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FORMULATIONS OF ANTIBODY MOLECULES TO INFLUENZA VIRUS

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application No. 62/299,162, filed

(941

February 24, 2016. The contents of the aforementioned application are hereby incorporated by

reference in its entirety.

SEQUENCE LISTING
The instant application contains a Sequence Listing which has been submitted electronically
10 in ASCH format and s hereby incorporated by reference in its entivety. Said ASCH copy, created on

February 20, 2017, is named P2029-7011WO_SL.TXT and 15 193,913 bytes in size.

BACKGROUND
Influenza is an infectious disease caused by RNA viruses of the family Orthomyxoviridae (the

15 influenza viruses). Influenza viruses are classified based on core protein into three genera A, B and C
that are further divided into sublypes determined by the viral envelope glycoproteins haemagglutinin
{(HA) and newraminidase (NA). Influenza A viruses infect a range of mammalian and avian species,
whereas type B and C infections are largely restricted to humans. Only types A and B cause human
disease of any concern.

20 High mutation rates and frequent genetic reassortments of the influenza viruses coniribute to
great variability of the HA and NA antigens. Minor point mutations caosing small changes
{(antigenic drift”") occur relatively often.  Antigenic drift enables the virus to evade immune
recognition, resulting in repeated influenya outbreaks during interpandemic years. Major changes in
the HA antigen (“antigenic shift”) are caused by reassortment of genetic material from different

25 influenza A subtypes. Antigenic shifts resulting in new pandemic strains are rare events, occurring
through reassortment between amimal and human subtypes, for example in co-infected pigs.

Influenza A spreads around the world in seasonal epidemics, resulting in the deaths of
between 250,000 and 500,000 people every vear, and up to millions in some pandemic years. On

average 41,400 people died each vear in the United States between 1979 and 2001 from influenza.

30
SUMMARY
The disclosure is based, at least in part, on the discovery of human anti-HA antibodies
comprising functional and siructural properties disclosed herein, 2.g., antibodies that bind a conserved
region or epitope on influenza virus and uses thereof.
33 Accordingly, the disclosure features formulations comprising binding agents, e.g., antibody

molecules, or preparations, or isolated preparations thereof, that bind hemaggiutinin (HA) from
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influenza viruses. In an embodiment, a binding agent, e g., an antibody molecule, is broad spectrum,
and binds more thaa one HA, ¢.g., an HA from one or both of Group 1 or Group 2 sirains of inflaenza
A viruses and/or one or more strains of influenza B viruses. Therefore, in an embodiment, a binding
agent, . g., an antibody molecule, disclosed herein can ireat or prevent infection by a Group |
influenza virus and a Group 2 influenza virus. In another embodiment, a binding agent, e.g., an
antibody molecule, disclosed hergin can treat or prevent infection by an influenza A virgs and an
influenza B virus. The binding agents, ¢.g., antibody molecules, share sufficient structural similarity
with antihodies or variable regions disclosed herein, such that they possess functional attributes of the
antibodies disclosed herein. Tn an embodiment, the structural similarity can be in terms of a three

dimensional structure or a linear amino acid sequence, or both.

In an aspect, the disclosure features a formulation, e.g., a pharmaceutical fornmulation,
comprising an anti-HA antibody molecuole described herein, e.g., an antibody molecule comaprising
one, two, or three heavy chain (HC) CDRs andfor one, two, or three light chain (LC) CDRs of Ab
(044, a buffering agent, and a tonicity agent.

In an embodiment, the antibody molecule is present at a concentration of about 5 mg/ml to
about 150 mg/ml, e.g., about 10 mg/mL to about 100 mg/mL, about 15 mg/mL to about 73 mg/mL,
about 20 mg/mL to about 60 mg/mL, about 20 mg/ml. to about 50 mg/ml., about 20 mg/ml (o abowt
30 mg/ml., about 15 mg/mL to about 25 mg/mL., about 25 mg/mL to about 35 mg/ml., about 25
mg/mL to about 50 mg/mlL, about 5 mg/mL to about 20 mg/mL, about 8 mg/mL to about 16 mg/ml,
about 5 mg/mL to about 50 mg/mL., about 30 mg/mL to about 100 mg/ml., about 40 mg/mlL to about
110 mg/ml, about 100 mg/mL to about 150 mg/mL, about 5 mg/mL to about 23 mg/mi., about 10
mg/mi. to about 30 mg/mi, about 20 ma/ml o about 40 mg/ral., about 30 mg/ml. to about 50
mg/ml., about 40 mg/mL to about 60 mg/mL., about 50 mg/mL to about 70 mg/ml, about 60 mg/mL
o about 80 mg/rol., about 70 mg/ml. to about 90 mg/ml, about 80 mg/mi. to about 100 mg/ml,
about 90 mg/mL to about 110 mg/mL., or about 100 mg/ml. to about 120 mg/ml., e.g., about 150
mg/mL or less, about 100 mg/mL or less, about 50 mg/mL or less, about 25 mg/mL or less, about 20
mg/mL or less, about 16 mg/mL or less, about 10 mg/mL or less, about 8 mg/mL or less, e.g., about 5
mg/mL, about 8 mg/mL, about 10 mg/mL, about 15 mg/mL, about 16 mg/mL, about 20 mg/mL, about
25 mg/mi, about 30 mg/ml, about 35 mg/ml., about 40 mg/ml, about 45 mg/mi., about 50 mg/mi,
about 60 mg/mL, about 70 mg/mL, about 80 mg/mL, about 90 mg/ml, about 100 mg/mL., about 110
ragiml, about 120 mg/mi., about 130 mg/mal, about 140 mg/ml, or about 150 mg/ml.

In an embodiment, the antibody molecule is present at a concentration of about 10 to about 40
mg/mL, e.g., about 20 mg/mL to about 30 mg/ml., e.g., about 25 mg/ml. In an embodiment, the
antibody molecule is present at a concentration of about 25 mg/ml. In another embodiment, the
antibody molecule is present at a concentration of about 40 mg/mL to about 60 mg/ml, e.g., about 50

mg/mkL.. In an embodiment, the antibody molecule is present at a concentration of about 50 mg/mi.
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In another embodiment, the antibody molecule is present at a concentration of about 20 mg/mL to
about 60 mg/mi., ¢.g., about 25 mg/mal o about 50 mg/mi.

In an embodiment, the antibody molecule is present at a concentration of about 3 to about 10
ragiml, e.g., about 8 mg/mi. In an embodimerd, the antibody molecule is present at a concegtration
of about 8 mg/ml. In another embodiment, the antibody molecule is present at a concentration of
about 10 mg/mL to about 20 mg/ml, e.g., about 16 mg/ml.. In an embodiment, the antibody
molecule is present at a concentration of about 16 mg/mL. In another embodiment, the antibody
molecule is present at a concentration of about 5 mg/mL to about 20 mg/mL, e g., about 8 mg/mi
about 16 mg/mi..

In an embodiment, the antibody molecule is present at a concentration of about 25 to about
150 mg/mi., e.g., about 50 mg/mi. to about 100 mg/mi, e.g., about 50 rog/mlL.

In an embodiment, the antibody molecule comprises a heavy chain immunoglobulin variable
region segmeni comprising:

an HC CDRI comprising the sequence 5-Y-A-M-H (SEQ ID NO: 68);

an HC CDR2 comprising the sequence V-V-5-Y-D-G-N-Y-K-Y-Y-A-D-3-V-(3-G
(SEQ 1D NO: 69); and

an HC CDR3 comprising the sequence D-5-R-L-R-S-L-L-Y-F-E-W-L-5-Q-G-Y-F-

N-P {SEQ ID NG: 70).

In an embodiment, the antibody molecule comprises a light chain immunoglobulin variable
region segmeni comprising:

an LC CDR1 comprising the sequence Q-5-[-T-F-D-Y-K-N-Y-L-A (SEQ ID NO:
145},

an LC CDRZ comprising the sequence W-G-S-Y-L-E-53 (SEQ 1D NO: 72); and

an LC CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-S (SEQ 1D NG: 73).
In an embodiment, the antibody molecule comprises:
{a) a heavy chain immunoglobulin variable region segment comprising:

an HC CDRI comprising the sequence S-Y-A-M-H (SEQ 1D NO: 68);

an HC CDRZ comprising the sequence V-V-8-Y-D-G-N-Y-K-Y-Y-A-D-S-V-Q-G
{(SEQ ID NG: 69); and

ant HC COR3 corpprising the sequence B-5-R-L-R-S-L-L-Y-F-E-W-L-5-G-G-Y-F-
N-P (SEQ ID NO: 70); and
{(b) a light chain immunogiobulin variable region segment comprising:

an LC CDRI1 comprising the sequence Q-8-1-T-F-D-Y-K-N-Y-L-A (SEQ ID NO:
145y,

an LC CDR2 comprising the sequence W-G-5-Y-L-E-5 (8EQ D NO: 72); and

an LC CDR3 comprising the sequence -Q-H-Y-R-T-P-P-5 (SEQ 1D NO: 73).

(£
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In an embodiment, the antibody molecule comprises a heavy chain immunoglobudin variable
region segment that comprises SEQ 1D NO: 25, or an aminoe acid sequence that differs by no more
than 1, 2, 3, 4, or § amino acids therefrom.

In an embodiment, the antibody molecule comprises a light chain immunoglobulin variable
region segment that comprises SEQ D NO: 32, or an amino acid sequence that differs by no more
than §, 2, 3, 4, or 5 amino acids therefrom.

In an embodiment, the antibody molecule comprises:

(a} a heavy chain immmunoglobulin variable region segment that comprises SEQ 1D NO: 25, or
an amino acid sequence that differs by no more than 1, 2, 3, 4, or 5 amino acids therefrom; and

{b) & light chain immunoglobulin variable region segment that comprises SEQ ID NO: 52, or
an amino acid sequence that differs by no more than 1, 2, 3, 4, or 5 amino acids therefron.

In an embodiment, the antibody molecule comprises:

{(a) a heavy chain immunoglobulin variable region segment that coraprises SEQ 1D NO: 25;
and

(b) a light chain immunoglobulin variable region segment that comprises SEQ [D NO: 52.

In an embodiment, the buffering agent is present at a concentration of about 3 oM to about
150 mM, e.g., about 10 mM to about 100 mM, about 20 mM to about 75 mM, about 30 mM to about
50 mM, about 10 mM to about 56 mM, abouot 50 mM to about 100 miM, about 160 mM to about 150
mM, about 10 mM to about 30 mM, about 20 mM to about 40 mM, about 30 mM to about 50 mM,
about 40 M {0 about 6G mM, about 50 miM to about 70 mM, about 60 mM to about 80 mM, about
70 mM to about 90 mM, or about 80 mM to about 100 mM, e.z., about 130 mM or less, about 100
mM or less, about 73 mM or less, about 30 mM or less, about 25 mM or less, or about 10 mM or less,
e.g., ahout 5 mM, about 10 oM, about 20 mM, about 30 mM, about 40 mM, about 50 mM, abowut 60
mM, about 70 mM, about 80 mM, about 90 mM, about 100 oM, about 110 mM, about 120 mM,
about 130 mM, about 140 roM, or about 150 mM.

In an embodiment, the buffering agent is present at a concentration of about 20 mM to about
60 mM, e.g., about 30 to about 50 mM, e.g., about 40 mM. In an embodiment, the buffering agent is
present at a concentration of about 40 mM.

It an embodiment, the buffering agent is a citrate buffer, a phosphate buffer, or a citrale-
phosphate buffer. In an embodiment, the buffering agent coraprises citrate-sodiurn phosphate. In an
embodiment, the formulation comprises citrate-sodium phosphate at a concentration of about 20 mM
to about 60 mM, e.g., about 30 to about 50 mM, «.g., about 40 oM.

In an embodiment, the buffering agent provides a pH of about 5.5 1o about 7, e.g., about 6 10
about 6.5, e.g., about 5.5, about 6, about 6.5, or about 7. In an embodiment, the buffering agent
comprises ciirate-sodium phosphate and provides a pH of about 6 to about 6.5, e.g., about 6 or about

6.5.
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In an embodiment, the tonicity agent is present at a concentration of about 10 mM to about
500 mM, about 50 ;M to about 200 mM, e.g., about 60 oM to about 190 M, about 70 mM to about
180 mM, about 80 mM to about 170 mM, about 90 mM to about 160 mM, about 100 mM to about
150 mM, about 145 mM to about 155 mM, about 140 mM 1o about 160 oM, about 133 mM to about
165 mM, about 130 mM to about 170 mM, about 120 mM to about 180 mM, about 110 mM to about
190 mM, about 100 mM to about 200 mM, about 50 mM to about 100 mM, about 160 mM to about
150 mM, or about 130 mM o aboui 120 mM, e.g., about 200 mM or less, about 150 mM or less,
about 100 mM or less, or about 75 mM or less, e.g., about 50 mM, about 63 mM, about 70 mM, about
S0 mM, about 90 mM, about 100 mM, about 110 mM, about 120 mM, about 130 mM, about 140 mM,
about 150 mM, about 160 mM, about 170 mM, about 183 mM, about 190 mM, or about 200 mM.

In an embodiment, the tonicity ageat is present af a concentration of about 50 to about 200
mM, about 75 mM to about 130 mM, about 120 mM to about 180 mM, e.z., about 140 to about 160
mM, e.g., about 150 mM.

In an embodiment, the tonicity agent comprises sodium chloride. In an embodiment, the
tonicity agent comprises sodium chloride and is present at a concentration of about 140 to about 160
mM, e.g., about 150 mM.

In an embodiment, the tonicity agent provides a tonicity {or osmolarity) of about 250
mCsr/L to about 3530 mOsnv/L, about 260 mGsmy/L to about 340 mGsm/L, about 270 mOsm/L to
about 330 mOsn/L, about 280 mOsm/L. to about 320 miQsnv/L, about 2835 mOsw/L to about 310
mOsm/L, or about 290 mOsny/L to about 300 mOso/L, e.¢., about 250 mOsn/L, about 260 mOsnv/L,
about 270 mOsm/L, about 280 mOsm/L., about 290 mOsm/L, about 300 mOsnvL, about 310
mQOsny/L, about 320 mOsm/L, about 330 mOsnvl, about 340 mOsnv/L, or about 350 mOsmy/L.

In an embodiment, the formulation has a pH of about 3.5 to about 7, e.g., about 6 to ahout 6.5,
e.g., about 5.3, about 6, about 6.5, or aboui 7.

In an embodiment, the formulation comprises:

{(a) an antibody molecule described herein at a concentration about 10 to about 40 mg/ml,
e.g., about 20 to about 30 mg/mlL, e.g., a concentration of about 25 mg/mL;

{(b) a buffering agent, e.g., citrate-sodium phosphate, at a concentration about 20 mM to 60
mM, £.g., about 30 to about 50 mM, e.¢., about 40 mM; and

(c) a tonicity agent, e.g., sodium chioride, at a concentration of about 75 to about 150 oM,
about 120 mM to about 180 mM, #.g., about 140 to about 160 mM, e.g., a concentration of about 150
mM,

wherein the pH of the formulation is about 5.5 to about 6.5, e.g., about 6 or about 6.5.

In an embodiment, the {formmudation comprises: about 25 mg/mb of an antibody molecule
described herein, about 40 raM citrate-sodium phosphate, about 150 mM sodium chioride, at a pH of
about 6.

In an embodiment, the formulation further comprises a surfactant, e.¢., a nonionic surfactant.
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In an embodiment, the surfactant is present at a concentration of about 8.005% to about 0.1%
{(wiv}, e.g., about 0.01% to about 0.05%, about §.015% to about 0.04%, about 0.02% to about 0.03%,
about 3.01% to about 0.03%, about 0.02% to about 0.04%, about 0.01% to about 0.025%, about
0.025% to about $.1%, about 0.005% to about 0.05%, or about 0.05% o about §.1%, e.g., about (.1%
or less, about 80.075% or less, about §.03% or less, abhout 0.025% or less, or about .01% or less, 2.g.,
about 3.005%, about 4.01%, about 4.015%, about 0.02%, about 0.025%, about 0.03%, about 0.035%,
about 1.04%, about 0.05%, about 3.06%, about (.07%, about 0.08%, about 0.09%, or about 0.1%.

In an embodiment, the surfactant is present at a concentration of about $.01% to about 8.05%,
e.g.. about 1.025%.

In an embodiment, the surfactant is polysorbate 80 (TWEEN® 80). In an embodiment, the
surfactant is polysorbate 80 and is present a concentration of about (.031% and about 0.05%, e.¢.,
about 0.025%.

In an embodiment, the formudation comprises:

{a) an antibody molecule described herein at a concentration of about 10 o aboui 40 mg/mi,,
e.g., about 20 1o about 30 mg/mL, e.g., about 25 mg/mL,;

(b) a buffering agent, ¢.g., citrate-sodium phosphate, al a concentration of about 20 mM to
about 60 mM, e.g., about 30 to about 50 mM, e.g., a concentration of about 40 mM;

{c) a tonicily agent, e.g., sodium chloride, at a concentration of about 75 mM to about 150
mM, about 120 mM 1o 180 mM, e.g., about 140 to about 160 mM, e.g., a concentration of about 150
mM: and

(d) a surfactant, e.g., polysorbate 80, at a concentration of about 0.01% to about 0.04%, e.z.,
about 0.025%,

wherein the pH of the pharmaceutical composition is about 3.5 {0 about 6.3, e.2., about 6 or
about 6.5.

In an embodiment, the formulation comprises about 25 mg/mi. of an antibody raclecule
described herein, about 40 mM citrate-sodium phosphate, about 150 mM sodium chioride, about
0.025% polysorbate 80, at a pH of about 6.

In an embodiment, the formulation comprises about 25 mg/mb of an antibody molecule
described herein, about 40 oM citrate-sodium phosphate, about 150 mM sodivm chloride, about
0.025% polysorbate 80, at a pH of about 6.5,

In an embodiment, the formulation comprises about 25 mg/mL of an antibody molecule
described herein, about 40 oM citrate-sodium phosphate, about 75 mM sodium chioride, about
0.025% polysorbate 80, at a pH of about 6.5.

In an embodiment, the formulation further comprises a stabilizing agent.

In an embodiment, the stabilizing agent is present at a concentration of about (.1% to about
10% (wiv), e.g., about 0.2% 1o about 5%, ahout 0.5% o about 1.5%, about 8.5% to about 1%, about

1% to about 2%, e.g., about 5% or less, about 4% or less, about 3% or less, about 2% or less, about
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1% or less, about (0.5% or less, or about 3.2% or less, e.g., about 0.6%, about §.8%, about 1%, about
1.5%, about 29, about 3%, about 4%, or about 5%.

In an embodiment, the stabilizing agent is an amino acid. In an embodiment, the amino acid
is glycing, histidine, arginine, methionine, proline, lysine, glutamic acid, or a combination thereof. In
an embodiment, the {formudation comprises one, two or all of: glycine, histidine, or arginine. In an
embodiment, the amino acid is glyeine. In an embodiment, the {formudation comprises glycine, which
is present at a conceniration of about 0.5% to about 2%, e.g., about 1%.

I an embodiment, the formulation comprises:

{a) an antibody molecule described herein at a concentration of about 1 (o about 40 mg/mi,,
e.g., about 20 to about 30 mg/mL, e.g., about 25 mg/mL.;

{b) a buffering agent, e.g., citrate-sodivm phosphate, at a concentration of about 20 mM {o
about 60 mM, e.g., about 30 to about 50 mM, #.g., about 40 miM;

{(c) a tonicity agent, e.g., sodium chloride, at a concentration of about 75 mM to about 150
mM, aboui 120 mM to about 180 mM, e.¢., about 140 to about 160 mM, e.g., about 150 mM,

(d) a surfactant, e.g., polysorbate 80, at a concentration of about 0.01% to about 0.04%, e.g.,
about $.025%: and

(c) a stabilizing agent, e.g., glycine, at a concentration of about 0.5% to about 2%, e.g., about
1%,

wherein the pH of the pharmaceutical composition is about 5.5 to about 6.3, e.g., about 6 or
about 6.5.

In an embodiment, the formulation comprises about 25 mg/mb of an antibody molecule
described herein, about 40 mM citrate~-sodium phosphate, about 150 mM sodium chioride, about
0.025% poiysorbate 80, about 1% glycine, at a pH of about 6.

In an embodiment, the formulation further comprises a carbohydrate, e.g., a polyol or a sugar.
In an embodiment, the carbohydrate is sucrose, trehalose, mannitol, dexiran, sorbitol, inositol,
glucose, fructose, lactose, xylose, mannose, maltose, raffinose, a combination thereof.

In an embodiment, the formulation further comprises {urther comprising a polymer, e.g., a
hydrophilic polymer. In an embodiment, the polymer is a polyethylene glycol (PEG), dexiran,
hydroxyl ethyl starch (HETA), or gelatin.

In an embodiment, the formulation further comprises a preservative. In an embodiment, the
preservative is benzyl alcohol, m-cresol, or phenol.

In an embodiment, the level of high reolecular weight (HMW) species in the formulation is
less than about 5%, less than about 4%, less than about 3%, less than about 2%, or less than 1%, e.g.,
before storage, or after storage for at least about | week at 4°C, at least about 1 week at 45°C, at least
about 2 weeks at 4°C, at least about 2 weeks at 45°C, at least about 3 weeks at 4°C, at least about 3

=0

weeks at 45°C, at least about 4 weeks at 4°C, or at least about 4 weeks at 45°C. In an embodiment,

the level of HMW species is less than about 2% before storage. In an embodiment, the level of HMW
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species is less than about 2% after storage for 2 weeks at 4°C. In an embodiment, the level of HMW
species is less than about 3% after storage for 2 weeks at 45°C.

In an embodiment, the level of low molecular weight (EMW) species in the formulation is
{ess than about 5%, less than about 4%, less than about 3%, less than about 2%, or less than 1%, e.g.,
betore storage or after storage for at least about 1 week at 4°C, at least about | week at 43°C, at least
about 2 weeks at 4°C, at least about 2 weeks at 45°C, at least about 3 weeks at 4°C, at least about 3
weeks at 453°C, at least about 4 weeks at 4°C, or at least about 4 weeks at 45°C. In an embodiment,
the level of EMW species is less than about 1% before storage. In an embodiment, the level of LMW
spacies is less than about 1% after storage for 2 weeks at 4°C. In an embodiment, the fevel of LMW
species is less about 2% after storage for 2 weeks at 43°C.

In an embodiment, the level of HMW and LMW species in the formalation is less than about

8%, less than about 7%, less than about 5%, less than about 5%, less than about 4%, less than about

I—J
\Q

b, less than about 2%, or less than 1%, e.g., before storage, or after storage for at least about 1 week
at 4°C, at least about | week at 453°C, at least about 2 weeks at 4°C, at Jeast about 2 weeks at 45°C, at
least about 3 weeks at 4°C, at least about 3 weeks at 45°C, at feast about 4 weeks at 4°C, or at least
about 4 weeks at 45°C. In an embodiment, the level of HMW and LMW species is less than about
2% before storage. In an embodiment, the level of HMW and LMW species is less than about 2%
after storage for 2 weeks at 4°C. In an embodiment, the level of LMW species is less than about 6%
after storage for 2 weeks at 45°C.

In an embodiment, about 90% or more, about 92% or more, about 94% or more, about 95% or
maote, about 96% or more, about 97% or more, about 98% or more, or about 99% or more of the
antibody molecules in the formulation are present as monormers, 2.g., before storage, or after storage
for at least about 1 week at 4°C, at least about 1 week at 45°C, at least about 2 weeks at 4°C, at least
about 2 weeks at 45°C, at least about 3 weeks at 4°C, at least about 3 weeks at 45°C, at least abhout 4
weeks at 4°C, or at least about 4 weeks at 45°C. In an embodiment, about 98% or more of the
antibody molecules in the formulation are present as monomers before storage. In an embodiment,
about 98% or more of the antihody molecules in the formudation are present as monomers after
storage for 2 weeks at 4°C. In an embodiment, about 94% or more of the antibody molecules in the
formulation are present as monomers after storage for 2 weeks at 45°C.

In an embodiment, the level of monomers, HMW species, or LMW species is determined by
size exclusion chromatography (SEC), e.g., size exclusion-high performance liguid chromatography
(SEC-HPLC). In another embodiment, the monomeric nature of the antibody molecule is determined
by a binding assay, a surface charge assay, a bioassay, or the ratio of HMW species to LMW species.

In an embodiment, the purity of the antibody mnlecule in the formulation, e.g., after storage
for two 2 weeks at 4°C, is at least about 96%, at least about 7%, at least about 98%, or at least about
99%. In an embodiment, the purity of the antibody molecule in the formulation, e.g., after storage for

two 2 weeks at 45°C, is at least about 90%, at Ieast about 92%, at least about 94%, at least about 96%,
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at least about 97%, at least about 98%, or at least about 99%. In an embodiment, the purity (or
heterogeneity ) of the antibody molecule is determined by detecting the intact heavy and light chains
{¢.g., in a reduced samiple} or intact immunoglobuling (e.g., in a non-reduced sample) in the
formulation.

In an embodiment, the purity (or heterogeneity) of the antibody molecule in the formulation is
determined by capillary electrophoresis-sodium dodecyl sulfate {CE-SDS) in a reduced sample. In an
embodiment, the purity (or heterogeneity) of the antibody molecule in the formulation is determined
by CE-SDS in a non-reduced sample. In an embodiment, the purity of the antibody molecule in the
formulation, e.g., after storage for two 2 weeks at 4°C, is at least about 98% as determined by CE-
SDS in a reduced samiple. In an embodiment, the purity of the antibody molecule in the formulation,
e.g., after storage for two 2 weeks at 45°C, is at least about 96% as determined by CE-SDS ina
reduced sample. In an embodiment, the purity of the antibody molecule in the formulation, e.g., after
storage for two 2 weeks at 4°C, s at least abouot 97% as determined by CE-SDS in 2 pon-redaced
sample. In an embodiment, the purity of the antibody molecule in the formulation, e.g., after storage
for two 2 weeks at 45°C, is at least about 92% as determined by CE-SDS in a non-reduced sample.

