
conformation. Methods of determining spatial conformation
of epitopes include, for example, x-ray crystallography and
nuclear magnetic resonance.

[0044] Examples of antigens include, but are not limited to,
peptides, lipids, polysaccharides, and nucleic acids contain-
ing antigenic determinants, such as those recognized by an
immune cell. In some examples, antigens include peptides
derived from a pathogen of interest. Exemplary pathogens
include bacteria, fungi, viruses and parasites. In specific
examples, an antigen is derived from influenza, such as HA or
antigenic fragment thereof, such as the HA stalk or globular
domain.

[0045] A “target epitope” is a specific epitope on an antigen
that specifically binds an antibody of interest, such as amono-
clonal antibody. In some examples, a target epitope includes
the amino acid residues that contact the antibody of interest,
such that the target epitope can be selected by the amino acid
residues determined to be in contact with the antibody of
interest.

[0046] Binding affinity: Affinity of an antibody or antigen
binding fragment thereof for an antigen. An antibody specifi-
cally binds its target epitope. In one embodiment, affinity is
calculated by a modification of the Scatchard method
described by Frankel et al., Mol. Immunol., 16:101-106,
1979. In another embodiment, binding affinity is measured by
an antigen/antibody dissociation rate. In yet another embodi-
ment, a high binding affinity is measured by a competition
radioimmunoassay. In several examples, a high binding affin-
ity is at least about 1x107% M. In other embodiments, a high
binding affinity is at least about 1.5x107%, at least about
2.0x107% at least about 2.5x107%, at least about 3.0x107%, at
least about 3.5x107%, at least about 4.0x107%, at least about
4.5x107% or at least about 5.0x10™% M.

[0047] Chimeric antibody: An antibody which includes
sequences derived from two different antibodies, which typi-
cally are of different species. In some examples, a chimeric
antibody includes one or more CDRs and/or framework
regions from one human antibody and CDRs and/or frame-
work regions from another human antibody. In other
examples, a chimeric antibody includes one or more CDRs
and/or framework regions from one human antibody and
CDRs and/or framework regions from a chimpanzee anti-
body.

[0048] Contacting: Placement in direct physical associa-
tion; includes both in solid and liquid form, which can take
place either in vivo or in vitro. Contacting includes contact
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between one molecule and another molecule, for example the
amino acid on the surface of one polypeptide, such as an
antigen, that contacts another polypeptide, such as an anti-
body. Contacting can also include contacting a cell for
example by placing an antibody in direct physical association
with a cell.

[0049] Epitope: A protein determinant that is specifically
bound by an antibody. Epitopes usually consist of chemically
active surface groupings of molecules such as amino acids or
sugar side chains and usually have specific three dimensional
structural characteristics, as well as specific charge charac-
teristics. Conformational 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.

[0050] Framework Region: Amino acid sequences inter-
posed between CDRs. Includes variable light and variable
heavy framework regions. The framework regions serve to
hold the CDRs in an appropriate orientation for antigen bind-
ing.

[0051] Fc polypeptide: The polypeptide comprising the
constant region of an antibody excluding the first constant
region immunoglobulin domain. Fc region generally refers to
the last two constant region immunoglobulin domains of IgA,
IgD, and IgG, and the last three constant region immunoglo-
bulin domains of IgE and IgM. An Fc region may also include
part or all of the flexible hinge N-terminal to these domains.
For IgA and IgM, an Fc region may or may not comprise the
tailpiece, and may or may not be bound by the J chain. For
IgG, the Fc region comprises immunoglobulin domains
Cgamma?2 and Cgamma3 (Cy2 and Cy3) and the lower part of
the hinge between Cgammal (Cyl) and Cy2. Although the
boundaries of the Fc region may vary, the human IgG heavy
chain Fc region is usually defined to comprise residues C226
or P230 to its carboxyl-terminus, wherein the numbering is
according to the EU index as in Kabat. For IgA, the Fc region
comprises immunoglobulin domains Calpha2 and Calpha3
(Ca2 and Ca3) and the lower part of the hinge between
Calphal (Cal) and Ca2. Encompassed within the definition
of'the Fc region are functionally equivalent analogs and vari-
ants of the Fc region. A functionally equivalent analog of the
Fc region may be a variant Fc region, comprising one or more
amino acid modifications relative to the wild-type or naturally
existing Fc region. Variant Fc regions will possess at least
50% homology with a naturally existing Fc region, such as
about 80%, and about 90%, or at least about 95% homology.
Functionally equivalent analogs of the Fc region may com-
prise one or more amino acid residues added to or deleted
from the N- or C-termini of the protein, such as no more than
30 or no more than 10 additions and/or deletions. Function-
ally equivalent analogs of the Fc region include Fc regions
operably linked to a fusion partner. Functionally equivalent
analogs of the Fc region must comprise the majority of all of
the Ig domains that compose Fc region as defined above; for
example IgG and IgA Fc regions as defined herein must
comprise the majority of the sequence encoding CH, and the
majority of the sequence encoding CH;. Thus, the CH,
domain on its own, or the CH; domain on its own, are not
considered Fc region. The Fc region may refer to this region
in isolation, or this region in the context of an Fc fusion
polypeptide (such as an immunoadhesin)

[0052] Hemagglutinin (HA): An influenza virus surface
glycoprotein that is a homotrimeric integral membrane gly-
coprotein. HA mediates binding of the virus particle to a host
cells and subsequent entry of the virus into the host cell. The
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nucleotide and amino acid sequences of numerous influenza
HA proteins are known in the art and are publically available,
such as through the NCBI Influenza Virus Resource database
(Bao et al., J Virol 82:596-601, 2008). HA (along with NA) is
one of the two major influenza virus antigenic determinants.
The crystal structure of hemagglutinin is deposited as PDB
code 5 hmg. The three identical monomers that constitute HA
are constructed into a central a helix coil; three spherical
heads contain the sialic acid binding sites. In nature, HA
monomers are synthesized as precursors that are then glyco-
sylated and cleaved into two smaller polypeptides: the HA1
and HA2 subunits. Each HA monomer consists of a long,
helical chain anchored in the membrane by HA2 and topped
by a large HA1 globular head which contains the sialic acid
receptor binding sites. The HA2 protein chain facilitates
membrane fusion; the C-terminal end of the protein is embed-
ded in the viral membrane. The stalk of HA is comprised of
portions of HA1 and HA2.

[0053] Hostcells: Cells in which a vector can be propagated
and its DNA expressed, for example a disclosed antibody can
be expressed in a host cell. The cell may be prokaryotic or
eukaryotic. The term also includes any progeny of the subject
hostcell. It is understood that all progeny may not be identical
to the parental cell since there may be mutations that occur
during replication. However, such progeny are included when
the term “host cell” is used.

[0054] Immunoadhesin: A molecular fusion of a protein
with the Fc region of an immunoglobulin, wherein the immu-
noglobulin retains specific properties, such as Fc receptor
binding and increased half-life. An Fc fusion combines the Fc
region of an immunoglobulin with a fusion partner, which in
general can be any protein, polypeptide, peptide, or small
molecule. In one example, and immunoadhesin includes the
hinge, CH,, and CH; domains of the immunoglobulin gamma
1 heavy chain constant region. In another example, the immu-
noadhesin includes the CH,, and CH; domains of an IgG.
[0055] Immunologically reactive conditions: Includes ref-
erence to conditions which allow an antibody raised against a
particular epitope to specifically bind to that epitope to a
detectably greater degree than, and/or to the substantial
exclusion of, binding to substantially all other epitopes.
Immunologically reactive conditions are dependent upon the
format of the antibody binding reaction and typically are
those utilized in immunoassay protocols or those conditions
encountered in vivo. See Harlow & Lane, supra, for a descrip-
tion of immunoassay formats and conditions. The immuno-
logically reactive conditions employed in the methods are
“physiological conditions” which include reference to condi-
tions (e.g., temperature, osmolarity, pH) that are typical
inside a living mammal or a mammalian cell. While it is
recognized that some organs are subject to extreme condi-
tions, the intra-organismal and intracellular environment nor-
mally lies around pH 7 (e.g., from pH 6.0 to pH 8.0, more
typically pH 6.5 to 7.5), contains water as the predominant
solvent, and exists at a temperature above 0° C. and below 50°
C. Osmolarity is within the range that is supportive of cell
viability and proliferation.

[0056] IgA: A polypeptide belonging to the class of anti-
bodies that are substantially encoded by a recognized immu-
noglobulin alpha gene. In humans, this class or isotype com-
prises IgA, and IgA,,. IgA antibodies can exist as monomers,
polymers (referred to as plgA) of predominantly dimeric
form, and secretory IgA. The constant chain of wild-type IgA
contains an 18-amino-acid extension at its C-terminus called
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the tail piece (tp). Polymeric IgA is secreted by plasma cells
with a 15-kDa peptide called the J chain linking two mono-
mers of IgA through the conserved cysteine residue in the tail
piece.

[0057] IgG: Apolypeptide belonging to the class or isotype
of antibodies that are substantially encoded by a recognized
immunoglobulin gamma gene. In humans, this class com-
prises IgG,, IgG,, IgG;, and 1gG,,. In mice, this class com-
prises IgG, IgG,a, 1gG,b, IgG,.

[0058] Influenza virus: A segmented negative-strand RNA
virus that belongs to the Orthomyxoviridae family. There are
three types of influenza viruses, A, B and C. Influenza A
viruses infect a wide variety of birds and mammals, including
humans, horses, marine mammals, pigs, ferrets, and chick-
ens. In animals, most influenza A viruses cause mild localized
infections of the respiratory and intestinal tract. However,
highly pathogenic influenza A strains, such as H5N1, cause
systemic infections in poultry in which mortality may reach
100%. In 2009, HIN1 influenza was the most common cause
of human influenza. A new strain of swine-origin HIN1
emerged in 2009 and was declared pandemic by the World
Health Organization. This strain was referred to as “swine
flu” HIN1 influenza A viruses were also responsible for the
Spanish flu pandemic in 1918, the Fort Dix outbreak in 1976,
and the Russian flu epidemic in 1977-1978. Influenza A
viruses are categorized into subtypes based on the type of two
proteins, hemagglutinin (H) and neuraminidase (N) that are
on the surface of the viral envelope. Different influenza
viruses encode for different hemagglutinin and neuramini-
dase proteins. Influenza A viruses include the following sub-
types: HIN1 (Spanish flu or Swine flu), H2N2 (Asian flu),
H3N2 (Hong Kong flu), H5N1 (bird flu), H7N7, HIN2,
HON2, H7N2, H7N3 and HI1ON7. An antibody that is
“broadly neutralizing” or “broadly crossreactive,” specifi-
cally binds to a polypeptide on more than one subtype and/or
strain and inhibits viral entry and/or replication. For example,
a broadly neutralizing antibody can specifically bind HA
from at least two of HIN1 (Spanish flu or Swine flu), H2N2
(Asian flu), H3N2 (Hong Kong flu), HSN1 (bird flu), H7N7,
HIN2, HON2, H7N2, H7N3 and HION7.

[0059] Inhibiting or treating a disease/infection: Inhibiting
the full development of a disease or condition, for example, in
a subject who is at risk for a disease such as an influenza
infection. “Treatment” refers to a therapeutic intervention
that ameliorates a sign or symptom of an infection or patho-
logical condition (such as the flu) after it has begun to
develop. The term “ameliorating,” with reference to a disease/
infection or pathological condition, refers to any observable
beneficial effect of the treatment. The beneficial effect can be
evidenced, for example, by a delayed onset of clinical symp-
toms of the disease in a susceptible subject, a reduction in
severity of some or all clinical symptoms of the disease, a
slower progression of the disease, a reduction in the viral
load, an improvement in the overall health or well-being of
the subject, or by other parameters well known in the art that
are specific to the particular disease. A “prophylactic” treat-
ment is a treatment administered to a subject who does not
exhibit signs of a disease/infection or exhibits only early signs
for the purpose of decreasing the risk of developing pathol-
ogy.

[0060] Isolated: An “isolated” biological component (such
as a cell, for example a B cell, a nucleic acid, peptide, protein
or antibody) has been substantially separated, produced apart
from, or purified away from other biological components in
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the cell of the organism in which the component naturally
occurs, such as, other chromosomal and extrachromosomal
DNA and RNA, and proteins. Nucleic acids, peptides and
proteins which have been “isolated” thus include nucleic
acids and proteins purified by standard purification methods.
The term also embraces nucleic acids, peptides, and proteins
prepared by recombinant expression in a host cell as well as
chemically synthesized nucleic acids. In some examples an
antibody, such as an antibody specific for HA can be isolated,
for example isolated from a subject infected with an influenza
virus.

[0061] K The dissociation constant for a given interac-
tion, such as a polypeptide ligand interaction or an antibody
antigen interaction. For example, for the bimolecular interac-
tion of an antibody (such as 05-2G02, 09-2A06, and
09-3A01) and an antigen (such as HA) it is the concentration
of the individual components of the bimolecular interaction
divided by the concentration of the complex.

[0062] Label: A detectable compound or composition that
is conjugated directly or indirectly to another molecule, such
as an antibody or a protein, to facilitate detection of that
molecule. Specific, non-limiting examples of labels include
fluorescent tags, enzymatic linkages, and radioactive iso-
topes. In some examples, a disclosed antibody as labeled.
[0063] Neuraminidase (NA): Aninfluenza virus membrane
glycoprotein. NA is involved in the destruction of the cellular
receptor for the viral HA by cleaving terminal sialic acid
residues from carbohydrate moieties on the surfaces of
infected cells. NA also cleaves sialic acid residues from viral
proteins, preventing aggregation of viruses. NA (along with
HA) is one of the two major influenza virus antigenic deter-
minants.

[0064] Neutralizing antibody: An antibody which reduces
the infectious titer of an infectious agent by binding to a
specific antigen on the infectious agent. In some examples the
infectious agent is a virus. In some examples, an antibody that
is specific for HA reduces the infectious titer of influenza
virus.

[0065] Nucleic acid: A polymer composed of nucleotide
units (ribonucleotides, deoxyribonucleotides, related natu-
rally occurring structural variants, and synthetic non-natu-
rally occurring analogs thereof) linked via phosphodiester
bonds, related naturally occurring structural variants, and
synthetic non-naturally occurring analogs thereof. Thus, the
term includes nucleotide polymers in which the nucleotides
and the linkages between them include non-naturally occur-
ring synthetic analogs, such as, for example and without
limitation, phosphorothioates, phosphoramidates, methyl
phosphonates, chiral-methyl phosphonates, 2-O-methyl ribo-
nucleotides, peptide-nucleic acids (PNAs), and the like. Such
polynucleotides can be synthesized, for example, using an
automated DNA synthesizer. The term “oligonucleotide”
typically refers to short polynucleotides, generally no greater
than about 50 nucleotides. It will be understood that when a
nucleotide sequence is represented by a DNA sequence (i.e.,
A, T, G, C), this also includes an RNA sequence (i.e., A, U, G,
C) in which “U” replaces “T.”

[0066] Conventional notation is used herein to describe
nucleotide sequences: the left-hand end of a single-stranded
nucleotide sequence is the 5'-end; the left-hand direction of a
double-stranded nucleotide sequence is referred to as the
5'-direction. The direction of 5' to 3' addition of nucleotides to
nascent RNA transcripts is referred to as the transcription
direction. The DNA strand having the same sequence as an
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mRNA is referred to as the “coding strand;” sequences on the
DNA strand having the same sequence as an mRNA tran-
scribed from that DNA and which are located 5' to the 5'-end
of the RNA transcript are referred to as “upstream
sequences;” sequences on the DNA strand having the same
sequence as the RNA and which are 3' to the 3' end of the
coding RNA transcript are referred to as “downstream
sequences.”

[0067] “cDNA” refers to a DNA that is complementary or
identical to an mRNA, in either single stranded or double
stranded form.

[0068] “Encoding” refers to the inherent property of spe-
cific sequences of nucleotides in a polynucleotide, such as a
gene, a cDNA, or an mRNA, to serve as templates for syn-
thesis of other polymers and macromolecules in biological
processes having either a defined sequence of nucleotides
(i.e., rRNA, tRNA and mRNA) or a defined sequence of
amino acids and the biological properties resulting therefrom.
Thus, a gene encodes a protein if transcription and translation
of mRNA produced by that gene produces the protein in a cell
or other biological system. Both the coding strand, the nucle-
otide sequence of which is identical to the mRNA sequence
and is usually provided in sequence listings, and non-coding
strand, used as the template for transcription, of a gene or
c¢DNA can be referred to as encoding the protein or other
product of that gene or cDNA. Unless otherwise specified, a
“nucleotide sequence encoding an amino acid sequence”
includes all nucleotide sequences that are degenerate versions
of'each other and that encode the same amino acid sequence.
Nucleotide sequences that encode proteins and RNA may
include introns.

[0069] “Recombinant nucleic acid” refers to a nucleic acid
having nucleotide sequences that are not naturally joined
together. This includes nucleic acid vectors comprising an
amplified or assembled nucleic acid which can be used to
transform a suitable host cell. A host cell that comprises the
recombinant nucleic acid is referred to as a “recombinant host
cell.” The gene is then expressed in the recombinant host cell
to produce, e.g., a “recombinant polypeptide.” A recombinant
nucleic acid may serve a non-coding function (e.g., promoter,
origin of replication, ribosome-binding site, etc.) as well.
[0070] A first sequence is an “antisense” with respect to a
second sequence if a polynucleotide whose sequence is the
first sequence specifically hybridizes with a polynucleotide
whose sequence is the second sequence.

[0071] Terms used to describe sequence relationships
between two or more nucleotide sequences or amino acid
sequences include “reference sequence,” “selected from,”
“comparison window,” “identical,” “percentage of sequence
identity,” “substantially identical,” “complementary,” and
“substantially complementary.”

[0072] For sequence comparison of nucleic acid sequences,
typically one sequence acts as a reference sequence, to which
test sequences are compared. When using a sequence com-
parison algorithm, test and reference sequences are entered
into a computer, subsequence coordinates are designated, if
necessary, and sequence algorithm program parameters are
designated. Default program parameters are used. Methods of
alignment of sequences for comparison are well known in the
art. Optimal alignment of sequences for comparison can be
conducted, e.g., by the local homology algorithm of Smith &
Waterman, Adv. Appl. Math. 2:482, 1981, by the homology
alignment algorithm of Needleman & Wunsch, J. Mol. Biol.
48:443, 1970, by the search for similarity method of Pearson
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& Lipman, Proc. Nat’l. Acad. Sci. USA 85:2444, 1988, by
computerized implementations of these algorithms (GAP,
BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics
Software Package, Genetics Computer Group, 575 Science
Dr., Madison, Wis.), or by manual alignment and visual
inspection (see, e.g., Current Protocols in Molecular Biology
(Ausubel et al., eds 1995 supplement)).

[0073] One example of a useful algorithm is PILEUP.
PILEUP uses a simplification of the progressive alignment
method of Feng & Doolittle, J. Mol. Evol. 35:351-360, 1987.
The method used is similar to the method described by Hig-
gins & Sharp, CABIOS 5:151-153, 1989. Using PILEUP, a
reference sequence is compared to other test sequences to
determine the percent sequence identity relationship using
the following parameters: default gap weight (3.00), default
gap length weight (0.10), and weighted end gaps. PILEUP
can be obtained from the GCG sequence analysis software
package, e.g., version 7.0 (Devereaux et al., Nuc. Acids Res.
12:387-395, 1984.

[0074] Another example of algorithms that are suitable for
determining percent sequence identity and sequence similar-
ity are the BLAST and the BLAST 2.0 algorithm, which are
described in Altschul et al., J. Mol. Biol. 215:403-410, 1990
and Altschul et al., Nucleic Acids Res. 25:3389-3402, 1977.
Software for performing BLAST analyses is publicly avail-
able through the National Center for Biotechnology Informa-
tion (ncbi.nlm.nih.gov). The BLASTN program (for nucle-
otide sequences) uses as defaults a word length (W) of 11,
alignments (B) of 50, expectation (E) of 10, M=5, N=-4, and
a comparison of both strands. An oligonucleotide is a linear
polynucleotide sequence of up to about 100 nucleotide bases
in length.

[0075] A polynucleotide or nucleic acid sequence refers to
a polymeric form of nucleotide at least 10 bases in length. A
recombinant polynucleotide includes a polynucleotide that is
not immediately contiguous with both of the coding
sequences with which it is immediately contiguous (one on
the 5' end and one on the 3' end) in the naturally occurring
genome of the organism from which it is derived. The term
therefore includes, for example, a recombinant DNA which is
incorporated into a vector; into an autonomously replicating
plasmid or virus; or into the genomic DNA of a prokaryote or
eukaryote, or which exists as a separate molecule (e.g., a
c¢DNA) independent of other sequences. The nucleotides can
be ribonucleotides, deoxyribonucleotides, or modified forms
of either nucleotide. The term includes single- and double-
stranded forms of DNA. An HA polynucleotide is a nucleic
acid encoding a HA polypeptide; and an HA antibody poly-
nucleotide is a nucleic acid encoding an antibody that spe-
cifically binds HA.

[0076] Pharmaceutically acceptable carriers: The pharma-
ceutically acceptable carriers of use are conventional. Rem-
ington’s Pharmaceutical Sciences, by E. W. Martin, Mack
Publishing Co., Easton, Pa., 19th Edition, 1995, describes
compositions and formulations suitable for pharmaceutical
delivery of the disclosed antibodies.

[0077] In general, the nature of the carrier will depend on
the particular mode of administration being employed. For
instance, parenteral formulations usually comprise injectable
fluids that include pharmaceutically and physiologically
acceptable fluids such as water, physiological saline, bal-
anced salt solutions, aqueous dextrose, glycerol or the like as
avehicle. For solid compositions (e.g., powder, pill, tablet, or
capsule forms), conventional non-toxic solid carriers can
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include, for example, pharmaceutical grades of mannitol,
lactose, starch, or magnesium stearate. In addition to biologi-
cally neutral carriers, pharmaceutical compositions to be
administered can contain minor amounts of non-toxic auxil-
iary substances, such as wetting or emulsifying agents, pre-
servatives, and pH buffering agents and the like, for example
sodium acetate or sorbitan monolaurate.

[0078] Pharmaceutical agent: A chemical compound or
composition capable of inducing a desired therapeutic or
prophylactic effect when properly administered to a subject
or a cell. In some examples a pharmaceutical agent includes
one or more of the disclosed antibodies.

[0079] Polypeptide: Any chain of amino acids, regardless
of length or post-translational modification (e.g., glycosyla-
tion or phosphorylation). In one embodiment, the polypeptide
is an HA polypeptide. In one embodiment, the polypeptide is
a disclosed antibody or a fragment thereof. A “residue” refers
to an amino acid or amino acid mimetic incorporated in a
polypeptide by an amide bond or amide bond mimetic. A
polypeptide has an amino terminal (N-terminal) end and a
carboxy terminal end.

[0080] Purified: The term purified does not require absolute
purity; rather, it is intended as a relative term. Thus, for
example, a purified peptide preparation is one in which the
peptide or protein (such as an antibody) is more enriched than
the peptide or protein is in its natural environment within a
cell. For example, other molecules, e.g. polypeptide, nucleic
acid molecules that have been identified and separated and/or
recovered from a component of its natural environment. In
some examples, purified antibodies have been separated from
one or more components of their natural environment. In one
embodiment, a preparation is purified such that the protein or
peptide represents at least 50% of the total peptide or protein
content of the preparation.

[0081] The antibodies that specifically bind HA as dis-
closed herien can be purified by any of the means known in
the art. See for example Guide to Protein Purification, ed.
Deutscher, Meth. Enzymol. 185, Academic Press, San Diego,
1990; and Scopes, Protein Purification: Principles and Prac-
tice, Springer Verlag, New York, 1982. Substantial purifica-
tion denotes purification from other proteins, antibodies, or
cellular components. A substantially purified protein is at
least 60%, 70%, 80%, 90%, 95% or 98% pure. Thus, in one
specific, non-limiting example, a substantially purified pro-
tein is 90% free of other proteins or cellular components.
[0082] Outbreak: As used herein, an influenza virus “out-
break” refers to a collection of virus isolates from within a
single country in a given year.

[0083] Recombinant: A recombinant nucleic acid is one
that has a sequence that is not naturally occurring or has a
sequence that is made by an artificial combination of two
otherwise separated segments of sequence. This artificial
combination is often accomplished by chemical synthesis or,
more commonly, by the artificial manipulation of isolated
segments of nucleic acids, e.g., by genetic engineering tech-
niques.

[0084] Sequence identity: The similarity between amino
acid sequences is expressed in terms of the similarity between
the sequences, otherwise referred to as sequence identity.
Sequence identity is frequently measured in terms of percent-
age identity (or similarity or homology); the higher the per-
centage, the more similar the two sequences are. Homologs or
variants of a polypeptide will possess a relatively high degree
of sequence identity when aligned using standard methods.
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[0085] Methods of alignment of sequences for comparison
are well known in the art. Various programs and alignment
algorithms are described in: Smith and Waterman, Adv. Appl.
Math. 2:482, 1981; Needleman and Wunsch, J. Mol. Biol.
48:443, 1970, Pearson and Lipman, Proc. Natl. Acad. Sci.
US.A. 85:2444, 1988; Higgins and Sharp, Gene 73:237,
1988; Higgins and Sharp, CABIOS 5:151, 1989; Corpetet al.,
Nucleic Acids Research 16:10881, 1988; and Pearson and
Lipman, Proc. Natl. Acad. Sci. U.S.A. 85:2444, 1988. Alts-
chul et al., Nature Genet. 6:119, 1994, presents a detailed
consideration of sequence alignment methods and homology
calculations.

[0086] The NCBI Basic Local Alignment Search Tool
(BLAST) (Altschul et al., J. Mol. Biol. 215:403, 1990) is
available from several sources, including the National Center
for Biotechnology Information (NCBI, Bethesda, Md.) and
on the internet, for use in connection with the sequence analy-
sis programs blastp, blastn, blastx, tblastn and tblastx. A
description of how to determine sequence identity using this
program is available on the NCBI website on the internet. The
BLASTP program (for amino acid sequences) uses as
defaults a word length (W) of 3, and expectation (E) of 10, and
the BLOSUMG62 scoring matrix (see Henikoff & Henikoff,
Proc. Natl. Acad. Sci. US4 89:10915, 1989).

[0087] Homologs and variants of a V; or a V of an anti-
body that specifically binds a polypeptide are typically char-
acterized by possession of at least about 75%, for example at
least about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98% or 99% sequence identity counted over the
full length alignment with the amino acid sequence of inter-
est. Proteins with even greater similarity to the reference
sequences will show increasing percentage identities when
assessed by this method, such as at least 80%, at least 85%, at
least 90%, at least 95%, at least 98%, or at least 99% sequence
identity. When less than the entire sequence is being com-
pared for sequence identity, homologs and variants will typi-
cally possess at least 80% sequence identity over short win-
dows of 10-20 amino acids, and may possess sequence
identities of at least 85% or at least 90% or 95% depending on
their similarity to the reference sequence. Methods for deter-
mining sequence identity over such short windows are avail-
able at the NCBI website on the internet. One of skill in the art
will appreciate that these sequence identity ranges are pro-
vided for guidance only; it is entirely possible that strongly
significant homologs could be obtained that fall outside of the
ranges provided.

[0088] Specifically bind: When referring to an antibody,
refers to a binding reaction which determines the presence of
atarget protein, peptide, or polysaccharide in the presence of
a heterogeneous population of proteins and other biologics.
Thus, under designated conditions, an antibody binds prefer-
entially to a particular target protein, peptide or polysaccha-
ride (such as an antigen of a pathogen, for example HA) and
do not bind in a significant amount to other proteins or
polysaccharides present in the sample or subject. Specific
binding can be determined by methods known in the art. With
reference to an antibody antigen complex, specific binding of
the antigen and antibody has a K, of less than about 1079
Molar, 1077 Molar, 10~® Molar, 10~°, or even less than about
107'° Molar. Generally, an antibody specifically binds the
target antigen with a K, of is less than 10~ Molar.

[0089] Therapeutic agent: Used in a generic sense, it
includes treating agents, prophylactic agents, and replace-
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ment agents. A therapeutic agent is used to ameliorate a
specific set of conditions in a subject with a disease or a
disorder.

[0090] Therapeutically effective amount: A quantity of a
specific substance, such as a disclosed antibody, sufficient to
achieve a desired effect in a subject being treated. For
instance, this can be the amount necessary to inhibit influenza
virus replication or treat the flu. In several embodiments, a
therapeutically effective amount is the amount necessary to
reduce a sign or symptom of the flu, and/or to decrease viral
titer in a subject. When administered to a subject, a dosage
will generally be used that will achieve target tissue concen-
trations that has been shown to achieve a desired in vitro
effect.

[0091] Vector: A nucleic acid molecule as introduced into a
host cell, thereby producing a transformed host cell. A vector
may include nucleic acid sequences that permit it to replicate
in a host cell, such as an origin of replication. A vector may
also include one or more selectable marker genes and other
genetic elements known in the art.

[0092] Virus: Microscopic infectious organism that repro-
duces inside living cells. A virus consists essentially ofa core
of'a single nucleic acid surrounded by a protein coat, and has
the ability to replicate only inside a living cell. “Viral repli-
cation”is the production of additional virus by the occurrence
of at least one viral life cycle. A virus may subvert the host
cells’ normal functions, causing the cell to behave in a manner
determined by the virus. For example, a viral infection may
result in a cell producing a cytokine, or responding to a
cytokine, when the uninfected cell does not normally do so.
Antibodies that Specifically Bind Influenza HA

[0093] Antibodies and antigen binding fragments of these
antibodies are disclosed herein that specifically bind HA of
influenza virus. In some embodiments, the antibody or anti-
gen binding fragment specifically binds to HA of HIN1 influ-
enza. In some embodiments, it specifically binds the HA of
HS5NI influenza. In some embodiments, the antibody or anti-
gen binding fragment specifically binds the HA of both HIN1
and H5N1. In some embodiments, the antibody or antigen
binding fragment also specifically binds to the HA of H3N2.
In further embodiments, the antibody specifically binds
HIN1, H5N1 and/or H3N2. Thus, in some embodiments, the
antibody, antibody fragment binds to the HA domain of two
or more different subclasses of influenza A, such as HIN1,
H5N1 and/or H3N2. These antibodies are broadly cross reac-
tive. In some embodiments, the antibodies bind the stem of
HA.

[0094] The antibody, antibody fragment can cross-react
with two different influenza strains/subtypes (e.g., two or
more different strains of HIN1 such as the 2009 pandemic
strain or the 1918 pandemic strain). In some cases, the anti-
body, antibody fragment or peptide may cross-react with
three or more, five or more or ten or more different influenza
strains and/or subtypes. Thus, the antibody, antibody frag-
ment binds to the HA domain (and in some cases can neutral-
ize) two or more of the following HIN1 strains: Pandemic
(HIN1) 2009; A/Brevig mission/1/18(HIN1) 1918; and
A/Brisbane/59/07(HIN1) 2007. Some antibodies, antibody
fragments immunospecifically bind to a particular type of
influenza, e.g., HIN1 or H5N1. In some cases the antibody,
antibody fragment immunospecifically binds to an influenza
virus, e.g., influenza A, HA domain. In some cases the anti-
body, antibody fragment or peptide binds or binds and neu-
tralizes a HIN1 strain and/or subtype and an HINS strain
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and/or subtype. In some non-limiting examples, the purified
antibody or antibody fragment binds to at least three H1
influenza strains selected from the strains in panel A of FIG.
3.

[0095] In specific non-limiting embodiments, the isolated
antibody binds the HA stalk. The HA stalk includes portions
of'the HA1 and HA2 subunits of HA. Thus, the antibody can
bind epitopes on HAL epitopes on HA2, or an epitope found
on a complex of HA1 and HA2.

[0096] In other non-limiting embodiments, the isolated
antibody binds the HA globular head. In further non-limiting
embodiments, the strain and/or subtype antibody neutralizes
one or more strains and/or subtypes of HIN1 influenza, one or
more strains and/or subtypes of HSN1 influenza or one or
more strains and/or subtypes of both HIN1 and H5N1 influ-
enza. In yet other non-limiting embodiments, the antibody
has hemagglutination inhibition activity. In additional
embodiments, the antibody binds one (e.g., 2, 3, 4 or 5) or
more of: Pandemic (HIN1) 2009; A/Brevig mission/1/18
(HIN1) 1918; and A/Brisbane/59/07(H1N1) 2007 A/Indone-
sia/5/05 (H5N1) 2005; A/Brisbanel0/07 (H3N2) 2007.
[0097] In other embodiments, the antibody is an IgG anti-
body; such an IgG1 antibody; is an IgG1, kappa antibody; is
an IgG1, lambda antibody, or a IgM, IgA, IgD or IgE anti-
body. The antibody can be a humanized antibody or a fully
human antibody. Antigen binding fragments of these antibod-
ies are also provided herein. In some embodiments, that anti-
gen binding is selected from a Fab, a F(ab')2 fragment, a Fd
fragment, an Fv fragment, a scFv, and a domain antibody
(dAb) fragment.

[0098] Generally, an anti-influenza antibody immunospe-
cifically bind an epitope specific to an HA domain of an
influenza A virus and does not specifically bind to other
polypeptides. Isolated monoclonal antibodies that specifi-
cally bind HA are disclosed herein. Also disclosed herein are
compositions including these monoclonal antibodies and a
pharmaceutically acceptable carrier. Nucleic acids encoding
these antibodies, expression vectors comprising these nucleic
acids, and isolated host cells that express the nucleic acids are
also provided.

[0099] Compositions comprising the monoclonal antibod-
ies specific for HA can be used for research, diagnostic and
therapeutic purposes. In one embodiment, the monoclonal
antibodies disclosed herein can be used to diagnose or treat a
subject having an influenza infection. In another embodi-
ment, the antibodies can be used to determine viral titer in a
subject. The antibodies disclosed herein also can be used to
study the biology of the human immunodeficiency virus.
[0100] 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.
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[0101] CDRs and FRs may be defined according to Kabat
or IMGT. Thus, antibodies are provided herein that include
the CDRs of the variable domains presented in FIG. 12.
Antibodies are also provided herein that include the CDRs
presented in FIG. 12.

[0102] Each CDR can include amino acid residues from a
complementarity determining region as defined by Kabat (i.e.
about residues 24-34 (CDR-L.1), 50-56 (CDR-L.2) and 89-97
(CDR-L3) in the light chain variable domain (SEQ ID NOS
11,31,51,71,91,111,131,151,171,191, 211,231,251, 271,
291, 311, 331, 351, 371, 391, 411, 431, 451, 471, 491, 511,
531, 551, 571, 591, 611, 631, 651, 671, 691, 711, 731, 751,
771,791, 811, 831, 851, 871, 891, 911, 931, 951, 971, 991,
1011,1031,1051,1071,1091,1111,1131,1151,1171,1191,
1211, 1231, 1251, 1271, 1291, 1311, 1331, 1351, 1371, and
1391) and 31-35 (CDR-H1), 50-65 (CDR-H2) and 95-102
(CDR-H3) in the heavy chain variable domain (SEQ ID NOS
1,21,41,61,81,101, 121, 141, 161, 181, 201, 221, 241, 261,
281, 301, 321, 341, 361, 381, 401, 421, 441, 461, 481, 501,
521, 541, 561, 581, 601, 621, 641, 661, 681, 701, 721, 741,
761, 781, 801, 821, 841, 861, 881, 901, 921, 941, 961, 981,
1001,1021,1041,1061,1081,1101,1121,1141,1161, 1181,
1201, and 1221, 1241, 1261, 1281, 1301, 1321, 1341, 1361,
and 1381) (Kabat et al., (1991) Sequences of Proteins of
Immunological Intevest, 5™ Edition, U.S. Department of
Health and Human Services, Public Health Service, National
Institutes of Health, Bethesda, Md. (NIH Publication No.
91-3242, which is specifically incorporated herein by refer-
ence in its entirety). In some embodiments, the antibody
includes 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 domain (SEQ ID NO:2), see
Chothia and Lesk J. Mol. Biol. 196:901-917 (1987)). In some
instances, a complementarity determining region can include
amino acids from both a CDR region defined according to
Kabat and a hypervariable loop.

[0103] 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.

[0104] The monoclonal antibodies can also include heavy
and light chain variable domains including a CDR1, CDR2
and CDR3 with reference to the IMGT numbering scheme
(unless the context indicates otherwise). The person of ordi-
nary skill in the art will understand that various CDR num-
bering schemes (such as the Kabat, Chothia or IMGT num-
bering schemes) can be used to determine CDR positions.
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This numbering also can be used in reference to the heavy and
light chains sequences disclosed herein. FIG. 12 provides the
CDRs and framework regions according to the IMGT num-
bering scheme.