In an embodiment, the activity of the antibody molecule is decreased by less thag about 25%,
{ess than about 20%, less than about 15%, less than about 10%, less than about 5%, or less than about
2%, after storage, e.g., for at least about 1 week, at least about 2 weeks, or at least about 3 weeks, e.g.,
at 4°C or 45°C. In an embodiment, the activity of the antibody molecule is decreased by less than
abowut 25% after storage for about 2 weeks at 43°C. In an embodiment, the activity of the antibody
molecule is determined by a hemagglutinin (HA) binding assay, e.g., an HA-binding ELISA.

I an embodiment, the formulation is a liguid formulation (e.g., a frozen or non-froren figuid
formulation). In an embodiment, the formulation is stored as a frozen liguid. In another embodiment,
the formulation is a fyophilized formulation.

In an embodiment, the formulation is for use in freating or preventing influenza in a subject.
In an embodiment, the formulation is for use in treating a subject having influenza. Tn another
embodiment, the formulation is for use in preventing a subject from having influenza. In an
embodiment, the formulation is for infravenous adninistration.

In another aspect, the disclosure features a device, e.g., an injection device, comprising a
formulation described herein, e.g., a pharmaceutical forraulation described herein.

In yet another aspect, the disclosure features a kit, comprising one or more containers
comaprising a formulation described herein, e.g., a pharmaceutical formulation described herein, and
instructions for use of the formulation, 2.g., for administration of the formulation 1o a subject, or for
making a solution for administration to a subject.

In another aspect, the disclosure features a container (e.g., a vial or an intravenous (IV)

solution bag) comprising an anti-HA antibody molecule described herein or a formaulation {e.g., a
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pharmaceutical formulation described herein) comprising an anti-HA antibody molecule described
herein.

In an embodiment, the container is a vial, e.g., a glass vial. In an embodiment, the containe
(e.g., vial} comprises about 10 mg/ml to about 100 mg/mi, e.g., about 20 mg/mi. to about 60 mg/mL
{e.g.. about 25 mg/mL to about 50 mg/mL) of the antibody molecule. In an embodiment, the
container (e.g., vial) comprises about 10 mL to about 60 ml, e.g., abowt 20 ml to aboot 40 k., of the
formulation. In an embodiment, the container {e.g., vial) is a firsi (or primary) container, e.g., for
storing the antibody molecule or formulation.

The antibody molecule or formulation can be transferred into a second (or secondary)
container before use. In an embodiment, the second (or secondary} container is suitable, or includes a
solution that is suitable, for adrinistration, e.g., intravenous administration. In an embodiment, the
second (or secondary) container includes a solution suitable for intravenous administration. In an
embodiment, the solution comprises saline, optionally, further comprises dextrose. In an
embodiment, the solution (e.g., saline) does not comprise dextrose. For example, an amouni equal to
one dose of the antibody molecude can be fransferred into a container suitable for IV adnuinistration.
In an embodiment, | to 10 vials {e.g., 1 to 8 vials, 1 to 6 vials, 1 to 4 vials, 1 to 2 vials, 6 to 8 vials, 4
to 8 vials, or 2 to 8 vials) of the formulation are transferred (e.g., diluted) into an IV solution bag, e.g.,
containing saline with or without dextrose.

In an embodiment, the container is a container suitable for IV administration (e.g., an IV
solution bag). In an embodiment, the amount of the antibody molecules in the container (e.g., IV
solution bag) equals to the amount of the antibody molecules in 1 to 10 vials (g, 1 to 8 vials, 1 10 6
vials, 1 to 4 vials, 1 to 2 vials, 6 to 8 vials, 4 to & vials, or 2 to 8 vials) of the formulation as described
above. In an embodiment, the container (2.2, TV solution bag) comprises about 2000 mag to about
5000 g, e.g., about 2300 mg to about 4600 mg, of the antibody molecule, e.g., in a solution suitable
for IV administration {e.g., saline with or without dextrose).

In an embodiment, the container suitable for [V adminisiration {e.g., TV solution bag) isnot a
second (or secondary) container (e.g., is a first (or primary) container, ¢.g., where the antibody
molecule is stored), and comprises about 5 mg/mL to about 25 mg/ml., e.¢., about § mg/ml to about
16 mg/mL of the antibody molecule. In an embodiment, the container (e.g., IV solution bag)
comprises about 100 mL to about 400 ml. (e.g., about 200 ml o about 300 ml.} of a soluton (e.g., a
solution suitable for IV adnuinistration) comprising the antibody molecule. In an embodiment, the
container (e.2., IV solution bag) comprises about 2000 mg to about 3000 mg, e.g., about 2000 mg to
about 4000 mg or about 2300 mg to about 4600 mg, of the antibody molecule.

In another aspect, the disclosure features a method of preparing a composition (e.g., a
solution) for administration to a subject. The method comprises combining a formulation described

herein with a solution suitable for intravenous administration.

—
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It an embodiment, the solution comprises saline, optionally, further comprises dextrose. In
an embodiment, the solution does not comprise dextrose. In an embodiment, about 2000 mg to about
5000 mg of the antibody molecule is combined with the solution. In another embodiment, about 2300
myg to about 4600 mg of the antibody molecule 1s combined with the solution. In yet another
embodiment, about 2000 mg to about 4000 mg of the antibody molecule is combined with the
solution. In an embodiment, the formulation is combined with the solution in an intravenous (IV)
solution bag.

In still another aspect, the disclosure features a method of treating or preventing influenza, the
method comprising administering to a subject haviag influenza, or at risk of having influenza, an
effective amount of a formulation described herein, e.g., a pharmaceutical formulation described
herein, thereby treating or preventing influenza.

In an aspect, the disclosure features a formulation described herein, e.¢., a pharmaceutical

formulation described herein, for use in treating or preveating influenza in a subject.

Anti-HA Antibody Molecules

Various anti-HA antibody molecules, or preparations, or isolated preparations thereof, can be
included in a formulation {¢ g, pharmaceutical formudation) described herein.

It an embodiment, the antibody molecule comprises one or more (e.g.,2,3.4,5,6,7,8, 9,
10, 11,12, 13, 14, 15, 16, 17, 18, or all} of the following properties:

{(a) it fails to produce any escape mutants as determined by the failure of a viral titer to
recover following at feast 10, 9, §, 7, 6, or 5 rounds of serial infections in cell culture with a mixture
of the antibody molecule and an influenza A virus, e.g., a Group 1 strain, e.g., an HINI strain, e.g.,
AfSouth Carolina/1/1915, A/Puerto Rico/08/1934, or A/California/04/2009, an H3NI strain, e.g.,
Ajlndonesia/5/2005 or A/Vietnam/1203/2004, or an H7N9, e.g., A/Anhui/1/2013 or
A/Shanghai/1/2013;

(b} it produces fewer escape mutants than does a reference anti-HA antibody molecule, 2.g.,
Ab 67-11, Fi6, FI28, C179, F10, CRY114, or CR6261, e.g., when tested by the method described in
(a);

(c) it binds with high affinity to an HA of at least 1, 2, 3, 4, or 3 influenza subtypes of Group
1 and at least |, 2, 3, 4, or 5 influenza subtypes of Group 2;

{d} it prevents infection by at least 1, 2, 3, 4 or 5 influenra subtypes of Group 1, and by at
least 1, 2, 3, 4 or 5 influenza subtypes of Group 2;

{c) it inhibits fusogenic activity of the targeted HA,;

() it treats or prevents infection by a Group 1 virus, such as where the virus is an HI, H5, or
HS virus; and if freats or prevents infection by a Group 2 virus, such as where the virus is an H3 or H7

virus;
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{g) it treats or prevents infection by an influenza A HINI strain, an influenza A H3N2 strain,
or both;

{h} it is effective for prevention or treatment of infection, e.¢., in humans or mice, with HIN1
or H3N2 when administerad at 30 mg/kg, 25 mgfkg, 10 me/ke, 6 mgikg, 5 me/ke, 4 mg'kg, 3 me/ke,
2 mglkg, or 1 mg/kg;

(i) it treats or prevents infection by an influenza A HSNT strain, an infloenza A H7NY strain,
ot both;

(i) it is effective for prevention or treatment of infection, e.g., in humans or mice, with H5N1
or H7N9 when administered at 56 rap/ke, 23 ragike, 10 mg/kg, 6 me/ke, 5 mgikg, 4 me/ke, 3 mgiks,
2 mgfkg, or 1 mg/kg:

{k) the concentration of antibody molecule required for 50% neuiralization of influenza A
viras is less than 10 pg/mis

(1) it treats or preveats infection by an influenza B virus, e.g., B/Wisconsin/1/2010;

{m) it is effective for prevention or treatment of infection, e.g., in humans or mice, with an
influenza B virus, e.g., B/Wisconsin/1/2010, when administered at 10 mg/kg, 6 mg/kg, 4 mg/kg, 3
mglkg, 2 mog/ke, or | mg/kg;

{n) the concentration of antibody molecule required for 50% neutralization of influenza B
virus, e.g., B/iWisconsin/1/2010, vires is less than 10 pg/ml;

(o) it prevents or niinimizes a secondary infection (e.g., secondary bacterial infection) or an
effects thereof on a subject;

{p) it is effective for preventing or minimizing secondary infection (e.z., secondary bacterial
infection) or effects thereof on a subject when administered at 50 mg/kg, 25 mg/kg, 10 mg/kg. 6
mglkg, 5 rap/ke, 4 mglkg, 3 rop/ke, 2 mglkg, or T me/ky;

{q) it binds an epitope which comprises or consists of the hemagglutinin trimer interface; and

{r} 1t binds an epitope other than that bound by a reference anti-HA antibody molecule, e.g.,
Ab 67-11, FI6, FI28, C179, F10, CR9114, or CR6261, e.g., as determined by a method described
herein, e.g., a structural analysis {e.g., by X-ray crystallography or NMR spectroscopy) or a
competition assay (e.g., by ELISA}; or

{s) it binds (o an epitope, .g., it has an epitope that overlaps with or is the same as, of an
antibody disclosed herein, e.g., as determined by a method described herein {e.g., 3 mutational
analysis or a crystal structuwe analysis).

In an embodiment, the antibody molecule has one, two, or all of the following characteristics:
(1) the antibody molecule prevents infection by at least 1, 2, 3, 4 or 5 influenza subtypes of Group 1,
and by at least 1, 2, 3, 4 or 5 influenza subtypes of Group 2; (it} the concentration of the antibody
molecule required for 50% necutralization of influenza A virus is less than 10 pg/ml; or (ii1) the

antibody molecule binds an epitope that comprises or consists of the hemagglutinin trimer interface.

—
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In an embodiment, the antibody molecuale treats or preveunts infection by a Group 1 virus, such
as where the virus is an Hi, H2, HS, H6, H8, HY, H12, H11, H13, H16, or H17 virus; and treats or
prevents infection by a Group 2 virus, such as where the virus is an H3, H4, H7, Hi0 or H1S virus. In
an embodiment, the antibody rmolecule prevents infection by at least 1,2, 3,4,5,6,7, 8,9, 1Gor 11
influenza subtypes of Group 1, and by at least 1, 2, 3, 4, 5 or 6 influenza subtypes of Group 2. In an
embodiment, the antibody molecule treats or prevents infection by one or more of HINI, H2N2,
H3N1, or HONZ, and also treats or prevents infection by one or more of H3NZ, H7N7, or H7TNY.

In an embodiment, the antibody molecule binds, and in an embodiment, neutralizes: at least
one strain from the Group 1 Hi, e.g., Hia or Hib, cluster and at least one strain from the Group 2 H3
or H7 cluster. In an embodiment, the antibody molecule, binds, and in an embodiment, neutralizes: at
{east one strain from the Group 1 Hi, e.g., Hia or Hib, cluster and at least one influenza B strain, e.g.,
B/Wisconsin/1/2010. In an embodiment, the antibody molecule binds, and in an embodiment,
neutralizes: at least one strain from the Group 2 H3 or H7 cluster and at least one infloenza B strain,
e.g., B/Wisconsin/1/2010. In an embodiment, the antibody molecule binds, and in an embodiment,
neutralizes: at least one strain from the Group 1 H1, e.g., Hla or H1b, cluster, at least one strain from
the Group 2 H3 or H7 cluster, and at least one influenza B strain, e.g., B/Wisconsio/1/2814. Ta an
embodiment, the antibody molecude treats or prevents infection by one or more of influenza B viruses,
e.g., BfWisconsin/1/2010.

In an embodiment, the antibody molecule is not an anti-HA antibody molecule previously
described in the art. For example, the antibody molecule is other than one or more or all of Ab 67-11
(U.S5. Provisional Application No. 61/645,453, U.5. Application Publication No. 2013/0302348, and
International Application Publication No. WO 2013/169377), FI6 (FI6, as used herein, refers to any
specifically disclosed FI6 sequence in U.S. Application Publication Nos. 2010/0080813 or
2011/0274702, International Application Publication No. W(Q2013/011347, or Corti ef al., Science
333:850-836, 201 1; FIG 4), F128 (U.S. Application Publication No. 201{/0080813), C179 (Okuno et
al., J. Virol. 67:2552-1558, 1993), F10 (Sui er al., Nar. Struct. Mol Biol 16:265, 2009}, CR9114
{Dreyfus er al., Science 337(6100):1343-1348, 2012), or CR6261 (Ekiert er al., Science 324:246-251,
2009).

In an embodiment, the antibody molecule neatralizes infection with HIN1 and H3N2 in virro.
In another erabodiment, the antibody molecule neatralizves infection with HIN1 aad H3N2 in vivo. In
an embodiment, the antibody molecule neutralizes infection with H3N1 in vitro. In another
embodiment, the antibody molecule neutralizes infection with HS5N1 in vivo. In an embodiment, the
antibody molecule neutralizes infection with H7N9 in vitro. In another embodiment, the antibody
molecule neutralizes infection with H7N9 in vivo. In an embodiment, the antibody molecule
neutralizes infection with an influenza B virus, e.g., B/Wisconsin/1/2010, in virro. In another
embodiment, the antibody molecule neatralizes infection with an influenza B virus, e.g.,

B/Wisconsin/1/2010, in vivo.
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Int another embodiment, the concentration of the antibody molecule required for 50%
peutralization of influenza A virus is 10 pg/rol. or less, such as 9 pg/mi or less, & ug/ml. or less, 7
ng/mb or less, 6 pg/mL or less, or 5 pg/mL or less. In another embodiment, the concentration of the
antibody molecule required for 60% neutralization of influenza A vires, 50% neutralization of
influenza A virus, or 40% neutralization of influenza A virus is 10 pg/mL or less, such as 9 pug/mL or
less, 8 pg/mb or less, 7 ug/mL or less, 6 ug/ml or less, or 5§ ug/mL or less.

In yet another embodiment, the antibody molecule is effective for prevention or treatment of
infection, e.g., in humans or mice, with HIN1 or H3N2, such as when adninistered at 50 mg/kg, 25
mglkg, 10 mg/kg, 6.0 mglks, 5.0 mg/kg, 4.0 mg/kg, 3.0 ma/ke, 2.0 mg/kg, 1.0 me/kg or less. In sl
another embodiment, the antibody molecule is effective for prevention or treatment of infection, e.g.,
in hurnans or mice, with HSN1 or H7NG, such as when administered at 50 mg/kg, 25 mg/ky, 10
mg/kg, 6.0 mg/kg, 5.0 mglkg, 4.0 mg/kg, 3.0 mg/kg, 2.0 mg/kg, 1.0 mg/kg or less. In another
embodiment, the antibody molecule is effective for the treatment or prevention of a Group 1 virus,
where the Group 1 virus is H1, HS, or H9, and in another embodinment, the anii-HA antibody
molecule, is effective for the treatment or prevention of a Group 2 virus, where the Group 2 virus is
H3 or H7.

In another embodiment, the concentration of the antibody molecule required for 50%

neatralization of influenza B virus, e.g., B/Wisconsin/1/2010, is 10 pg/ml or less, such as 9 ug/mb or

&

‘

ugirol or less, or 5 ug/mL or less. In another embodiment,

€

less, 8 pg/mb or less, 7 pug/mi or less, 6
the concentration of the antibody molecule required for 60% neutralization of influenza B virus, e.g.,
BiWisconsin/1/2010, 50% ncuiralization of influenza B virus, e.g., B/Wisconsin/1/2010, or 40%
neutralization of influenza B virus, e.g., B/Wisconsin/1/2010, is 10 pg/mL or less, such as 9 ug/mb or
fess, 8 ug/ml. or ess, 7 ug/mk or less, 6 ug/ml orless, or 5 ug/mb or less.

In an embodiment, the antibody molecule comprises one or both of the following properties:
(i) it fails to produce any escape mutands as determined by the faiture of a viral titer 1o recover
following at least 10, 9, §, 7, 6, or 5 rounds of serial infections in cell culture with a mixiure of the
antibody molecule and an infloenza virus (e.g., an influenza A virus, e.g., a Group 1 strain, e.g., an
HINI strain, e.g., AfSouth Carolina/1/1918, A/Puerto Ricof(J8/1934, or A/California/04/2009, or an
H3N1 strain, e.g., A/lndonesia/5/2005 or A/Vietnam/1203/2004, or an influenza B virus, e.g.,
B/Wisconsin/1/2010); or (i) it produces fewer escape mutanis than does a reference anti-HA antibody
molecule, such as Ab 67-11, FI6, FI28, C179, F10, CR91 14, or CR6261, such as when tested by the
method described in (i)

In another embodiment, the antibody molecule is a full length tetrameric antibody, a single
chain antibody (scFv), a F(ab’), fragment, a Fab fragment, or an Fd fragment. In another
embodiment, the heavy chain of the antibody molecule is a v1 heavy chain, and in yet another
embodiment, the light chain of the antibody molecule is a x light chain or a A light chain. In yet

another embodiment, the antibody molecule 1s an [gG1 antibody.

-
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It an embodiment, the antibody molecule binds an epitope that has one, two, three, {our, five,
or all of, the following properties a)-f): a) it includes one, two, or all of, H3 HAT residues N38&, 1278,
and D291 b) it includes H3 HAZ residue N12; ¢) 1t does not include one, two or all of, H3 HAl
residues 327, T328, and R329; d) it does not include one, two, three, four, or all of, H3 HAZ
restdues G1, L2, F3, G4, and D46; e) it includes one, two, or all of, H3 HAT residues T318, R321, and
V323 orfyitincludes 1,2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15,16, 17, or all of, H3 HA2 residues
A7, E11, 118, D19, G20, W21, L.38, K39, T41, Q42, A43, 145, [48, N49, 1.52, N53, 156,and E57.

In an embodiment the antibody molecule has properties: a) and b). In an embodiment the
antibody molecule has properties: ¢) and d). Tn an embodiment the antibody molecule has properties:
ay; and ¢) or d}. In an embodiment the antibody molecule has properties: b); and ¢y or d). In an
embodiment the antibody molecule has properties: ¢); and a) or b). In an embodiment the antibody
molecule has properties: d); and a} or b). In an embodiment the antibody molecule has properties: a),
b), ¢) and d). Tn an embodiment the antibody molecule has properties: ay, b), ¢}, d), e), and ).

In an embodiment, the antibody molecule has a Kp for H3 of equal 1o or less than 1075 M,
wherein said Ky is increased by at feast 2, 5, 18, or 100 fold, by a mutation or mutations in any of® a)
H3 HAI residues N38, 1278, or 13291 b) H3 HAZ2 residue N12; ¢) H3 HAI residues T318, R321, or
V323 or d) H3 HAZ residues A7, E11, 118, D19, G20, W21, L35, K39, T41, Q42 A43, 145, 148,
N49, 1.52, N53, 136, or ES7. In an embodiment, the antibody molecule has a Kp for H3 of equal to or
less than 10°° nM, wherein said K is increased by no more than 2, or 5 fold, by a mutation or
mutations in any of: ) H3 HAI residoes Q327, T328, or R329; or ) H3 HAZ residues G1, L2, F3,
G4, or D46,

In an embodiment, the antibody molecule binds an epitope that has one, two, three, four, five,
or all of, the following properties aa)-ff): aa) it includes one, two, or all of, H1 HAI residues H31,
N279, and $292; bb) it includes HI HAZ residue G12; c¢) #t does not include one or both of HI HAl
residues Q328 and S329; dd) it does not include one, two, three, four, or all of, H1 HA?Z residues G1,
L2, B3, G4, and D46, ee) it includes one, two, or all of, H1 HAT residues T319, R322, and 1324 are
bound by both Ab 044 and F16; or ff) it includes 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
or all of, HI HAZ residues A7, B11, [18, D19, G20, W21, Q38, K39, T41, Q42, N43, 145, 148, T49,
V352, N33, 156, and E57. In an embodiment, the antibody molecule has properties: aa) and bb). In an
embodiment, the antibody molecule has properties: ¢¢) and dd). In an embodiment, the aatibody
molecule has properties: aa); and cc} or dd). In an embodiment, the antibody molecule has properties:
bb); and cc) or dd). In an embodiment, the antibody molecule has properties: cc); and aa) or bb). In
an embodiment, the antibody molecule has properties: dd); and aa) or bb). In an embodiment, the
antibody molecule has properties: aa), bb), cc) and dd). In an embodiment, the antibody molecule has
properties: aa), bb), cc}, dd), ee), and ff).

I an embodiment, the antibody molecule has a Ky for Hi of equal o or less than 10° oM,

wherein said Ky is increased by at least 2, 3, 10, or 100 fold, by a mutation or rauiations in any of® aa)
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Hi HAT residues H31, N279, and 5292; bb) Hi HAZ residue G12; co) HI HAI residoes T319, R322,
and [324; or dd) H1 HAZ residues A7, E11, 118, D19, G20, W21, 338, K39, T41, 042, N43, 145, 148,
T49, V52, N53, 156, and E57. In an embodiment, the antibody molecule has a Ky for Hi of equal to
or less than 107 oM, wherein said Ky, is increased by no more than 2, or 5 fold, by a mutation or
mutations in any of: ee) H1 HAT residues Q328 and 8329 ; or £f) H1 HAD2 residues G, L2, F3, G4,
and D}46.

In an embodiment, the antibody molecule has one, two, three or all of the following
properties: aj and aa); by and bb}; ¢} and cc; or d) and dd), as described above. In an embodiment,
the antibody molecule has properties c), cc), d), and dd), as described above.

In an embodiment, the antibody molecule comprises one or both of: a heavy chain variable
region coraprising at least, or more than, 68, 65, 70, 75, 80, 85, §7, 904, 95, 98 or 99 perceat
homology with a heavy chain variable region from Table 3, Table 4A, Table 4B, ¥FI1G.2, FiG. S or
¥I1G.7; and a hight chain variable region comprising at least, or more than, 60, 65, 70, 75, 80, 85, 87,
90, 95, 98 or 99 percent homology with light chain variable region from Table 3, Table 44, Table
4B, FIGS, 3A-3B, FIGS. 6A-6B or FIG. 7.

In an embodiment, the antibody molecule comprises a heavy chain variable region 25 (SEQ
D NQO: 23), or a structurally or functionally related variable heavy chain region as described herein.
In an embodiment, the antibody molecule comprises a light chain variable region 52 (SEQ ID NO:
523, 155 (SEQ ID NO: 155), or 43 (SEQ 1D NO: 45), or a structurally or functionally related variable
light chain region as described herein. In an embodiment, the antibody molecule comprises a heavy
chain variable region 25 (SEQ 1D NO: 25), or a structurally or functionally related variable heavy
chain region as described herein: and a light chain variable region 52 (SEQID NO: 523, 155 (SEQ D
NG: 155), or 45 (SEQ D NG: 43), or a structurally or functionally related variable light chain region
as described herein.

In an embodiment, the antibody molecule comprises a heavy chain variable region comprising
one, two, or all of CDR1, CDR2, and CDR3, from heavy chain variable region 25 (SEQ D NO: 235),
or a structurally or functionally refated variable heavy chain region as desecribed herein. In an
embodiment, the antibody molecule comprises a light chain variable region comprising one, two, or
all of CDR1, CDR2, and CDR3, from light chain variable region 52 (SEQ ID N(: 52), 155 (SEQ D
NG:153), or 45 (SEQ ID NO:435), or a structurally or functionally related sequence as described
herein. In an embodiment, the antibody molecule comprises a heavy chain variable region comprising
one, two, or all of CDR1, CDR2Z, and CDR3, from heavy chain variable region 25 (SEQ ID NO: 23),
or a structurally or functionally related variable heavy chain region as described herein; and a light
chain variable region comprising one, two, or all of CDR1, CDR2, and CDR3, from lght chain
variable region 52 (SEQ 1D NO: 52), 135 (SEQ ID NO: 155), or 45 (SEQ ID NG 45), 0ra

structurally or functionally related variable light chain region as described herein.
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It an embodiment, the antibody molecule comprises a heavy chain variable region from FIG,
2 or Fi{5. 5 or a stracturally or functionally related variable heavy chain region as described herein.
In an embodiment, the antibody molecule comprises a light chain variable region from FIGS. 3A-3B
or FIGS. 6A-6B or a structurally or functionally related variable light chain region as described
herein.

In an embodiment, the antibody molecule comprises one, two, or all of, a CDRE, CDR2, and
CDR3 from a heavy chain variable region from FIG. 2 or FI1G. 5, or a structurally or functionally
related sequences as described herein. In an embodiment, the antibody molecule comprises one, two,
or all of, 3 CORT, CDRZ, and CDR3 from a light chain variable region from FIGS. 3A-3B or FIGS.
6A-6B, or a structurally or functionally related sequences as described herein.

In an embodiment the antibody molecule comprises one, two or all of, HC CDRI, HC CDR2,
and HC CDR3 and one, two or all of, LC CDRI1, LC CDR2Z, and L.C CDR3 from an antibody
disclosed in Table 3, or a structurally or functionally related sequence as described herein.

In another embodiment, the antibody molecule comprises the light chain LC435 (SEQ ID NO:
45). In yet another embodiment, the antibody comprises the light chain LC45, and the heavy chain
HC25 (SEQ 1D NO: 25) or HC24 (SEQ D NO: 24). In an embodiment, the antibody molecule
comprises the light chain LC45 (SEQ [D NG: 43) and the heavy chain HO25 (SEQ D NG: 25 In
yet another embodiment, the antibody runlecule comprises light chain LC52 (SEQ ID NO: 52) and
heavy chain HC23 (SEQ 1D NO: 25).

In an embodiment the antibody molecule comiprises one or both of: a} one or more framework
regions (FRs) from heavy chain disclosed herein, e.g., one or more or all of FR1, FRZ, FR3, or FR4,
or FR sequences that differ individually, or collectively, by no more than 1, 2, 3, 4, of 5 amino acid
residues, e.g., conservative residues, from a heavy chain disclosed herein; and b) one or more
framework regions (FRs) from light chain disclosed herein, e.g., one or more or all of FR1, FRZ, FR3,
or FR4, or FR sequences that differ individually, or collectively, by no more than 1, 2, 3,4, of 5
amino acid residues, e.g., conservative residues, from a light chain disclosed herein.

In an embodiment, the antibody molecule comprises: (a) a heavy chain immunoglobolin
variable domain comprising a sequence at least 60, 70, 80, 85, 87, 90, 95, 97, 98, or 99, e.¢., 90%,
homologous, to a heavy chain consensus sequence provided herein, e.g., the heavy chain consensus
sequence provided in FIG. 2 or FIG 5, e.g., the heavy chain consensus sequence provided in FI1G. 2,
SEQID NO: 161; and (b) a light chain immmunoglobulin variable domain comprising a sequence at
feast 60, 70, 80, 83, §7, 90, 95, 97, 98, or 99, e.g., 93%, homologous, 10 a light chaia consensus
sequence provided herein, e.g., the light chain consensus sequence provided in FIGS. 3A-38 or FIG
8, e.g., the light chain consensus sequence provided in FIGS, 34-3B, SEQ 1D NG: 62,

For example, in an embodiment, the antibody molecule disclosed herein comprises one or
both of: (a) 4 heavy chain immunoglobulin variable domain comprising the sequence of SEQ 1D NO:

161, or a sequence at least 87% identical to SEQ 1D NO: 161; and (b) a light chain immunoglobulin
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variable domain comprising the sequence SEQ ID NO: 62, or a sequence at least 93% identical to
SEQ D NO: 62.

In another embodiment, the antibody molecule comprises: (a) a heavy chain immunoglobutin
variable dornain comprising the sequence of SEQ ID NO: 161, or a sequence at least 87% identical to
SEQ ID NO: 161; and (b} a light chain immunoglobulin variable domain comprising the sequence
SEQ ID NO: 62, or a sequence at least 95% 1dentical 1o SEQ 1D NO: 62, wherein said antibody
molecule: (i) fails to produce any escape mutants as determined by the failure of a viral titer to
recover following at least 10, 9, 8, 7, 6, or 5 rounds of serial infections in cell culture with a mixture
of the antibody molecuie and an influeaza virus {e.g., an influenza A virus, e.g., a Group 1 strain, e.g.,
an HiN1 strain, e.g., A/South Carolina/1/1918, A/Puerto Rico/08/1934, or A/California/04/2009, or
an H5N1 strain, e.g., A/lndonesia/5/2005 or A/Vietnam/1203/2004, or an influenza B virus, e.g.,
B/Wisconsin/1/2010); and (it} produces fewer escape mutanis than does a reference anti-HA antibody
molecule, e.g., Ab 67-11, FI6, FI258, C179, F18, CR9114, or CR6261, such as when tested by the
method described in (i)

In an embodiment, the antibody molecule comprises one or both of: {a} a heavy chain
iramunoglobudin variable region comprising the sequence of SEQ ID NG: 161, or a sequence that
differs from SEQ IDNO: 16l by not more than 1, 2,3, 4,5, 6,8, 10, 11, 12, 13, 14, 15 or 16, e 2., by
no more than 2, 3, 4, or 5 amino acids, ¢.g., conservative amino acids; and (b} a light chain
immunoglobulin variable domain comprising the sequence SEQ ID NO: 62, or a sequence that differs
from SEQ 1D NO: 62 that differs by no more than 1, 2, 3, 4 or 5 amine acids, e.g., conservative amino
acids.

In an embodiment, the 1,2, 3,4, 5, 6,8, 10, 11, 12, 13, 14, 15 or 16 amino acid differences,
e.g., conservative amino acid differences, in the heavy chain immugnoglobulin variable region are in
the FR regions of the heavy chain immunoglobulin variable domain. In another embodiment, the 1, 2,
3, 4 or 5 amino acid differences, e.g., conservative amino acid differences, in the light chain
immunoglobulin variable domain are in the FR regions of the light chain immunoglobulin variable
domain. In an embodiment, the amino acid differences in the heavy chain immunoglobulin variable
region, or in the light chain immunoglobulin variable region, are conservative amino acid changes.

It an embodiment, the antibody molecule comprises one or both of: a) one or more
framework regions {FRs) from heavy chain consensus sequence disclosed herein, e. 2., one or more of
all of FR1, FR2, FR3, or FR4, or sequences that differ individeally, or collectively, by no more than 1,
2, 3, 4, of 5 amino acid residuaes, e.g., conservative residues, from a heavy chain variable region
consensus seqguence disclosed herein; and b) one or more framework regions (FRs) from light chain
consensus sequence disclosed herein, e.g., one or more or all of FR1, FR2, FR3, or FR4, or sequences
that differ individually, or collectively, by no more than 1, 2, 3, 4, of 5 amino acid residues, e.g.,

conservative residues, from a light chain variable region consensus disclosed herein.

—
5]
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It an embodiment, the antibody molecule binds to an epitope, e.g., an epitope that overlaps
with or is the same as, of an antibody disclosed herein, e.g., as determined by mutational analysis or
crystal structure analysis.

In an embodiment, the antibody molecule competes with a reference antibody molecule, e.g.,
an antibody molecule described herein, for binding to a substrate, e.g., an HA.

The HA can be from a Group 1 strain, e.g., HAL or HAS, e.g., from an HINI strain, e.g.,
AjSouth Carolina/1/1918, A/Puerto Rico/08/1934, or A/California/04/2009, or an H3N1 strain, e.g.,
Aflndonesia/5/2005 or A/Vietnam/1203/2004Binding to the same epitope, or a portion thereof, can be
shown by one or more of: a) mutational analysis, e.g., binding to HA, or binding affinity for HA, is
decreased or gholished if a residue is mutated; b) analysis, e g., comparison, of the crystal structure of
the antibody molecude and HA and the crystal structure of a reference antibody and HA, e.g., 10
determine the touch points of each; ¢) competition of the iwo antibodies for binding to HA, e.g., HAl
or HAS, from, e.g., an HINT strain, e.g., A/South Carolina/1/1918, A/Puerto Rico/(38/1934, or
AfCalifornia/04/2009, or an H3N1 strain, e.g., A/lndonesia/53/2005 or A/Vietnan/1203/2004; or d) (c)
and one or both of (a) and (b).

Competition betweea the antibody molecule and a reference antibody molecule can be
determined by evaluating the ability of the antibody molecule or the reference antibody melecule to
decrease binding of the other (o a substrate, e.g., HA, e.g., HAL or HAS, from, e.g.. an HINT strain,
e.g., A/South Carolina/1/1918, A/Puerto Rico/08/1934, or A/California/04/2009, or an H3N1 strain,
e.g., Allndonesia/5/2005 or A/Vietnam/1203/2004. Reduction of the ability to bind can be evaluated
by methods in the art. Reduction of the ability to bind can be evaluated, .g., by one or more of: a)
BlAcore analysis; by ELISA assay; or ¢) flow cytometry. The antibody molecule can compete with
the reference antibody such that binding of the refereace antibody is decreased by 30% or more.

In an embodiment, the antibody molecule binds to the same epitope, or a portion thereof,
which the reference antibody molecule binds. In an embodiment, the antibody molecule does not bind

to the same epitope, or a portion thereof, which the reference antibody molecule binds.

In an embodiment, the antibody molecule comprises a struciural or functional property of Ab
(44,

In an embodiment, the antibody molecule competes with a reference antibody molecule, e.g.,
an antibody molecule described herein, for binding to a subsirate, e.g., an HA. The reference
antibody molecule can be: a) an antibody molecule comprising: i) a heavy chain immuonoglobulin
variable region segment comprising a CDR1 comprising the sequence S-Y-A-M-H (SEQ 1D NO: 68);
a CDR2 comprising the sequence V-V-3-Y-D-G-N-Y-K-Y-Y-A-D-8-V-Q-G (SEQ D NO: 69); and a
CDR3 comprising the sequence D-S-R-L-R-5-L-L-Y-F-E-W-L-§5-Q-G-Y-F-N-F (SEQ D NO:70);
and 1ii) a light chain variable region segment comprising: a CDR1 comprising the sequence Q-S-I-T-

F-D-Y-K-N-Y-L-A (SEQ ID NG:145); a CDR2 comprising the sequence W-G-3-Y-L-E-S (SEQ ID
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NO:72); and a CDR3 comprising the sequence 3-Q-H-Y-R-T-P-P-S (SEQ 1D NG:73); b) an antibody
molecule comprises one or both of: (i) a heavy chain immunoglobulin variable region segment
comprising SEQ [D NO: 25; and (i1} a light chain variable region segment comprising SEQ ID NOG:
52; 01 ¢) Ab 044,

In an embodiment, the antibody molecule binds to the same epitope, or a portion thereof, on
HA, as does a reference antibody molecule, e.g., an antibody molecule disclosed herein. The
reference antibody mwolecule can he: a) an antibody molecule comprising: i) a heavy chain
immunoglobulin variable region segment comprising a CDR1 comprising the sequence 3-Y-A-M-H
(SEQ 1D NO: 64); a CDR2 comprising the sequence V-V-5-Y-D-G-N-Y-K-Y-Y-A-D-8-V-Q-G (SEQ
D NO: 69); and a CDR3 comprising the sequence D-5-R-L-R-5-L-L-Y-F-E-W-L-5-Q-G-Y-F-N-P
(SEQ 1D NO: 78); and i1) a light chain variable region segraent comprising: a CDRI comprising the
sequence Q-S-I-T-F-D-Y-K-N-Y-L-A (SEQ D NO: 145); a CDR2 comprising the sequence W-G-5-
Y-EL-E-5 (SEQ ID NO: 72); and a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-S (SEQ [D NO:
733, by an antibody molecule comprises one or both of: (i) a heavy chain immunoglobulin variable
region segment comprising SEQ D NO: 25; and (i1} a light chain variable region segment comprising
SEQID NO:52; or ¢ Ab 044,

In an embodiment, the an antibody molecule comprises one or both of: a heavy chain variable
region coraprising at least 68, 70, 80, 85, 90, 95, 98 or 99 percent homology with SEQ D NO: 25;
and a light chain variable region comprising at least 60, 70, 80, 85, 90, 95, 98 or 99 percent homology
with SEQ 1D NO: 52.

In an embodiment, the antibody molecule, comprises one or both oft a heavy chain variable
region comprising at feast 60, 70, 80, 85, 90, 93, 98 or 99 percent homology with SEQ ID NO: 25;
and a light chain vaciable region comprising at least 60, 70, 80, 85, 90, 95, 98§ or 99 percent homology
with SEQ D NO: 52, wherein, each HC CDR differs by no more than 1, 2, 3, 4 or 3 amino acids, e.g.,
Lor2, eg., conservative amino acids, from the corresponding CDR of SEQ D NO: 25 and each L.C
CDR differs by no more than 1, 2, 3, 4 or 3 amino acids, e.g., 1 or 2, e.g., conservative amino acids,
from the corresponding CDR of SEQ ID NO: 52.

In an embodiment, the antibody molecule comprises one or both of: a heavy chain variable
region coraprising at least 68, 70, 80, 85, 90, 95, 98 or 99 percent homology with SEQ D NO: 25;
and a light chain vaciable region comprising at least 60, 70, 80, 85, 90, 95, 98§ or 99 percent homology
with SEQ ID NO: 52, wherein the antibody molecule comprises 1, 2, 3, 4, 5, or all of: (i) a HC CDR1
comprising: S at the st position and A at the 3" position in HC CDRI; (i) a HC CDR2 comprising
one or both, e.g., one of: V at the 2™ position; or N at the 7™ position and Q at the 16™ position in HC
CDR2; (iii) a HC CDR3 comprising: R at the 3" position (and optionally, L at the 3 position); (iv) a

ard

L0 CDR1 comprising one or both of, e.g., one of: 1 at the 3" position; or D at the 6th position in LC

CDRY; (vy a LC CDR2 comprising one, two, or three of, e.g., one of: G at the pnd position; Y at the 4"
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position; or L at the 5" position in LC CDR2; (vi) a LC CDR3 comprising: S at the 9™ position in LC
CDR3.

In an embodiment, the antibody molecule, comprises: (8) a heavy chain immunoglobulin
variable region segment comprising SEQ ID NO: 25 (or a sequence that differs by no more than i, 2,
3, 4 or 5 amino acids, e.g., conservative amino acids, therefrom); and {b) a light chain variable region
segment comprising SEQ D NO: 52 (or a sequence that differs by no more than 1, 2, 3, 4 or 5 amino
acids, e.g., conservative amino acids, therefrom).

In an embodiment, the antibody molecule comprises one or both of: {a} a heavy chain
iramunoglobudin variable region segment comprising a CDOR1 comprising the sequence S-Y-A-M-H
(SEQ 1D NO: 68) {or a sequence that differs by nomore than, 1,2, 3, 4, or 8, e.g., 1 or 2 amino acids,
e.g., conservative amino acids, therefrony); a CDR2 comprising the sequence V-V-5-Y-D-G-N-Y-K-
Y-Y-A-D-5-V-(3-G (SEQ 1D NO: 69) {or a sequence that differs by no more than, 1,2, 3,4, 01 5, 2.8,
1 or 2 amino acids, e.g., conservative amino acids, therefrom); a CDR3 comprising the sequence D-S-
R-L-R-S-L-L-Y-F-E-W-L-5-Q-G-Y-F-N-P (SEQ 1D NO: 70) (or a sequence that differs by no more
than, 1, 2,3, 4, or §, e.g.., 1 or 2 amino acids, e.g., conservative aniing acids, therefrom); and (b} a
light chain variable region segment comprising a CDRI comprising the sequence: G-S-I-T-F-B-Y-K-
N-Y-L-A (SEQ ID N(O: 145) (or a sequence that differs by no more than, 1,2, 3,4, 0r 3, e.g., 1 or 2
armino acids, e.g., conservative amino acids, therefrom); a CDR2 comprising the sequence W-G-5-Y-
L-E-8 (SEQ ID NO: 72 (or a sequence that differs by nomore than, 1,2, 3,4, or 5, e.g., 1 or 2 amino
acids, e.g., conservative amino acids, therefrom); a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-
P-5 (SEQ ID NO: 73) (or a sequence that differs by no more than, 1, 2,3, 4, 0r 5, e.g., 1 or 2 amino
acids, e.g.. conservative amino acids, therefrom).

In an embodiment, the antibody molecule comprises one or both of: a) LC CDR1-3, that
collectively, differ fronithe Ab 044 LC CDRI1-3 bynomore than, 1,2,3,4,5,6,7, 8,9 or 10, e.g., 1,
2, 3, or 4, amino acids, e.g., conservative amino acids; and b) HC CDRI-3, that collectively, differ
from the Ab 044 HC CDRI-3 by nomorethan, 1,2,3,4,5,6,7, 8,9 or 10, g, 1, 2, 3, or 4, amino
acids, e.g., conservative amino acids.

In an embodiment, the antibody molecule comprises one or both of: {a} a heavy chain
immunoglobulin variable region segment comprising SEQ ID NO: 23; and (b) a light chain variable
region segmeni comprising SEQ 1D NO: 52.

In an embodiment, the antibody molecule comprises one or both of: {a} a heavy chain
immunoglobulin variable region segment comprising a CDR1 comprising the sequence 5-Y-A-M-H
(SEQ 1D NO: 63) {or a sequence that differs by no more than, 1,2, 01 3, e.g., 1 or 2, amino acids, e.g.,
conservative armnino acids, there from, optionally provided that at least 1 or 2 of the highlighted
residue are not changed, e.g., both § and & are uot changed); a CDRZ comprising the sequence V-¥-
S-Y-D-G-N-Y-K-Y-Y-A-D-S-V-0-G (SEQ [D NO: 69) (or a sequence that differs by no more than,

1,2,3,4,0r 5, e.g., 1 or 2 amino acids, ¢ g., conservative amino acids, therefrom, optionally provided
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that at least 1, 2, or 3 of the highlighted residues are not changed, e.g., ¥ or both X and § or all three
of ¥, N, and {3 are not changed); a CDR3 comprising the sequence D-S-B-L-R-S-L-L-Y-F-E-W-L-5-
Q-G-Y-F-N-P (SEQ ID NG: 70) (or a sequence that differs by nomore than, 1,2, 3,4, 0r 5, e.g., L or
2 amino acids, e.g., conservative amino acids, therefrom, optionally provided that B is not changed);
and (b) a light chain variable region segment comprising a CDRI comprising the sequence: Q-S-1-T-
F-D-Y-K-N-Y-L-A (SEQ [D NO: 145) {(or a sequence that differs by no more than, 1,2, 3,4, or 5,

e.g., 1 or 2, amino acids, e.g., conservative amino acids, therefrom, optionally provided that at feast

tor 2 of the highlighted residues are not changed, e.g., § or B is not changed); a CDRZ comprising the
sequence W-G-S-Y-L-E-S (SEQ 1D NO: 72) {or a sequence that differs by no more than, 1, 2, 3, 4, or
5, e.g., 1 or 2, amingo acids, e g, conservative amino acids, therefrom, optionally provided thatat least
1, 2 or 3 of the highlighted residues are not changed, e.g., |, 2or di of G, ¥, and L, are not changed);
a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-8 (SEQ ID NO: 73) {or a sequence that differs
by nomore than, 1, 2, 3,4, or 5, e.g., 1 or 2, amino acids, e.g., conservative aming acids, therefrom,
optionally provided that at least 1 or both of the highlighted residues are not changed, e.g., 8 is not
changed). In an embodiment, a CDR of the light or heavy chain includes one of the highlighted
residues, or one of the highlighted combinations of residues, for that CDR, (e.g., while other residues
in that CDR might be changed, the highlighted residue or combination of residues, are not changed).
For example, in an embodiment, ¥ or both X and §, for heavy chain CDR2 are not changed.

In an embodiment, a CDR of the light chain and a CDR of the heavy chain each includes one
of the highlighted residues, or one of the highlighted combinations of residues, for that CDR. Inan
embodiment, each of two CDRs in the antibody molecule includes one of the highlighted residues, or
one of the highlighted combinations of residues, for that CDR. In an embodiment, both are in the
light chain. In an embodiment, both are in the heavy chain. In an emshodiment, each of the three
CDRs in the heavy chain includes one of the highlighted residues, or one of the highlighted
combinations of residues, for that CDR. In an embodiment, each of the three CDRS in the light chain
includes one of the highlighted residues, or one of the highlighted combinations of residues, for that
CDR. In an embodiment, each of the six CDRs in the heavy and light chain includes one of the
highlighted residues, or one of the highlighted combinations of residues, for that CDR.

In an embodiment, the antibody molecule comprises one or more (e.g., 2, 3, 4, 5, or all) of the
tollowing properties: (a) both § and A in HC CDR1 are unchanged; (b) ¥ or both N and § or all
three of V. N, and @ in HC CDR2 are unchanged; (¢} R in HC CDR3 is unchanged; (d) One or both
of fand B in LC CDR1I are unchanged; (&3 1, 2or 3of &, ¥, and L, in LC CDR2 are unchanged; or ()
S in LC CBR3 is unchanged. In an embodiment, the antibody molecule coraprises 1, 2, 3, 4, 3, or all
6 properties selected from (a) to (f). In an embodiment, the antibody molecule comprises a heavy
chain having a one or more properties selected from (a), (b), and (¢) and a light chain having one or

maore properties selected from (d), (e), and (f}.

N
]
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It an embodiment, the antibody molecule comprises one or both of: {a) a heavy chain
immunoglobulin variable region segment comprising: a CDR1 comprising the sequence 3-Y-A-M-H
(SEQ 1D NO: 68); a CDR2 comprising the sequence V-V-3-Y-D-G-N-Y-K-Y-Y-A-D-8-V-Q-G (5EQ
1D NO: 69); a CDR3 comprising the sequence D-S-R-L-R-S-L-L-Y-F-E-W-L-5-3-G-Y-F-N-P {(SEQ
D NO: 70); and (b) a light chain variable region segment comprising a CDRI comprising the
sequence -5-I-T-F-D-Y-K-N-Y-L-A (SEQ ID NG: 145); a CDR2 comprising the sequence W-G-S-
Y-L-E-S (SEQ 1D NO:72); and a CDR3 comprising the sequence Q-Q-H-Y-R-T-F-P-5 (SEQ 1D NO:
73).

In an embodiment, the antibody molecule comprises one or both of® a) one or more
framework regions (FRs) from SEQ ID NO: 23 e.g., the antibody molecule comprises one or more or
all of FRI, FRZ, FR3, or FR4, or sequences that differ individually, or collectively, by no more than 1,
2,3, 4, of 5 amino acid residues, e.g., conservative residues, from SEQ 1D NO: 25; and by onc or
more framework regions (FRs) from SEQ ID NO: 52. For example, the antibody molecule comprises
one or mote or all of FR1, FR2, FR3, or FR4, or sequences that differ individually, or coliectively, by
no more than 1, 2, 3, 4, of 3 amino acid residues, e.g., conservative residues, from SEQ D NQO: 52

In an embodiment, the antibody molecule comprises: (a) a heavy chain immunoglobulin
varighle region segment that further comprises one or more or all of an FR1 comprising the sequence
Q-V-Q-L-L-E-T-G-G-G-L-V-K-P-G-Q-5-L-K-L-S-C-A-A-5-G-F-T-F- L (SEQ ID NO: 74) (or a
sequence that differs by no more than, 1,2, 3,4, 0r 5, 2.g., 1 or 2, amino acids, e.g., conservative
amiino acids, therefrom, optionally provided that T is not changed); an FR2 comprising the sequence
W-V-R-Q-P-P-G-K-G-L-E-W-V-A (SEQ 1D NO: 75) (or a sequence that differs by no more than, 1,
2.3, 4,015, e.g,1 0or2, amino acids, e.g., conservative amino acids, therefrom, optionally provided
that W is not changed, or that if changed, is other than R}); an FR3 comprising the sequence R-F-T-{-
5-R-D-N-S-K-N-T-£-Y-L-Q-M-N-S-L-R-A-E-D-T-A-V-Y-Y-C-A-K (SEQ ITD NO 76) {or a
sequence that differs by no more than, 1,2, 3,4, 0r 5, e.g., | or 2, amino acids, e.g., conservative
amino acids, therefrom, optionally provided that one, two or three of £, £, or £ is not changed, or that
if { is changed it is other than G, if B is changed it is other than P. or if L is changed it is other than
AY; and an FR4 comprising the sequence W-G-Q-G-T-T-L-T-V-5-5 (SEQ 1D NG: 77) (or a sequence
that differs by no more than, 1,2, 3,4, or 5, e.g., 1 or 2, amino acids, e.g., conservative anming acids,
therefrony) or W-G-Q-G-T-T-V-T-V-5-8(SEQ ID NG: 171) (or a sequence that differs by no more
than, 1,2, 3,4, 0r 3, e.g., 1 or 2, amino acids, ¢.g., conservative amino acids, therefrom); and (b) a
light chain immunoglobulin vanable region segment comprising one or more or all of: an FR1
comprising the sequence D-1-Q-M-T-Q-8-P-5-§-L-§-A-5-V-G-D-R-V-T-I-T-C-B-§-S (SEQ 1D NO:
78} {or a sequence that differs by nomore than, 1,2, 3. 4, 0r 5, e.g., 1 or 2, amino acids, e.g.,
conservative amino acids, therefrom, optionally provided that R is not changed); an FRZ comprising
the sequence W-Y-(3-Q-K-P-G-K-A-P-K-L-L-1-Y (SEQ ID NO: 79 {or a sequence that differs by no

more than, 1, 2,3, 4,0r 5, e.g., | or 2 amino acids, e.g., conservative amino acids, therefrom); an FR3

N
[£4)
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comprising the sequence G-V-P-S-R-F-§-G-5-G-5-G-T-D-F-T-L-T-1-8-5-L-Q-P-E-D-F-A-T-Y-Y-{
{(SEQ 1D NO: 80) (or a sequence that differs by no more than, 1,2, 3,4, 0r 5, e.g., | or 2 amino acids,
2.g., conservative amino acids, therefrom, optionally provided that € is not changed, or if changed, is
other than P); and an FR4 comprising the sequence F-G-Q-G-T-K-V-E- LK (SEQTD NO: 81 {ora
sequence that differs by no more than, 1, 2,3, 4, 01 3, e.g., | or 2 amino acids, e.g., conservative
aming acids, therefrom). In an embodiment, a FR of the light or heavy chain includes one of the
highlightied residues, or one of the highlighted combinations of residues, for that FR, {e.g., while other
residues in that FR might be changed, the highlighted residue or combination of residues, are not
changed). For example, in an embodiment, one, two or three of f, B, or L, for heavy chain FR3 is not
changed.

In an embodiment, a FR of the light chain and a FR of the heavy chain each includes one of
the highlighted residues, or one of the highlighted combinations of residues, for that FR. Inan
embodiment, each of two FRs in the antibody molecule includes one of the highlighted residoes, or
one of the highlighted combinations of residues, for that FR. Tn an embodiment, both are in the light
chain. In an embodiment, both are in the heavy chain. In an embodiment, cach of FR2 and FR3 in
the heavy chain includes one of the highlighted residues, or one of the highlighted combinations of
residues, for that FR. In an embodiment, each of FR1 and FR2 in the heavy and light chain includes
one of the h ighlighted residues for that FR. In an embodiment, all of the highlighted residues in
heavy chain FR1-4 arc unchanged. In an embodiment, all of the highlighted residues in light chain
FR1-4 are unchanged. In an embodiment, all of the highlighted residues in both heavy and light chain
FR1-4 are unchanged.