[0105] In certain embodiments, the anti-influenza antibod-
ies are isolated and/or purified and/or pyrogen free antibod-
ies. The present anti-influenza antibodies include at least one
antigen binding domain that comprises at least one comple-
mentarity determining region (CDR1, CDR2 and CDR3). In
one embodiment, the anti-influenza antibodies or antigen
binding fragments thereof include a V, that includes at least
one V, CDR (e.g.,, CDR-H1, CDR-H2 or CDR-H3). In
another embodiment, the anti-influenza antibodies include a
V; that comprises at leastone V; CDR (e.g., CDR-L.1, CDR-
L2 or CDR-L3). In further embodiments the anti-influenza
antibodies or antigen binding fragments thereof include three
V,CDRs (e.g., CDR-H1, CDR-H2 or CDR-H3) and or three
V; CDRs (e.g., CDR-L1, CDR-L2 or CDR-L3)

[0106] Disclosed herein are antibodies, antibody (antigen-
binding) fragments wherein the antibody or the antibody
fragment or the peptide binds to an HA domain of influenza
(e.g., HIN1, H5N1, H3N2 or two or more of HIN1, H5N1
and H3N2) virus and comprises: (a) a V, 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 a V; CDR1 in column I of Table 1 (FIG. 12); (b) a V,,
CDR2 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 aV,,CDR2 in column K of Table
1 (FIG. 12); (c) a V; 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 V; CDR3
in column M of Table 1 (FIG. 12); (d)aV,; CDR1 comprising
or consisting of an amino acid sequence identical to or having
1,2, or 3 amino acid residue substitutions or deletions relative
toaV; CDRI1incolumnIofTable 1 (FIG.12);(e)aV,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 V, CDR2 in column K of Table 1 (FIG.
12); and (f) aV, 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 V, CDR3 in
column M of Table 1 (FIG. 12). In certain embodiments the
Vand V; CDRs are all from the same antibody in Table 1
(FIG. 12). In certain embodiments, the anti-influenza anti-
bodies or antigen binding fragments comprise a V,, CDR1
having an amino acid sequence identical to or comprising 1,
2,or 3 amino acid residue substitutions relative to aV,; CDR1
incolumn I of Table 1 (FIG. 12), aV,;CDR2 having an amino
acid sequence identical to or comprising 1, 2, or 3 amino acid
residue substitutions relative to a V, CDR2 in column K of
Table 1 (FIG. 12) and a V, CDR3 having an amino acid
sequence identical to or comprising 1, 2, or 3 amino acid
residue substitutions relative to a V,; CDR3 in column M of
Table 1 (FIG. 12). In another embodiment, the anti-influenza
antibodies comprise a V; CDR1 having an amino acid
sequence identical to or comprising 1, 2, or 3 amino acid
residue substitutions relative to a V;, CDR1 in column I of
Table 1 (FIG. 12), aV; CDR2 having an amino acid sequence
identical to or comprising 1, 2, or 3 amino acid residue sub-
stitutions relative to a V; CDR2 in column K of Table 1 (FIG.
12), and a V; CDR3 having an amino acid sequence identical
to or comprising 1, 2, or 3 amino acid residue substitutions
relative to a V; CDR3 in column M of Table 1 (FIG. 12). In



US 2016/0200800 A1l

certain embodiments, the anti-influenza antibodies or antigen
binding fragments thereof comprise a V, CDR1 having an
amino acid sequence identical to a V,, CDR1 in column I of
Table 1 (FIG. 12),aV,CDR2 having an amino acid sequence
identical to aV;CDR2 in column K of Table 1 (FIG. 12) and
a 'V CDR3 having an amino acid sequence identical to a V,
CDR3 in column M of Table 1 (FIG. 12). In another embodi-
ment, the anti-influenza antibodies comprisea V; CDR1 hav-
ing an amino acid sequence identical to aV; CDR1 in column
I of Table 1 (FIG. 12), a V, CDR2 having an amino acid
sequence identicaltoaV, CDR2 incolumn K of Table 1 (FIG.
12); and a V; CDR3 having an amino acid sequence identical
to a VL. CDR3 in column M of Table 1 (FIG. 12). In certain
embodiments the V,; and V; CDRs are all from the same
antibody in Table 1 (FIG. 12).

[0107] Insomeembodiments, the antibody orantibody (an-
tigen binding) fragment comprises a CDR1, CDR2 and
CDR3 (V or V;) having 1, 2, or 3 amino acid residue sub-
stitutions or deletions relative in Table 1 (FIG. 12)toa CDRI1,
CDR2 or CDR3 Table 1, wherein the substitutions are con-
servative. In some embodiments, a 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 1. In certain embodi-
ments, the anti-influenza antibodies comprise a heavy chain
V-region having an amino acid sequence identical to or hav-
ing 1, 2,3,4,5,6,7,8, 9 or 10 amino acid substitutions
relative to a heavy chain V-region in column G or O of Table
1 (FIG. 12) and/or alight 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 substitutions relative to a light chain V-region in
column G or O of Table 1 (FIG. 12). In other embodiments,
the antibody or antibody (antigen binding) fragment includes
a deletion, such as a deletion of contiguous amino acids, such
as at the amino or carboxy terminus.

[0108] In some embodiments, the isolated antibody or the
antibody (antigen binding) fragment: (i) comprises a Vj
domain comprising three CDRs and a V; domain comprising
three CDRs; and (ii) binds an HA domain of influenza virus
(such as HIN1, H5N1 or both; or such as HIN1, H5N1,
H3N2 ortwo ormore of HIN1, HSN1 and H3N2) wherein the
three CDRs of the V,, domain comprise: (a) a V, CDRI1
comprising the amino acid sequence ofaV,,CDR1 in column
TofTable 1 (FIG. 12); (b) a V, CDR2 comprising the amino
acid sequence of a V;, CDR2 in column K of Table 1 (FIG.
12); and (¢) a V, CDR3 comprising the amino acid sequence
ofaV,;CDR3 in column M of Table 1 (FIG. 12). In additional
embodiments, the isolated antibody or antibody (antigen
binding) fragment: (i) comprises a V, chain domain compris-
ing three CDRs and a V; chain domain comprising three
CDRs; and (i) binds an HA domain of influenza virus (e.g.,
HINT1, H5N1 orboth) wherein the three CDRs ofthe V, chain
domain comprise: (a) a V; CDR1 comprising the amino acid
sequence of V; CDR1 in column I of Table 1 (FIG. 12); (b) a
V; CDR2 comprising the amino acid sequence ofa V, CDR2
in column K of Table 1 (FIG. 12); and (c) a V, CDR3 com-
prising the amino acid sequence of a V, CDR3 in column M
of Table 1 (FIG. 12). In certain embodiments the V,and V,
CDRs are all from the same antibody in Table 1 (FIG. 12).

[0109] Anantibody or antibody (antigen binding) fragment
can optionally comprise: (a) a V, FR1 having the amino acid
sequence of a V, FR1 shown in Table 1 (FIG. 12) (b) a V
FR2 having the amino acid sequence of a V,; FR2 shown in
Table 1 (FIG. 12); (¢) a V FR3 having the amino acid
sequence of a V; FR3 shown in Table 1 (FIG. 12); (d) a V
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FR4 having the amino acid sequence of a V,; FR4 shown in
Table 1 (FIG. 12); (e) a V, FR1 having the amino acid
sequence of V; FR1 shownin Table 1 (FIG. 12)1; (f)aV, FR2
having the amino acid sequence of a V; FR2 shown in Table
1 (FIG. 12); (g) a V, FR3 having the amino acid sequence of
aV; FR3 showninTable 1 (FIG. 12); and (h) aV,; FR4 having
the amino acid sequence of a V; FR4 in shown in Table 1
(FIG. 12).

[0110] Inadditional embodiments an antibody or antibody
(antigen binding) fragment is disclosed, wherein the antibody
or the fragment binds HA of an influenza A virus (e.g., HIN1,
HS5N1 or two of more of HIN1, HSN1 and H3N2) and com-
prises a heavy chain variable domain having an amino acid
sequence identical to or comprising up to 10 (e.g., up to 9, 8,
7,6,5,4,3,2o0r 1) amino acid residue substitutions relative to
the amino acid sequence of the heavy chain variable domain
(G or O) of a selected antibody in Table 1 (FIG. 12) 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,
7,6,5,4,3,2o0r 1) amino acid residue substitutions relative to
the amino acid sequence of the light chain variable domain
(column G or O) of the selected antibody in Table 1 (FIG. 12).
In certain embodiments the heavy chain variable domain and
the light chain variable domain are from the same antibody in
Table 1 (FIG. 12). In additional embodiments, disclosed is a
purified antibody or antibody (antigen binding) fragment,
wherein the antibody or the fragment binds HA of influenza
virus (e.g., HIN1, HSN1 or two of more of HIN1, H5N1 and
H3N2) and comprises a heavy chain variable domain having
atleast 90% or 95% identity to the amino acid sequence of the
heavy chain variable domain (column G or O) of a selected
antibody in Table 1 (FIG. 12) 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 (col-
umn G or O) of the selected antibody in Table 1 (FIG. 12). In
certain embodiments the heavy chain variable domain and the
light chain variable domain are from the same antibody in
Table 1 (FIG. 12). In some examples, the antibody or antibody
(antigen binding) fragment binds HA of influenza virus (e.g.,
HINT, H5N1 two of more of HIN1, H5N1 and H3N2) and
includes a heavy chain variable domain having the amino acid
sequence of the heavy chain variable domain sequence (col-
umn G or O) of a selected antibody in Table 1 (FIG. 12) and
the light chain variable domain having the amino acid
sequence of the light chain variable domain sequence (col-
umn G or O, respectively) of the selected antibody in Table 1
(FIG. 12).

[0111] In yet other embodiments, disclosed is a purified
antibody or antibody (antigen binding) fragment, wherein the
antibody or the fragment binds the same epitope on HA of
influenza virus (e.g., HIN1, H5N1 or two of more of HIN1,
H5N1 and H3N2) 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 (col-
umn G) of a selected antibody in Table 1 (FIG. 12); and (b) a
light chain variable domain having the amino acid sequence
of'the light chain variable domain sequence (column G) ofthe
selected antibody in Table 1 (FIG. 12).

[0112] In yet other embodiments, disclosed is a purified
antibody or antibody (antigen binding) fragment, wherein the
antibody or the fragment binds to an HA domain of influenza
virus (e.g., HIN1, HSN1 or both), comprising: (a) a polypep-
tide comprising an amino acid sequence identical to or having
1,2,3,4,5,6,7,8,9or 10 amino acid substitutions, or having
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up to 5 amino acid substitutions, as compared to a V-D-J
sequence (FIG. 14); and (a) a polypeptide comprising an
amino acid sequence identical to, identical to or having 1, 2,
3,4,5,6,7,8,9 or 10 amino acid substitutions, or having up
to 5 amino acid substitutions compared to a V-J sequence
(FIG. 14). In certain embodiments, the anti-influenza anti-
bodies comprise a heavy chain VDJ-region having an amino
acid sequence identical to a heavy chain VDJ-region in col-
umn F of Table 1 (FIG. 12) and a light chain VI-region
identical to a light chain VI-region in column G of Table 1
(FIG. 12). In certain embodiments, the anti-influenza anti-
bodies comprise a heavy chain V-region having an amino acid
sequence identical to a heavy chain V-region in column G of
Table 1 (FIG. 12) and a light chain V-region identical to a light
chain V-region in column G of Table 1 (FIG. 12).

[0113] In one embodiment, the anti-influenza antibodies
bind HA of an H1N1 influenza virus, or an antigenic fragment
thereof, wherein the antibody has at least 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95% or 100% identity to the amino
acid sequence of an antibody disclosed herein. In a further
embodiment, the anti-influenza antibodies bind to HA of an
HINI influenza virus, or an antigenic fragment thereof,
wherein the antibody has at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identity to the amino
acid sequence of an antibody described herein. In other
embodiments, an anti-influenza antibody binds HA of an
HIN1 influenza virus and an H5N1 influenza virus, or an
antigenic fragment thereof, wherein the antibody has at least
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 100% iden-
tity to the amino acid sequence of an antibody disclosed
herein. In further embodiments, the anti-influenza antibodies
bind to HA of an HIN1 influenza virus polypeptide and an
HS5N1 influenza virus polypeptide, or an antigenic fragment
thereof, wherein the antibody has at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity to
the amino acid sequence of an antibody disclosed herein. In
yet other embodiments the an anti-influenza antibody binds
HA of an HIN1 influenza virus, an HSN1 influenza virus, and
an H3N2 influenza virus, or an antigenic fragment thereof,
wherein the antibody has at least 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95% or 100% identity to the amino acid sequence
of an antibody disclosed herein. In further embodiments, the
anti-influenza antibodies bind to HA of an HINT1 influenza
virus polypeptide, an H5N1 influenza virus polypeptide and
an H3N2 influenza virus polypeptide, or an antigenic frag-
ment thereof, wherein the antibody has 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
disclosed herein.

[0114] Conservative variants of the antibodies can be pro-
duced. Such conservative variants employed in antibody frag-
ments, such as dsFv fragments or in scFv fragments, will
retain critical amino acid residues necessary for correct fold-
ing and stabilizing between the V,; and the V; regions, and
will retain the charge characteristics of the residues in order to
preserve the low pl and low toxicity of the molecules. Amino
acid substitutions (such as at most one, at most two, at most
three, at most four, or at most five amino acid substitutions)
can be made in the V; and the V, regions to increase yield. In
particular examples, the V, sequence and/or V; sequence is
shown in FIG. 12. Conservative amino acid substitution
tables providing functionally similar amino acids are well
known to one of ordinary skill in the art. The following six
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groups are examples of amino acids that are considered to be
conservative substitutions for one another:

[0115] 1) Alanine (A), Serine (S), Threonine (T);
[0116] 2) Aspartic acid (D), Glutamic acid (E);

[0117] 3) Asparagine (N), Glutamine (Q);

[0118] 4) Arginine (R), Lysine (K);

[0119] 5) Isoleucine (I), Leucine (L), Methionine (M),

Valine (V); and

[0120] 6) Phenylalanine (F), Tyrosine (Y), Tryptophan
(W).
[0121] In further embodiments, the antibody, antibody

fragment or peptide comprises a heavy chain and/or light
chain CDRs of an antibody selected from: 05-2G02,09-2A06
and 09-3A01.

[0122] Insome embodiments the antibody, antibody (anti-
gen binding) fragment or peptide comprises:

[0123] a)a CDRI1 comprising at least 7 contiguous amino
acids of GYTFSNYG (SEQ ID NO: 3); a CDR2 comprising
at least 7 contiguous amino acids of ISAYNGHT (SEQ ID
NO: 5);

[0124] and a CDR3 comprising at least 14 or 15 contiguous
amino acids of ARDRRDLLTGSLGDY (SEQ ID NO: 7;
[0125] b)a CDRI comprising GYTFSNYG (SEQ ID NO:
3); a CDR2 comprising ISAYNGHT (SEQ ID NO: 5); and a
CDR3 comprising ARDRRDLLTGSLGDY (SEQID NO: 7);
[0126] c¢) a heavy chain variable domain comprising: a
CDRI1 comprising or consisting of GYTFSNYG (SEQ ID
NO: 3); a CDR2 comprising or consisting of ISAYNGHT
(SEQ ID NO: 5); and a CDR3 comprising or consisting of
ARDRRDLLTGSLGDY (SEQ ID NO: 7);

[0127] d) a heavy chain variable domain comprising:
QVQLVQSGPEVKKPGASIKVSCRAS-
GYTFSNYGITWVRQAPGQGLEWMGWISAYNGHT
NSAQKFQGRVIMTTDTSTSTAYMEVRSL-
RSDDTAVYYCAR (SEQ ID NO: 1) or comprising the
05-2G02 heavy chain variable domain sequence provided in
column O of FIG. 12;

[0128] e) a CDRI1 comprising at least 5 contiguous amino
acids of RGLLYIDGNTY (SEQ ID NO: 13); a CDR2 com-
prising at least 2 contiguous amino acids of NVS (SEQ ID
NO: 15); and a CDR3 comprising at least 8 contiguous amino
acids of MQGTYWPFT (SEQ ID NO: 17);

[0129] f) a CDRI1 comprising or consisting of RGLLY-
IDGNTY (SEQ ID NO: 13); a CDR2 comprising or consist-
ing of NVS (SEQ ID NO: 15); and a CDR3 comprising
MQGTYWPFT (SEQ ID NO: 17);

[0130] g) a light chain variable domain comprising: a
CDRI1 comprising or consisting of RGLLYIDGNTY (SEQ
ID NO: 13); a CDR2 comprising or consisting of NVS (SEQ
ID NO: 15); and a CDR3 comprising or consisting of MQG-
TYWPFT (SEQ ID NO: 17);

[0131] h) a light chain variable domain comprising:
DVVMTQSPLSLPVTLGQPASISCRSSR-
GLLYIDGNTYLNWFQQRPGQSPRRLIHNVSNRD
SGVPDRFSGSGSRTDFTLKISRVEAED-
VGVYYCMQGTYW (SEQ ID NO: 11) or comprising the
05-2G02 light chain variable domain sequence provided in 0
of Colum FIG. 12.

[0132] Insomeembodiments the antibody (09-2A06), anti-
body fragment or peptide comprises:

[0133] a)a CDRI1 comprising at least 8 contiguous amino
acids of GGSFTSFV (SEQ ID NO: 23); a CDR2 comprising
at least 7 contiguous amino acids of VIPIFATP (SEQ ID NO:
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25); and a CDR3 comprising at least 14 or 15 contiguous
amino acids of ASPDLTMVFEFVPHTGPLDF (SEQ ID NO:
27);

[0134] b) a CDR1 comprising GGSFTSFV (SEQ ID NO:
23); a CDR2 comprising VIPIFATP (SEQ ID NO: 25); and a
CDR3 comprising ASPDLTMVFVPHTGPLDF (SEQ ID
NO: 27);

[0135] c¢) a heavy chain variable domain comprising: a
CDRI1 comprising or consisting of GGSFTSFV (SEQID NO:
23); aCDR2 comprising or consisting of VIPIFATP (SEQ ID
NO: 25); and a CDR3 comprising or consisting of ASPDLT-
MVFVPHTGPLDF (SEQ ID NO: 27);

[0136] d) a heavy chain variable domain comprising:
QVQLVQSGAEVKRPGSSVTVSCKASGGS-
FTSFVISWVRQAPGQGLEWMGGVIPIFATPK  YAQK-
FQGRLTITADKSTNTAYMELTSLRSEDTAMYYCA
(SEQ ID NO: 21) or the 09-2A06 heavy chain variable
domain amino acid sequence provided in column O of FIG.
12;

[0137] e)a CDRI1 comprising at least 5 contiguous amino
acids of QSIDNW (SEQ ID NO: 33); a CDR2 comprising at
least 2 contiguous amino acids of KAS (SEQ ID NO: 35); and
a CDR3 comprising at least 8 contiguous amino acids of
QHYDTYSGT (SEQ ID NO: 37),

[0138] f)a CDRI1 comprising QSIDNW (SEQ ID NO: 33);
a CDR2 comprising KAS (SEQ ID NO: 35); and a CDR3
comprising QHYDTYSGT (SEQ ID NO: 37);

[0139] g) a light chain variable domain comprising: a
CDRI1 comprising or consisting of QSIDNW (SEQ ID NO:
33); a CDR2 comprising or consisting of KAS (SEQ ID NO:
35); and a CDR3 comprising or consisting of QHYDTYSGT
(SEQ ID NO: 37);,

[0140] h) a light chain variable domain comprising:
DIQMTQSPSTLSASVGDRVTITCRAS
QSIDNWLAWYQQKPGKAPNLLIYKASSIL.RSGVPS
RFSGSGSGTEFTLTISSLQPDDFATYYCQHYDTY (SEQ
IDNO:31) or the 09-2A06 light chain variable domain amino
acid sequence provided in column O of FIG. 12.

[0141] In further embodiments, the antibody (09-3A01),
antibody fragment or peptide comprises:

[0142] a)a CDRI1 comprising at least 8 contiguous amino
acids of GGSITSNTYY (SEQ ID NO: 43); a CDR2 compris-
ing at least 7 contiguous amino acids of ISFSGRT (SEQ ID
NO: 45); and a CDR3 comprising at least 14 or 15 contiguous
amino acids of ARQLTGMVYAILLPSYFDF (SEQ ID NO:
47);

[0143] b) a CDRI1 comprising GGSITSNTYY (SEQ ID
NO: 43); a CDR2 comprising ISFSGRT (SEQ ID NO: 45);
and a CDR3 comprising ARQLTGMVYAILLPSYFDF (SEQ
1D NO: 47),

[0144] c¢) a heavy chain variable domain comprising: a
CDRI1 comprising or consisting of GGSITSNTYY (SEQ ID
NO: 43); a CDR2 comprising or consisting of ISFSGRT
(SEQ ID NO: 45); and a CDR3 comprising or consisting of
ARQLTGMVYAILLPSYFDF (SEQ ID NO: 47);

[0145] d) a heavy chain variable domain comprising:
RLQLQESGPGLVKPSETLSLTCTVS
GGSITSNTYYWGWIRQPPGKGLESIGSISFSGRTYY
SPSLKSRVTMSVDTSKNQFSLKLSS-
VTAADTAFYYCAR (SEQ ID NO: 41) or the 0 9-3A01
heavy chain variable domain amino acid sequence provided
in column O of FIG. 12;

[0146] e)a CDRI1 comprising at least 5 contiguous amino
acids of QSIGSW (SEQ ID NO: 53); a CDR2 comprising at
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least 2 contiguous amino acids of KAS (SEQ ID NO: 55); and
a CDR3 comprising at least 8 contiguous amino acids of
QQHNSYSGA (SEQ ID NO: 57);

[0147] f)a CDRI comprising QSIGSW (SEQ ID NO: 53);
a CDR2 comprising KAS (SEQ ID NO: 55); and a CDR3
comprising QQHNSYSGA (SEQ ID NO: 57);

[0148] g) a light chain variable domain comprising: a
CDRI1 comprising or consisting of QSIGSW (SEQ ID NO:
53); a CDR2 comprising or consisting of KAS (SEQ ID NO:
55); and a CDR3 comprising or consisting of QQHNSYSGA
(SEQID NO: 57);

[0149] h) a light chain variable domain comprising:
DIQMTQSPSTLSASVGDRVTITCRAS
QSIGSWLAWYQQKPGKAPKLLIYKASTLESGVPS
RFSGSGSGTEFTLTISSLQPDDLATYYCQQHNSY (SEQ
ID NO: 51) or the 0 9-3A01 light chain variable domain
amino acid sequence provided in column O in FIG. 12.
[0150] In some embodiments, antibodies are disclosed
herein, wherein the antibody includes:

[0151] a) a heavy chain variable domain comprising: a
CDRI1 comprising or consisting of GYTFSNYG (SEQ ID
NO: 3); a CDR2 comprising or consisting of ISAYNGHT
(SEQ ID NO: 5); and a CDR3 comprising or consisting of
ARDRRDLLTGSLGDY (SEQ ID NO: 7) and a light chain
variable domain comprising: a CDR1 comprising or consist-
ing of RGLLYIDGNTY (SEQ ID NO: 13); a CDR2 compris-
ing or consisting of NVS (SEQ ID NO: 15); and a CDR3
comprising or consisting of MQGTYWPFT (SEQ ID NO:
17);

[0152] b) a heavy chain variable domain comprising: a
CDRI1 comprising or consisting of GGSFTSFV (SEQID NO:
23); a CDR2 comprising or consisting of VIPIFATP (SEQ ID
NO: 25); and a CDR3 comprising or consisting of ASPDLT-
MVFVPHTGPLDF (SEQ ID NO: 27) and a light chain vari-
able domain comprising: a CDR1 comprising or consisting of
QSIDNW (SEQ ID NO: 33); a CDR2 comprising or consist-
ing of KAS (SEQ ID NO: 35); and a CDR3 comprising or
consisting of QHYDTYSGT (SEQ ID NO: 37); or

[0153] c¢) a heavy chain variable domain comprising: a
CDRI1 comprising or consisting of GGSITSNTYY (SEQ ID
NO: 43); a CDR2 comprising or consisting of ISFSGRT
(SEQ ID NO: 45); and a CDR3 comprising or consisting of
ARQLTGMVYAILLPSYFDF (SEQ ID NO: 47) and a light
chain variable domain comprising: a CDR1 comprising or
consisting of QSIGSW (SEQ ID NO: 53); a CDR2 compris-
ing or consisting of KAS (SEQ ID NO: 55); and a CDR3
comprising or consisting of QQHNSYSGA (SEQ ID NO:
57).

[0154] Insome embodiments, an antibody or antigen bind-
ing fragment thereof is provided that includes a heavy chain
variable domain and a light chain variable domain, wherein
the heavy chain variable domain includes one of: a) the amino
acid sequence set forth as SEQ ID NO: 3, the amino acid
sequence set for the as SEQ ID NO: 5 and the amino acid
sequence set forth as SEQ ID NO: 7 [005-2G02]; b) the amino
acid sequence set forth as SEQ ID NO: 23, the amino acid
sequence set for the as SEQ ID NO: 25 and the amino acid
sequence set forth as SEQ ID NO: 27 [09-2A06]; or c) the
amino acid sequence set forth as SEQ ID NO: 43, the amino
acid sequence set forth as SEQ ID NO: 45 and the amino acid
sequence set forth as SEQ ID NO: 47 [09-3A01]. In further
embodiments, the antibody or antigen binding fragment
thereof includes a) a heavy chain variable domain including
the amino acid sequence set forth as SEQ ID NO: 3, the amino
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acid sequence set forth as SEQ ID NO: 5 and the amino acid
sequence set forth as SEQID NO: 7, and a light chain variable
domain including the amino acid sequence set forth as SEQ
ID NO: 13, the amino acid sequence set for the as SEQ ID
NO: 15 and the amino acid sequence set forth as SEQ ID NO:
17 [005-2G02]; b) a heavy chain variable domain including
the amino acid sequence set forth as SEQ ID NO: 23, the
amino acid sequence set for the as SEQ ID NO: 25 and the
amino acid sequence set forth as SEQ ID NO: 27, and a light
chain variable domain including the amino acid sequence set
forth as SEQ ID NO: 33, the amino acid sequence set for the
as SEQ ID NO: 35 and the amino acid sequence set forth as
SEQ ID NO: 37 [09-2A06]; or ¢) a heavy chain variable
domain including the amino acid sequence set forth as SEQ
ID NO: 43, the amino acid sequence set for the as SEQ ID
NO: 45 and the amino acid sequence set forth as SEQ ID NO:
47[09-3A01]; and alight chain variable domain including the
amino acid sequence set forth as SEQ ID NO: 53, the amino
acid sequence set for the as SEQ ID NO: 55 and the amino
acid sequence set forth as SEQ ID NO: 57. These monoclonal
antibodies and antigen binding fragments specifically bind
influenza HA.

[0155] In further embodiments, the heavy chain variable
domain of the antibody or antigen binding fragment includes
one of a) the amino acid sequence set forth as SEQ ID NO: 1;
b) the amino acid sequence set forth as SEQ ID NO: 21; orc)
the amino acid sequence set forth as SEQ ID NO: 41. In other
embodiments, the heavy chain variable domain includes or
consists of one of: a) the amino acid sequence set forth as SEQ
IDNO: 9; b) the amino acid sequence set forth as SEQ ID NO:
29; or ¢) the amino acid sequence set forth as SEQ ID NO: 49.
In further embodiments, the heavy chain variable domain has
an amino acid sequence at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identical to the amino
acid sequence set for the as the amino acid sequence set forth
as SEQ ID NO: 9, SEQ ID NO: 29 and/or SEQ ID NO: 49. In
yet other embodiments, the heavy chain variable domain
includes 1, 2, 3,4, 5, 6,7, 8, 9 or 10 amino acid substitutions
in the amino acid sequence set forth as SEQ ID NO: 9, SEQ
1D NO: 29 and/or SEQ ID NO: 49. These monoclonal anti-
bodies and antigen binding fragments specifically bind influ-
enza HA.

[0156] Inadditional embodiments, the light chain variable
domain includes one of'a) the amino acid sequence set forth as
SEQID NO: 11; b) the amino acid sequence set forth as SEQ
ID NO: 31; or ¢) the amino acid sequence set forth as SEQ ID
NO: 51. In other embodiments, the light chain variable
domain includes or consists of a) the amino acid sequence set
forth as SEQ ID NO: 19; b) the amino acid sequence set forth
as SEQ ID NO: 39; or ¢) the amino acid sequence set forth as
SEQ ID NO: 59. In further embodiments, the light chain
variable domain has an amino acid sequence at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identical to the amino acid sequence set for the as the amino
acid sequence set forth as SEQ ID NO: 19, SEQ ID NO: 39
and/or SEQ ID NO: 59. In yet other embodiments, the light
chain variable domain includes 1, 2,3, 4, 5,6, 7, 8, 9 or 10
amino acid substitutions in the amino acid sequence set forth
as SEQ ID NO: 19, SEQ ID NO: 39 and/or SEQ ID NO: 59.
These monoclonal antibodies and antigen binding fragments
specifically bind influenza HA.

[0157] In some embodiments, a) the heavy chain variable
domain includes the amino acid sequence set forth as SEQ ID
NO: 1 and the light chain variable domain includes the amino
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acid sequence set forth as SEQ ID NO: 11; b) the heavy chain
variable domain includes the amino acid sequence set forth as
SEQ ID NO: 21 and the light chain variable domain includes
the amino acid sequence set forth as SEQ ID NO: 31; or ¢) the
heavy chain variable domain includes the amino acid
sequence set forth as SEQ ID NO: 41 and the light chain
variable domain includes the amino acid sequence set forth as
SEQID NO: 51, wherein the monoclonal antibody or antigen
binding fragment specifically binds influenza HA. In yet
other embodiments, a) the heavy chain variable domain
includes or consists of the amino acid sequence set forth as
SEQID NO: 9 and the light chain variable domain includes or
consists of SEQ ID NO: 19; b) the heavy chain variable
domain includes or consists of the amino acid sequence set
forth as SEQ ID NO: 29 and the light chain variable domain
includes or consists of the amino acid sequence set forth as
SEQ ID NO: 39; or c¢) the heavy chain variable domain
includes or consists of the amino acid sequence set forth as
SEQ ID NO: 49 and the light chain variable domain includes
or consists of the amino acid sequence set forth as SEQ ID
NO: 59, wherein the monoclonal antibody or antigen binding
fragment specifically binds influenza HA.

[0158] In some embodiments, an antibody is provided that
binds the same epitope of HA as does the monoclonal anti-
bodies 05-2G02, 09-2A06 and 09-3A01. These antibodies
can be identified using assays such as, but not limited to,
competitive binding assays.

[0159] Also disclosed herein is a sterile composition
including the purified antibody or antibody fragment and a
sterile composition comprising the purified antibody or anti-
body fragment and a pharmaceutically acceptable carrier.
Pharmaceutical compositions are disclosed below.

[0160] The antibodies can be modified in the Fc region to
provide desired effector functions or serum half-life. 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 cytotoxicity (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 phagocytosis of the influenza cell in anti-
body dependent cell-mediated phagocytosis (ADCP), or
some other mechanism.

[0161] Where it is desirable to eliminate or reduce effector
function, so as to minimize side effects or therapeutic com-
plications, 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.

[0162] 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; PCT Publication Nos. WO 03/074679; WO
04/029207, WO 04/099249; WO 99/58572; and US Pub-
lished Patent Application Nos. 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 certain embodiments, the
anti-influenza antibodies include 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
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functional and/or pharmacokinetic properties of the antibod-
ies. 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 mammal) or a specific compartment thereof, for
example, as measured in serum, i.e., circulating half-life, orin
other tissues. Half-life may vary from one immunoglobulin or
class of immunoglobulin to another. In general, an increase in
antibody 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
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.
[0163] Diabodies are also provided herein. Diabodies are
small antibody fragments with two antigen-binding sites,
which fragments comprise a heavy chain variable domain
(V) connected to a light chain variable domain (V) in the
same polypeptide chain (Vand V;). 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 comple-
mentary domains of another chain and create two antigen-
binding site (see e.g., Holliger et al. (1993) Proc. Natl. Acad.
Sci. USA 90:6444; Poljak et al. (1994) Structure 2:1121).
[0164] Linear antibodies are also provided herein. Linear
antibodies include a pair of tandem Fd segments (V,-CH, -
V~CH,) which, together with complementary light chain
polypeptides, form a pair of antigen binding regions. Linear
antibodies can be bispecific or monospecific.
[0165] The antibodies disclosed herein specifically include
chimeric antibodies (immunoglobulins) in which a portion of
the heavy and/or light chain is identical with or homologous
to corresponding sequences in antibodies derived from a par-
ticular 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.
[0166] An antigen binding portion of an antibody specifi-
cally binds to an antigen (e.g., HIN1, HSN1 and/or H3N2). It
has been shown that the antigen-binding function of an anti-
body can be performed by fragments of a full-length anti-
body, including:
[0167] (i) a Fab fragment, a monovalent fragment con-
sisting of the V;, V,,, C; and CH1 domains;
[0168] (ii) a F(ab")2 fragment, a bivalent fragment com-
prising two Fab fragments linked by a disulfide bridge at
the hinge region;

[0169] (iii) a Fd fragment consisting of the V, and CH,
domains;
[0170] (iv) a Fv fragment consisting of the V; and V,,

domains of a single arm of an antibody,
[0171] (v) a dAb fragment (Ward et al, (1989) Nature
341:544 546), which consists of a V, domain; and
[0172] (vi) an isolated complementarity determining
region (CDR).
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[0173] Antibody portions, such as Fab and F(ab')2 frag-
ments, can be prepared from whole antibodies using conven-
tional techniques, such as papain or pepsin digestion, respec-
tively, of whole antibodies. Furthermore, although the two
domains of the Fv fragment, V; and V,, 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 V; and V, 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 present
disclosure.

[0174] Any of the antibody or antigen-binding fragments
disclosed herein can be part of a larger immunoadhesion
molecule, formed by covalent or noncovalent association of
the antibody or antibody 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 molecule (Kipriyanov et al. (1995) Human
Antibodies and Hybridomas 6:93) and use of a cysteine resi-
due, a marker peptide and a C-terminal polyhistidine tag to
make bivalent and biotinylated scFv molecules (Kipriyanov
et al. (1994) Mol. Immunol. 31:1047).

[0175] Human antibodies are also disclosed herein that
include antibodies having variable and constant regions
derived from (or having the same amino acid sequence as
those derived from) human germline immunoglobulin
sequences. Human antibodies can include amino acid resi-
dues not encoded by human germline immunoglobulin
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.

[0176] The antibodies or antibody fragments disclosed
herein can be derivatized or linked to another molecule (such
as another peptide or protein). In general, the antibody or
portion thereof is derivatized such that the binding to HA is
not affected adversely by the derivatization or labeling. For
example, the antibody can be functionally linked (by chemi-
cal coupling, genetic fusion, noncovalent association or oth-
erwise) to one or more other molecular entities, such as
another antibody (for example, a bispecific antibody or a
diabody), a detection agent, a pharmaceutical agent, and/or a
protein or peptide that can mediate associate of the antibody
or antibody portion with another molecule (such as a strepta-
vidin core region or a polyhistidine tag).

[0177] One type of derivatized antibody is produced by
cross-linking two or more antibodies (of the same type or of
different types, such as to create bispecific antibodies). Suit-
able crosslinkers include those that are heterobifunctional,
having two distinctly reactive groups separated by an appro-
priate spacer (such as m-maleimidobenzoyl-N-hydroxysuc-
cinimide ester) or homobifunctional (such as disuccinimidyl
suberate). Such linkers are available from Pierce Chemical
Company (Rockford, I11.).

[0178] An antibody that specifically binds HA can be
labeled with a detectable moiety. Useful detection agents
include fluorescent compounds, including fluorescein, fluo-
rescein isothiocyanate, rhodamine, 5-dimethylamine-1-
napthalenesulfonyl chloride, phycoerythrin, lanthanide phos-
phors and the like. Bioluminescent markers are also of use,
such as luciferase, green fluorescent protein, or yellow fluo-
rescent protein. An antibody can also be labeled with
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enzymes that are useful for detection, such as horseradish
peroxidase, f-galactosidase, luciferase, alkaline phos-
phatase, glucose oxidase and the like. When an antibody is
labeled with a detectable enzyme, it can be detected by adding
additional reagents that the enzyme uses to produce a reaction
product that can be discerned. For example, when the agent
horseradish peroxidase is present the addition of hydrogen
peroxide and diaminobenzidine leads to a colored reaction
product, which is visually detectable. An antibody may also
be labeled with biotin, and detected through indirect measure-
ment of avidin or streptavidin binding. It should be noted that
the avidin itself can be labeled with an enzyme or a fluores-
cent label.