In an embodiment, sequence of FR1 of the heavy chain variable region segment is Q-V-Q-L-
L-E-T-G-G-G-L-V-K-P-G-(3-5-L-K-L-5-C-A-A-S-G-F-T-F- (SEQ 1D NO: 74). In an emsbodiment,
sequence of FR1 of the heavy chain variable region segment is E-V-Q-L-L-E-5-G-G-G-L-V-K-P-G-
Q-S-L-K-L-3-C-A-A-S-G-F-T-F-T {(SEQ 1D NO: 183},

In another embodiment, the antibody molecule comprises a structural or functional property
of Ab 369,

In an embodiment, the antibody molecule competes with a reference antibody molecule, e.g.,
an anitbody molecule described herein, for binding to a substrate, e.g., an HA. The reference
antibody molecule can be: a) an antibody molecule comprising: i) a heavy chain immunoglobulin
variable region segment comprising a CDR1 comprising the sequence S-Y-A-M-H (SEQ ID NQO: 68);
a CDRZ comprising the sequence V-V-5-Y-D-G-N-Y-K-Y-Y-A-D-5-V-3-G (SEQ 1D NO: 69); and a
CDR3 comprising the sequence D-S-R-L-R-8-L-L-Y-F-E-W-L-S-Q-G-Y-F-N-F (SEQ ID NO: 70);
and i) a Hght chain variable region segrent comprising: a CDRI comprising the sequence 3-S-I-T-F-
E-Y-K-N-Y-L-A (SEQ D NG:172); a CDR2 comprising the sequence W-(-5-Y-L-E-5 (SEQ D
NO:72); and a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-S (SEQ ID NO: 73); b) an
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antibody molecule comprises one or both of: (1) 3 heavy chain immunoglobalin variable region
segment comprising SEQ 1D NO: 25; and (i1} a light chain variable region segment comprising SEQ
D NG:155; or ¢) Ab 069,

In an embodiment, the antibody molecule binds to the same epitope, or a portion thereof, on
HA, as does areference antibody molecule, e g. an antibody molecule disclosed herein. The reference
antibody molecule can be: a) an antibody molecule comprising: i) a heavy chain immunoglobulin
variable region segment comprising a CDR1 comprising the sequence 5-Y-A-M-H (SEQ 1D NO: 68);
a CDR2 comprising the sequence V-V-8-Y-D-G-N-Y-K-Y-Y-A-D-8-V-(3-G (SEQ ID NO: 69); and a
CDR3 comprising the sequence D-S-R-L-R-S-L-L-Y-F-E-W-L-5-3-G-Y-F-N-P (SE(Q D NOG: 70,
and ii) a light chain variable region segment comprising: a CDR1 comprising the sequence Q-S-I-T-F-
E-Y-K-N-Y-L-A (SEQ ID NO: 172); a CDRZ comprising the sequence W-G-S-Y-L-E-S (SEQ ID
NO:72)y; and a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-5 (SEQIDNO: 73); b) an
antibody molecule comprises one or both of: (i) a heavy chain inimuncglobulin variable region
segment comprising SEQ 1D NO: 25; and (51) a light chain variable region segment comprising SEQ
D NO: 155; or ¢ Ab 069,

In an embodiment the antibody molecule, comprises one or both of® a heavy chain vanable
region comprising at least 60, 70, 80, 85, 90, 95, 98 or 99 percent homology with SEQ 1D NO: 25,
and a light chain variable region comprising at least 60, 70, 80, 83, 90, 95, 98 or 99 percent homology
with SEQ ID NQO: 155.

In an embodiment the antibody molecule, comprises one or both of: a heavy chain variable
region comprising ai least 60, 70, 80, 83, 90, 95, 98 or 99 percent homology with SEQ TD NQO: 25;
and a light chain variable region comprising at east 60, 70, 80, 83, 90, 93, 98 or 99 percent homology
with SEQ ID NO: 153, wherein each HC CDR differs by no more than 1, 2, 3, 4 or 5§ amino acids,

e.g., 1 or2, e.g., conservative amino acids, from the correspounding CDR of SEQ ID NO: 25 and each

LC CDR differs by no more than 1, 2, 3, 4 or 5 amino acids, e.g., I or 2, e.g., conservative amino
acids, from the corresponding CDR of SEQ 1D NO: 155,

In an embodiment the antibody molecule, comprises one or both of: a heavy chain variable
region comprising ai least 60, 70, 80, 83, 90, 95, 98 or 99 percent homology with SEQ TD NQO: 25;
and a light chain variable region comprising at least 60, 70, 80, 83, 90, 95, 98 or 99 percent homology
with SEQ ID NO: 153, wherein the antibody molecule comprises 1, 2, 3, 4, 5, or all of: (i} a HC
CDR1 comprising: S af the Ist position and A at the 3 position in HC CDRY; (i) a HC CDR2
comprising one or both, e.g., one of: V at the 20d position; or N at the 7 position and  at the 16"
position in HC CDR?2; (iti) a BC CDR3 comprising: R at the 3" position (and optionafly, L at the 3
position); (iv) a LC CDR1I comprising one or both of, e.g., one of: T at the 3 position; or E at the 6™
position in LC CDR1: (v) a LC CDR2 comprising one, two or three of, e.g., one of: ( at the 2™
position; Y at the 4" position; or L at the 3% position in LC CDR2; (vi) a LC CDR3 comprising: S at
the 9" position in LC CDR3.

N
(51
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I an embodiment, the antibody molecule, comprises one or both of: {a) a heavy chain
immunoglobulin variable region segment comprisiag SEQ 1D NO: 25 (or a sequence that differs by
no more than 1, 2, 3, 4 or 5 amino acids, e.g., conservative amino acids, therefrom); and (b) a light
chain variable region segment comprising SEQ ID NO: 155 (or a sequence that differs by no more
than 1, 2, 3, 4 or 5 amino acids, e.g., conservative amino acids, therefrom).

In an embodiment, the antibody mwolecule comprises one or both of: {a} a heavy chain
immunoglobulin variable region segment comprising SEQ 1D NO: 25; and (b) a light chain variable
region segment comprising SEQ ID NO: 155.

In an embodiment, the antibody molecule comprises one or both of: {(a) a heavy chain
immunoglobulin variable region segment comprising a CDR1 comprising the sequence S-Y-A-M-H
(SEQ 1D NO: 68) {or a sequence that differs by no more than, 1,2, 3, 4, or 3, e.g., 1 or 2 amino acids,
e.g., conservative amino acids, therefrom); a CDR2 comprising the sequence V-V-S-Y-D-G-N-Y-K-
Y-Y-A-D3-5-V-Q-G (SEQ 1D NO: 69) (or a sequence that differs by no more than, 1,2, 3,4, 0r 5, e.g.,
1 or 2 amino acids, e.g., conservative amino acids, therefrom); a CDR3 comprising the sequence -5-
R-L-B-S-L-L-Y-F-E-W-L-5-Q-G-Y-F-N-P (SEQ 1D NO: 70) {or a sequence that differs by no more
than, 1,2,3,4,0r 3, e.g., 1 or 2 amino acids, e.g., conservative amino acids, therefrom); and (b} a
fight chain variable region segment comprising a CDR1 comprising the sequence: Q-S-I-T-F-E-Y-K-
N-Y-L-A {(SEQ ID NO: 172) or a sequence that differs by no more than, 1,2, 3,4, 0r 5, e.g., L or 2
amino acids, e.g., conservative amino acids, theretrom); a CDR2 comprising the sequence W-(G-S-Y-
L-E-S (SEQ ID NO: 72) {or a sequence that differs by no more than, 1,2, 3,4, or 5, e.g., 1 or 2 amino
acids, e.g., conservative amino acids, therefrom); a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-
P-S (SEQ ID NQ: 73) {or a sequence that differs by no more than, 1, 2,3, 4, or 5, 2., 1 or 2 amine
acids, e.g., conservative amino acids, therefrom).

collectively, differ from the Ab 069 LC CDRI1-3 by no more than, 1,2, 3,4,5,6,7, 8,9 or 10, e g,

In an embodiment, the antibody molecule comprises one or both of: a) LC CDR1-3, that

1, 2, 3, or 4, amino acids, e.g., conservative amino acids; and b) HC CDR1-3, that collectively, differ
from the Ab 069 HC CDR1-3 by nomore than, 1,2,3,4,5,6,7,8,9, 0r 10, e.g., 1, 2, 3, or 4, amino
acids, e.g., conservative amino acids.

It an embodiment, the antibody molecule comprises one or both of: {a) a heavy chain
iramunoglobudin variable region segment comprising a CDOR1 comprising the sequence §-Y-A-M-H
(SEQ 1D NO: 68) {or a sequence that differs by no more than, 1,2, 0r 3, e g, 1 or 2 amino acids, e.g.,
conservative aming acids, therefrom, optionally provided that at least 1 or 2 of the highlighted
residues are not changed, e.g., both § and A are not changed);, a CDR2 comprising the sequence V-¥-
S5-Y-D-G-N-Y-K-Y-Y-A-D-5-V-Q-G (SEQ ID NO: 69) (or a sequence that differs by no more than,
1,2,3,4,0r5, e.g., | or 2 amino acids, e.g., conservative amino acids, therefrom , optionally provided
that at feast 1, 2, or 3 of the highlighted residues are not changed, e.g., ¥ or both N and {} or all three
of ¥, I, and § are not changed); a CDR3 comprising the sequence D-S-R-L-R-S-L-L-Y-F-E-W-L-5-
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Q-G-Y-FE-N-P (SEQ ID NO: 70) (or a sequence that differs by no more than, 1,2, 3,4, 0r 5, ¢.g., 1 or
2 amino acids, e.g., conservative amino acids, therefrom optionally provided that, R is not changed);
and (b) a light chain variable region segment comprising a CDR1 comprising the sequence: 3-5-§-T-
F-E-Y-K-N-Y-L-A (SEQ 1D} NO: 172) or a sequence that differs by no more than, 1, 2, 3,4, 0r 5, e.g.,
1 or 2 amino acids, £.g., conservative anino acids, therefrom, optionally provided that at feast 1 or 2
of the highlighted residues are not changed, e.g., Lor E is not changed); a CDR2 comprising the
sequence W-G-5-Y-L-E-5 (SEQ D NO: 72) (or a sequence that differs by no more than, 1, 2, 3, 4, or
5, e.g., L or 2 amino acids, e.g., conservative amino acids, therefrom, optionally provided thatat least
1, 2, or 3 of the highlighted residues are aot changed, e.g., 1, 2 or all of &, ¥, and L are not changed);
a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-8 (SEQ [D NG: 73) (or a sequence that differs
by nomore than, 1, 2, 3,4, 0r 5, e.g., | or 2 amino acids, e.g., conservative amino acids, therefrom,
optionally provided that, at least one or both of the highlighted residues are not changed, e.¢., § is not
changed).

In an embodiment, a CDR of the light or heavy chain includes one of the highlighted residues,
or one of the highlighted combinations of residues, for that CDR (e.g., while other residues in that
CDR might be changed, the highlighted residue or combination of residues, are not changed). Inan
embodiment, a CDR of the light and a CDR of the heavy chain each includes one of the highlighted
residues, or one of the highlighted combinations of residues, for that CDR. In an embodiment, each
of two CDRas in the antibody molecule includes one of the highlighted residues, or one of the
highlighted combinations of residues, for that CDR. In an embodiment, both are in the Hight chain. In
an embodiment, both are in the heavy chain. In an embodiment, each of the three CDRs in the heavy
chain includes one of the highlighted residues, or one of the highlighted combinations of residues, for
that CDR. In an embodiment, each of the three CDRs in the light chain includes one of the
highlighied residues, or one of the highlighted combinations of residues, for that CDR. Inan
embodiment, each of the six CDRs in the heavy and light chain includes one of the highlighted
residues, or one of the highlighted combinations of residues, for that COR.

In an embodiment, the antibody molecule comprises one or more (e.g., 2, 3, 4, 5, or all} of the
following properties: {a) both § and A in HC CDRI are uochanged; (b) ¥ or both N agd §3 or all
three of ¥, N, and § in HC CDR2 are unchanged: (c) R in HC CDR3 is unchanged; (d) one or both of
Tand  in LC CDR1 are unchanged; (¢} 1, 20r 3of G, ¥, and L in LC CDR2 are vnchanged; or () §
in LC CDR3 is unchanged. In an embodiment the antibody molecude comprises 1,2, 3,4, 5, or all 6
properties sefected from (a) to (). In an embodiment, the antibody molecole comprises a heavy chain
having a one or more properties selected from (a), (b), and (c) and a light chain having one or more
properties selected from (d), (e}, and (f}.

In an embodiment, the antibody molecule comprises one or both of: (a) a heavy chain
immunoglobulin variable region segment comprising: a CDR1 comprising the sequence S-Y-A-M-H

{(SEQ 1D NO: 68); a CDR2 comprising the sequence V-V-3-Y-D-G-N-Y-K-Y-Y-A-D-8-V-Q-G (5EQ
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ID NO: 69); a CDR3 comprising the sequence D-S-R-L-R-5-L-L-Y-F-E-W-L-S-3-G-Y-F-N-P (S3EQ
15 NG: 70); and (b) a light chain variable region segment coraprising a CDRI conprising the
sequence (J-3-I-T-F-E-Y-K-N-Y-L-A (SEQ ID NO: 172); a CDR2 comprising the sequence W-G-3-
Y-L-E-S (SEQ 1D NG: 72); and a CDR3 comprising the sequence -Q-H-Y-R-T-P-P-S (SEQ ID NO:
73).

In an embodiment, the antibody mwolecule comprises one or both of: 4) one or more
framework regions (FRs) from SEQ ID NO: 25, e.g., one or more or all of FRI, FR2, FR3, or FR4, or
sequences that differ individually, or collectively, by no more than 1, 2, 3, 4, of 5 amino acid residues,
e.g., conservative residues, from SEQ 1D NO: 25; and b) one or more framework regions (FRs) from
SEQTID NO: 155, e.g., one or more or all of FRE, FR2, FR3, or FR4, or sequences that differ
individually, or collectively, by no more than 1, 2, 3, 4, of 5 amino acid residues, e.g., conservative
residues, from SEQ 1D NG: 155.

In an embodiment, the antibody molecule comprises: (a) a heavy chain immunoglobolin
variable region segment that further comprises one or more or all of: an FR1 comprising the sequence
Q-V-Q-L-L-E-T-G-G-G-L-V-K-P-G-Q-5-L-K-L-5-C-A-A-5-G-F-T-F-T (SEQ 1D NO:74) {or a
sequence that differs by no more than, 1,2, 3,4, 0r 5, e.g., 1 or 2, amino acids, e.g., conservaiive
amino acids, therefrom, optionally provided that T is not changed); an FR2 comprising the sequence
W-V-R-Q-P-P-G-K-G-L-E-W-V-A (SEQ ID NO: 75) (or a sequence that differs by no more than, 1,

2,3,4,0r8, eg.,

1 or 2, amino acids, e.g., conservative amino acids, therefrom, optionally provided
that W is not changed, or that if changed, is other than R); an FR3 comprising the sequence R-F-T-£-
5-R-D-N-S-K-N-T-£-Y-L-Q-M-N-S-L-R-A-E-D-T-A-V-Y-Y-C-A-K (SEQ ITD NO 76) (or a
sequence that differs by nomore than, 1. 2,3, 4,01 3, 2.g., 1 or 2, amino acids, e.g., conservative
amino acids, therefrom, optionally provided that one, two or three of £, 8, or £, 1s not changed, or that
if { is changed it is other than (G, if R is changed it is other than P. or if £ is changed it is other than
A); and (b) the light chain immunoglobulin variable region segment comprises one or more or all of
an FR1 comprising the sequence D-1-Q-M-T-Q-8-P-5-§-L-8-A-8-V-G-D-R-V-T-[-T-C-B-S-5 (SEQ
D NG: 78) (or a sequence that differs by no more than, 1, 2, 3, 4, 0r 5, e.g., | or 2 amino acids, .g.,
conservative amino acids, therefrom, optionally provided that R is not changed); an FRZ comprising
the sequence W-Y-(3-Q-K-P-G-K-A-P-K-L-L-1-Y (SEQ ID NO: 79 {or a sequence that differs by no
more than, 1, 2,3, 4,0r 5, e.g., | or 2 amino acids, ¢.g., conservative amino acids, therefrom); an FR3
comprising the sequence G-V-P-5-R-F-5-G-5-G-§-G-T-D-F-T-L-T-1-S-5-L-Q-P-E-D-F-A-T-Y-Y-{
(SEQ ID NO: 83) {or a sequence that differs by no more than, 1, 2, 3, 4, or 5, e.g., 1 or 2 amino acids,
e.g., conservative amino acids, therefrom, optionally provided that £ is not changed, or if changed, is
other than P); and an FR4 comprising the sequence F-G-Q-G-T-K-V-E-ILK (SEQIDNO: 81y {ora
sequence that differs by no more than, 1,2, 3,4, 01 5, e.g., 1 or 2 amino acids, e.g., conservative

amino acids, therefrom).
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It an embodiment a FR of the light or heavy chain inclodes one of the highlighted residues, or
one of the highlighted combinations of residues, for that FR {2 g., while other residues in that FR
might be changed, the highlighted residue or combination of residues, are not changed). For example,
in an embodiment, one, two or three of £, &, or £ for heavy chain FR3 is not changed.

I an embodiment, a FR of the light chain and a FR of the heavy chain each includes one of
the highlighted residues, or one of the highlighted combinations of residues, for that FR. In an
embodiment, each of two FRs in the antibody molecule includes one of the highlighted residues, or
one of the highlighted combinations of residues, for that FR. In an embodiment, both are in the light
chain. In an embodiment, both are in the heavy chain. In an embodiment, each of FR2 and FR3 in
the heavy chain includes one of the highlighted residues, or one of the highlighted combinations of
residues, for that FR. In an embodiment, each of FRI and FR2 in the heavy and light chain includes
one of the h ighlighted residues for that FR. In an embodiment, all of the highlighted residues in
heavy chain FR1-4 are unchanged. In an embodiment, all of the highlighted residoes in light chain
FR1-4 are unchanged. In an embodiment, all of the highlighted residues in both heavy and light chain

FR1-4 are unchanged.

In another embodiment, the antibody molecule comprises a structural or functional property
of Ab(32.

In an embodiment, the antibody molecule competes with a reference antibody molecule, e.g.,
an antibody molecule described herein, for binding to a substrate, e.g., an HA. The reference
aniibody molecule can be: a) an aniibody molecule comprising: 1) a heavy chain immunoglobulin
variable region segment comprising a CDR1 comprising the sequence S-Y-A-M-H (SEQ 1D NQO: 68);
a CDR2 comprising the sequence V-V-8-Y-D-G-N-Y-K-Y-Y-A-D-8-V-Q-G (SEQ ID NO: 69); and a
CDR3 comprising the sequence D-S-R-L-R-5-L-L-Y-F-E-W-L-S-Q-G-Y-F-N-P (SEQ 1D NO: 70);
and 1) a Hght chain variable region segment comprising: a CDR1 comprising the sequence 3-3-1-T-F-
N-Y-K-N-Y-L-A (8EQ 1D NO: 71); a CDRZ comprising the sequence W-G-5-Y-L-E-8 (SEQ ID NO:
72y, and a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-S (SEQ ID NO: 73); b) an antibody
modecule coraprises one or hoth of: (i) a heavy chain immunoglobulin variable region segment
comprising SEQ [D NO: 25; and (ii) a light chain variable region segment comprising SEQ ID
NQOQ:AS; or ¢y Ab 032,

In an embodiment, the antibody molecule binds to the same epitope, or a portion thereof, on
HA, as does areference antibody molecule, e.g. an antibody molecule disclosed herein. The reflerence
antibody molecule can be: a) an antibody molecule comprising: 1) a heavy chain immunogliobulin
varighle region segment comprising a CDR1 comprising the sequence 8-Y-A-M-H (SEQ D NO: 68);
a CDR2 comprising the sequence V-V-S-Y-D-G-N-Y-K-Y-Y-A-[}-8-V-(3-G (SEQ ID NOG: 69); and a
CDR3 comprising the sequence D-5-R-L-R-S-L-L-Y-F-E-W-L-5-Q-G-Y-F-N-P (SEQ [D NO: 70);

and 11} a light chain variable region segment comprising: a CDR1 comprising the sequence Q-S-I-T-F-
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N-Y-K-N-Y-L-A (SEQ D NO: 71); a CDRZ compnsing the sequence W-G-S-Y-L-E-5 (SEQ ID NO:
723, and a CDR3 comprising the sequence Q--H-Y-R-T-P-P-§ (3EQ D NG: 73); b) an antibody
molecule comprises one or both of: (i} a heavy chain immunoglobulin variable region segment
coraprising SEQ 1D NO: 25; and (i) a Hight chain variable region segment coraprising SEQ 1D NO:
45; or ¢y Ab 032,

In an embodiment, the antibody molecule comprises one or both of: a heavy chain variable
region comprising least 60, 70, 80, 85, 90, 95, 98 or 99 percent homology with SEQ ID NO: 25, 0r a
light chain variable region comprising least 60, 70, 80, 83, 90, 93, 98 or 99 percent homology with
SEQ I NO: 45.

In an embodiment, the antibody molecule comprises one or both of: a heavy chain variable
region coraprising least 60, 70, 80, 85, 90, 93, 98 or 99 percent homology with SEQ [D NO: 25; and a
light chain variable region comprising least 60, 7(, 80, 85, 90, 25, 98 or 99 percent homology with
SEQ TD NO: 45, wherein each HC CDR differs by no more than 1, 2, 3, 4 or 5 amino acids, e.g., 1 or
2, e.g., conservative amino acids, from the corresponding CDR of SEQ ID NO: 25 and ecach LC CDR
differs by no more than 1, 2, 3, 4 or 5 amino acids, e.g., | or 2, e.g., conservative amino acids, from
the corresponding CDR of SEQ 1D NG: 45.

In an embodiment, the antibody molecule comprises one or both of: a heavy chain variable
region coraprising least 60, 70, 80, 83, 90, 93, 98 or 99 percent homology with SEQ ID NO: 25; and a
light chain variable region comprising least 60, 7(, 80, 85, 90, 25, 98 or 99 percent homology with
SEQ TD NO: 45, wherein the antibody molecule comprises 1, 2, 3, 4, 5, or all of: (1) 3 HC CDR1
comprising: S at the 1st position and A at the 3" position in HC CDRI; (i) a HC CDR2 comprising
one or hoth, e.g, one of: V at the 2™ position; or N at the 7" position and € at the 16™ position in HC
CDR?2; (iii) a HC CDR3 comprising: R at the 3 position (and optionally, L at the 3" position): (iv) a
LC CDR1 comprising: 1 at the 3% position; (v) a LC CDR2 comprising one, two, or three of, e.g., one
oft G at the 2™ position; Y at the 4™ position; or L at the 5™ position in LC CDR2: (vi) a LC CDR3
comprising: S at the 9" position in LC CDR3.

In an embodiment, the antibody mwolecule comprises one or both of: {a} a heavy chain
immunoglobulin variable region segment comprising SEQ 1D NO:25 (or a sequence that differs by no
more than 1, 2, 3, 4 or 5 amino acids, e.g., conservative amino acids, therefrom); and (b} a light chain
variabie region segment comprising SEQ 1D NO:155 (or a sequence that differs by no more than 1, 2,
3, 4 or 5 amino acids, ¢.¢., conservative amino acids, therefrom).

In an embodiment, the antibody molecule comprises one or both of: (a) a heavy chain
tnmunoglobulin variable region segment comprising SEQ 1D NO: 23; and (b) a light chain variable
region segment comprising SEQ TD NO: 155,

In an embodiment, the antibody molecule comprises one or both of: {a} a heavy chain
immunoglobulin variable region segment comprising a CDR1 comprising the sequence 3-Y-A-M-H

(SEQ 1D NO: 63) (or a sequence that differs by no more than, 1,2, 3,4, 0r 5, e.g., | or 2 amino acids,

30
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e.g., conservative amino acids, therefromy; a CDR2 comprising the sequence V-V-5-Y--G-N-Y-K-
Y-Y-A-D-5-V-(-G (SEQ 1D NO: 69) (or a sequeace that differs by no more than, 1,2, 3,4,0r 5, e.g.,
1 or 2 amino acids, e.g., conservative amino acids, therefrom}; a CDR3 comprising the sequence D-5-
R-L-R-S-L-L-Y-F-E-W-L-53-Q-G-Y-F-N-P (SEQ 1D NO: 70) (or a sequence that differs by no more
than, 1, 2,3, 4, or §, e.g.., 1 or 2 amino acids, e.g., conservative aniing acids, therefrom); and (b} a
light chain variable region segment comprising a CDR1 comprising the sequence: Q-S-I-T-F N-Y-E-
N-Y-L-A (SEQ 1D NO: 71) {(or a sequence that differs by no more than, 1,2,3,4,0r 5,22, 1 or 2
amino acids, e.g., conservative amino acids, therefrom); a CDR2 comprising the sequence W-G-S-Y-
L-E-S (SEQ ID NO: 72) {or a sequence that differs by nomore than, 1,2, 3,4, or 5, e.g., 1 or 2 amino
acids, e.g., conservative amino acids, therefrom); a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-
P-5 (SEQ ID NO: 73) (or 2 sequence that differs by no more than, 1,2, 3,4, 0r 5, e.g., 1 or 2 amino
acids, e.g., conservative amino acids, therefrom).

In an embodiment, the antibody mwolecule comprises one or both of: a) LC CDR1-3, that
collectively, differ fronmithe Ab 032 LC CDRI1-3 by nomore than, 1,2,3,4,5,6,7, 8,9, or 10, e g,
1, 2, 3, or 4, amino acids, e.g., conservative amino acids; and by HC CDR1-3, that collectively, differ
from the Ab 032 HCCDRI-3 by nomore than, 1,2,3,4,5,6,7,8,9 or 10, e.g., 1, 2, 3, or 4, amino
acids, e.g., conservative amino acids.