[0179] An antibody may be labeled with a magnetic agent,
such as gadolinium. Antibodies can also be labeled with
lanthanides (such as europium and dysprosium), and manga-
nese. Paramagnetic particles such as superparamagnetic iron
oxide are also of use as labels. An antibody may also be
labeled with a predetermined polypeptide epitopes recog-
nized by a secondary reporter (such as leucine zipper pair
sequences, binding sites for secondary antibodies, metal
binding domains, epitope tags). An antibody can also be
labeled with a radiolabeled amino acid. The radiolabel may
be used for both diagnostic and therapeutic purposes.
Examples of labels include, but are not limited to, the follow-
ing radioisotopes or radionucleotides: *°H, **C, *°N, *°S, *°Y,
Y #°Tc, 'n, **°1, *'1. In some embodiments, labels are
attached by spacer arms of various lengths to reduce potential
steric hindrance.

[0180] An antibody can also be derivatized with a chemical
group such as polyethylene glycol (PEG), a methyl or ethyl
group, or a carbohydrate group. These groups may be useful
to improve the biological characteristics of the antibody, such
as to increase serum half-life or to increase tissue binding.
[0181] Means of detecting such labels are well known to
those of skill in the art. Thus, for example, radiolabels may be
detected using photographic film or scintillation counters,
fluorescent markers may be detected using a photodetector to
detect emitted illumination. Enzymatic labels are typically
detected by providing the enzyme with a substrate and detect-
ing the reaction product produced by the action of the enzyme
on the substrate, and colorimetric labels are detected by sim-
ply visualizing the colored label.

Polynucleotides and Expression

[0182] Nucleotide sequences encoding the amino acid
sequences disclosed herein, including V,,, V;, CDR and FR
sequences can be prepared; exemplary nucleic acid
sequences encoding a V and a V; are shown in FIG. 12.
Expression vectors are also provided for efficient expression
in cells (e.g. mammalian cells).

[0183] Recombinant expression of an antibody, antigen
binding fragment thereof or portion thereof (such asa CDR or
FR) generally requires construction of an expression vector
containing a polynucleotide that encodes the antibody or
antibody fragment. Replicable vectors are provided including
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 an 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
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such a vector for expression of the entire heavy, the entire
light chain, or both the entire heavy and light chains.

[0184] Nucleic acid molecules (also referred to as poly-
nucleotides) encoding the polypeptides provided herein (in-
cluding, but not limited to antibodies) can readily be pro-
duced by one of skill in the art. For example, these nucleic
acids can be produced using the amino acid sequences pro-
vided herein (such as the CDR sequences, heavy chain and
light chain sequences), sequences available in the art (such as
framework sequences), and the genetic code. Thus, degener-
ate variants are provided herein.

[0185] V,, nucleic acid sequences are set forth as SEQ ID
NOS 8, 28, 48, 68, 88, 108, 128, 148, 168, 188, 208,228, 248,
268, 288, 308, 328, 348, 368, 388, 408, 428, 448, 468, 488,
508, 528, 548, 568, 588, 608, 628, 648, 668, 688, 708, 728,
748, 768, 788, 808, 828, 848, 868, 888, 908, 928, 948, 968,
988, 1008, 1028, 1048, 1068, 1088, 1108, 1128, 1148, 1168,
1188,1208, 1228, 1248, 1268, 1288, 1308, 1328, 1348, 1368,
and 1388 and include degenerate variants; V, nucleic acid
sequences are set forth as SEQ ID NO S 18, 38, 58, 78, 98,
118, 138, 158, 178, 198, 218, 238, 258, 278, 298, 318, 338,
358, 378,398, 418, 438, 458, 478, 498, 518, 538, 558, 578,
598, 618, 638, 658, 678, 698, 718, 738, 758, 778, 798, 818,
838, 858, 878, 898, 918, 938, 958, 978, 998, 1018, 1038,
1058,1078,1098,1118,1138,1158,1178,1198,1218, 1238,
1258, 1278, 1298, 1318, 1338, 1358, 1378, and 1398, and
include degenerate variants thereof. One of skill in the art can
readily use the genetic code to construct a variety of function-
ally equivalent nucleic acids, such as nucleic acids which
differ in sequence but which encode the same antibody
sequence, or encode a conjugate or fusion protein including
the V; and/or V nucleic acid sequence.

[0186] Nucleic acid sequences encoding the antibodies that
specifically bind HA, such as the stalk of HA can be prepared
by any suitable method including, for example, cloning of
appropriate sequences or by direct chemical synthesis by
methods such as the phosphotriester method of Narang et al.,
Meth. Enzymol. 68:90-99, 1979; the phosphodiester method
of Brown et al., Meth. Enzymol. 68:109-151, 1979; the dieth-
ylphosphoramidite method of Beaucage et al., 7etra. Lett.
22:1859-1862, 1981; the solid phase phosphoramidite triester
method described by Beaucage & Caruthers, Tetra. Letts.
22(20):1859-1862, 1981, for example, using an automated
synthesizer as described in, for example, Needham-VanDe-
vanter et al., Nucl. Acids Res. 12:6159-6168, 1984; and, the
solid support method of U.S. Pat. No. 4,458,066. Chemical
synthesis produces a single stranded oligonucleotide. This
can be converted into double stranded DNA by hybridization
with a complementary sequence or by polymerization with a
DNA polymerase using the single strand as a template. One of
skill would recognize that while chemical synthesis of DNA
is generally limited to sequences of about 100 bases, longer
sequences may be obtained by the ligation of shorter
sequences.

[0187] Exemplary nucleic acids can be prepared by cloning
techniques. Examples of appropriate cloning and sequencing
techniques, and instructions sufficient to direct persons of
skill through many cloning exercises are found in Sambrook
et al., supra, Berger and Kimmel (eds.), supra, and Ausubel,
supra. Product information from manufacturers of biological
reagents and experimental equipment also provide useful
information. Such manufacturers include the SIGMA Chemi-
cal Company (Saint Louis, Mo.), R&D Systems (Minneapo-
lis, Minn.), Pharmacia Amersham (Piscataway, N.J.), CLON-
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TECH Laboratories, Inc. (Palo Alto, Calif.), Chem Genes
Corp., Aldrich Chemical Company (Milwaukee, Wis.), Glen
Research, Inc., GIBCO BRL Life Technologies, Inc. (Gaith-
ersburg, Md.), Fluka Chemica-Biochemika Analytika (Fluka
Chemie AG, Buchs, Switzerland), Invitrogen (Carlsbad,
Calif.), and Applied Biosystems (Foster City, Calif.), as well
as many other commercial sources known to one of skill.
[0188] Nucleic acids can also be prepared by amplification
methods. Amplification methods include polymerase chain
reaction (PCR), the ligase chain reaction (LCR), the tran-
scription-based amplification system (TAS), the self-sus-
tained sequence replication system (3 SR). A wide variety of
cloning methods, host cells, and in vitro amplification meth-
odologies are well known to persons of skill.

[0189] Any of the nucleic acids encoding any of the anti-
bodies, CDRs, FRs, V; and/or V,, disclosed herein (or frag-
ment thereof) can be expressed in a recombinantly engi-
neered cell such as bacteria, plant, yeast, insect and
mammalian cells. These antibodies can be expressed as indi-
vidual V; and/or V; chain, or can be expressed as a fusion
protein. An immunoadhesin can also be expressed. Thus, in
some examples, nucleic acids encoding a V, and V;, and
immunoadhesin are provided. The nucleic acid sequences can
optionally encode a leader sequence.

[0190] To createa single chain antibody, (scFv) the V- and
V;-encoding DNA fragments are operatively linked to
another fragment encoding a flexible linker, e.g., encoding
the amino acid sequence (Gly,-Ser); (SEQ ID NO: 1541),
such that the V and V; sequences can be expressed as a
contiguous single-chain protein, with the V, and V, domains
joined by the flexible linker (see, e.g., Bird et al., Science
242:423-426, 1988; Huston et al., Proc. Natl. Acad. Sci. USA
85:5879-5883, 1988; McCafferty et al., Nature 348:552-554,
1990). Optionally, a cleavage site can be included in a linker,
such as a furin cleavage site.

[0191] The nucleic acid encoding the V,, and/or the V,
optionally can encode an Fc domain (immunoadhesin). The
Fc domain can be an IgA, IgM or IgG Fc domain. The Fc
domain can be an optimized Fc domain, as described in U.S.
Published Patent Application No. 20100/093979, incorpo-
rated herein by reference. In one example, the immunoad-
hesin is an IgG, Fe.

[0192] The single chain antibody may be monovalent, if
only a single V,and V; are used, bivalent, if two Vand V,
are used, or polyvalent, if more than two Vand V; are used.
Bispecific or polyvalent antibodies may be generated that
bind specifically to HA and another antigen, such as, but not
limited to another influenza protein, or that bind two different
HA epitopes. The encoded V;and V; optionally can include
a furin cleavage site between the V; and V; domains.

[0193] Itis expected that those of skill in the art are knowl-
edgeable in the numerous expression systems available for
expression of proteins including E. coli, other bacterial hosts,
yeast, and various higher eukaryotic cells such as the COS,
CHO, Hel.a and myeloma cell lines. Once the expression
vector is transferred to a host cell by conventional techniques,
the transfected cells are then cultured by conventional tech-
niques, such as to produce an antibody. Thus, host cells are
provided containing a polynucleotide encoding an antibody
or fragments 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 antibod-
ies, vectors encoding both the heavy and light chains may be
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co-expressed in the host cell for expression of the entire
immunoglobulin molecule, as detailed below.

[0194] 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 (C;)
S), 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-
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. Additional cell lines which
may be used as hosts for expression of recombinant antibod-
ies include, but are not limited to, insect cells (e.g. Sf21/S19,
Trichoplusia ni Bti-TnSb1-4) or yeast cells (e.g. S. cerevisiae,
Pichia, U.S. Pat. No. 7,326,681; etc), plants cells (for
example, see US Published Patent Application No.
20080066200); and chicken cells (for example, see PCT Pub-
lication No. WO2008142124).

[0195] Thehost cell can be a gram positive bacteria includ-
ing, but not limited to, Bacillus, Streptococcus, Streptomyces,
Staphylococcus, Enterococcus, Lactobacillus, Lactococcus,
Clostridium, Geobacillus, and Oceanobacillus. Methods for
expressing protein in gram positive bacteria, such as Lacto-
baccillus are well known in the art, see for example, U.S.
Published Patent

[0196] Application No. 20100/080774. Expression vectors
for lactobacillus are described, for example in U.S. Pat. No.
6,100,388, and U.S. Pat. No. 5,728,571. Leader sequences
can be included for expression in Lactobacillus. Gram nega-
tive bacteria include, but not limited to, E. coli, Pseudomonas,
Salmonella, Campylobacter, Helicobacter, Flavobacterium,
Fusobacterium, Ilyobacter, Neisseria, and Ureaplasma.
[0197] One or more DNA sequences encoding the antibody
or fragment thereof can be expressed in vitro by DNA transfer
into a suitable host cell. The cell may be prokaryotic or
eukaryotic. The term also includes any progeny of the subject
hostcell. It is understood that all progeny may not be identical
to the parental cell since there may be mutations that occur
during replication. Methods of stable transfer, meaning that
the foreign DNA is continuously maintained in the host, are
known in the art.

[0198] The expression of nucleic acids encoding the iso-
lated proteins described herein can be achieved by operably
linking the DNA or cDNA to a promoter (which is either
constitutive or inducible), followed by incorporation into an
expression cassette. The promoter can be any promoter of
interest, including a cytomegalovirus promoter and a human
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T cell lymphotrophic virus promoter (HTLV)-1. Optionally,
an enhancer, such as a cytomegalovirus enhancer, is included
in the construct. The cassettes can be suitable for replication
and integration in either prokaryotes or eukaryotes. Typical
expression cassettes contain specific sequences useful for
regulation of the expression of the DNA encoding the protein.
For example, the expression cassettes can include appropriate
promoters, enhancers, transcription and translation termina-
tors, initiation sequences, a start codon (i.e., ATG) in front of
a protein-encoding gene, splicing signal for introns,
sequences for the maintenance of the correct reading frame of
that gene to permit proper translation of mRNA, and stop
codons. The vector can encode a selectable marker, such as a
marker encoding drug resistance (for example, ampicillin or
tetracycline resistance).

[0199] To obtain high level expression of a cloned gene, it
is desirable to construct expression cassettes which contain,
at the minimum, a strong promoter to direct transcription, a
ribosome binding site for translational initiation (internal
ribosomal binding sequences), and a transcription/translation
terminator. For E. coli, this includes a promoter such as the
T7, trp, lac, or lambda promoters, a ribosome binding site,
and preferably a transcription termination signal. For eukary-
otic cells, the control sequences can include a promoter and/
or an enhancer derived from, for example, an immunoglobu-
lin gene, HTLV, SV40 or cytomegalovirus, and a
polyadenylation sequence, and can further include splice
donor and/or acceptor sequences (for example, CMV and/or
HTLV splice acceptor and donor sequences). The cassettes
can be transferred into the chosen host cell by well-known
methods such as transformation or electroporation for E. coli
and calcium phosphate treatment, electroporation or lipofec-
tion for mammalian cells. Cells transformed by the cassettes
can be selected by resistance to antibiotics conferred by genes
contained in the cassettes, such as the amp, gpt, neo and hyg
genes.

[0200] When thehost is a eukaryote, such methods oftrans-
fection of DNA as calcium phosphate coprecipitates, conven-
tional mechanical procedures such as microinjection, elec-
troporation, insertion of a plasmid encased in liposomes, or
virus vectors may be used. FEukaryotic cells can also be
cotransformed with polynucleotide sequences encoding the
antibody, labeled antibody, or functional fragment thereof,
and a second foreign DNA molecule encoding a selectable
phenotype, such as the herpes simplex thymidine kinase
gene. Another method is to use a eukaryotic viral vector, such
as simian virus 40 (SV40) or bovine papilloma virus, to
transiently infect or transform eukaryotic cells and express
the protein (see for example, Eukaryotic Viral Vectors, Cold
Spring Harbor Laboratory, Gluzman ed., 1982). One of skill
in the art can readily use an expression systems such as
plasmids and vectors of use in producing proteins in cells
including higher eukaryotic cells such as, but not limited to,
COS, CHO, HelLa and myeloma cell lines.

[0201] Modifications can be made to a nucleic acid encod-
ing a polypeptide described herein without diminishing its
biological activity. Some modifications can be made to facili-
tate the cloning, expression, or incorporation of the targeting
molecule into a fusion protein. Such modifications are well
known to those of skill in the art and include, for example,
termination codons, a methionine added at the amino termi-
nus to provide an initiation, site, additional amino acids
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placed on either terminus to create conveniently located
restriction sites, or additional amino acids (such as poly His)
to aid in purification steps.

[0202] Once expressed, the recombinant immunoconju-
gates, antibodies, and/or effector molecules (such as a label)
can be purified according to standard procedures of the art,
including ammonium sulfate precipitation, affinity columns,
column chromatography, and the like (see, generally, R.
Scopes, PROTEIN PURIFICATION, Springer-Verlag, N. Y.,
1982). The antibodies, immunoconjugates and effector mol-
ecules need not be 100% pure. Once purified, partially or to
homogeneity as desired, if to be used therapeutically, the
polypeptides should be substantially free of endotoxin.
[0203] Methods for expression of antibodies and/or refold-
ing to an appropriate active form, including single chain
antibodies, from bacteria such as E. coli have been described
and are well-known and are applicable to the antibodies dis-
closed herein. See, Buchner et al., Anal. Biochem. 205:263-
270, 1992; Pluckthun, Biotechnology 9:545, 1991; Huse et
al., Science 246:1275, 1989 and Ward et al., Nature 341:544,
1989.

[0204] Often, functional heterologous proteins from E. coli
or other bacteria are isolated from inclusion bodies and
require solubilization using strong denaturants, and subse-
quent refolding. During the solubilization step, as is well
known in the art, a reducing agent must be present to separate
disulfide bonds. An exemplary buffer with a reducing agent
is: 0.1 M Tris pH 8, 6 M guanidine, 2 mM EDTA, 0.3 M DTE
(dithioerythritol). Reoxidation of the disulfide bonds can
occur in the presence of low molecular weight thiol reagents
in reduced and oxidized form, as described in Saxena et al.,
Biochemistry 9: 5015-5021, 1970, and especially as
described by Buchner et al., supra.

[0205] Renaturation is typically accomplished by dilution
(for example, 100-fold) of the denatured and reduced protein
into refolding buffer. An exemplary buffer is 0.1 M Tris, pH
8.0, 0.5 M L-arginine, 8 mM oxidized glutathione (GSSG),
and 2 mM EDTA.

[0206] As a modification to the two chain antibody purifi-
cation protocol, the heavy and light chain regions are sepa-
rately solubilized and reduced and then combined in the
refolding solution. An exemplary yield is obtained when
these two proteins are mixed in a molar ratio such thata 5-fold
molar excess of one protein over the other is not exceeded.
Excess oxidized glutathione or other oxidizing low molecular
weight compounds can be added to the refolding solution
after the redox-shuffling is completed.

[0207] Inaddition to recombinant methods, immunoconju-
gates, effector moieties, antibodies, antigen binding frag-
ments, and CDRs and FRs of the present disclosure can also
be constructed in whole or in part using standard peptide
synthesis well known in the art. Solid phase synthesis of the
polypeptides of less than about 50 amino acids in length can
be accomplished by attaching the C-terminal amino acid of
the sequence to an insoluble support followed by sequential
addition of the remaining amino acids in the sequence. Tech-
niques for solid phase synthesis are described by Barany &
Merrifield, The Peptides: Analysis, Synthesis, Biology. Vol. 2:
Special Methods in Peptide Synthesis, Part A. pp. 3-284;
Merrifield et al., J. Am. Chem. Soc. 85:2149-2156, 1963, and
Stewart et al., Solid Phase Peptide Synthesis, 2nd ed., Pierce
Chem. Co., Rockford, I11., 1984. Proteins of greater length
may be synthesized by condensation of the amino and car-
boxyl termini of shorter fragments. Methods of forming pep-
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tide bonds by activation of a carboxyl terminal end (such as by
the use of the coupling reagent N, N'-dicylohexylcarbodim-
ide) are well known in the art. Once an antibody molecule has
been produced, it may be purified by any method known in the
art for purification of an immunoglobulin 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 chromatography), centrifuga-
tion, differential solubility, or by any other standard technique
for the purification of proteins. Further, the antibodies 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.

Compositions and Therapeutic Methods

[0208] Methods are disclosed herein for the prevention or
treatment of an influenza virus infection. Prevention can
include inhibition of infection with influenza. Treatment
includes diminishing signs and symptoms of an influenza
virus infection and/or reducing viral titer. The methods
include contacting a cell with an effective amount of the
monoclonal antibodies disclosed herein that specifically
binds HA, or an antigen binding fragment therecof. The
method can also include administering to a subject a thera-
peutically effective amount of a monoclonal antibody, or a
nucleic acid encoding the antibody. The subject can be a
human or a veterinary subject.

[0209] Methods are disclosed herein for reducing the risk
of infection with HIN1 and/or HSN1 and/or H3N2 influenza
virus in a human subject, the method including administering
the antibody or antibody (antigen-binding) fragment. Meth-
ods are also disclosed for treating a human subject infected
with HIN1 and/or HSN1 influenza virus, the method includ-
ing administering the antibody or antibody (antigen-binding)
fragment. Methods are also disclosed for preventing HIN1
and/or H5N1 and/or H3N2 influenza disease in a human
subject, the method including administering the antibody or
antibody (antigen-binding) fragment. Methods are also dis-
closed for ameliorating one or more symptoms associated
with an HIN1 and/or H5N1 or H3N2 influenza infection in a
human subject, the method including administering the anti-
body or antibody (antigen-binding) fragment. The method
can include selecting a subject with an influenza virus infec-
tion.

[0210] In certain embodiments, the anti-influenza antibod-
ies and compositions including one or more of the antibodies
can be administered for prevention and/or treatment of influ-
enza disease caused by an HIN1 influenza infection. Methods
are provide for preventing, treating, ameliorating a symptom
of, or reducing the risk of an influenza-mediated infection,
disease or disorder, wherein the methods comprise adminis-
tering anti-influenza antibodies of the invention.

[0211] Influenza virus infection does not need to be com-
pletely eliminated for the composition to be effective. For
example, a composition can decrease influenza infection in a
population by a desired amount, for example by at least 10%,
at least 20%, at least 50%, at least 60%, at least 70%, at least
80%, at least 90%, at least 95%, at least 98%, or even at least
100%, as compared to the rate of infection in the absence of
the composition.

[0212] Compositions are provided that include one or more
of'the antibodies that specifically bind HA, or antigen binding
fragments, and nucleic acids encoding these antibodies (and
antigen binding fragments) that are disclosed herein in a
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carrier. The compositions can be prepared in unit dosage
forms for administration to a subject. The amount and timing
of'administration are at the discretion of the treating physician
to achieve the desired purposes. The antibody can be formu-
lated for systemic or local administration. In one example, the
antibody that specifically binds HA is formulated for
parenteral administration, such as intravenous administra-
tion.

[0213] The compositions for administration can include a
solution of the antibody that specifically binds HA, or an
antigen binding fragment thereof, dissolved in a pharmaceu-
tically acceptable carrier, such as an aqueous carrier. A variety
of'aqueous carriers can be used, for example, buffered saline
and the like. These solutions are sterile and generally free of
undesirable matter. These compositions may be sterilized by
conventional, well known sterilization techniques. The com-
positions may contain pharmaceutically acceptable auxiliary
substances as required to approximate physiological condi-
tions such as pH adjusting and buffering agents, toxicity
adjusting agents and the like, for example, sodium acetate,
sodium chloride, potassium chloride, calcium chloride,
sodium lactate and the like. The concentration of antibody in
these formulations can vary widely, and will be selected pri-
marily based on fluid volumes, viscosities, body weight and
the like in accordance with the particular mode of adminis-
tration selected and the subject’s needs.

[0214] A typical pharmaceutical composition for intrave-
nous administration includes about 0.1 to 10 mg of antibody
per subject per day. Dosages from 0.1 up to about 100 mg per
subject per day may be used, particularly if the agent is
administered to a secluded site and not into the circulatory or
lymph system, such as into a body cavity or into a lumen of an
organ. Actual methods for preparing administrable composi-
tions will be known or apparent to those skilled in the art and
are described in more detail in such publications as Reming-
ton’s Pharmaceutical Science, 19th ed., Mack Publishing
Company, Easton, Pa. (1995).

[0215] Antibodies may be provided in lyophilized form and
rehydrated with sterile water before administration, although
they are also provided in sterile solutions of known concen-
tration. The antibody solution is then added to an infusion bag
containing 0.9% sodium chloride, USP, and typically admin-
istered at a dosage of from 0.5 to 15 mg/kg of body weight.
Considerable experience is available in the art in the admin-
istration of antibody drugs, which have been marketed in the
U.S. since the approval of Rituxan® in 1997. Antibodies can
be administered by slow infusion, rather than in an intrave-
nous push or bolus. In one example, a higher loading dose is
administered, with subsequent, maintenance doses being
administered at a lower level. For example, an initial loading
dose of 4 mg/kg may be infused over a period of some 90
minutes, followed by weekly maintenance doses for 4-8
weeks of 2 mg/kg infused over a 30 minute period if the
previous dose was well tolerated.

[0216] A therapeutically effective amount of a nucleic acid
encoding the antibody or an antigen binding fragment thereof
can be administered to a subject. One approach to adminis-
tration of nucleic acids is direct immunization with plasmid
DNA, such as with a mammalian expression plasmid. The
nucleotide sequence encoding the antibody or fragment
thereof can be placed under the control of a promoter to
increase expression of the molecule. Immunization by
nucleic acid constructs is well known in the art and taught, for
example, in U.S. Pat. No. 5,643,578, and U.S. Pat. No. 5,593,
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972 and U.S. Pat. No. 5,817,637. U.S. Pat. No. 5,880,103
describes several methods of delivery of nucleic acids to an
organism. The methods include liposomal delivery of the
nucleic acids.

[0217] Inanother approach to using nucleic acids, an anti-
body or antigen binding fragment thereof can also be
expressed by attenuated viral hosts or vectors or bacterial
vectors, which can be administered to a subject. Recombinant
vaccinia virus, adeno-associated virus (AAV), herpes virus,
retrovirus, cytomegalovirus, poxvirus or other viral vectors
can be used to express the antibody. For example, vaccinia
vectors are described in U.S. Pat. No. 4,722,848. BCG (Bacil-
lus Calmette Guerin) provides another vector for expression
of the disclosed antibodies (see Stover, Nature 351:456-460,
1991).

[0218] In one embodiment, a nucleic acid encoding the
antibody or an antigen binding fragment thereof is introduced
directly into cells. For example, the nucleic acid can be loaded
onto gold microspheres by standard methods and introduced
into the skin by a device such as Bio-Rad’s Heliosd Gene
Gun. The nucleic acids can be “naked,” consisting of plas-
mids under control of a strong promoter.

[0219] Typically, the DNA is injected into muscle, although
it can also be injected directly into other sites. Dosages for
injection are usually around 0.5 mg/kg to about 50 mg/kg, and
typically are about 0.005 mg/kg to about 5 mg/kg (see, e.g.,
U.S. Pat. No. 5,589,466).

[0220] A therapeutically effective amount of an HA-spe-
cific antibody or antigen binding fragment (or the nucleic acid
encoding the antibody or antigen binding fragment) will
depend upon the severity of the disease and/or infection and
the general state of the patient’s health. A therapeutically
effective amount of the antibody is that which provides either
subjective relief of a symptom(s) or an objectively identifi-
able improvement as noted by the clinician or other qualified
observer. These compositions can be administered in con-
junction with another therapeutic agent, either simulta-
neously or sequentially.

[0221] In one embodiment, administration of the antibody
(or nucleic acid encoding the antibody) results in a reduction
in the establishment of influenza virus infection and/or reduc-
ing subsequent disease progression in a subject. A reduction
in the establishment of influenza virus infection and/or a
reduction in subsequent disease progression encompass any
statistically significant reduction in viral activity. In some
embodiments, methods are disclosed for treating a subject
with an influenza virus infection. These methods include
administering to the subject a therapeutically effective
amount of an antibody, or a nucleic acid encoding the anti-
body, thereby preventing or treating the influenza virus infec-
tion.

[0222] In additional embodiments, the subject is also
administered an effective amount of an additional agent, such
as anti-viral agent. The methods can include administration of
one on more additional agents known in the art. For any
application, the antibody, antigen binding fragment, or
nucleic acid encoding the antibody or antigen binding frag-
ment can be combined with anti-retroviral therapy. Antiret-
roviral drugs include, but are not limited to, a neuraminidase
inhibitor or an M2 protein inhibitor. Exemplary antiretroviral
agents include oseltamivir, zanamivir, flutimide, rimantadine,
adamantane derivatives, umifenovir, laninamivir, favipiravir,
peramivir, and nitazoxanide.
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[0223] Single or multiple administrations of the composi-
tions including the antibody, antigen binding fragment, or
nucleic acid encoding the antibody or antigen binding frag-
ment, that are disclosed herein, are administered depending
on the dosage and frequency as required and tolerated by the
patient. In any event, the composition should provide a suf-
ficient quantity of at least one of the antibodies disclosed
herein to effectively treat the subject. The dosage can be
administered once but may be applied periodically until
either a therapeutic result is achieved or until side effects
warrant discontinuation of therapy. In one example, a dose of
the antibody is infused for thirty minutes every other day. In
this example, about one to about ten doses can be adminis-
tered, such as three or six doses can be administered every
other day. In a further example, a continuous infusion is
administered for about five to about ten days. The subject can
be treated at regular intervals, such as monthly, until a desired
therapeutic result is achieved. Generally, the dose is sufficient
to treat or ameliorate symptoms or signs of disease without
producing unacceptable toxicity to the subject.

[0224] Controlled-release parenteral formulations can be
made as implants, oily injections, or as particulate systems.
For a broad overview of protein delivery systems see, Banga,
A. 1., Therapeutic Peptides and Proteins: Formulation, Pro-
cessing, and Delivery Systems, Technomic Publishing Com-
pany, Inc., Lancaster, Pa., (1995). Particulate systems include
microspheres, microparticles, microcapsules, nanocapsules,
nanospheres, and nanoparticles. Microcapsules contain the
therapeutic protein, such as a cytotoxin or a drug, as a central
core. In microspheres the therapeutic is dispersed throughout
the particle. Particles, microspheres, and microcapsules
smaller than about 1 um are generally referred to as nanopar-
ticles, nanospheres, and nanocapsules, respectively. Capillar-
ies have a diameter of approximately 5 pm so that only nano-
particles are administered intravenously. Microparticles are
typically around 100 um in diameter and are administered
subcutaneously or intramuscularly. See, for example, Kreu-
ter, J., Colloidal Drug Delivery Systems, J. Kreuter, ed., Mar-
cel Dekker, Inc., New York, N.Y., pp. 219-342 (1994); and
Tice & Tabibi, Treatise on Controlled Drug Delivery, A.
Kydonieus, ed., Marcel Dekker, Inc. New York, N.Y., pp.
315-339, (1992).

[0225] Polymers can be used for ion-controlled release of
the antibody compositions disclosed herein. Various degrad-
able and nondegradable polymeric matrices for use in con-
trolled drug delivery are known in the art (Langer, Accounts
Chem. Res. 26:537-542, 1993). For example, the block
copolymer, polaxamer 407, exists as a viscous yet mobile
liquid at low temperatures but forms a semisolid gel at body
temperature. It has been shown to be an effective vehicle for
formulation and sustained delivery of recombinant interleu-
kin-2 and urease (Johnston et al., Pharm. Res. 9:425-434,
1992; and Pec et al., J. Parent. Sci. Tech. 44(2):58-65, 1990).
Alternatively, hydroxyapatite has been used as a microcarrier
for controlled release of proteins (Ijntema et al., Int. J. Pharm.
112:215-224, 1994). In yet another aspect, liposomes are
used for controlled release as well as drug targeting of the
lipid-capsulated drug (Betageri et al., Liposome Drug Deliv-
ery Systems, Technomic Publishing Co., Inc., Lancaster, Pa.
(1993)). Numerous additional systems for controlled delivery
of therapeutic proteins are known (see U.S. Pat. No. 5,055,
303; U.S. Pat. No. 5,188,837; U.S. Pat. No. 4,235,871, U.S.
Pat. No. 4,501,728; U.S. Pat. No. 4,837,028; U.S. Pat. No.
4,957,735, U.S. Pat. No. 5,019,369; U.S. Pat. No. 5,055,303,
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U.S. Pat. No. 5,514,670; U.S. Pat. No. 5,413,797; U.S. Pat.
No. 5,268,164; U.S. Pat. No. 5,004,697; U.S. Pat. No. 4,902,
505; U.S. Pat. No. 5,506,206; U.S. Pat. No. 5,271,961; U.S.
Pat. No. 5,254,342 and U.S. Pat. No. 5,534,496).

Diagnostic Methods and Kits

[0226] A method is provided herein for the detection of the
expression of HA in vitro or in vivo. In one example, expres-
sion of HA is detected in a biological sample, and can be used
to detect an influenza virus infection. The sample can be any
sample, including, but not limited to, tissue from biopsies,
autopsies and pathology specimens. Biological samples also
include sections of tissues, for example, frozen sections taken
for histological purposes. Biological samples further include
body fluids, such as blood, serum, plasma, sputum, spinal
fluid, nasopharyngeal secretions or urine.

[0227] Inoneembodiment, methods are provided for deter-
mining the presence of influenza in a sample suspected of
containing influenza, wherein the method includes exposing
the sample to an anti-influenza antibody, and determining
binding of the antibody to the influenza virus in the sample
wherein binding of the antibody to the influenza virus in the
sample is indicative of the presence of the influenza virus in
the sample. In one embodiment, the sample is a biological
sample. In another embodiment, the sample is a nasopharyn-
geal wash. The method can detect HIN1, HSN1, H3N2, or
combinations thereof.

[0228] In several embodiments, a method is provided for
detecting an influenza infection in a subject. The disclosure
provides a method for detecting HA in a biological sample,
wherein the method includes contacting a biological sample
with the antibody under conditions conducive to the forma-
tion of an immune complex, and detecting the immune com-
plex, to detect the HA in the biological sample. In another
example, detection of HA in the sample confirms a diagnosis
of an influenza infection in a subject. The method can detect
HIN1, H5N1, H3N2, or combinations thereof.

[0229] In certain embodiments, the anti-influenza antibod-
ies and compositions thereof can be used in vivo and/or in
vitro for diagnosing 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 influenza. Complex 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 difference in the
formation of complexes between the samples is indicative of
the presence of influenza in the test sample. The influenza
virus can be HIN1, H5N1, H3N2, or combinations thereof.

[0230] In some embodiments, the disclosed antibodies are
used to test vaccines. For example to test if a vaccine compo-
sition can induce or bind neutralizing antibodies to HA. Thus
provided herein is a method for detecting testing a vaccine,
wherein the method includes contacting a sample containing
the vaccine, such as an HA protein, with the antibody under
conditions conducive to the formation of an immune com-
plex, and detecting the immune complex, to confirm the vac-
cine will be effective. In one example, the detection of the
immune complex in the sample indicates that vaccine com-
ponent, such as such as a HA antigen, assumes a conforma-
tion capable of inducing neutralizing antibodies, such as
broadly neutralizing antibodies.
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[0231] Inone embodiment, the antibody is directly labeled
with a detectable label. In another embodiment, the antibody
that binds HA (the first antibody) is unlabeled and a second
antibody or other molecule that can bind the antibody that
binds HA is utilized. Asis well known to one of skill in the art,
asecond antibody is chosen that is able to specifically bind the
specific species and class of the first antibody. For example, if
the first antibody is a human IgG, then the secondary antibody
may be an anti-human-1gG. Other molecules that can bind to
antibodies include, without limitation, Protein A and Protein
G, both of which are available commercially.

[0232] Suitable labels for the antibody or secondary anti-
body are described above, and include various enzymes, pros-
thetic groups, fluorescent materials, luminescent materials,
magnetic agents and radioactive materials. Non-limiting
examples of suitable enzymes include horseradish peroxi-
dase, alkaline phosphatase, beta-galactosidase, or acetylcho-
linesterase. Non-limiting examples of suitable prosthetic
group complexes include streptavidin/biotin and avidin/bi-
otin.

[0233] Non-limiting examples of suitable fluorescent
materials include umbelliferone, fluorescein, fluorescein
isothiocyanate, rhodamine, dichlorotriazinylamine fluores-
cein, dansyl chloride or phycoerythrin. A non-limiting exem-
plary luminescent material is luminol; a non-limiting exem-
plary a magnetic agent is gadolinium, and non-limiting
exemplary radioactive labels include *2°I, '3, 3S or 3H.
[0234] The immunoassays and method disclosed herein
can be used for a number of purposes. Kits for detecting an
HA polypeptide will typically comprise an antibody that
binds HA, such as any of the antibodies disclosed herein. In
some embodiments, an antibody fragment, such as an Fv
fragment or a Fab is included in the kit. In a further embodi-
ment, the antibody is labeled (for example, with a fluorescent,
radioactive, or an enzymatic label).

[0235] In one embodiment, a kit includes instructional
materials disclosing means of use. The instructional materials
may be written, in an electronic form (such as a computer
diskette or compact disk) or may be visual (such as video
files). The kits may also include additional components to
facilitate the particular application for which the kit is
designed. Thus, for example, the kit may additionally contain
means of detecting a label (such as enzyme substrates for
enzymatic labels, filter sets to detect fluorescent labels,
appropriate secondary labels such as a secondary antibody, or
the like). The kits may additionally include buffers and other
reagents routinely used for the practice of a particular
method. Such kits and appropriate contents are well known to
those of skill in the art.

[0236] Inone embodiment, the diagnostic kit comprises an
immunoassay. Although the details of the immunoassays may
vary with the particular format employed, the method of
detecting HA in a biological sample generally includes the
steps of contacting the biological sample with an antibody
which specifically reacts, under immunologically reactive
conditions, to HA. The antibody is allowed to specifically
bind under immunologically reactive conditions to form an
immune complex, and the presence of the immune complex
(bound antibody) is detected directly or indirectly.

[0237] The following examples are provided to illustrate
certain particular features and/or embodiments. These
examples should not be construed to limit the disclosure to the
particular features or embodiments described.
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EXAMPLES

[0238] Described below is an analysis of plasmablast and
monoclonal antibody responses induced by pandemic HIN1
infection in humans (see FIG. 13). Unlike antibodies elicited
by annual influenza vaccinations, most neutralizing antibod-
ies induced by pandemic HIN1 infection were broadly cross-
reactive against epitopes in the hemagglutinin (HA) stalk and
head domain of multiple influenza strains/subtypes. The anti-
bodies were from cells that had undergone extensive affinity
maturation. Thus, it is possible that the plasmablasts produc-
ing these broadly neutralizing antibodies were predominantly
derived from activated memory B cells specific for epitopes
conserved 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.