It an embodiment, the antibody molecule comprises one or both of: {a) a heavy chain
tnmunoglobulin variable region segment comprising a CDR1 comprising the sequence S-Y-A-M-H
{(SEQ 1D NO: 68) (or a sequence that differs by no more than, 1,2, or 3, e.g., 1 or 2 amino acids, e.g.,
conservative amino acids, therefrom, optionally provided that at least 1 or 2 of the highlighted
residues are not changed, e.g., both § and A are not changed); a CDR2 comprising the sequence V-¥-
S-Y-D-G-N-Y-K-Y-Y-A-D-5-V-3-G (SEQ 1D NO: 69) (or a sequence that differs by no move than,
1,2,3,4,0r5, eg., | or 2 amino acids, e.g., conservative amino acids, therefrom, provided that, e,g.,
at least 1, 2, or 3 of the highlighted residues are not changed, e.g.. ¥ or both N and § or all three of
¥, N, and £ are not changed); a CDR3 comprising the sequence D-5-R-L-R-5-L-L-Y-F-E-W-L-§-Q-
G-Y-F-N-P (SEQ ID NO: 70) (or a sequence that differs by nomore than, 1,2, 3,4, 0r 5, eg, 1 or 2
amino acids, e.g., conservative amino acids, therefrom, optionally provided that B is not changed);
and (b) a light chain variable region segment comprising a CDRI comprising the sequence: Q-S-1-T-
E-N-Y-E-N-Y-L-A (SEQ D NG: 71) or a sequence that differs by no more thag, |, 2,3, 4, 0r 5, e.g.,
1 or 2 amino acids, e.g., conservative amino acids, therefrom, optionally provided that at feast T or 2
of the highlighted residues are not changed, e.g., I is not changed); a CDR2 comprising the sequence
W-G-S-Y-L-E-S (SEQ 1D NO:72) (or a sequence that differs by nomore than, 1,2, 3,4, 0r 5, e.g., |
or 2 amino acids, e.g., conservative amino acids, therefrom, optionally provided that at least 1,2, 0r 3
of the highlighted residues are not changed, e.g., 1, 2 orall of {5, ¥, and L are not changed); a CDR3
comprising the sequence Q-Q-H-Y-R-T-P-P-§ (SEQ 1D NO: 73) (or a sequence that differs by no

more than, 1,2, 3,4, 0r 5, e.g., 1 or 2 amino acids, e.g., conservative amino acids, therefrom,
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optionally provided that at least one or both of the highlighted residues are not changed, e.g., 8 is not
changed).

In an embodiment, a CDR of the light or heavy chain includes one of the highlighted residues,
or one of the highlighted combinations of residues, for that CDR {e.g., while other residues in that
CDR might be changed, the highlighted residue or combination of residues, are not changed). In an
embodiment, a CDR of the light and a CDR of the heavy chain cach includes one of the highlighted
residucs, or one of the highlighied combinations of residues, for that CDR. In an embodiment, each
of two CDRs in the antibody molecule includes one of the highlighted residues, or one of the
highlighted combinations of residues, for that CDR. In an embodiment, both are in the light chain. In
an embodiment, both are in the heavy chain. In an embodiment each of the three CDRs in the heavy
chain includes one of the highlighted residues, or one of the highlighted combinations of residaes, for
that CDR. In an embodiment, each of the three CDRs in the light chain includes one of the
highlighted residues, or one of the highlighted combinations of residuees, {or that CDR. Tn an
embodiment, each of the six CDRs in the heavy and light chain includes one of the highlighted
residues, or one of the highlighted combinations of residues, for that CDR.

In an embodiment, the antibody molecule comprises one or more {e.g., 2, 3, 4, 5, or all} of the
following properties: (a) both § and A in HC CDR1 are unchanged; (b) V or both N and } or all three
of ¥, N, and  in HC CDR2 are unchanged: (¢) R in HC CDR3 1s unchanged; (d) I in LC CDRI s
anchanged: (e} 1, 2or3 of &, ¥, and L in LC CDR2 are unchanged; or H Sin LCCDR3 is
unchanged. In an embodiment, the antibody molecule comprises 1, 2, 3, 4, 5, or all 6 properties
selected from (a) to (). In an embodiment, the antibody molecule comprises a heavy chain having a
one or more properties selected from (a), (b), and (¢} and a light chain having one or more properties
selected from {d), (), and (f).

In an embodiment, the antibody molecule comprises one or both of: {a} a heavy chain
immunoglobulin variable region segment comprising: a CDR1 comprising the sequence S-Y-A-M-H
(SEQ 1D NO: 68); a CDRZ comprising the sequence V-V-5-Y-D-G-N-Y-K-Y-Y-A-D-5-V-Q-G (REQ
D NG: 69); a CDR3 comprising the sequence D-3-R-L-R-S-L-L-Y-F-E-W-L-3-Q-G-Y-F-N-P (SEQ
ID NO: 7(0); and (b) a light chain variable region segment comprising a CDR1 comprising the
sequence Q-S-I-T-F-N-Y-K-N-Y-L-A (SEQ ID NO: 71); a CDR2 comprising the sequence W-(G-5-
Y-L-E-8 (SEQ ID NO:72); and a CDR3 comprising the sequence Q-G-H-Y-R-T-P-P-S (SEQ ID
NG:73).

It an embodiment, the antibody molecule comprises one or both of: a) one or more
framework regions (FRs) from SEQ 1D NO: 25, For example, the antibody molecule comprises one
or more or all of FR1, FR2, FR3, or FR4, or sequences that differ individually, or collectively, by no
more than 1, 2, 3, 4, of 5 amino acid residues, e.g., conservative residues, from SEQ [D NO: 23; and
b) one or more framework regions (FRs) from SEQ 1D NO: 45. For example, the antibody molecule

comprises one or more or all of FR1, FR2, FR3, or FR4, or sequences that differ individually, or
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collectively, by no more than 1, 2, 3, 4, of 5 amino acid residues, ¢.g., conservative residues, from
SEQ I NO: 45.

In an embodiment, the antibody molecule comprises: (&) a heavy chain immunoglobalin
variable region segment that further comprises one or more or all of: an FR1 comprising the sequence
Q-V-Q-L-L-E-T-G-G-G-L-V-K-P-G-Q-5-L-K-L-5-C-A-A-S-G-F-T-F- T (SEQ ID NO: 74) {or a
sequence that differs by no more than, 1,2, 3,4, 0r 5, e.g., 1 or 2, amino acids, e.g., conservative
amino acids, therefrom, optionally provided that T is not changed); an FR2 comprising the sequence
W-V-R-Q-P-P-G-K-G-L-E-W-V-A (SEQ 1D NO: 75) {(or a sequence that differs by no more than, 1,
2,3,4,0r 5, e.g., 1 or 2, amino acids, e g., conservative amino acids, therefrom, optionally provided
that W is not changed, or that if changed, is other than R); an FR3 comprising the sequence R-F-T-{-
S-B-D-N-S-K-N-T-£-Y-L-Q-M-N-S-L-R-A-E-D-T-A-V-Y-Y-C-A-K (SEQ ID NO: 76) (or a
sequence that differs by no more than, 1,2, 3,4, 0r 5, 2.g., 1 or 2, amino acids, e.g., conservative
aming acids, therefrom, optionally provided that one, two or three of {, B, or £, is not changed, or that
if {is changed it is other than G, if B is changed it is other than P. or if £ is changed it is other than
Ay, and an FR4 comprising the sequence W-G-Q-G-T-T-L-T-V-5-S (SEQ ID NO: 77) (or a sequence
that differs by no more than, 1,2, 3,4, or §, e.g., | or 2 amino acids, e.g., conservative amino acids,
therefromjor W-G-Q-G-T-T-V-T-V-S-§ (SEQ 1D NO:171} (or a sequence that differs by no more
than, 1,2,3,4,0r5, e.g., I or 2 amino acids, ¢.g., conservative amino acids, therefrom); and (b} the
light chain immunogiobulin variable region segment comprises one or more or all of an FR1
comprising the sequence D-I-Q-M-T-(3-3-P-S-§-L-5-A-S-V-G-D-R-V-T-I.T-C-E-5-5 (SEQ ID
NO:78) {or a sequence that differs by nomore than, 1,2, 3,4, or 5, e.g., 1 or 2 amino acids, e.g.,
conservative aning acids, therefrom, optionatly provided that B is not changed); an FR2 comprising
the sequeace W-Y-Q-Q-K-P-G-K-A-P-K-L-L-1-Y (SEQ 1D NO:79) (or a sequence that differs by no
more than, 1, 2,3, 4, 0r 5, e.g., 1 or 2 amino acids, ¢ g., conservative amino acids, therefrom); an FR3
comprising the sequence G-V-P-S-R-F-§-G-5-G-5-G-T-D-F-T-L-T-1-8-5-L-Q-P-E-D-F-A-T-Y-Y-{
(SEQ 1D NO:80) (or a sequence that differs by no more than, 1, 2, 3,4, or 5, e.g., 1 or 2 amino acids,
e.g., conservative amino acids, therefrom, optionally provided that € is not changed, or if changed, is
other than P); and an FR4 comprising the sequence F-G-Q-G-T-K-V-E- LK (SEQID NO:81) {or a
sequence that differs by no more than, 1, 2,3, 4, 01 3, e.g., | or 2 amino acids, e.g., conservative
amino acids, therefrom).

In an embodiment a FR of the light or heavy chain includes one of the highlighted residues, or
one of the highlighted combinations of residues, for that FR (e.g., while other residuoes 1 that FR
might be changed, the highlighted residue or combination of residues, are not changed). For example,
in an embodiment, one, two or three of {, &, or L for heavy chain FR3 is not changed.

In an embodiment, a FR of the light chain and a FR of the heavy chain each includes one of
the highlighted residues, or one of the highlighted combinations of residues, for that FR. In an

embodiment, each of two FRs in the antibody molecule includes one of the highlighted residoes, or
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one of the highlighted combinations of residues, for that FR. Tn an embodiment, both are in the light
chain. In an embodiment, both are in the heavy chain. In an embodiment, each of FR2 and FR3 in
the heavy chain includes one of the highlighted residues, or one of the highlighted combinations of
residues, for that FR. In an embodiment, each of FRI and FR2 in the heavy and light chain includes
one of the h ighlighted residues for that FR. In an embodiment, all of the highlighted residues in
heavy chain FR1-4 are unchanged. In an embodiment, all of the highlighted residoes in light chain
FR1-4 are unchanged. In an embodiment, all of the highlighted residues in both heavy and light chain

FR1-4 are unchanged.

In another embodiment, the antibody molecule comprises a structural or functional property
of Ab (31

In an embodiment, the antibody molecule competes with a reference antibody molecule, e.g.,
an antibody molecule described herein, for binding to a substrate, e.g., an HA. The reference
aniibody molecule can be: a) an aniibody molecule comprising: 1) a heavy chain immunoglobulin
variable region segment comprising a CDR1 comprising the sequence S-Y-A-M-H (SEQ 1D NQO: 68);
a CDR2 comprising the sequence V-V-8-Y-D-G-N-Y-K-Y-Y-A-D-8-V-Q-G (SEQ ID NO: 69); and a
CDR3 comprising the sequence D-S-R-L-R-5-L-L-Y-F-E-W-L-S-Q-G-Y-F-N-F (SEQ ID NO: 70);
and 1) a Hght chain variable region segment comprising: a CDR1 comprising the sequence 3-3-1-T-F-
N-Y-K-N-Y-L-A (8EQ 1D NO:713;, a CDR2 comprising the sequence W-G-S-Y-L-E-S (SEQ ID
NO:72); and a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-S (3EQ I} NO:73); b) an antibody
molecule comprises one or both oft (i) a heavy chain imnunoglobulin variable region segment
comprising SEQ [D NO: 24; and (ii) a light chain variable region segment comprising SEQ ID
NQO:A4S; or ¢y Ab 031,

In an embodiment, the antibody molecule binds to the same epitope, or a portion thereof, on
HA, as does a reference antibody molecule, e.g. an antibody molecule disclosed herein. The reference
antibody molecule can be: a) an antibody molecule comprising: 1) a heavy chain immunogliobulin
variable region segment comprising a CDR1 comprising the sequence 5-Y-A-M-H (SEQ 1D NO: 68);
a CDR2 comprising the sequence V-V-5-Y-D-G-N-Y-K-Y-Y-A-D-S-V-Q-G (SEQ ID NO: 69); and a
CDR3 comprising the sequence D-S-R-L-R-S-L-L-Y-F-E-W-L-5-Q-G-Y-F-N-P (SEQ D NO: 78);
and 1) a light chain variable region segment comprising: a CDR1 comprisiag the sequence -S-1-T-F-
N-Y-K-N-Y-L-A (8EQ D NG: 71y a CDR2 comprising the sequence W-G-8-Y-L-E-§ (SEQ ID
N©:72); and a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-S (SEQ ID NO: 73); by an
antibody molecule comprises one or both of: (i) a heavy chain immunoglobulin variable region
segment comprising SEQ 1D NO: 24; and (i1} a light chain variable region segment comprising SEQ
D NO: 45; or ¢) Ab 031

In an embodiment, the antibody molecule comprises one or both of: a heavy chain variable

region comprising least 60, 70, &0, 85, 90, 95, 98 or 99 percent homology with SEQ ID NO: 24; and a
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light chain variable region comprising least 60, 70, 80, 83, 90, 95, 98 or 99 percent homology with
SEQ I NO: 45.

In an embodiment, the antibody molecule comprises one or both of: a heavy chain variable
region coraprising least 60, 70, 80, 85, 90, 93, 98 or 99 percent homology with SEQ [D NO: 24; and a
light chain variable region comprising least 60, 70, 80, 83, 90, 93, 98 or 99 percent homology with
SEQ TD NO: 45, wherein, optionally, each HC CDR differs by no more than 1, 2, 3, 4 or § amino
acids, e.g., 1 or 2, e.g., conservative amino acids, from the corresponding CDR of SEQ 1D NO: 24 and
each LC CDR differs by no more than 1, 2, 3, 4 or 3 amino acids, e.g., 1 or 2, e.g., conservative amino
acids, from the corresponding CDR of SEQ 1D NO: 45,

In an embodiment, the antibody molecule comprises one or both of: a heavy chain variable
region coraprising least 60, 70, 80, 85, 90, 93, 98 or 99 percent homology with SEQ [D NO: 25; and a
light chain variable region comprising least 60, 7(, 80, 85, 90, 25, 98 or 99 percent homology with
SEQ TD NO: 45, wherein the antibody molecule comprises 1, 2, 3, 4, 5, or all of: (1) 3 HC CDR1
comprising: S at the 1st position and A at the 3" position in HC CDR1; (it) a HC CDR2 comprising
one or both, e.g., one of: V at the 2" position; or N at the 7™ position and Q at the 16™ position in HC
CDR2; (iii) a HC CDR3 comprising: R at the 3 position (and optionally, L at the 3" position): (iv) a
LC CDR1 comprising: 1 at the 3" position; (v) a LC CDR2 comprising one, two, or three of, e.g., one
of: G at the 2™ position; Y at the 4™ position; or L at the 5™ position in LC CDR2; (vi) a LC CDR3
comprising: S at the 9" position in LC CDR3.

In an embodiment, the antibody molecule comprises: (a) a heavy chain immunoglobolin
variable region segment comaprising SEQ ID NO: 24 (or a sequence that differs by no more than 1, 2,
3, 4 or 5 amino acids, e.g., conservative amino acids, therefrom); and {b) a light chain variable region
segment comprising SEQ 1D NO: 45 (or a sequence that differs by no more thao 1, 2, 3, 4 or 3 anmino
acids, e.g., conservative amino acids, therefrom).

In an embodiment, the antibody molecule comprises one or both of: (a) a heavy chain
tnmunoglobulin variable region segment comprising SEQ 1D NO: 24; and (b) a light chain variable
region segment comprising SEQ TD NO: 45.

In an embodiment, the antibody molecule comprises one or both of: {a} a heavy chain
immenoglobulin variable region segment comprising a CDR1 comprising the sequence 3-Y-A-M-H
(SEQ 1D NO: 63) (or a sequence that differs by no more than, 1,2, 3,4, or 5, e.g., 1 or 2 amino acids,
e.g., conservative amino acids, therefrom); a CDR2 comprising the sequence V-V-8-Y-D-G-N-Y-K-
Y-Y-A-D-S-V-Q-G (SEQ 1D NG: 69) (or a sequence that differs by no more than, 1, 2, 3,4, 01 5, e g,
1 or 2 amino acids, €.g., conservative amino acids, therefrony; and a CDR3 comprising the sequence
D-5-R-L-R-S-L-L-Y-F-E-W-L-53-0Q-G-Y-F-N-P (SEQ ID NO: 70) (or a sequence that differs by no
more than, 1, 2,3, 4,0r 5, e.g., 1 or 2 amino acids, 2 g., conservative amino acids, therefrom); and (b)
a light chain variable region segment comprising a CDRI comprising the sequence Q-S-[-T-F-N-Y-

K-N-Y-L-A (SEQ ID NO: 71) (or a sequence that differs by no more than, 1, 2,3, 4, 0r5,e.g., 1 or 2
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amino acids, e.g., conservative amino acids, therefrom); a CDR2 comprising the sequence W-G-5-Y-
L-E-S (SEQ ID NO: 72) {or a sequence that differs by nomore than, 1,2, 3,4, or 5, e.g., 1 or 2 amino
acids, e.g., conservative amino acids, therefrom); and a CDR3 comprising the sequence Q-Q-H-Y-R-
T-P-P-S (SEQ ID NO: 73) (or a sequence that differs by no more than, 1, 2,3, 4, 0r 3, e.g., Lor 2
amino acids, e.g., conservative aming acids, therefrom).

In an embodiment, the antibody mwolecule comprises one or both of: a) LC CDR1-3, that
collectively, differ fronmithe Ab 031 LC CDRI-3 by nomore than, 1,2,3,4,5,6,7, 8,9, or 10, e g,
1, 2, 3, or 4, amino acids, e.g., conservative amino acids; and by HC CDR1-3, that collectively, differ
from the Ab 031 HCCDRI-3 by nomore than, 1,2,3,4,5,6,7,8,9 or 10, eg., 1, 2, 3, or 4, amino
acids, e.g., conservative amino acids.

In an embodiment, the antibody molecule comprises one or both of: (a) a heavy chain
tnmunoglobulin variable region segment comprising a CDR1 comprising the sequence $-Y-A-M-H
{(SEQ 1D NO: 68) (or a sequence that differs by no more than, 1,2, or 3, e.g., 1 or 2 amino acids, e.g.,
conservative amino acids, therefrom, optionally provided thatat least 1 or 2 of the highlighted residues
are not changed, e.g., both § and A are not changed); a CDR2 comprising the sequence V-¥-3-Y-D-
G-N-Y-K-Y-Y-A-D-5-V-0-G (SEQ 1D NO: 69) {or a sequence that differs by no more than, 1, 2, 3,
4,015, eg., } or 2 amino acids, e.g., conservative amino acids, therefrom |, provided that, e.g., at least
1, 2, or 3 of the highlighted residues are not changed, e.g., ¥ or both N and § or all three of ¥, N, and
£} are not changed); a CDR3 comprising the sequence D-5-R-L-R-5-L-L-Y-F-E-W-L-5-Q-G-Y-F-N-
P(SEQ ID NO: 70) (or a sequence that differs by no more than, 1, 2, 3,4, or 5, e.g., 1 or 2 amino
acids, e.g., conservative amino acids, therefrom optionally provided that, e.g., B is not changed); and
{b) a light chain variable region segment comprising a CDR1 comprising the sequence (3-3-§-T-F-N-
Y-K-N-Y-L-A (SEQ ID NO: 71) or a sequence that differs by no more than, 1,2, 3,4, 0r 5,2, 1 or
2 amino acids, e.g., conservative amino acids, therefrom, optionally provided that at least 1 or 2 of the
highlighted residues are not changed, e.g., § is not changed); a CDR2 comprising the sequence W-G-
S-¥-L-E-S (SEQ ID NO:72) (or a sequence that differs by no more than, 1,2, 3,4, or 5, e g, lor 2
aming acids, e.g., conservative amino acids, therefrom, optionally provided that at least 1, 2, or 3 of
the highlighted residues are not changed, e.g., 1, 2 or all of G, ¥, and L are not changed); a CDR3
comprising the sequence Q-Q-H-Y-R-T-P-P-§ (SEQ ID NO:73) (or a sequence that differs by no
more than, 1, 2,3, 4,0r 5, e.g., 1 or 2 amino acids, e.g., conservative amino acids, therefrom,
optionally provided that at least one or both of the highlighted residues are not changed, e.g., § is not
changed).

In an embodiment, a CDR of the light or heavy chain includes one of the highlighted residues,
or one of the highlighted combinations of residues, for that CDR {e.g., while other residues in that
CDR might be changed, the highlighted residue or combination of residues, are not changed). In an
embodiment, a CDR of the light and a CDR of the heavy chain each includes one of the highlighted

residoes, or one of the highlighted combinations of residues, for that CDR. In an embodiment, each
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of twor CDRs in the antibody molecule includes one of the highlighted residues, or one of the
highlighted combinations of residues, for that CDR. In an embodiment, both are in the light chain. In
an embodiment, both are in the heavy chain. In an embodiment, each of the three CDRs in the heavy
chain includes one of the highlighted residues, or one of the highlighted combinations of residaes, for
that CDR. In an embodiment, each of the three CDRs in the light chain includes one of the
highlighted residues, or one of the highlighted combinations of residuees, {or that CDR. Tn an
embodiment, each of the six CDRs in the heavy and light chain includes one of the highlighted
residues, or one of the highlighted combinations of residues, for that CDR.

In an embodiment, the antibody molecule comprises one or more {e.g., 2, 3, 4, 5, or all} of the
following properties: (a) both § and A in HC CDR1 are unchanged; (b) ¥ or both N and } or all three
of ¥, N, and {} in HC CDR2 are unchanged; (c) R in HC CDR3 is unchanged; (d) £ in LC CDRI is
anchanged: (e} 1, 2or 3 of &, ¥, and L in LC CDR2 are unchanged; (f) S in LC CDR3 15 unchanged.

In an embodiment, the antibody molecule comprises 1, 2, 3, 4, 5, or all 6 properties selected
from (a) to (f}. In an embodiment, the antibody molecule comprises a heavy chain having a one or
more properties selected from (), (b), and (¢} and a hight chain having one or more properties selected
from (d}, (e), and ({}. In the embodiment, the aniibody raolecule comprises one or both of: (a) a heavy
chain immunoglobulin variable region segment comprising a CDR1 comprising the sequence S-Y-A-
M-H (SEQ ID NO: 68); a CDR2 comprising the sequence V-V-5-Y-D-G-N-Y-K-Y-Y-A-D-5-V-(3-G
(SEQ 1D NO: 69); and a CDR3 comprising the sequence D-S-R-L-R-S-L-L-Y-F-E-W-L-5-Q-G-Y-F-
N-P (SEQ Dy NO:70); and (b} a light chain variable region segment comprising a CDRI comprising
the sequence Q-S-I-T-F-N-Y-K-N-Y-L-A (SEQ ID NO: 71); a CDR2 comprising the sequence W-G-
S-Y-L-E-8 (SEQ 1D NO: 72); and a CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-5 (SEQ ID
NG: 73).

In an embodiment, the antibody molecule comprises one or both of: a) one or more
framework regions (FRs) from SEQ ID NO: 24, For example, the antibody molecude comprises one
or more or all of FR1, FR2, FR3, or FR4, or sequences that differ individually, or collectively, by no
more than 1, 2, 3, 4, of 5 amino acid residues, e.g., conservative residoes, from SEQ ID NO: 24; and
b} one or more frarsework regions (FRs) from SEQ [D NG: 45, For example, the antibody molecule
comprises one of more or all of FR1, FR2, FR3, or FR4, or sequences that differ individually, or
collectively, by no more than 1, 2, 3, 4, of 5 amino acid residues, e.g., conservative residues, from
SEQID NO: 45.

It an embodiment, the antibody molecule comprises: (3) a heavy chain immunoglobulin
variable region segment that further coraprises one or more or all of an FR1 comprising the sequence
E-V-Q-L-L-E-5-G-G-G-L-V-K-P-G-Q-S-L-K-L-5-C-A-A-S-G-F-T-F-T (SEQ ID NO:82) (or a
sequence that differs by no more than, 1,2, 3,4, 01 5, e.g., 1 or 2 amino acids, e.g., conservative
amino acids, therefrom, optionally provided that T is not changed); an FR2 comprising the sequence

W-V-R-Q-P-P-G-K-G-L-E-W-V-A (SEQ ID NO:75) {or a sequence that differs by no more than, 1, 2,
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3.4,0r5, eg, 1 or2amino acids, e.g., conservative amino acids, therefrom, opticnally provided that
¥ is aoi changed, or that i chagged, is other thas R); an FR3 corpprising the sequence R-F-T-{-5-&-
D-N-S-K-N-T-£-Y-L-Q-M-N-S-L-R-A-E-D-T-A-V-Y-Y-C-A-K (SEQ ID NO:76) (or a sequence that
differs by no more than, 1, 2, 3,4, or 5, e.g., 1 or 2 amino acids, e.g., conservative amino acids,
therefrom, optionally provided that one, two or three of {, B, or L is not changed, or that if { is
changed it is other than G, if B is changed it is other than P. orif L is changed it is other than A); and
an FR4 comprising the sequence W-G-Q-G-T-T-L-T-V-§-8 (S§EQ ID NO:77) (or a sequence that
differs by no more than, 1,2, 3,4, 0r 5, e g., 1 or 2 amino acids, e.g., conservative aming acids,
therefronvor W-G-(3-G-T-T-V-T-V-5-8 (SEQ ID NG:171) {or a sequence that differs by no more
than, 1,2, 3,4, 0r 3, e.g., 1 or 2 amino acids, e.g., conservative amino acids, therefrom); and (a) a
{ight chain immunogiobulin varable region segment further comprises one or more or all of: an FR1
comprising the sequence D-1-Q-M-T-Q-5-P-5-§-L-§-A-5-V-G-D-R-V-T-I-T-C-E-S-5 (SEQ 1D
NO:78) (or a sequence that differs by no more than, 1,2, 3,4, or 5, e.g., 1 or 2 aminn acids, e.g.,
conservative amino acids, therefrom, , optionally provided that £ is not changed); an FR2 comprising
the sequence W-Y-Q-Q-K-P-G-K-A-P-K-L-L-I-Y (SEQ 1D NO:79) (or a sequence that differs by no
more than, 1, 2,3, 4,0r 5, e.g., | or 2 amino acids, ¢.g., conservative amino acids, therefrom); an FR3
comprising the sequence G-V-P-5-R-F-5-G-8-G-S-G-T-D-F-T-L-T-1-S-5-L-Q-P-E-D-F-A-T-Y-Y-{
(SEQ ID NO:8() (or a sequence that differs by no more than, 1, 2, 3,4, or 5, e.g., 1 or 2 amino acids,
e.g., conservative amino acids, therefrom, optionally provided that { is not changed, or if changed, is
other than P); and an FR4 comprising the sequence F-G-Q-G-T-K-V-E-I.K (SEQ ID N(:81) (or a
sequence that differs by nomore than, 1,2, 3, 4,01 5, e.g., 1 or 2 amino acids, e.g., conservaiive
amino acids, therefrom).