[0239] Described below are studies in which the B cell
responses in 24 healthy adult volunteers immunized with the
monovalent subunit pandemic HIN1 2009 vaccine were stud-
ied. In all cases a rapid, predominantly IgG-producing plas-
mablast response was found. These plasmablasts were iso-
lated and monoclonal antibodies were generated by single-
cell PCR. Over half (45/78) were virus-specific and 62%
(28/45) bound to the pandemic 2009 HA. Strikingly, the
majority of these antibodies (25/28) neutralized more than
one influenza strain and exhibited high levels of somatic
hypermutation, suggesting they were derived from recall of B
cell memory. Indeed, memory B cells that recognized the
pandemic HIN1 HA were detectable prior to vaccination not
only in this cohort but also in stored samples obtained prior to
the emergence of the pandemic strain. Three antibodies dem-
onstrated extremely broad cross-reactivity and were found to
bind the HA stem. Furthermore, one of them was found to
recognize not only H1 and HS but also H3 influenza viruses.
This exceptional cross-reactivity indicates that antibodies
capable of neutralizing most influenza subtypes might indeed
be elicited by vaccination. These antibodies can be used to
design influenza vaccines that can elicit these broadly cross-
reactive antibodies at sufficiently high levels to provide het-
erosubtypic protection.

Example 1

Monovalent Pandemic HIN1 2009 Vaccine Induces
Rapid Expansion of Antigen-Specific Plasmablasts

[0240] Humoral immune responses in 24 healthy adult vol-
unteers immunized with the monovalent pandemic HIN1
2009 vaccine was examined (FIG. 1). Subjects entered the
study approximately 6 months after the first reports of pan-
demic HIN1 2009 cases. The vaccine administered contained
the HA subunit from the pandemic influenza A/California/04/
09 and was given separately after the 2009 seasonal influenza
vaccine which contained a different HIN1 strain (A/Bris-
bane/59/07) as well as H3N2 and influenza B strains. Seven-
teen individuals (71%) receiving pandemic HIN1 2009 vac-
cine demonstrated an increase in hemagglutination inhibition
(HA1) titer at 28 days post-vaccination (accepted as at least a
4-fold increase in HA1 titer) (FIG. 1a). Eighteen individuals
(75%) exhibited HA1 titers conventionally considered pro-
tective (1:40) at day 28. Seroconversion rates were compa-
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rable to those seen with seasonal influenza vaccination (Han-
cock et al., 2009, N Engl J Med 361(20):1945-1952).

[0241] An earlier study using seasonal TIV demonstrated
that seroconversion is associated with a large, transient
expansion of antibody-secreting cells (plasmablasts) in the
blood (Wrammert et al., 2008, Nature 453(7195):667-671).
The current study quantified the plasmablast response to pan-
demic HIN1 2009 vaccine in PBMCs at day 0, 7, 14 and 30
post-vaccination by ELISPOT using this approach. The vac-
cine-specific plasmablast response was found to peak at day 7
before returning to background levels by day 14 (FIG. 15).
These kinetics were the same as those seen in controls who
were given the 2008/09 TIV, which contained components
from influenza A/Brisbane/59/07 H1N1, A/Brisbane 10/07
(H3N2) and B/Florida/4/06 (FIG. 7). Following immuniza-
tion with the pandemic HIN1 2009 vaccine, there was a
positive correlation between the increases in HA1 titer and
peak plasmablast numbers (r*=0.53, p<0.0001)(FIG. 1¢). The
rapidity of the plasmablast response strongly suggested a
recall rather than primary response. Indeed, IgG-producing
cells greatly outnumbered IgM-producing cells (p=0.0483,
mean+/-SEM: 520+/-254 SFU/10° vs. 5.36+/-1.48 SFU/
10%). This was also seen in the response to 2008/09 TIV
(p=0.0066, 535.8+/-154 SFU/10° vs. 63.3+/-50.0 SFU/10%),
aknown recall response (FIG. 1d). Together, these data show
that the B cell responses induced by seasonal TIV and the
pandemic HIN1 2009 vaccine were similar in terms of speed
and isotype, suggesting that both are due to memory recall.

Example 2

Plasmablasts Induced by the Monovalent HIN1
2009 Vaccine Cross-React with the 2009/10 Seasonal
Vaccine

[0242] Since features of the plasmablast response to the
pandemic HIN1 2009 vaccine were suggestive of memory
recall, the extent to which plasmablasts could also be induced
that were reactive against the seasonal influenza strain from
the previous two years found in the 2009/10 TIV (A/Bris-
bane/59/07) was examined. The HA of the pandemic HIN1
2009 strain diverged considerably from that of influenza
A/Brisbane/59/07 with only 79% sequence homology (FIG.
8). Despite this, most individuals, after vaccination with the
pandemic HIN1 2009 vaccine, generated a large number of
plasmablasts that reacted with the 2009/10 TIV (FIG. 9a). In
order to enrich for plasmablasts, next these cells by flow were
sorted by cytometry from 10 individuals at day 7 (FIG. 96). A
high proportion of sorted plasmablasts were antigen-specific
(representative donor in FIG. 9¢). This was similar to previ-
ous findings with seasonal influenza vaccination (Wrammert,
2008, supra). In addition, plasmablasts with specificity for
A/Brisbane/59/07 HA as well as pandemic HIN1 2009 HA
were detected in all sorted samples (FIG. 94). Thus, the bulk
of the humoral response to vaccination was against HA and
that the pandemic HIN1 2009 vaccine induced a plasmablast
response against both the homologous antigen and a heter-
ologous antigen from the seasonal influenza strain of the
preceding two years.

Example 3

The Pandemic HIN1 2009 Vaccine can Induce
Antibodies that Bind the HA Stem

[0243] To examine the specificities of the antibody
response to pandemic HIN1 2009 vaccine at the monoclonal
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level, single-cell RT-PCR of sorted individual plasmablasts
was used to produce mAbs as previously described (Wram-
mert et 1., 2009, supra; Smith et al., 2009, Nat Protoc 4(3):
372-384.). The advantage of this method lies in the ability to
generate mAbs from B cells that are proliferating acutely in
response to vaccination as opposed to resting memory B cells.
Furthermore, bias is reduced by analyzing the whole vaccine-
induced plasmablast response without preferentially select-
ing for particular sub-populations using an antigen bait. In
total, 78 mAbs from 8 subjects were generated. By ELISA,
58% (45/78) bound to purified pandemic HIN1 2009 virus
(FIG. 2a). Of these, 62% (28/45) bound to recombinant HA
from the pandemic strain.

[0244] As ELISA is only capable of demonstrating binding
of the antibody to antigen, functional assays were used to
characterize HA-specific mAbs. The hemagglutination inhi-
bition assay (HA1) measures the concentration of antibody
required to inhibit the agglutination of red blood cells by the
virus and is indicative of the capacity of the antibody to
prevent viral attachment to cells. In contrast, neutralization
assays show how effectively the antibody prevents viral infec-
tivity by measuring the concentration required to block lytic
infection of cultured cells. Out of the m Abs that demonstrated
HA-specific binding, 89% (25/28) were shown to have func-
tional activity against pandemic HIN1 2009 virus by HA1
and/or neutralization assay (FIG. 26).

[0245] It was previously shown that mAbs recognizing
epitopes in the globular head of the influenza HA demon-
strated binding by ELISA, positive HA1 and neutralization of
infectivity (Wrammert etl a., 2011, J. Exp. Med. 208(1):
181-193, 2011). In contrast, stem-binding mAbs showed
binding by ELISA and neutralization, but negative HA1. In
this set of mAbs, while there was generally good correlation
between HA1 and neutralization activities, three mAbs (05-
2G02, 09-2A06 and 09-3A01) were found to have no HA1
activity despite binding by ELISA and neutralization, a pat-
tern suggestive of stem-binding mAbs. In order to confirm
their HA binding site, their binding was compared with
known stem-binding antibodies by competition ELISA (FIG.
2¢). ELISA plates coated with influenza A/California/04/09
HA were pre-incubated with one of two known stem-binding
mAbs (70-1F02 or 70-5B03) (Wrammert et al, 2011, supra).
The putative stem-bind mAbs were biotinylated and added,
according to a standard ELISA protocol, to either pre-incu-
bated or non-pre-incubated plates. The amount of antibody
binding in each plate was determined and percentage inhibi-
tion of each mAb was subsequently calculated using the ratio
of binding in the pre-incubated plates to binding in non-pre-
incubated plates.

[0246] Whether in competition with the previously
described 70-1F02 or 70-5B03, all 3 potential stem-binding
mAbs were inhibited by greater than 80%, which was com-
parable to the stem-binding mAbs used as positive controls
(the reciprocal antibody of either 70-1F02 or 70-5B03
depending on which was used to pre-incubate). This con-
trasted with a previously described negative control
(EM4C04), which was highly specific to pandemic HIN1
2009 HA and mapped to an epitope in the head region (Wram-
mert et al., 2011, supra). Thus, by competition ELISA, it was
demonstrated that the mAbs 05-2G02, 09-2A06 and 09-3A01
all compete for binding to an epitope in the HA stem. The
three stem-binding mAbs all used different V,, gene segments
(FIG. 2¢ & FIG. 14), compared with the pandemic HIN1
2009 infection where the majority of mAbs induced by the
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infection used the V;1-69 gene segment, also shared by other
reported stem-binding antibodies (Ekiert etal., 2009, Science
324(5924):246-251; Sui et al., 2009, Nat Struct Mol Biol
16(3):265-273). Here, only one mAb used the V,1-69,
although a second used the highly similar V1-18. Together
our data suggest that stem-reactive antibodies can indeed be
elicited by the pandemic HIN1 2009 vaccine, but occur at a
lower frequency.

Example 4

Monoclonal Antibodies Elicited by Pandemic HIN1
2009 Vaccine Cross-React with Antigenically
Divergent Strains

[0247] AllHA-specific mAbs were tested for binding, HA1
and neutralization capacity against a panel of antigens and
virus strains, including antigenically similar strains such as
the pandemic HIN1 1918 strain and antigenically diverse
HINT1, H5N1 and H3N2 strains. Strikingly, the majority of
mAbs that bound the HA head also demonstrated broad cross-
reactivity (FIG. 3a) with three-quarters binding to both
A/Brisbane/59/07 HA and 1918 HA. The majority (18 of 28)
were able to bind all 3 HIN1 HAs whilst 6 out of 28 bound
both pandemic HIN1 2009 and 1918 influenza HAs, in a
similar manner to several antibodies previously described
(Wrammert et al., 2011, supra; Xu et al., 2010, Science 328
(5976):357-360). The high degree of cross-reactivity sug-
gested that many of these plasmablasts had arisen by second-
ary expansion of cross-reactive memory B cells that
presumably targeted conserved epitopes. Comparing the
binding of these antibodies to the most recent seasonal HIN1
strain in circulation prior to the emergence of the pandemic,
A/Brisbane/59/07, the patterns of cross-reactivity generally
conform to three categories (FIG. 10). Most (14/28) of the
antibodies bound better to the pandemic HIN1 HA, suggest-
ing ongoing adaptation through affinity maturation. Other
antibodies bound equally well to both HAs (9/28) while the
last category (5/28) bound better to the Brishane HA, consis-
tent with OAS (original antigenic sin).

[0248] Next, HA1 and neutralization assays were per-
formed using a more extensive panel of HIN1 virus strains
including recent seasonal strains (A/Brisbane/10/07, A/So-
lomon Islands/3/06 and A/New Caledonia/20/99) and historic
outbreak strains (A/New Jersey/76 and A/Fort Monmouth/1/
47) (FIG. 3b & FIG. 11), which displayed a broad range of
sequence divergence compared to the pandemic HIN1 2009
virus. As expected from sequence homology (FIG. 8), the
highest degree of cross-reactivity by neutralization assay was
seen with A/New Jersey/76, with 68% of mAbs cross-neu-
tralizing. Of the more recent seasonal strains, up to 43% of
mAbs demonstrated cross-reactivity between the seasonal
strains and pandemic HIN1 2009 virus. In general, the frac-
tion of cross-neutralizing antibodies paralleled sequence
homology. Still, given the large antigenic differences mea-
sured by standard reference sera, the fraction of cross-neu-
tralizing antibodies was much larger than expected.

[0249] The three stem-binding mAbs demonstrated the
widest cross-reactivity by ELISA with detectable binding to
all the H1 HAs tested plus HA from the H5N1 strain (A/In-
donesia/05/2005)(FIG. 3a). Furthermore, 05-2G02 displayed
even greater cross-reactivity by also binding H3, albeit
weakly. Their ability to neutralize both HIN1 and H3N2
strains were tested (FIG. 3¢). Once again, all three stem-
binding mAbs demonstrated broad cross-reactivity with the
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capacity to neutralize all HINT1 strains tested. In addition, the
exceptional breadth of 05-2G02 was again shown, with neu-
tralizing activity against H3N2 as well as the HIN1 strains.
Antibodies that neutralize influenza strains from both phylo-
genetic group 1 and group 2 are exceedingly rare and have
only been reported once in the literature (Corti et al., 2011,
Science 333: 850-856). These data demonstrate the high
degree of cross-reactivity of mAbs generated following pan-
demic HIN1 2009 vaccination. This is true not only of the
stem-reactive mAbs, one of which had unusually broad cross-
reactivity against H1, HS and H3, but also of the majority of
non-stem-binding mAbs, which demonstrated substantial
cross-reactivity within HINT1 strains in contrast to the more
strain-specific mAbs generated following seasonal TIV
(Wrammert et al., 2008, supra).

Example 5

Pandemic HIN1 2009 Vaccine Induces Monoclonal
Antibodies with High Levels of Somatic
Hypermutation

[0250] Together, the kinetics of the response, the domi-
nance of IgG-secreting cells and the remarkable cross-reac-
tivity of individual plasmablasts point to a memory origin for
most clones. This was further supported by sequence analysis
of virus-specific mAbs (FIG. 4a). When the somatic muta-
tions per V,, gene were calculated, the majority of clones
showed an exceptionally high number of mutations (median
21 range 8-41). This was significantly higher (p<0.0001) than
the average IgG-producing memory B cell or germinal center
B cell (median 11 range 1-35) but similar to the number found
following the recall of the memory B cell response by the
seasonal influenza vaccination (median 18.5 range 6-51).
These were also similar to the results of a previous study of
mAbs from patients infected with the pandemic HIN1 2009
virus, where high levels of somatic hypermutation were
observed. When the HA-specific mAbs were analyzed alone
(FIG. 4b), they displayed similar levels of mutation compared
to the virus-specific mAbs as a whole. Furthermore, there was
no obvious correlation between the number of mutations and
the degree of cross-reactivity of each individual mAb (FIG.
3.

Example 6

Presence of Memory B Cells Reactive to the
Pandemic Strain Present Prior to its Emergence

[0251] It appeared possible that cross-reactive memory B
cells capable of reacting to the pandemic HIN1 2009 vaccine
were already present prior to vaccination. Thus, samples from
pre-vaccination subjects were analyzed with a memory B cell
assay (Crotty et al., J Immunol Methods 286(1-2):111-122,
2004) (FIG. 5a). Using this technique, all subjects had detect-
able memory B cells reactive against pandemic HIN1 2009
HA prior to vaccination (median 0.4%, range 0.013%-1.
98%). However, subclinical infections with influenza that
induce seroconversion without symptoms do occur and go
unreported (Papenburg, Clin Infect Dis 51(9):1033-1041,
2010). It was therefore possible that vaccinees had been
exposed to the pandemic HIN1 2009 virus at some point
between its emergence and their vaccination. In order to
exclude this possibility, baseline samples were retrieved from
a different healthy cohort taken in 2008/09 before the emer-
gence of the novel pandemic strain (FIG. 56). Once again the
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majority of these specimens contained detectable memory B
cells which reacted against the pandemic HIN1 2009 HA. In
summary, these data show that the pandemic HIN1 2009
vaccine preferentially activates cross-reactive memory B
cells generated by encounters with HA from previous influ-
enza strains, including broadly cross-reactive stem-specific
Abs with neutralizing activity.

[0252] Following infection with pandemic HIN1 2009
influenza virus, an earlier study showed that the humoral
response was dominated by antibodies that bound to the con-
served stem of HA and neutralized multiple influenza sub-
types (Wrammet et al., 2008, supra). A vaccine that could
induce these antibodies might provide heterosubtypic protec-
tion but seasonal influenza vaccines had not been shown to
induce them (Hancock, 2009, supra; Wrammert et al., 2008,
supra). The question therefore remained as to whether
broadly cross-reactive stem-binding antibodies could, in fact,
be generated following influenza vaccination. The current
studies have shown that these antibodies could be induced by
the monovalent inactivated pandemic HIN1 2009 vaccine.
Healthy adults were vaccinated with the pandemic HIN1
2009 vaccine and mAbs generated from plasmablasts isolated
at the peak of the response. These data suggest that, like the
seasonal TIV, the pandemic vaccine induced an antibody
response by stimulation of pre-existing memory B cells.
However, in contrast to the seasonal vaccine, mAbs induced
by the pandemic HIN1 2009 vaccine displayed striking
cross-reactivity. Furthermore, although they were less fre-
quent than with infection, stem-binding mAbs could readily
be detected and one was even capable of neutralizing both
HINI (phylogenetic group 1) and H3N2 (group 2) strains.
[0253] The approach used here for the cloning of mAbs
from plasmablasts has two major advantages. Firstly, these
were influenza-specific B cells proliferating in response to the
challenge of a specific vaccine and not just resting memory B
cells, which consist of a range of clones generated by a variety
of previous antigenic challenges. Since plasmablasts gener-
ated in response to vaccine disappear within 14 days, those
induced by seasonal influenza vaccine administered several
weeks previously would not have directly contributed to the
plasmablasts that were analyzed. Memory B cells against the
HAs of seasonal strains may have been boosted by seasonal
vaccination but would not have fundamentally changed in
terms of repertoire. Secondly, while other techniques use
antigen to preferentially enrich for B cells with the specifici-
ties of interest, analysis of all the proliferating plasmablasts
allowed examination of the repertoire of influenza-specific
antibodies with minimal bias. Using these techniques, the
current studies showed that the

[0254] B cell responses to the pandemic HIN1 2009 and
seasonal vaccines were comparable in many ways (Wram-
mert et al., 2008, supra). Both vaccines induced large and
rapid plasmablast responses with similar magnitudes and
kinetics. In addition, both responses were predominantly
made up ofisotype switched IgG-producing plasmablasts and
mAbs generated from these plasmablasts showed evidence of
extensive somatic hypermutation. These features character-
ize a secondary response (Schittek and Rawjewsky, 1990,
Nature 346(6286):749-751; McHeyzer-Williams et al., 1991,
Nature 350(6318):502-505; and Aprin et al., 1997, J Exp Med
186(6):931-940) and imply that the response to the pandemic
HINT 2009 vaccine is derived from pre-existing memory B
cells in a similar fashion to the seasonal vaccine. This was
conclusively demonstrated by the presence of memory B cells
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specific for pandemic HIN1 2009 HA in individuals even
prior to the emergence of the new virus, strongly implying
they were induced by exposure to previous seasonal strains.