In an embodiment, a FR of the light or heavy chain includes one of the highlighted residues,
or one of the highlighted combinations of residues, for that FR {e.g., while other residues in that FR
might be changed, the highlighted residue or combination of residues, are not changed). For example,
in an embodiment, one, two or three of £, B, or £, for heavy chain FR3 is not changed.

In an embodiment, a FR of the light chain and a FR of the heavy chain each includes ong of
the highlighted residues, or one of the highlighted combinations of residues, for that FR. In an
embodiment, each of two FRs in the antibody molecule includes one of the highlighted residues, or
one of the highlighted combinations of residues, for that FR. I an embodiment, both are in the light
chain. In an embodiment, both are in the heavy chain. In an embodiment each of FR2 and FR3 in the
heavy chain includes one of the highlighted residues, or one of the highlighted combinations of
residues, for that FR. In an embodiment, each of FR1 and FR2 in the heavy and light chain includes
one of the highlighted residuaes for that FR. In an embodiment, all of the highlighted residues in
heavy chain FR1-4 are unchanged. In an embodiment, all of the highlighied residues in light chain
FR1-4 are unchanged. In an embodiment, all of the highlighted residues in both heavy and light chain

i

FR1-4 are unchanged.
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It an embodiment, the antibody molecule comprises: (3) the heavy chain immunoglobulin
variable region segment comprises one or more or all of an FR1 comprising the sequence B-V-(Q-L-L-
E-S-G-G-G-L-V-K-P-G-Q-5-L-K-L-5-C-A-A-5-G-F-T-F- T (SEQ 1D NO: 82); an FR2 comprising
the sequence W-V-R-Q-P-P-G-K-G-L-E-W-V-A (5EQ [D NG: 75); an FR3 comprising the sequence
R-F-T-ES-R-D-N-S-K-N-T-L-Y -L-G-M-N-8-L-R-AGE-D-T-A-V-Y-YV-C-ACK (SEQ 1D RO:76); and
an FR4 comprising the sequence W-G-Q-G-T-T-L-T-V-5-S (SEQ ID NG: 77) or W-G-Q-G-T-T-V-T-
V-§-S (SEQ ID NO: 171); and (b) the light chain imomunoglobulin variable region segment
comprising one or more or all of an FR1 comprising the sequence D-I-Q-M-T-(3-3-P-8-8-L-5-A-5-V-
G-D-R-V-T-I-T-C-R-5-5 (SEQ [D NO: 78); an FR2 comprising the sequence W-Y-Q-Q-K-P-G-K-A-
P-K-L-L-I-Y (SEQ ID NO: 79); an FR3 comprising the sequence G-V-P-S-R-F-5-G-8-G-5-G-T-D-F-
T-L-T-1-8-8-L-G-P-E-D-F-A-T-Y-Y-C (SEQ 1D NO: 8(h; and an FR4 comprisiag the sequence F-G-
Q-G-T-K-V-E-I-K (SEQ 1D NO: 81).

In another embodiment, the antibody molecule comprises: (a) a heavy chain immuenoglobulin
variable region segment comaprising SEQ ID NO: 24 (or a sequence that differs by no more than 1, 2,
3, 4 or 5 amino acids, e.g., conservative amino acids, therefrom); and {b) a light chain variable region
segment comprising SEQ 1D NO:43 (or a sequence that differs by no more than 1, 2, 3, 4 or 5 argino
acids, e.g., conservative amino acids, therefrom).

Int another embodiment, the antibody molecole comprises a structural or functional property
of one or hoth a heavy chain variable region and a light chain variable region disclosed herein.

In an embodiment, the antibody molecule competes with a reference antibody molecule, e.g.,
an antibody molecule described herein, for binding to a subsirate, e.g., an HA. The reference
antibody molecule can be: a) an antibody molecule comprising the heavy and light CDRs fron: a
heavy chain variable region from Table 3, Table 44, Table 4B, FIG. 2, FIG. 5, or FIG. 7 and a
{ight chain variable region from Table 3, Table 4A, Table 4B, FIGS. 3A-3B, FIGS. 6A-68, or FIG.
7; b) an antibody molecule that comprises: (i) a heavy chain immunoglobulin variable region segment
from Tabie 3, Table 4A, Table 4B, FIG.2, FIG. 5, or FIG. 7; and (i1) a light chain variable region
segment from Table 3, Table 4A, Table 4B, FIGS, 3A-3B, FIGS., 6A-6B, or FIG. 7, or ¢y an
antibody disclosed herein.

In an embodiment the antibody molecule binds to the same epitope, or a portion thereof, on
HA, as does a reference antibody molecule, e.g. an antibody molecule disclosed herein. The reference
antibody molecule can be: a) an antibody molecule comprising the heavy and light CDRs from: a
heavy chain variable region from Table 3, Table 4A, Table 4B, FIG, 2, FIG. 5, or FIG. 7 and a
light chain variable region from Table 3, Table 4A, Table 4B, FIGS. 3A-3B, FIGS. 6A-68, or FIG,
7. b) an antibody molecule that comprises: (i) a heavy chain immunoglobulin variable region segment
from Table 3, Table 4A, Table 4B, FIG. 2, FIG. 5, or FIG. 7; and (4i) a light chaia variable region
segment from Table 3, Table 4A, Table 48, FIGS. 3A-3B, FIGS. 6A-6B, or FIG. 7, 0r ¢} an

antibody disclosed herein.
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It an embodiment, the antibody molecule comprises one or both of: a heavy chain variable
region comprising least 60, 70, &4, 85, 004, 95, 98 or 99 percent homology with a reference heavy
chain from Table 3, Table 4A, Table 4B, ¥FIG. 2, FIG, 5 or FEG. 7; and 3 light chain variable
region coraprising least 60, 70, 80, 85, 96, 93, 9% or 99 percent homology with reference light chain
from Table 3, Table 44, Table 4B, FIGS, 3A-3B, FIGS. 6A-68 or FIG. 7, wherein, optionally,
each HC CDR differs by no more than 1, 2, 3, 4 or 5 amino acids, e.g., 1 or 2, e.g., conservative
amino acids, from the corresponding HC CDR from iis reference heavy chain and each LC CDR
differs by no more than 1, 2, 3, 4 or 5 amino acids, e.g., | or 2, e.g., conservative amino acids, from
the corresponding CDR in #is reference Jight chain.

In an embodiment, the antibody molecule comprises: a heavy chain variable region
coraprising least 60, 70, 80, 83, 96, 95, 98 or 99 percent homology with a heavy chain from Table 3
and a light chain variable region comprising least 60, 70, 80, 85, 90, 93, 98 or 99 percent homology
with the corresponding light chain from Table 3.

In an embodiment, the antibody molecule comprises: a heavy chain variable region
comprising least 60, 70, 80, 83, 90, 93, 98 or 99 percent homology with a heavy chain from Table 4A
and a light chain variable region comprising least 60, 70, 80, 85, 9{, 95, 98 or 99 percent homology
with the corresponding light chain from Table 4A.

It an embodiment the antibody molecude comprises: a heavy chain variable region
comprising least 60, 70, 80, §5, 90, 95, 98 or 99 percent homology with a heavy chain from Table 48
and a light chain variable region comprising least 60, 70, 80, 85, 90, 95, 98 or Y9 percent homology
with the corresponding light chain from Table 4B.

In an embodiment the antibody molecule comprises one or both of: a heavy chain variable
region from Table 3, Table 4A, Table 4B, FIG. 2, F1G. §, or FI6. 7; and a light chain variable
region from Table 3, Table 44, Table 4B, FIGS. 3A-38, FIGS. 64-6B, or FIG. 7.

In an embodiment the antibody molecule comprises: a heavy chain variable region from Table
3 and the corresponding light chain from Table 3; a heavy chain from Table 4A and the
corresponding light chain from Table 4A; or a heavy chain from Table 4B and the corresponding
{ight chain from Table 4B.

It an embodiment, the antibody molecule comprises one or both of: (3} a heavy chain
iramunoglobudin variable region segment comprisiag a CDRI, 2 CDR2 and 2 COR3 from a heavy
chain sequence of Table 3, Table 4A, Table 48, FIG. 2, FIG. 5, or F1G. 7 (or CDRs that,
individually or collectively, differ therefrom by no more than, 1, 2, 3, 4, or 3, e.g., 1 or 2 amino acids,
e.g., conservative amino acids)); and (b) a light chain immunoglobulin variable region segment
comprising a CDR1, a CDR2 and a CDR3 from a light chain sequence of Table 3, Table 44, Table
4B, FIGS, 3A-3B, FIGS. 6A-68, or F1G. 7 (or CDRs that, individually or collectively, differ

therefrom by nomore than, 1, 2. 3,4, or 3, e g, 1 or 2 anuino acids, e.g., conservative amino acids).
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It an embodiment, the antibody molecule comprises one or both of: CDRs from a heavy
chain of Table 3 and the light chain CDRs from the corresponding light chain from Table 3. To an
embodiment, the antibody molecule comprises one or both of: CDRs from a heavy chain of Table 4A
and the Hght chain CDRs from the comresponding light chain from Table 4A. Tn an embodiment, the
antibody molecule comprises one or both of ! CDRs from a heavy chain of Table 4B and the light
chain CDRs from the corresponding Hght chain from Table 4B.

In an embodiment, the antibody molecule comprises one or both of: (3} a heavy chain
immunoglobulin variable region segment comprising a CDR1, a CDR2; and a CDR3 from a heavy
chain sequence of ¥iG. 2, FIG. 5, oy FIG. 7; and (b) a light chain iramunogiobudin variable region
segment comprising a CDR1, a CDR2 and a CDR3 from a light chain sequence of FIGS, 3A-38,
FIiG5, 6A-6B, or FIG, 7. In an embodiment, the antibody molecule comprises: (a) a heavy chain
tnmunoglobulin variable region segment from FiG. 2 or FIG. 7; and (b) a light chain
immunoglobulin variable region segment from FIGS. 3A-3B or FI1G. 7.

In an embodiment, the heavy chain immunogiobulin variable region further comprises an
Isoleucine-Aspartate (fle-Asp} dipeptide at the N-terminus. In another embodiment, the light chain
immunoglobulin variable region further comprises an Ile-Asp dipeptide at the N-tecminus. In yet
another embodiment, both the heavy chain immunoglobulin variable region and the light chain
immenoglobulin variable region or an antibody featured in the disclosure further comprises an lle-Asp
dipeptide at the N-terminus. In other embodiment the lle-Asp dipeptide is absent from one or both the
heavy and hight chain.

In an embodiment, the antibody molecule comprises one or both of: a) one or more
framework regions (FRs) from heavy chain disclosed herein. £.g., the antibody molecude comprises
one or more or all of FR1, FR2, FR3, or FR4, or sequences that differ individually, or collectively, by
no more than 1, 2, 3, 4, of 5 amino acid residues, e.g., conservative residues, from heavy chain
disclosed herein; and b) one or more framework regions {FRs) from light chain disclosed herein. £.g.,
the antibody molecule comprises one or more or all of FR1, FRZ, FR3, or FR4, or sequences that
differ individually, or collectively, by no more than 1, 2, 3, 4, of 5 amino acid residues, e.g.,
conservative residues, from light chain disclosed herein.

It an embodiment, the antibody molecule comprises:

(a) a heavy chain immunoglobulia variable region segment comprising one or more or all of a
CDR1 comprising the sequence G-F-T-F-[S8/T}-[8/T]-Y-[A/G}-M-H (SEQ ID NO: 184),0ra
sequence that differs from SEQ 1D NO: 184 by no more than 1 or 2 residues; 3 CDR2 comprising the
sequence V-[/V/L]-S-[Y/FI-D-G-[S/NJ-[Y/NI-K/R]-Y-Y-A-D-5-V-Q-G (SEQTD NO: 2) or a
sequence that differs from SEQ 1D NO: 2 by no more than 1 or 2 residues; or a CDR3 comprising the
sequence D-[S/T]-R/K/QJ-L-R-[S/T-L-L-Y-F-BE-W-L-8-[Q/S]-G-[ Y/L/V]-[F/L]-[N/DJ-[P/Y] (SEQ
1B NO: 3}, or a sequence that differs from SEQ D NO:3 by no more than 1 or 2 residees; and
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{b) a light chain variable region segrment comprising one or more or all of a CDR1T comprising
the sequence [K/R}-S-S-Q-[S/TH VAT Y/FEWI-[IN/S/D-Y-K-N-Y-L-A (SEQ 1D NO: 185)
or a sequence that differs from SEQ 1D NO: 185 by no more than 1 or 2 residues, or comprising the
sequence [K/R}-S-5-Q-[S/T- VA T/SE-Y/EWIRN/S/DQ/REY-K-N-Y-L-A (SEQ 1D NG
186) or a sequence that differs from SEQ ID NO: 186 by no more than | or 2 residues or [K/R}-5-5-
Q-[S/T-IVAL-[T/8 - IY/FEWI-IN/S/D/E]-Y-K-K-Y-L-A (SEQ ID NO: 185) or a sequence that
differs from SEQ 1D NO: 186 by no more than 1 or 2 residues; a CDRZ comprising the sequence W-
IA/GES-TTIANY /KD R/LE-E-[S/TE (SEQ 1D NO: 5) or a sequence that differs from SEQ 1D
NG:3 by no more than | or 2 residues; or a CDR3 comprising the sequence Q-Q-{Y/H}-Y-R-T-P-P-
{T/ST(SEQ ID NQO: 6} or a sequence that differs from SEQ 1D NOG:6 by no more than 1 or 2 residues;

optionally, provided that,

if the light chain variable region segment comprises: a CDR 1 comprising the sequence K-S-
S-Q-S-V-T-Y-N-Y-K-N-Y-L-A (SEQ ID NO:83); a CDR2 comprising the sequence W-A-S-T-R-E-S
(SEQ 1D NO: 84); and a CDR3 comprising the sequence Q-Q-Y-Y-R-T-P-P-T (8EQ 1D NO: 85);

then the heavy chain variable region segment comprises one or more of the following: (&)
CDRs other than the following: a CDRI comprising the sequence S-Y-G-M-H (SEQ ID NG: 86} a
CDR?2 comprising the sequence V-1-8-Y-D-G-3-Y-K-Y-Y-A-D-§-V-Q3-G (SEQ ID NO: 87); or a
CDR3 comprising the sequence D-S-E-L-R-S-L-L-Y-F-E-W-L-S5-Q-G-Y-F-N-P (SEQ ID NO:38); or
{(b) FRs other than the following: an FR1 other than E-V-Q-L-L-E-5-G-G-G-L-V-K-P-G-(Q-5-L-K-L-
S-C-A-A-S-G-F-T-F-T (3EQ I NO: 82); an FR2 other than W-V-R-Q-P-P-G-K-G-L-E-W-V-A
(SEQ 1D NO:75); an FR3 other than R-F-T-1-8-R-D-N-S-K-N-T-L-Y-L-Q-M-N-§-L-R-A-E-D-T-A-
V-Y-Y-C-A-K (SEQ ID NO: 76); or an FR4 other than W-G-A-G-T-T-L-T-V-5-5 (SEQ ID NO: 89);
{c) a CORI where the amino residue at position 5 of SEQ ID NG: 184 isan S, the amino acid
residue at position 6 of SEQ 1D NO: 18418 a T, or the amino acid residue af position § of SEQ ID
NO: 184 is an A; (d) a CDR2 wherein the amino residue at position 2of SEQID NO: 2isaVoran L,
the amino acid at position 4 s an F, the amino acid at position 7 is an N, the amino acid at position 8§
is a Y, or the amino acid at position 9is a R; {e) a CDR3 wherein the amino residue at position 2 of
SEQID NOG:3 is a T, the amino acid residue at position 3 of SEQID NGO 3isan R, aK,ora (3, the
amino acid residue at position 6 of SEQ ID NO: 3 is a T, the amino acid residue at position 15 of SEQ
D NG: 3is an S, the amino acid residuoe at position 17 of SEQ ID NO:3 isan i, ora 'V, the amino
acid residue at position 18 of SEQ ID NO:3 is an L, the amino acid residue at position 19 of SEQ ID
N©:3 1s a D, or the amino acid residue at position 20 of SEQID NCG:3isa ¥V, (f) an FR1 wherein the
amino residue at position 11 of SEQ ID NO: 7 is a (, or the amino acid residue at position 7 of SEQ
D NG: 7isaT; (g an FR4 wherein the amino residue at position 3 of SEQ ID NO:10is a , the
amino acid residue at position 3 of SEQ ID NOG: 10 is an A; the arnino acid residue at position & of
SEQ D NO: 10 is an M, or the amino acid residue at position 7 of SEQ IDNO:10isa Vi or(h) it

produces fewer escape motants than does a reference anti-HA antibody molecule, e.g., Ab 67-11, Fl6,
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FI28, 179, F10, CRO1 14, or CRO26L, . g., when tested by a method disclosed herein, and also
provided that, if the heavy chain tmmunoglobulin variable region segment comprises: a CDR1
comprising the sequence S-Y-G-M-H (SEQ ID NO: 86); a CDR2 comprising the sequence V-I-5-Y-
D-G-5-Y-K-Y-Y-A-D-5-V-3-G (SEQ 1D} NO:87); and a CDR3 comprising the sequence D-S-E-L-R-
S-L-L-Y-F-E-W-L-5-Q-G-Y-F-N-P (SEQ ID NO: 88), then the light chain variable region segment
comprises one of more of the following: (a) CDRs other than the following: CDR1
KSSQSVTYNYKNYLA (SEQ ID NO: 8§3); CDR2 WASTRES (SEQ ID NO:84); or CDR3
QOYYRTPPT (SEQ ID NO: 85); (b) FRs other than the following: FRI comprising the sequence
EIVMTOSPDSLAVSLGERATING (SEQ ID NG: 906); FR2 comprising the sequence
WYQQKPGOQPPKLLIY (SEQ ID NG: 91y, FR3 comprising the sequence
GVPDRESGSGSGTDFTILTISSLOAEDVAVYYC (SEQ ID NOG: 92); or FR4 comprising the
sequence FGGGTRKLDIK (SEQ 1D NO: 93); (¢) a CDR1 wherein the amino residue at position 1 of
SEQTD NO: 185 is an R, the amino residue at position 5 of SEQ ID NO:4 is a T, the amino residoe at
position 6 of SEQ D NO:4 is an L or an [, the amino residue at position 7 of SEQ D NO: 185isan §,
the amino residue at position 8 of SEQ D NO: 185 is an F or a W, or the amino residue at position 9
of SEQIDNO: i85 isanSora D, (d) a CDR2 wherein the amino residae at position 2 of SEQ D
NO: 5is a G, the amino residue at position 4 of SEQIDNO: Sisan A, a Y. an H, a K, oraD, the
amino residue at position 5 of SEQ ID NO: 5 is an L, the amino residue at position 7 of SEQ D NO:
SisaT; () a CDR3 wherein the amino residue at position 3 of SEQ 1D NO: 6 is an H; the amino
acid residue at position 9 of SEQ ID NO: 615 an S; () an FRI wherein the amino residue at position
1 of SEQ ID NO: 11 is a D; the aniino residue at position 3 of SEQ ID NO: 11 is a Q, the amino
residue at position 9 of SEQ 1D NO: 11 is an S, the anino residue at position 10 of SEQ ID NO: 11 is
a'T, the amino residue at position 11 of SEQ ID NO: 1118 a V, the amino residue at position 12 of
SEQ D NO:11 is an 8, the amino residue at position 13 of SEQ 1D NO: 11 is an A, the amino residue
at position 14 of SEQ ID NO:11 is a T, the amino residue at position 153 of SEQID NG:1iisa Vor
an R, the amino residue at position 17 of SEQ 1D NO: 11 is a D, the amino residue at position 20 of
SEQTD NO:11 is an 8, the amino residue at position 22 of SEQIDNO: 11 isaT,aQ,aD, oran R;
{g) an FR2 wherein the amino residue at position 8 of SEQ ID NO:12 is a K or the amino residue at
position 9 of SEQ ID NO: 12 is an A; (h) an FR3 wherein the amino residue at position 4 of SEQ ID
NG: 13 is an E or an 5; the amino residue at position 24 of SEQ TD NG: 13 is a P, the amino residue
at position 27 of SEQ ID NO: 13 s an F, a K, or a D, the amino residue at position 29 of SEQ ID NO:
13 isa T; (1) an FR4 wherein the amino residue at position 3 of SEQIDNO:14isaQ,aT,an 5, or an
N, the amino residue at position 7 of SEQ ID NO:14 is a V, or the amino residue at position 8 of SEQ
D NG:14 is an E; or (§) it produces fewer escape mutants than does a reference anti-HA antibody
molecule, e.g., Ab 67-11, FI6, FI28, C179, F10, CR2114, or CR6261, e.g., when tested by a method
disclosed herein; and further provided that if the light chain variable region segment comprises: a

CDR 1 coraprising the sequence K-5-5-3-5-V-T-F-N-Y-K-N-Y-L-A (SEQ 1D} NO: 146}, a CDR2
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comprising the sequence W-A-5-A-R-E-5 (SEQ 1D NO: 147); and a CDR3 comprising the sequence
Q-Q-H-Y-R-T-P-P-T (SEQ 1D NO: 148); then the heavy chain variable region segment comprises one
or more of the following: CDRs other than the CDR’s described at ¥FI(. 4; or FRs other than the FRs
described at FIG. 4.

In an embodiment, the heavy chain CDR sequences, collectively, differ from the recited
sequences by no more than 5, 4, 3, 2 or | amino acid residuees; and the light chain CDR sequences,
collectively, differ from the recited sequences by no more than 5, 4, 3, 2 or 1 amino acid residues.

I an embodiment, the antibody molecule comprises:

(a) a heavy chain (HC) immwunoglobulin variable region segrmeat comprising:

an HC CDRI comprising the sequence S-Y-A-M-H (SEQ ID NO:68), or a sequence
that differs therefrom at the 3* position (A to G substitution);

an HC CDRZ coraprising the sequence V-V-5-Y-D-G-N-Y-K-Y-Y-A-D-5-V-(3-G
{SEQ ID NO:69) or a sequence that differs therefrom at the 2™ position (V to [ substitution), the 7"
residue (N to S substitution), the g position (Y to N substitution), or a combination thereof;

an HC CDR3 comprising the sequence D-S-R-L-R-5-L-L-Y-F-E-W-L-S-Q-G-Y-F-
N-P (SEQ 1D NO:70), or a sequence that differs therefrom at the 2™ sasition (S to T substitution), the
3™ position (R to K substitution), the 15” position (Q to § substitution), the 17 position (Y to L

h position (F to L substitution), the 1ot position (N to D substitution), the 20"

substitution), the 18
position (P to Y substitution}, or a combination thereof; and
(b} a light chain (LC) immumnoglobulin variable region segment comprising:
an LC CDR1 comprising the sequence Q-5-1-T-F-N-Y-K-N-Y-L-A (SEQ 1D NO:71 3,

2 rd
3

or a sequence that differs therefrom at the 2" position (8 to T substitution), the 3™ position (I to V
substitution), the 3% position {(F to Y substitution), the HE position (N to S or N to D substitution), the
pon position {A to (G substitution), or a combination thereof;

an LC CDR2 comprising the sequence W-G-S-Y-L-E-S (SEQ D NG:72), 0r a
sequence that differs therefrom at the 2™ position (G to A substitution), the 4" position (Y to T
substitation), the 3® position (L to R substitution), or a combination thereof;

an LC CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-S (SEQ ID N(O:73), or a
sequenice that differs therefrom at the 3" position (H to Y substitution), the 9® position (Sto T
substitution), or both.

In an embodiment, the HC CDR1-3 and LC CDR1-3, collectively, comprise sequences that

differ by 0, 1 or 2 amino acids from SEQ 1D NOS: 68-73.

In an embodiment, the antibody molecule comprises a heavy chain immunoglobulin variable
region segment encoded by a nucleotide sequence described herein. In another embodiment, the
antibody molecule comprises a light chain immunoglobulin variable region segment encoded by a

nuclentide sequence described herein. In yet another embodiment, the antibody molecule comprises a
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heavy chain immunoglobulin variable region segment encoded by a nucleotide sequence described
herein and a light chain immunoglobulin variable region segment encoded by a nucleotide sequence
described herein.

In an embodiment, the heavy chain immunoglobulin variable region segment is expressed
from a recombinant vector, such as an expression vector, that comprises a nucleotide sequence that
encodes a heavy chain immunoglobulin variable region segment. In another embodiment, the light
chain immunoglobulin variable segment is expressed from a recombinant vector, such as an
expression vector, that comprises a nucleotide sequence that encodes & light chain immunoglobulin
variable region segment. In yet another embodiment, the heavy chain immunogiobulin vanable
region segment and light chain immunoglobulin variable region segment are expressed {rom a
recombinant vector, such as an expression vector, that comprises a aucleotide sequence that encodes a
heavy chain immunoglobulin variable region segment and a nucleotide sequence that encodes a light
chain immunoglobulin variable region segment.

In an embodiment, the nucleotide sequence encodes (a) a heavy chain immunoglobulin

sariable region segment comprising the amino acid sequence oft 8-Y-A-M-H (SEQ ID NQO: 68) in
CDRI; V-V-5-Y-D-G-N-Y-K-Y-Y-A-D-5-V-(Q-G (SEQ I NO: 69 in CDRZ; and B-5-R-L-R-S-L-
L-Y-F-E-W-L-8-Q-G-Y-F-N-P (SEQ 1D NO: 70y in CDR3; and (b) a light chain immunoglobulin
variable region segmient comprising the amino acid sequence of: Q-S-I-T-F-D-Y-K-N-Y-L-A (SEQ
D NO: 145) in CDR1; W-G-5-Y-L-E-8 (SEQ ID NO: 723 in CDRZ; and Q-Q-H-Y-R-T-P-P-§S (SEQ
D NG: 73) in CDR3S.