[0255] However, the antibody response to pandemic HIN1
2009 vaccine clearly differed in one important respect: the
high degree of cross-reactivity. Unlike previous studies of
seasonal TIV (Hancock et al., 2009, supra; Wrammert et al.,
2008, supra), the current data suggest that cross-reactive anti-
bodies against both the head and stem of HA were readily
induced by the pandemic HIN1 2009 vaccine and made up a
large proportion of the response. Cross-reactive antibodies
against both the head and stem of HA from the seasonal TIV
have been described in humans using a number of systems
(Thorsby et al., 2008 PLoS One 3(12):e3942; Ekiert et al.,
2009, Science 324(5924):246-251; Sui et al, 2009, Nat Struct
Mol Biol 16(3):265-273; Cori et al., 2010, J Clir

[0256] Invest 120(5):1663-1673). However, the antibodies
that were identified previously were not effective. While dif-
ferent stem-binding antibodies have been identified following
vaccination, these have primarily relied upon phage display
libraries (Thorsby et al., 2008, supra; Ekiert et al., 2009,
supra; Sui et al, 2009, supra) and immortalization of memory
B cells (Corti et al, 2010, supra). A recent study has shown
that the MF59 adjuvant can enhance the diversity and affinity
of the antibody response to pandemic influenza vaccine
(Khurana, 2011, Sci Transi Med 3(85): 85ra48).

[0257] The majority of the cross-reactive mAbs here were
directed against the globular head of HA. However, three
stem-binding mAbs were identified and shown to be broadly
cross-reactive. One of them, 05-2G02, demonstrated an
extraordinary breadth of neutralizing activity, with activity
against all HIN1 strains tested as well as binding to HSN1 HA
and neutralization of a H3N2 strain. The capacity to recog-
nize HAs from both phylogenetic groups does not appear to
be dependent on a unique antigen-binding structure. The anti-
bodies provide important proof of concept that a universal
vaccine capable of stimulating antibodies that neutralize all
influenza subtypes.

[0258] Itis also clear that cross-reactive stem-binding anti-
bodies are very rare after vaccination with seasonal strains.
Studies that have found stem-binding memory B cell clones
have required high throughput techniques to screen large
numbers of cells (Corte et al., 2006, supra). In the work
disclosed herein, stem-reactive antibodies were readily found
with 3 out of 28 HA-specific mAbs generated from 8 vac-
cinees showing stem-reactivity. This implies that the pan-
demic HIN1 2009 vaccine induces these antibodies more
frequently as a consequence of the major change in epitopes
from the HA head while the stem remains relatively con-
served. In addition, while 2 stem-specific mAbs came from
one subject and one from another, several subjects had none,
suggesting that some individuals might have a stronger pro-
pensity for developing cross-reactive antibodies by nature of
their underlying B cell repertoire and their previous antigenic
history. In animal models, sequential immunization with dif-
ferent HAs can preferentially stimulate broadly cross-reac-
tive antibodies (Wang et al, 2010, PLoS Pathog 6(2):
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€1000796), a phenomenon recapitulated in nature with the
emergence of a pandemic strain.

[0259] The low frequency of broadly cross-reactive stem-
binding antibodies following the pandemic HIN1 2009 vac-
cine contrasts with the antibody responses seen following
natural infection. Earlier studies demonstrated that broadly
cross-reactive antibodies that bound to the HA stem region
dominated the humoral response in patients infected with
pandemic HIN1 2009, with as many as half of these neutral-
izing mAbs recognizing the same epitope (Wrammert et al.,
2008, supra). These stem-binding mAbs shared a common
V,; gene rearrangement which was not observed following
vaccination. Immunization with the subunit pandemic HIN1
2009 vaccine, which primarily consists of HA and NA,
induces a quantitatively and qualitatively different immune
response. Specifically, subunit vaccines cannot infect cells,
therefore preferentially utilizing extrinsic antigen presenta-
tion pathways as well as inducing less potent inflammatory
and innate responses. Infection also results in greater antigen
load and duration, leading to increased recruitment of precur-
sors and signals for differentiation.

[0260] Unlike the humoral response to the seasonal vac-
cine, cross-reactive clones against the pandemic HIN1 2009
vaccine could be readily detected from acutely responding
plasmablasts. The current studies also showed that they were
derived from memory B cells that recognized conserved
epitopes across virus strains. Thus, it might be that broadly
cross-reactive antibodies are produced by low-frequency
memory B cells reactive against conserved but subdominant
epitopes (FIG. 6). In the context of seasonal influenza, these
are not recruited into the response, remaining relatively qui-
escent due to competition by the more numerous B cells
specific for immunodominant epitopes exposed in the globu-
lar HA head. However, following a major change in the HA,
most of these immunodominant epitopes are replaced with
novel structures. With their disappearance, cross-reactive
memory B cells against conserved epitopes in both the head
and stem no longer need to compete with memory cells spe-
cific for the previous strains. Thus, cross-reactive antibodies
make up a greater proportion of the humoral immune
response following antigenic shitt.

[0261] This also offers an explanation as to why the pre-
ceding seasonal HIN1 strain almost completely disappeared
following the emergence of the pandemic HIN1 2009 virus
(Palese P & Wang T T (2011), MBio 2(5)). The current studies
in individuals infected or vaccinated with pandemic HIN1
2009 have shown that in either situation large numbers of
cross-reactive antibodies with activity against A/Brisbane/
59/07 are generated (Wrammert et al, 2008, supra). Thus,
most individuals who have encountered the pandemic HIN1
2009 strain will also have developed protective immunity
against A/Brisbane/59/07 leading to a rapid decrease in the
number of susceptible hosts.

[0262] The data herein show that broadly cross-reactive
stem-binding antibodies can be induced by the pandemic
HIN1 2009 vaccine, thus demonstrating that productive
infection is not required. Furthermore, stem-binding antibod-
ies with the capacity to neutralize a broad range of influenza
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subtypes can be induced by vaccination. However, the fre-
quency of these stem-binding antibodies following the pan-
demic HIN1 2009 vaccine was low and not all vaccinees were
found to generate them. In order for a truly universal vaccine
to be effective, it must induce cross-reactive antibodies to a
high level in all recipients to provide robust heterosubtypic
immunity.

Example 7

Detailed Information Regarding Antibodies that
Bind Influenza Virus

[0263] Table 1 (FIG. 12) 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 H and light chains are indicated by L at the end
of'the identifier in Col. A. For example, line 1 of Table 1 (FIG.
12) discloses 005-2G02H, which is a heavy chain for one of
the antibodies, and line 2 of Table 1 (FIG. 12) discloses
005-2G02L, which is the light chain for the same antibody.
Accordingly, each pair of rows (2/3, 4/5, 6/7, 8/9, 10/11,
12/13,14/15,16/17,18/19,20/21,22/23,24/25,26/27, 28/29,
30/31,32/33,34/35,36/37,38/39,40/41,42/43,44/45, 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, 92/93, 94/95, 96/97, 98/99, 100/
101,102/103, 104/105, 106/107,108/109,110/111, 112/113,
114/115,116/117,118/119,120/121,122/123, 124/125, 126/
127,128/129, 130/131, 132/133, 134/135, 136/137, 138/139,
and 140/141) represent paired heavy and light chains from a
cloned human antibody. Col. G provides the V region amino
acid sequence, column O provides the full translated V region
amino acid sequence. Col. H provides the FR1 amino acid
sequence. Col. I provides the CDR1 amino acid sequence.
Col. Jprovides the FR2 amino acid sequence. Col. K provides
the CDR2 amino acid sequence. Col. L. provides the FR3
amino acid sequence. Col. M provides the CDR3 amino acid
sequence. Col. N provides the nucleotide sequence. Column
P provides the FR4 amino acid sequence. FIG. 14 provides
the V gene, J gene D gene allele, and provides the V muta-
tions, CDR lengths and A A junction sequence (“AA junction”
sequences are disclosed in FIGS. 14A and 14B as SEQ ID
NOS 1401-1540, respectively, in order of appearance).

Example 8
Materials and Methods
[0264] Patients and Vaccines:
[0265] All studies were approved by an institutional review

board). Twenty-four healthy adult volunteers were given the
monovalent pandemic HIN1 2009 vaccine. Subject 2 was
given the seasonal 2009/10 TIV only 4 days before receiving
pandemic HIN1 2009 vaccine and was excluded from all
cross-reactivity assays. Memory B cell and mutational analy-
sis data were derived from clinical studies of 2008/09 and
2009/10 season TIV wvaccinees. Peripheral blood mono-
nuclear cells (PBMCs) were isolated using Vacutainer tubes
(BD for immediate use or cryopreserved. Plasma samples
were saved at —80° C. for subsequent analysis. All vaccines
were obtained from Sanofi Pasteur Inc.
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[0266] Viruses and Antigens:

[0267] The pandemic HIN1 2009 influenza virus (A/Cali-
fornia/04/09) was utilized. Other influenza virus stocks used
for the assays were obtained from the Centers for Disease
Control (CDC), grown in eggs and purified as described
(Wrammert et al., 2008, supra). Recombinant HA proteins
were provided by the CDC and by the Biodefense and Emerg-
ing Infections research repository.

[0268] ELISPOT and Memory B Cell Assay:

[0269] Direct ELISPOT to enumerate the number of either
total IgG-secreting, pandemic HIN1 influenza virus-specific,
vaccine-specific and recombinant HA-specific plasmablasts
present in the PBMC samples was performed as previously
described (Crotty et al., 2003, J Immunol 171(10):4969-
4973).

[0270]

[0271] Analytical and cell sorting flow cytometry analysis
was performed as described (Wrammert et al., 2008, supra).

Flow Cytometry Analysis and Cell Sorting.

[0272] Generation of mAbs and Variable Gene Repertoire
Analysis.
[0273] As previously detailed (Wrammert et al., 2008,

supra; Smith et al., 2009, Nat Protoc 4(3):372-384; Ward-
emann et al., 2003, Science 301(5638):1374-1377), V, and
Vk genes were PCR-amplified from the transcripts of single
ASCs and then sequenced. These variable genes were then
cloned into IgG1 or Igk expression vectors and co-transfected
into the 293 A cell line for expression. Variable genes were
analyzed for identity and mutations using in-house analysis
software and the IMGT search engine (Fhrenmann et al.,
2010, Nucleic Acids Res 38(Database issue):D301-307;
Lefranc et al., 2009, Nucleic Acids Res 37(Database issue):
D1006-1012). Background mutation rate by this method is ~1
base-exchange per 1,000 bases sequenced (based on
sequences of constant region gene segments). Comparisons
were made to previously published data (Wrammert et al.,
2008, supra; Zheng et al., 2005, J Clin Invest 113(8):1188-
1201; Zeng et al., 2005b, J Exp Med 201(9):1467-1478).
Antibody sequences were deposited on GENBANK®.

[0274] ELISA, HA1 and Neutralization Assays.

[0275] Whole virus, recombinant HA, vaccine-specific
ELISA, HA1 and neutralization assays were performed as
previously described (Wrammert et al., 2008, supra). For
competition ELISA an additional pre-incubation with unla-
beled competitor antibodies to the HA-stalk epitope at a
10-fold molar excess was then performed prior to application
of'the mAbs to the plate. Competitors consisted of one of two
known stem-binding mAbs (70-1F02 or 70-5B03) or a nega-
tive control antibody specific for the HA globular head (EM-
4C04). Competition level was calculated as the percentage
inhibition of the half-maximal binding concentration of test
antibody relative to the absorbance without competitor.

[0276] Inview ofthe many possible embodiments to which
the principles of the disclosed invention may be applied, it
should be recognized that the illustrated embodiments are
only preferred examples of the invention and should not be
taken as limiting the scope of the invention. Rather, the scope
of'the invention is defined by the following claims. We there-
fore claim as our invention all that comes within the scope and
spirit of these claims.
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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=US20160200800A1).
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).

We claim:

1. A purified monoclonal antibody, wherein the mono-
clonal antibody comprises a heavy chain variable domain and
a light chain variable domain, wherein the monoclonal anti-
body specifically binds hemagglutinin (HA) of at least two of
HIN1 and H5N1.

2. The purified monoclonal antibody of claim 1, wherein
the monoclonal antibody specifically binds HA of H3N2.

3. The purified monoclonal antibody of claim 1, wherein
the monoclonal antibody specifically binds an epitope from a
complex of HA1 and HA2.

4. The purified monoclonal antibody of claim 1, wherein
the heavy chain variable domain comprises one of:

a) the amino acid sequence set forth as SEQ ID NO: 3, the
amino acid sequence set forth as SEQ ID NO: 5 and the
amino acid sequence set forth as SEQ ID NO: 7 [005-
2G02]

b) the amino acid sequence set forth as SEQ ID NO: 23, the
amino acid sequence set forth as SEQ ID NO: 25 and the
amino acid sequence set forth as SEQ ID NO: 27 [09-
2A06]; or

¢) the amino acid sequence set forth as SEQ ID NO: 43, the
amino acid sequence set forth as SEQ ID NO: 45 and the
amino acid sequence set forth as SEQ ID NO: 47 [09-
3A01].

5. The purified monoclonal antibody of claim 4, wherein

the heavy chain variable domain comprises one of:

a) the amino acid sequence set forth as SEQ ID NO: 1;

b) the amino acid sequence set forth as SEQ ID NO: 21; or

¢) the amino acid sequence set forth as SEQ ID NO: 41.

6. The purified monoclonal antibody of claim 6, wherein
the heavy chain variable domain comprises one of:

a) the amino acid sequence set forth as SEQ ID NO: 9;

b) the amino acid sequence set forth as SEQ ID NO: 29; or

¢) the amino acid sequence set forth as SEQ ID NO: 49.

7. The purified monoclonal antibody of claim 4, wherein
the light chain variable domain comprises one of:

a) the amino acid sequence set forth as SEQ ID NO: 13, the
amino acid sequence set forth as SEQ ID NO: 15 and the
amino acid sequence set forth as SEQ ID NO: 17 [005-
2G02]

b) the amino acid sequence set forth as SEQ ID NO: 33, the
amino acid sequence set forth as SEQ ID NO: 35 and the
amino acid sequence set forth as SEQ ID NO: 37 [09-
2A06]; or

¢) the amino acid sequence set forth as SEQ ID NO: 53, the
amino acid sequence set forth as SEQ ID NO: 55 and the
amino acid sequence set forth as SEQ ID NO: 57 [09-
3A01].

8. The purified monoclonal antibody of claim 1, compris-
ing:

a) a heavy chain variable domain comprising the amino
acid sequence set forth as SEQ ID NO: 3, the amino acid
sequence set forth as SEQ ID NO: 5 and the amino acid
sequence set forth as SEQ ID NO: 7 and a light chain
variable domain comprising the amino acid sequence set
forth as SEQ ID NO: 13, the amino acid sequence set
forth as SEQID NO: 15 and the amino acid sequence set
forth as SEQ ID NO: 17 [005-2G02];

b) a heavy chain variable domain comprising the amino
acid sequence set forth as SEQ ID NO: 23, the amino
acid sequence set forth as SEQ ID NO: 25 and the amino
acid sequence set forth as SEQ ID NO: 27 and a light
chain variable domain comprising the amino acid
sequence set forth as SEQ ID NO: 33, the amino acid
sequence set forth as SEQ ID NO: 35 and the amino acid
sequence set forth as SEQ 1D NO: 37 [09-2A06]; or

¢) a heavy chain variable domain comprising the amino
acid sequence set forth as SEQ ID NO: 43, the amino
acid sequence set forth as SEQ ID NO: 45 and the amino
acid sequence set forth as SEQ ID NO: 47 and a light
chain variable domain comprising the amino acid
sequence set forth as SEQ ID NO: 53, the amino acid
sequence set forth as SEQ ID NO: 55 and the amino acid
sequence set forth as SEQ ID NO: 57 [09-3A01].

9. The purified monoclonal antibody claim 1, wherein the

light chain variable domain comprises one of:

a) the amino acid sequence set forth as SEQ ID NO: 11;

b) the amino acid sequence set forth as SEQ ID NO: 31; or

¢) the amino acid sequence set forth as SEQ ID NO: 51.

10. The purified monoclonal antibody of claim 1, wherein
the light chain variable domain comprises one of:

a) the amino acid sequence set forth as SEQ ID NO: 19;

b) the amino acid sequence set forth as SEQ ID NO: 39; or

¢) the amino acid sequence set forth as SEQ ID NO: 59.

11. The purified monoclonal antibody of claim 1, wherein
the antibody is an IgG, IgM or IgA.

12. The purified monoclonal antibody of claim 1, wherein
the antibody is fully human.

13. A purified antigen binding fragment of the isolated
monoclonal antibody of claim 1.

14. The purified antigen binding fragment of claim 13,
wherein the antigen binding fragment is a Fab fragment, a
Fab' fragment, a F(ab)'2 fragment, a single chain Fv protein
(scFv), or a disulfide stabilized Fv protein (dsFv).

15. The purified antigen binding fragment of claim 14,
wherein the antigen binding fragment is a Fab or an scFv
fragment.
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16. The purified monoclonal antibody of claim 1, or an
antigen binding fragment thereof, wherein the antibody or
antigen binding fragment is labeled.

17. The purified monoclonal antibody or antigen binding
fragment of claim 16, wherein the label is a fluorescent,
enzymatic, or radioactive label.

18. A composition comprising an effective amount of the
antibody of claim 1, or an antigen binding fragment thereof,
and a pharmaceutically acceptable carrier.

19. A purified nucleic acid molecule encoding the mono-
clonal antibody of claim 1 or encoding an antigen binding
fragment of the monoclonal antibody.

#* #* #* #* #*