In an embodiment, the heavy chain immunogiobulin variable region segment is expressed
from a cell {#.g., a host cell} containing a recombinant vector described herein, such as a recombinant
vector comprising a nuckeic acid sequence that encodes a heavy chain immunoglobulin variable
region. In another embodiment, the light chain immunoglobulin variable region segment is expressed
from a cell {e.g., a host cell) containing a recombinant vector described herein, such as a recombinant
vector comprising a nucleic acid sequence that encodes a light chain immunoglobulin variable region.
In yet another emnbodiment, the cell (e.g., a host cell) contains a recombinant vector comprising a
ucleic acid sequence that encodes & heavy chain immunoglobulin variable region, and a nucleic acid
sequence that encodes a light chain immunoglobuelin variable region.

In an embodiment, the antibody molecule is made by a method comprising providing a cell
{e.g., a host cell) comprising a nuclectide sequence expressing a heavy chain variable region segment
and a nucleotide sequence expressing a light chain variable region segment, and expressing the
nucleic acids in the cell.

In an embodiment, the nucleotide sequence expressing the heavy chain variable region
segment and the nucleotide sequence expressing the light chain variable region segment are on the

same recombinant vector {¢.g., expression vector). In another embodiment, the nucleotide sequence
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expressing the heavy chain variable region segment and the nucleotide sequence expressing the hight
chain variable region segment are on separate recombinant vectors {e.g., expression vectors).

In an embodiment, the antibody molecule is present in a pharmaceutical composition
condaining a pharmaceutically acceptable carrier. In an emabodiment, the pharmaceutical composition

is present in a container as described herein.

Methods of Use

In another aspect, the disclosure features a method of treating or preventing infection with an
influenza virus (e.g., an influenza A virus, e.g., 2 Group | strain, e.g., a0 HINT strain, e.g., A/South
Carolina/1/1918, A/Puerio Rico/08/1934, or A/California/04/2009, or an HANT strain, e.g.,
Aflndonesia/5/20035 or A/Vietnany/1203/2004, or an influenza B virus, e.g., B/Wisconsia/1/201(0), in a
subject, e.g., a human subject. The method includes administering a formulation described herein,
e.g., a pharmaceutical formudation described herein, to a subject, e.g., human subject, in need thereof.

In an embodiment, the influenza A virus is an H1, HS, HO, H3 or H7 strain, such as an HINI
strain, an H3N2 strain, an H5N1 strain, or an H7NO strain of influenza A virus.

In an embodiment, the formulation is administered at dose of about 2000 mg to about 5000
mg, e.g., about 2300 mg to about 4600 mg, about 2000 mg to about 2300 mg, about 2300 mg to about
3000 mg, about 3000 mg to about 35300 mg, about 3500 g to aboat 4000 mg, aboat 4000 mg to
about 4500 mg, about 4500 to about 5000 mg, of the antibody molecule. In an embodiment, the
formulation is administered at a dose about 2300 mg or about 4600 mg, of the antibody molecale. In
an embodiment, the formulation is administered intravenously, e.g., by infusion.

In an embodiment, the administration results in, or correlates with, one or more of a reduction
in the incidence or severity of a symptom or manifestation of an influenza infection, or the delay or
onset of a symptom or manifestation of an influenza infection. In an embodiment, the adminisiration
results in, or correlates with, one or more of a reduction in the incidence or severity of a symptom or
manifestation of a secondary infection, or the delay or onset of a symptom or manifestation of a
secondary infection.

In an embodiment, the subject, e.2., a human subject, has been administered, or the method
comprises, administering, or recommending the administration of, a second or additional therapy. In
an embodiment, the antibody molecule is administered in combination with a second or additional
agent or therapy.

It an embodiment, the second or additional therapy comprises administration of a vaccine or
an anii-viral therapy, e.g., an anti-NA or an anii-M?2 therapy. In an embodiment the second or
additional therapy comiprises a administration of a vaceine, e.g., a vaccine described hereinor a
mixture (a.k.a. a cocktail) of influenza peptides 1o simulate the patient’s iramune system to prevent
infection with particualar strains of influenza A. In an embodiment the second or additional agent

comprises administering an anti-viral agent, a pain reliever, an anti-inflarmatory, an antibiotic, a
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stercidal agent, a second therapeutic antibody molecule (e.g., an anti-HA antibody), an adjuvant, a
protease or ghycosidase (e.g., sialidase). In an embodiment the second or additional agent comprises,
acyclovir, ribavirin, amantadine, remantidine, a neuraninidase inhibitor (e.g.. zanamivir (Relenza®),
oseltamivir { Tamiflu®), laninamivir, peramivir), or rimantadine.

In an embodiment the second or additional agent comprises a second antibody molecule, e.g.,
Ab 67-11 (U.S. Provisional application number 61/645,453, U.S. Application Publication No.
2013/0302348, and International Application Publication No. WO 2013/169377), Fl6 (1J.5.
Application Publication No. 2010/0080813), FI28 (1.5, Application Publication No. 2010/0080813},
C179 (Okuno et al., J. Virol 67:2552-3, 1993), F10 (Sui er al., Nat. Struct. Mol. Biol. 16:265, 2009),
CRO14 (Dreyfus er al., Science 337:1343, 2812, or CR6261 (Ekiert ef ¢l., Science 324:246, 2009).
Thus, the formulation described herein (e.g., a formulation comprising Ab (344} can be used in
combination of any of those antibodies.

In an embodiment the second or additional agent comprises a second or additional antibody

more of Ab 044, Ab 069, Ab (32, and Ab 031 can be administered. For example, Ab 044 can be

molecule, e.g., an anti-HA antibody, e.g., an anti-HA antibody disclosed herein. For example, two or

administered in combination with Ab 69 or Ab (32,

In the case of combinations, two agents can be administered as part of the same dosage unit or
administered separately. Other exemplary agents asefol for treating the symptoms associated with
influenza infection are acetaminophen, thuprofen, aspirin, and naproxen.

In an embodiment the formulation, e.g., pharmaceutical formulation, is administered to a
human subject suffering from or susceptible to an influenza infection. In an embodiment, the
formulation, e.g., pharmaceutical formulation, is admunistered prior to known exposure to influenza,
or to particudar influenza subtypes or strains. In an embodiment, the formualation, e.g., pharmaceutical
formulation, is administered prior to manifestation of effects or symptoms of influenza infection, or 1o
one or more particalar effects manifestation of effects or symptoms of influenza infection. Ta an
embodiment, the formulation, e.g., pharmaceutical formulation, is administered after known exposure
to iafluenza, or to particudar influenza subtypes or strains. In an embodiment, the formulation, e.g.,
pharmaceutical formulation, is administered after manifestation of effects or symptoms of influenza
infection, or after observation of one or more particolar effects manifestation of effects or symptoms
of influenza infection. In an embodiment, the formulation, e.¢., pharmaceutical formulation, is
administered in response (o, or {0 treat or prevent, a manifestation of an effect or a symptom of
influeaza infection, e.g., inflammation, fever, nausea, weight loss, loss of appetite, rapid breathing,
increase heart rate, high blood pressure, body aches, muscle pain, eve pain, fatigue, malaise, dry
cough, runny nose, and/or sore throat.

In an embodiment, the method further comprises, testing the subject, e.g., human subject, for
the influenza virus, e.g., with 3 method disclosed herein. In an embodiment, the administration is

responsive to a positive test for influenza.
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Int yet another aspect, the disclosure features a method of treating a subject, €. g., a human
suhject, infected with an influenza virus (e.g., an influenza A virus, e.g., a Group 1 strain, e.g., an
HINT strain, e.g.. AfSouth Carolina/1/1918, A/Puerto Rico/(08/1934, or A/Califormia/04/2009, or an
H35N1 strain, e.g., A/lndonesia/5/2005 or A/Vietnam/1203/2004, or an influenza B virus, e.g.,
B/Wisconsin/1/2010) by administering a formudation, e.g., pharmaceutical formulation, described
herein. For example, the influenza A virus 1s an H1, H5, HY, H3 or H7 strain, such as an HIN1 strain,
an H3N2 strain, an H3N1 strain, or an H7N9 strain of jnfluenza A virus.

In an embodiment, the formulation, e.g., pharmaceutical formaulation, is administered instead
of a vaccine for prevention of influenza. Tn another embodiment, the formudation, e.g.,
pharmaceutical formulation, is administered in combination with (simudfanecusly or sequentially
with) a vaccine for prevention of the influenza.

In yet another aspect, the disclosure features a method of detecting influenza (e.g., influenza
A or influenza B) virions in a biological sample, such as by contacting the sample with a formuldation,
e.g., pharmaceutical formulation, comprising an anti-HA antibody molecule described herein, and
then detecting the binding of the antibody molecule to the sample. In an embodiment, the method of
ietecting the influenza virus (e.g., influenza A or influenza B virus) is performed in vitro.

In one aspect, the disclosure features a method of (a) providing a sample from a patient; (b)
contacling the saraple with a {formudation, e.g., pharmacewtical formulation, comprising an anti-HA
antibody molecule described herein, and {(c) determining whether the antibody molecule binds a
polypeptide in the saraple, where if the antibody molecule binds a polypeptide in the sample, then the
patient is determined to be infected with an influenza virus {e.g., an influenza A virus, e.g., a Group 1
strain, e.g., an HINT strain, e.g., A/South Carolina/1/1918, A/Puerto Rico/03/1934, or
AfCalifornia/}4/2009, or an HSNI strain, ¢ g., Afladonesia/5/2005 or AfVietnara/1203/2004, or an
influenza B virus, e.g., B/Wisconsin/1/2010). In an embodiment, the patient is determined to be
infected with an iafluenza vicus {e.g., an influenza A vires, e.g., a Group 1 strain, e.g., an HIN1
strain, e.g., A/South Carolina/1/1918, A/Puerto Rico/(}8/1934, or A/California/04/2009, or an H3N1
strain, e.g., A/lndonesia/5/20035 or A/Vietnam/1203/2004, or an influenza B virus, e.g.,
BiWisconsin/1/2010), and the patient is further administered a formulation or an antibody molecule,
disclosed herein, with which the test was performed.

Unless otherwise defined, all technical and scieniific terms used herein have the same
meaning as commonly understood by one of ordinary skil in the art to which this invention belongs.
Although methods and materials stmilar or equivalent to those described herein can be used in the
practice or testing of the invention, suitable methods and materials are described below. All
publications, patent applications, patents, and other references mentioned herein are incorporated by
reference in their entirety. In case of conflict, the preseni specification, including definitions, will
control. In addition, the materials, methods, and examples are illustrative only and not intended to be

limiting.
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The details of one or more embodiments featured in the disclosure are set forth in the
accompanying drawings and the description below. Other features, objects, and advaniages featured

in the disclosure will be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

KFIG. 11s the heavy and light chain amino acid sequences (SEQ 1D NOs:94 and 95,
respectively) of the anti-HA antibody A18. The constant domain sequence is indicated by italics.
The CDRs are indicated by underlining.

FIG. 2 is the variable heavy chain domain sequence of exemplary anti-HA antibodies. The
SEQ D NOs for sequences shown are as follows: VHI15 is SEQ D NQO: 13; VHI6 is SEQ D NO:
16; VH17 is SEQ ID NO: 17, VHI8 is SEQ ID NO: 18; VHI9 s SEQ ID NO: 19; VH21 s SEQ 1D
NO: 215 VH22 is SEQ 1D NO: 22; VH20 is SEQ D NO: 20; VH23 is SEQ [D NG: 23; VH24 is SEQ
D NG: 24; VH25 is SEQ ID NG: 25, VH26 is SEQ 1D NO: 26; VH27 is SEQ ID NO: 27; and
VHIi61 is SEQID NO: 161.

FIGS, 3A-3B depict the variable Hght chain domain sequence of exeraplary anti-HA
antibodies. The SEQ 1D NOs for sequences shown are as follows: VL28 is SEQ ID NG: 28; Vi.29
is SEQ ID NO: 29; VL30 is SEQ ID NO: 30; VL35 is SEQ ID NG: 35; VL31 1s SEQ ID NO: 31;
V132 SEQ 1D NO: 32, VE334s SEQ ID NO: 33; V034-1D is SEQ ID NO: 34; VE36 s SEQ ID
NO: 36; VLA4S is SEQ ID NO: 45; VLA6 is SEQ 1D NO: 46; VL37 is SEQ ID NO: 37; VL38 is SEQ
D NG: 38; VL391s SEQ D NO: 39, VLA40 s SEQ D NO: 40; V04T is SEQ ID NG: 41; VIA2 is
SEQID NO: 42; VLA43 is SEQ 1D NO: 43; VL44 is SEQ ID NO: 44; VLA47 is SEQ 1D NQ: 47, VL43
is SEQ [D NQO: 48; V149 1s SEQ ID NO: 49; VL30 is SEQ ID NO: 50; VL51 is SEQ ID NO: 51;
V152 is SEQ ID NO: 52; VES3 15 SEQ ID NO: 53; VL34 is SEQ 1D NO: 534; VLS55 is SEQ ID NO:
55; VL36is SEQ ID NO: 36; VL57 is SEQ ID NO: 57; VL58 is SEQ ID NO: 538; VL39 is SEQ ID
NG: 59; VEA0 is SEQ ID NO: 60; VLAT is SEQ ID NG: 61, VLIS3 is SEQ ID NG: 153, VL1534 is
SEQ ID NO: 154; VL1355 is SEQ ID NO: 155; VL1356 1s SEQ 1D NO: 156; and VL62 1s SEQ 1D NO:
62.

F1G, 4 shows the amino acid sequences of the heavy chain variable regions of FI6 (SEQ 1D
NG: 173y, FI370 (SEQ D NO: 176), FI6 variant 1 (SEQ ID NG: 177), FI6 varani 3 (SEQ ID NO:
178), FI6/370 (SEQ 1D NO: 179) and the amino acid sequence of kappa light chain variable region of
FI6 (SEQ ID NG: 180).

FIG. 5 is the variable heavy chain domain sequence of exenplary anti-HA antibodies as
shown in FIG. 2 and including an N-terminal ID dipeptide. The SEQ 1D NOs. for sequences shown
are as follows: VHIS-ID is SEQ 1D NO: 96; VHI16-1D is SEQ ID NG: 97, VHI7-1D 1s SEQ [D NG:
98; VH1I8-ID is SEQ ID NO: 99; VH19-ID is SEQ [D NO: 100; VH21-ID is SEQ D NO: 101;
VH22-1D is SEQ ID NG: 102, VH20-ID is SEQ 1D NG: 163; VH23-ID is SEQ 1D NG: 104, VH24-
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ID is SEQ ID NO: 105; VH25-1D is SEQ ID NO: 106; VH26-ID is SEQ ID NG: 107, VH27-ID is
SEQID NO: 108; and VHI6T-ID is SEQ 1D NO: 109,

FIGS, 6A-6B depict the variable light chain domain sequence of exemplary anti-HA
antibodies as shown in FIGS. 3A-3B and including an N-termoinal 1D dipeptide. The SEQ 1D NQOs for
sequences shown are as follows: VLZ28-1D is SEQ ID NO: 110; VL28-1D s SEQ I NO: 111 VE30-
[Dis SEQ ID NG: 112; VL35-ID is SEQ ID NO: 113; VL31-1D 1s SEQ ID NO: 114; VL32-1D s
SEQID NO: 115, VL33-ID s SEQ ID NO: 116; VL34-1D is SEQ ID NO: 117, VL36-1D is SEQ 1D
NO: 118; VLAS-ID is SEQ ID NO: 119; VL46-1D is SEQ 1D NO: 120; VL37-1D 1s SEQ ID NO: 121,
VL33 is SEQ ID NO: 122, VL39-ID1s SEQ D NO: 123, VI4G-ID s SEQ ID NO: 124; VI41-ID
is SEQ D NO: 125; VLAZ-ID is SEQ ID NO: 126; VL43-1D is SEQ ID NO: 127; VL44-1D is SEQ
1D NG: 128, VLIAT-ID is SEQ ID NG 129, VLAE-ID 1s SEQ 1D NO: 136, VE49-1D is SEQ ID NO:
131; VLA0-1D is SEQ 1D NO: 132; VLS1-1D is SEQ TD NO: 133; VL52-ID is SEQ ID NO: 134
VL5310 is SEQ ID NO: 135; VL34-1D 1s SEQ 1D NO: 136; VLS5-1D is SEQ 1D NO: 137; VL36-1D
is SEQ ID NO: 138, VL57-1D is SEQ 1D NO: 139; VL38-1D is SEQ ID NO: 140; VL59-1D is SEQ
D NO: 141; VL60O-ID is SEQ ID NO: 142; VL61-1D is SEQ ID NO: 143; VL153-1D is SEQ ID NO:
157, VLI154-10 45 SEQ 1D NOG: 158, VLIS3-1D s SEQ ID NO: 159; VLI56-1D s SEQ ID NO: 161
and VL62-1D is SEQ ID NO: 144.

FIG. 7 shows the variable light and heavy chain sequences of additional exemplary anti-HA
antibodies. The SEQ 1D NOs for sequences shown are as follows: VL1635 is SEQ D NO: 165;
VL0166 is SEQ [D NG: 166; VL167 is SEQ ID NO: 167; VL1685 1s SEQ ID NG: 168; VL169 is SEQ
D NG: 169; VHI64 is SEQ ID NO: 164; VHI62Z is SEQ 1D NO: 162; VHI63 1s SEQ D NO: 163,

FIGS. 8A-8G show the DSC profile for all of the 14 formulation samples tested in Example

FiG., 9 depicts representative reduced CE-SDS electropherogram (Forraulation #1, 45°C,
Zwks).

FIG. 10 depicts representative non-reduced CE-SDS electropherogram (Formulation #1,
43°C, 2wks).

FiG, 11 depicts representative SEC chromatogram (Forraulation #1, 45°C, 2wks).

FIG. 12 depicts a representative [EF gel image.

DETAILED DESCRIPTION
The disclosure is based, at least in part, on the design and synthesis of antibody molecules
that can bind an epitope that is conserved across multiple hemagglutinin subtypes of influenza viruses
{e.g., influenza A and influenza B viruses). For exaraple, formudations {e.g., pharmaceutical
formulations) comprising the antibody molecules described herein are useful as broad spectrum
therapy against disease caused by at least one influenza A sirain belonging to Group 1 and one

influenza A strain belonging to Group 2 to neutralize infectivity of viruses belonging to both Group 1
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and Group 2 (at least one subtype of each). Without wishing to be bound by theory, it is belived that
the formulations (e. ., pharmaceutical formulations) described herein are suitable for use in treating or
preventing influenza viruses, at least in part, because the formulations {e.g.. pharmaceutical
formulations) have one or more desired properties such as improved stahility (e.g., low degradation
and/or aggregation) and maintained potency (e.g., HA binding).

The antibody molecules were designed by a rational structure-based approach to target a
region on the virus that is not fully accessible to the human immune system and, therefore, not
amenable to antibody selection through more classical screening approaches. This rational-based
approach to the design and development of broad-spectrum antibody molecules allows for the
development of more efficacious vaccines for pandemic and seasonal influenza. This approach also
allows for the advance preparation of pandenic vaccines so that they are ready to be employed
against specific virus subtypes {e.g., avian virus subtypes) that may mutate to become human-adapted
and highly transmissible. Vaccines (e.g., seasonal vaccines) that wilize the approach described herein
can generale a more potent immune response without the use of adjuvants and provide broad

protection against viral strain variation.

Definitions

As vsed herein, the term “antibody molecule” refers (o a polypeptide that comprises sefficient
sequence from an immunoglobulin heavy chain variable region and/or sufficient sequence from an
immunoglobulin light chain variable region, to provide antigen specific binding. { comprises full
fength antibodies as well as fragments thereof, e.g., Fab fragments, that support antigen binding.
Typically an antibody molecule will comprise heavy chain CDR1, CDR2, and CDR3 and light chain
CDR1, CDR2, and CDR3 sequence. Antibody molecules include human, humanized, CDR-grafted
aniibodies and antigen binding fragments thereof. In an embodiment, an antibody molecule
comprises a protein that comprises at least one tmmunoglobulin variable region segment, e.g., an
amino acid sequence that provides an immunoglobulin variable domain or immunoglobulin variable
domaain sequence.

The VH or VL chain of the antibody molecule can further include all or part of a heavy or
light chain constant region, {o thereby form a heavy or light immunoglobulin chain, respectively. In
an embodiment, the antibody molecule is a tetramer of two heavy immunoglobulin chains and two
fight immunoglobulin chains.

Axn antibody molecuole can comprise one or both of a heavy (or light) chain immunoglobalin
variable region segment. As used herein, the term “heavy (or light} chain immunoglobulin variable
region segment,” refers 10 an entire heavy {or light) chain immunoglobulin variable region, or a
fragment thereof, that is capable of binding antigen. The ability of a heavy or light chain segment to
bind antigen is measured with the segment paired with a light or heavy chain, respectively. In some

embodiment, a heavy or light chain segment that is less than a full fength variable region will, when
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paired with the appropriate chain, bind with an affinity that is at least 20, 30, 40, 50, 60, 70, 80, 90, or
95% of what is seen when the full length chain is paired with a light chain or heavy chain,
respectively.

Apn immunoglobulin variable region segment may differ frorm a reference or consensus
sequence. As used herein, to “differ,” means that a residue in the reference sequence or consensus
sequence is replaced with either a different residue or an absent or inserted residue.

An antibody molecule can comprise a heavy (H) chain variable region (abbreviated herein as
VH;, and a light (L) chain variable region (abbreviated herein as VL). In another example, an
antibody comprises two heavy (H) chain variable regions and two hight (1) chain variable regions or
antibody binding fragments thereof. The light chains of the immunoglobulin may be of types kappa
or fambda. In an embodimeat, the antibody molecule is glycosylated. An antibody molecule can be
functional for antibody dependent cyiotoxicity and/or complement-mediated cytotoxicity, or may be
non-functional for one or both of these activities. An antibody molecule can be an intact antibody or
an antigen-binding fragment thereof.

Antibody molecules include “antigen-binding fragments” of a full length antibody, ¢.g., one
or more fragments of a full-length aatibody that retain the ability to specifically bind to an HA target
of interest. Examples of binding fragments encompassed within the term “antigen-binding fragment”
of a full length antibody include (i) a Fab fragment, a monovalent fragment consisting of the VL, VH,
CL and CH1 domains; (i) a F(ab'y or F{ab'"}); fragment, a hivalent fragment including two Fab
fragments linked by a disulfide bridge at the hinge region; (iii) an Fd fragment consisting of the VH
and CHI domains; (iv) an Fv fragment consisting of the VL and VH domains of a single arm of an
antibody, (v} a dAb fragment (Ward e7 2f., (1988) Nature 341:544-546), which consists of a VH
domain; and {vi) an isolated complerentarity determining region {CDR) that retains functionality.
Furthermore, although the two domains of the Fv fragment, VL and VH, are coded for by separate
genes, they can be joined, using recombinant methods, by a synthetic linker that enables them to be
made as a single protein chain in which the VL and VH regions pair to form monovalent molecules
known as single chain Fv (scFv). See e.g., Bivd er al. {1988) Science 242:423-426; and Huston ef al.
(1988) Proc. Natl. Acad. Sci. USA 85:5879-5883. Antibody molecules include diabodies.

As used herein, an antibody refers to a polypeptide, e.g., a tetrameric or single chain
polypeptide, comprising the structural and functional characteristics, particularly the antigen binding
characteristics, of an immunoglobulin. Typically, a human antibody comprises two identical Hight
chains and two identical heavy chains. Each chain comprises a variable region.

The variable heavy (VH) and variable light (VL) regions can be further subdivided into
regions of hypervariabibity, termed “complementarity determining regions” (“CDR”), interspersed
with regions that are more conserved, termed “framework regions” (FR). Human antibodies have
three VH CDRs and three VL CDRs, separated by framework regions FR1-FR4. The extent of the

FRs and CDRs has been precisely defined (see, Kabat, E.A., er al (1991) Sequences of Proteins of

o
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Immunological Interest, Fifth Edition, U.S. Departrent of Health and Homan Services, NIH
Publication No. 91-3242; and Chothia, C. et al. (1987) J. Mol. Biol. 196:901-917). Kabat definitions
are used herein. Each VH and VL is typically composed of three CDRs and four FRs, arranged from
amino-termiaus to carboxyi-termings in the following order: FR1, CDRI, FR2, CDR2, FR3, CDR3,
FR4.

The heavy and light immunoglobulin chains can be connected by disulfide bonds. The heavy
chain constant region typically comprises three constant domains, CH1, CHZ and CH3. The light
chain constant region typically comprises a CL domain. The variable region of the heavy and light
chains contains a binding domain that interacts with an antigen. The constant regions of the
anfibodies typically mediate the binding of the antibody to host tissues or factors, including various
cells of the imnwine system {e.g., effector celis) and the first component (Clg) of the classical
complement syster.

The term “immunoglobulin” comprises various broad classes of polypeptides that can be
distinguished biochemically. Those skilled in the art will appreciate that heavy chains are classified
as gamima, mu, alpha, delta, or epsilon (v, i, o, 8, &) with some subclasses among them (e.g., y1- v4).
It is the nature of this chain that determines the “class” of the antibody as 1gG, IgM, IgA Igh, or IgE,
respectively. The immunogiobulin subclasses (isotypes) e.g., 1gG1, 1gG2, 1gG3, IgG4, [gAl, etc. are
well characterized and are known to confer functional specialization. Modified versions of each of
these classes and isotypes are readily discernable to the skilled artisan in view of the instant disclosure
and, accordingly, are within the scope of the instant disclosure. All immunoglobulin classes are
clearly within the scope of the present disclosure. Light chains are classified as either kappa or
{ambda (¥, &). Each heavy chain class may be bound with either a kappa or lambda light chain.

Suitable antibodies include, but are not limited to, monoclonal, monospecific, polycional,
polyspecific, human antibodies, primatized antibodies, chimeric antibodies, bi-specific antibodies,
humanized antibodies, conjugated antibodies (e.g., antibodies conjugaied or fused to other proteins,
radiolabels, or cytotoxins), Small Modular ImmunoPharmaceuticals (“SMH’STM”), single chain
antibodies, cameloid antibodies, and antibody fragments.

In an embodiment, an aniibody is a humanized antibody. A humanized antibody refers to an
immenoglobulin comprising a human framework region and one or more CDR's from a non-homan,
e.g., mouse of rat, immunoglobudin. The immunoglobulin providing the CDR's is often referred to as
the “donor” and the human immunoglobulin providing the framework often called the “acceptor,
though in an embodiment, no source or no process lirmitation is implied. Typically a humanized
antibody comprises a humanized light chain and a humanized heavy chain immunoglobulin.

An “immunoglobulin domain” refers to a domain from the variable or constant domain of

immunoglobulin molecules. Immunoglobulin domains typicaily contain two B-sheets formed of

(%]
(49



(¥

16

5
<

WO 2017/147248 PCT/US2017/019053

about seven B-strands, and a conserved disulfide bond {see e.g., A. F. Williams and A. N. Barclay
(1988) Ann. Rey. Immunol. 6:381-403).

As used herein, an “immunoglobulin variable domain sequence” refers 1o an amino acid
sequence that can form the strocture of an immunoglobulin variable domain. For example, the
sequence may include all or part of the amino acid sequence of a naturally-occurring variable domain.
For example, the sequence may oniit one, two or more N- or C-terminal amino acids, internal amino
acids, may include one or maore inseriions or additional terminal amino acids, or may include other
alterations. In an embodiment, a polypeptide that comiprises an immunoglobulin variable domain
sequence can associate with another immunoglobulin variable domain sequence to form a target
binding structure {(or “antigen binding site™), e.g., a structure that interacts with the target antigen.

As used herein, the term antibodies comprises intact monoclonal antibodies, polyclonal
antibodies, single domain antibodies {e.g., shark single domain antibodies (¢.g., IgNAR or fragments
thereof)}, multispecific antibodies (e g.. bi-specific antibodies) formed {rom at least two intact
antibodies, and antibody fragments so long as they exhibit the desired biological activily. Antibodies
for use herein may be of any type (e.g.. 1gA, I1gD, IgE, 1gG, or IgM).

The aatibody or antibody molecule can be derived from a mammal, e.g., arodent, e.g,, a
mouse or rat, horse, pig, or goat. In an embodiment,, an antibody or antibody molecule is produced
using a recombinant cell. In some embodiments an antibody or antibody molecule is a chimeric
antibody, for example, from mouse, rat, horse, pig, or other species, bearing human constant and/or

-ariable regions domains.

A binding agent, as used herein, is an agent that bind, e.g., specifically binds, a target antigen,
e.g., HA. Binding agents of the invention share sufficient siructural relationship with anti-HA
artibody molecules disclosed herein to support specific binding to HA, and in an embodiment, other
functional properties of an anti-HA antibody molecule disclosed herein. In an embodiment, a binding
agent will exhibit a binding affinity at of at least 10, 20, 30, 40, 50, 60, 70, 80, or 90 % of an antibody
molecule disclosed herein, e.g., an antibody molecule with which it shares, significant structural
homology, e.g., CDR sequences. Binding agents can be naturally occurring, e.g., as are some
antibodies, or synthetic. In an embodiment a binding agends is a polypeptide, e.g., an antibody
molecule, e.g., an antibody. While some binding agents are antibody molecules, other molecules,
e.g., other polypeptides, can also function as binding agents. Polypeptide binding agents can be
monomeric or multimeric, e.g., dimeric, frimeric, or tetrameric and can be stabilized by intra- or
interchain bonds, e.g., disolfide bonds. They can contain natural or non-naturally cccurring amino
acid residoes. In an embodiment, binding agents are antibody molecules, or other polypeptides, that
present one or more CDRs of antibody molecules disclosed herein or that otherwise mimic the
structure of an antihody molecule disclosed herein. Binding agents can also comprise apiomers,
nucleic acids or other molecular entities. A binding agent can be developed in a variety of ways, 2.g.,

by immunization, by rational design, screening of random structures, or a combination of those or
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other approaches. Typically a binding agent will act by making contact with substantially the same
eptiope as an antibody maolecule disclosed herein, e.g., an antibody molecule with which i shares,
significant structural homology, e.g., CDR sequences. A binding agent can interact with amino acids,
saccharides, or combinations thereof. Polypeptides other than antibodies can be used as a scaffold io
present sequence, ¢.g., one or more, or a complete set of heavy chain and/or light chain CDRs,
disclosed herein. Exemplary scaffolds include adnectin, zinc finger DNA-binding proteins. protein A,
{ipoclins, ankryin consensus repeat domain, thioredoxin, anticalins, centyrin, avimer domains,
ubigquitin, peptidomimetics, stapled peptides, cystine-knot miniproteins, and IgNARs. In some
embodiments, a binding agent is or comprises a nucleic acid, e.g., DNA, RNA or mixtures thereof. In
an embodiment, a binding agent, #.g., & nucleic acid, shows secondary, tertiary, or quaternary
structure. In sorae embodiments a binding agent, e.g., a nucleic acid, forms a structore that miraics the
struciure of an antibody molecule disclosed herein.

A broad spectrom binding agent, e.g., antibody molecule, as used herein, binds, a plorality of
different HA molecules, and optionally neutralizes viruses comprising the different HA molecules. In
an embodiment it binds a first HA and binds a second HA from influenza A Group 1, and optionally
neutralizes viruses comprisiag the first or second HA molecules. In an embodiment, it binds a first
HA from an influenza A Group 1 virus, and binds a second HA from an influenza A Group 2 virus,
and optionally newtralizes viruses comprising the different HA mnlecudes. In an embodiment it binds
a first HA from an influenza A Group 1 or 2 virus and binds a HA from an influenza B virus, and
optionally neutralizes viruses comprising the different HA molecules. In an embodiment, it binds,
and in an embodiment neutralizes, at least two different clades or clusters of virus, e.g., from different
Groups. In an embodiment, it binds, and in an embodiment nevtralizes, all or substantially all strains
of Group 1 and/or Group 2 disclosed herein. In an embodiment, a binding agent, e.g., antibody
molecule, binds, and in an embodiment, neutralizes: ai least one strain from the Group 1 Hi, e.g., Hla
or Hib, cluster and at least one strain from the Groap 2 H3 or H7 cluster. In an erobodiment, a
binding agent, e.g., antibody molecule, binds, and in an embodiment, neutralizes: at least one strain
from the Group 1 Hi, e.g., Hla or Hib, cluster and at least one influenza B strain. Tn an embodiment,
a binding agent, e.g., antibody molecule, binds, and in an embodiment, neutralizes: at least one strain
from the Group 2 H3 or H7 cluster and at least one influenza B strain. In an embodiment, a binding
agent, e.g., antibndy molecule, binds, and in an embodiment, neuiralizes: at least one strain from the
Group 1 Hl, e.g., Hla or Hib, cluster, at least one strain from the Group 2 H3 or H7 cluster, and at
ieast one influenza B strain, In some embodiments, binding agend, e.g., antibody molecule, binds, and
optionally neutralizes or mediate infection of particular hosts, 2.g., avian, camel, canine, cat, civet,
equine, human, mouse, swine, tiger, or other mammal or bird.

The term “combination therapy”, as used herein, refers to administration of a plurality of
agents, ¢.g., wherein at least one binding agent, ¢ g., antibody molecule, disclosed herein is

administered to a subject, e.g., a human subject. The introduction of the agents into the subject can be

[$4]
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at different times. In an embodiment, the agents are administered in overlapping regimens, or such
that the subject is simultaneocusly exposed to both agenis, or such that the response of the subject is
better than would be seen with either agent administered alone.

As used herein, an “escape mutant” 15 a mutated influenza strain that is resistant to
neutralization by an anti-HA antibody molecide described herein. In an embodiment, an escape
mutant is resistant to neutralization with a binding agent, e.g.. antibody molecule, but its parent strain
is neutralized by the binding agent, e.g., antibody molecule.

As psed herein, "pandemic influenza” refers to a new viral strain that arises due to human
adaptation of an influenza strain by mutation or by emergence of a strain by reassortiment of different
strains of influenza A. The resulting pandemic strain is significandy different from previous strains
and rost people will have little or no pre-existing immunity. Symptoms and complications may be
more severe and more frequent than those typical of seasonal influenza. Examples of past pandemic
flo virases include, e.g., the 2009 HINT ‘swine flu,” the 1957-58 H2N2 *Asian fiv” and the 1968
H3NZ influenza strains.

The terms "purified” and "isolated” as used herein in the context of an antibody miolecule,
e.g.. a antibody, a imownogen, or generally a polypeptide, obtained from a natural source, refers o a
molecule which is substantially free of contaminating materials from the natural source, e.g., celiular
materials from the natural source, e.g., cell debris, membranes, organelles, the bulk of the nucleic
acids, or proteins, present in cells. Thus, a polypeptide, e.g., an antibody molecule, that is isolated
includes preparations of a polypeptide having less than about 30%, 20%, 10%, 5%, 2%, ot 1% (by dry
weight) of celiular materials and/or contaminating materials. The terms "purified” and "isolated”
when used in the context of a chemically synthesized species, e.g., an antibody molecule, or
iramunogesn, refers to the species which is substantially free of chemical precursors or other chemicals
which are involved in the syntheses of the molecule.

A preparation of binding agents, e.g., antibody molecules, as used herein, comprises a
plurality of molecules of a binding agent, e.g., antibhody molecule, described herein. Inan
embodiment, that binding agent, e.g., antibody molecule, makes vp at least 60, 70, 80, 90, 95, 98, 99,
99.5 or 99.9 %, of the preparation, or of the active ingredients of the preparation, by weight or
number. [n an embodiment, that binding agent is an antibody molecule which makes up at least 60,
70, 80, 90, 95, 98, 99, 99.5 or 99.9 %, of the preparation, or of the active ingredients, or polypeptide
ingredients, or antibody molecudes, of the preparation, by weight or number. In an embodiment, the
binding agent is an antibody molecule and the preparation contains 0o more than 30, 20, 10,5, 2, 1, or
0.5%, by weight or number, of a contaminant, e.g., a reactant, solvent, precursor or other species,
from the source, or used in the preparation, of the antibody molecule, e.g., a species from a cell,

reaction mixiure, or other system used to produce the antibody molecule.



(941

i5

WO 2017/147248 PCT/US2017/019053

As vsed herein, the term “prevent infection” means that a subject {e.g., a homany is less likely
to be infected by influenza if the subject receives the antibody prior to (e.g., | day, 2 days, | week, 2

weeks, 3 weeks, or 1 month of more) before being exposed to influenza.

As used herein,

i

asonal infloenza” is a strain that is identical or closely related to strains

that have been circulating in the human population in recent years and therefore most people are at
least partially immnne to it. Such a strain is not Hkely to cause severe disease. Symptoms can inchude
fever, cough, runny nose, and muscle pain, and in rare cases, death can result from complications,
such as pneumonia. Outbreaks follow predictable seasonal patterns, annually, and vsually in fall and
winter and in teraperate climates. Infection due to seasonal influenza is commonly referred (o as the
flu.

As used herein, specific binding, means that a binding agent, ¢.g., an antibody molecule,
binds its antigen with a Kp of equal to or less than 107 nM.  In an embodiment, the antibody binds
it’s antigen with a Ky, of equal to or less than 1{}'6, 10'7, 10'3, 107, 10'10, 10““, or 1072 nM.

As used herein, the term “therapeutically effective amount” refers to an amount of a
therapeutic agent, 2.g., a binding agent, e.g., an antihody molecude, which resulis in a positive
ouicome for the subject. In an embodiment, it can be statistically correlated with therapeutic effect or
benefit, e.g., the lessening or prevention of a manifestation of an effect or a symptom, when
admnistered to a population of subjects. In an embodiment, it is an amount that also provides a
preselected, or reasonable, benefit/risk ratio. In an embodiment, it is an amount effective to reduce
the incidence and/or severity of and/or to delay onset of one or more features, symptoms, or
characteristics of a disease, disorder, or condition. A therapeutically effective amount is can be
administered in a dosing regimen that may comprise one or multiple unit doses.

As used herein, the term “treat infection” means that a subject {e.g., a human) who has been
infected with an influenza and experiences symptoms of the influenza (e.¢., the flu), will In an
embodiment, suffer less severe symptoms and/or will recover faster when the antibody molecule is
administered than if the antibody is never administered. In an embodiment, when an infection is
treated, an assay to detect virus in the subject will detect less virus after effective treatment for the
infection. For example, a diagnostic assay using an antibody molecule, such as an antibody molecule
described herein, will detect less or no virus in a biological sample of a patient after administration of
an antibody molecule for the effective reatment of the viral infection. Other assays, such as PCR
(e.g., qPCR) can also be used to monitor treatment in a patient, to detect the presence, e.g., decreased
presence {or absence) after treatment of viral infection in the patient. Treatment can, e.g., partiaily or
completely alleviate, ameliorate, relive, inhibit, reduce the severity of, and/or reduces incidence and
optionally, delay onset of, one or more manifestations of the effects or syrptorns, features, and/or
causes of a particular disease, disorder, and/or condition (e.g., influenza). In an embodiment,
treatment is of a subject who does not exhibit signs of the relevant disease, disorder andfor condition

andfor of a subject who exhibiis only early signs of the disease, disorder, andfor condition. In an
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embodiment, treatment 1s of a subject who exhibits one or more established signs of the relevant
disease, disorder and/or condition. In an embodiment,, treatment is of a subject diagnosed as suffering
from influenza.

Caleulations of “homology” or “sequence identity” or “identity” batween twi sequences (the
terms are used interchangeably herein) can be performed as follows. The sequences are aligned for
optimal comparison purposes (. g., gaps can be introduced in one or both of a first and a second
amino acid or nucleic acid sequence for optimal alignment and non-homologous sequences can be
disregarded for comparison purposes). The optimal alignment is determined as the best score using
the GAP program in the GCG software package with a Blossum 62 scoring matrix with a gap penalty
of 12, a gap extend penalty of 4, and a frameshift gap penalty of 5. The amino acid residues or
nucleotides at corresponding amino acid positions or nucleotide positions are then compared. When a
position in the first sequence is occupied by the same amino acid residue or nucleotide as the
corresponding position in the second sequence, then the molecules are identical at that position (as
used herein amino acid or nucleic acid “identity” is equivalent to amino acid or nucleic acid
“homology™). The percent identity between the two sequences is a function of the number of identical

positions shared by the sequences.

Formulations

The binding agents, 2.g., antibody molecules, described herein can be formulated, e.g., as
pharmacewtical compositions, such as for the treatment or prevention of influenza.

Typically, a pharmaceutical composition includes a pharmaceutically acceptable carrier. As
used herein, “pharmaceutically acceptable carrier” includes any and all solvents, dispersion media,
coatings, antihactedal and aantifungal agents, isotonic and absorption delaying agents, and the hike that
are physiologically compatible.

A “pharmaceutically acceptable salt” refers to a salt that retains the desired biological activity
of the parent compound and does not impart any undesired toxicological effects (see e.g., Berge,
SM., eral. (1977 J. Pharm. Sci. 66:1-19). Examples of such salts inclode acid addition salts and
base addition salis. Acid addition salts inciude those derived from gontoxic inorganic acids, such as
hydrochloric, nitric, phosphoric, sulfuric, hydrobromic, hydroiodic, and the like, as well as from
nontoxic organic acids such as aliphatic mono- and dicarboxylic acids, phenyl-substitated alkanoic
acids, hydroxy alkanoic acids, aromatic acids, aliphatic and aromatic suffonic acids and the like. Base
addition salts include those derived from alkaline earth metals, such as sodium, potassivm,
magnesium, calcium and the like, as well as from nontoxic organic amines, such as NN
dibenzylethylenediamine, N-methyiglucamine, chloroprocaine, choline, diethanolamine,
ethylenediamine, procaine and the like.

The compositions comprising the antibody molecules described herein can be formulated

according 1o methods known in the art. Pharmaceutical formulation is a well-established art, and is
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further desertbed in Gennaro (ad.), Remington: The Science and Practice of Pharmacy, 200 ed.,
Lippincoit, Williams & Wilkins (Z000) (ISBN: (683306472); Ansel et al., Pharmaceutical Dosage
Forms and Drug Delivery Systems, 7" Ed., Lippincott Williams & Wilkins Publishers (1999} (ISBN:
0683305727); and Kibbe (ed.), Handbook of Pharmaceutical Excipients Amernican Pharmaceutical
Association, 3% ed. (2000) (ISBN: 091733096X).

Pharmaceutical compositions may be in a variety of forms. These include, for example,
figuid, semi-solid and solid dosage forms, such as liquid solutions (e.g., injeciable and infusible
solutions), dispersions or suspensions, tablets, pills, powders, liposomes and suppositories. The form
can depend on the infended mode of administration and therapeutic application. Typically,
compositions for the agents described herein are in the form of injectable or infusible solutions.

Suach compositions can be administered by a parenteral mode (e.g., intravenous,
subcuianeous, intraperitoneal, or intramuscular injection). The phrases “parenteral administration”
and “administered parenferally” as used herein mean modes of administration other than eateral and
fopical administration, usually by injection, and include, without imitation, intravenous,
intramuscular (IM), intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal,
intraperitoneal, transtracheal, subcutancous, subcuticular, intraarticular, subcapsular, subarachnoid,
intraspinal, epidural and by intrasternal injection or by infusion.

Pharmaceatical compositions may be provided in a sterile injectable form (2.g., a form that is
suitable for subcutaneous injection or infravenous infusion). In an embodiment, the pharmaceutical
compuosition is provided in a liquid dosage form that is suitable for injection or topical application. In
some embodiments, pharmaceutical compositions are provided as in dry form, e.g., as powders {e.g.
Iyophilized and/or sterilized preparations). The Pharmaceutical composition can be provided under
conditions that enhance stability, e.g., under ntirogen or under vacoum. Dy material can be
reconsatituted with an aqueous diluent (e.g., water, buffer, salt solution, eic.) prior to injection.

In an embodiment, the pharmaceutical composiiion containing an anti-HA antibody is
administered intranasally. In another embodiment, the pharmaceutical composition containing an
anti-HA antibody is administered by inhalation, such as by oral or by nasal inhalation.

In an embodiment, the pharmaceuiical composition is suitable for buccal, oral or nasal
delivery, e.g., as a liquid, spray, or aerosol, e.g., by topical application, e.g., by a liguid or drops, or by
inhalation). In an embodiment, a pharmaceutical preparation coraprises a plurality of particles,
suitable, e.g., for inhaled or aerosol delivery. In an embodiment, the mean particle size 04, 5. 6,7, §,
9,10, 11, 12, or 13 microns. In an embodimentd, a pharmaceutical preparation is forraulated as a dry
powder, suitable, ¢.g., for inhaled or acrosol delivery. In an embodiment, a pharmaceutical
preparation 1s formulated as a wet powder, through inclusion of a wetting agent, ¢.g., walter, saline, or
other liquid of physiological pH. In an embodiment, a pharmaceutical preparation is provided as

drops, suitable, e.g., for delivery to the nasal or buccal cavity.
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It an embodiment, the pharmaceutical composition is disposed in a delivery device, e.g., a
syringe, a dropper or dropper bottle, an inhaler, or a metered dose device, e.g., an inhaler. In an
embodiment, the pharmaceutical composition is disposed in a container, ¢.¢., an intravenous {(IV)
solution bag.

In an embodiment, a pharmaceutical composition contains a vector, such as an adenovirus-
associated virus {AAV)-based vector, that encodes a heavy chain of an anti-HA antibody molecule,
and a light chain of an anti-HA antibody mwolecule, descrbed herein. The composition containing the
vector can be administered to a subject, such as a patient, such as by injection, e.g., IM injection.
Genes encoding the anti-HA antibody under control of, for example, cytomegalovirus (CMV)
promoters, are expressed in the body, and the recombinant anti-HA antibody molecule is introduced
into the circulation. See e.g., Balazs er ¢l., Narre 3(0451:81-84, 201 1.

Pharmacecutical compositions typically should be sterile and stable under the conditions of
manofacture and storage. A pharmaceutical composition can also be tested (o insure it meets
regulatory and industry standards for adminisiration.

The composition can be formulated as a solution, microemudsion, dispersion, liposome, or
other ordered structure suitable to high drug concentration. Sterile injectable solutions can he
prepared by incorporating an agent described herein in the required amount in an appropriate solvent
with one or a combination of ingredients enumerated above, as required, followed by filtered
stetilization. Generally, dispersions are prepared by incorporating an agent described herein into a
stertfe vehicle that contains a hasic dispersion medium and the required other ingredients from those
enumerated above. In the case of sterile powders for the preparation of sterile injectable solutions,
typical methods of preparation are vacuum drying and freeze-drying that yields a powder of an agent
described herein plus any additional desired ingredient from a previously sterile-filtered solution
thereof. The proper fluidity of a solution can be maintained, for example, by the use of a coating such
as lecithin, by the maintenance of the required particle size ia the case of dispersion and by the use of
surfactants. Prolonged absorption of injectable compositions can be brought about by including in the
composition an agent that delays absorption, for example, monostearate salts and gelatin,

A pharmaceutical composition may be provided, prepared, packaged, and/or sold 1o bulk, as a
single unit dose, and/or as a plurality of single unit doses. Typically a bulk preparation will contain at
feast 2, 5, 10, 20, 50, or 100 unit doses. A unit dose is typically the amount introduced into the patieat
in a single administration. In an embodiment, only a portion of a unit dose is introduced. Tn an
embodimeat, a small multiple, e.g., as much as 1.5, 2, 3, 5, or 10 times a unit dose is administered.
.The amount of the active ingredient is generally equal to a dose which would be administeredto a
subject and/or a convenient fraction of such a dose such as, for example, one-half or one-third of such

a dose.
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A forrudation of a hinding agent, e.g., an antibody molecule, can include, ¢.g., an anti-HA
antibody molecule described herein, a buffer, and a tonicity agent. The pH of the formualation is
generally pH 5.5-7.0.

In some embodiments, the forrmulation s a liquid formulation. In some embodiments, the
formulation is stored as a hquid. In other embodiments, the formulation is a lyophilized formulation.
In certain embodiments, the {ormuldation is prepared as a liquid and then is dried, e.g., by
{yophilization or spray-drying, prior to storage. A dried formulation can be used as a dry compound,
e.g., as an aerosol or powder, or reconstituted o its original or another concentration, e.g., using
water, a buffer, or other appropriate liguid.

A “reconstituted” formulation is one which has been prepared by dissolving a Iyophilized
protein formudation in a diluent such that the protein is dispersed in the reconstituted formulation. The
reconstituted formulation in suitable for administration (e.g. parenteral adminisiration) o a patient to
be treated with the protein of interest and, in certain embodiments of the invention, may he one which
is suitable for subcutaneous administration. The "diluent” of interest herein is one which is
pharmaceutically acceptable {(safe and non-toxic for administration to 3 human) and is useful for the
preparation of a reconstituted formulation. Exemplary dilvents inclode sterile water, bacteriostatic
water for injection (BWFI}, a pH buffered solution (e g. phosphate-buffered saline), sterile saline
solution, Ringer's solution or dextrose solution.

A “lyoproteciant” is a molecule which, when combined with a proiein of interest,
significantly prevents or reduces chemical and/or physical iastability of the protein wpon
{yophilization and subsequent storage. Exemplary lyoprotectants include sugars such as sucrose or
trehalose; an amino acid such as monosodium glutamate or histidine; a methylamine such as betaing;
a lyotropic salt such as magnesivm sulfate; a polyol such as trihydric or higher sugar alcohols, e.g.
glyeerin, erythritol, glycerol, arabitol, xylitol, sorbitol, and manniiol; propylene glycol; polyethylene
glycol; pluronics; and combinations thereof. Typically, the Iyoprotectant is a non-reducing sugar,
such as trehalose or sucrose. The Iyoprotectant is added o the pre-lyophilized formulaion in a
“yoprotecting amount” which means that, following lyophilization of the protein ia the presence of
the lyoprotecting amount of the Jyoprotectant, the protein essentially retains its physical and chemical
stability and integrity upon lyophilization and storage.

A “bulking agent” is a compound which adds mass to the Iyophilized mixiure and contributes
to the physical structure of the lyophilized cake (e.g. {acilitates the production of an essentially
uniform Iyophilized cake which maintains an open pore struciure). Exemplary bulking agents include
mannitol, glycine, polyethylene glveol and xorbitol.

In some embodiments, the aanti-HA antibody molecule purification process is designed o
permit transfer of an anti-HA antibody molecule into a formulation suitable for storage as a liquid. In

other embodiments, the anti-HA antibody molecule purification process is designed to permit transfer
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of an anti-HA antibody molecule into a {ormulation {or long-term storage as a frozen liguid and
suhsequently for freerze-drying.

In some embodiments, the formulation is lyophilived with the protein at a specific
concentration. The Iyophiized formulation can then be reconstituted as needed with a suitable diluent
{e.g., water) to resolubilize the original formulation components to a desired concentration, generally
the same or higher concentration compared to the concentration prior to lyophifization. The
{yophilized formulation may be reconstituted to produce a formulation that has a concentration that
differs from the original concentration (e.g., before lyophilization), depending upon the amount of
water or diluent added to the lyophilate relative to the volume of liquid that was originally freeze-
dried. Suitable formulations can be identified by assaying one or more parameters of antibody
integrity. The assayed parameters are generally the percentage of HMW species or the percentage of
LMW species.

The percentage of HMW species or EMW species is determined either as a percentage of the
fotal protein content in a formulation or as a change in the percentage increase over time {e.g., during
storage). The total percentage of HMW species in an acceptable formulation is not greater than 10%
{e.g., not greater than 3%, not greater than 4%, not greater than 3%, not greater than 2%, or not
greater than 1%) HMW species after storage as a lyophilate or liquid at 2°C to 50°C (e.g., at 4°C t0
45°C, at 4°C to 25°C, at 4°C 10 15°C, at about 4°C, at about 25°C, or at about 45°C) for at least one
week, two weeks, one month, three months, six months, nine months, or one year or not greater than
about 10% LMW species after storage as a lyophilate or liquid at 2°C to 50°C (e.g., at 4°C to 45°C, at
4°C t0 25°C, at 4°C 1o 15°C, at about 4°C, at about 25°C, or at about 45°C) for at least one week, two
weeks, one month, three months, six months, nine months, or one year. In an embodiment, the total
percentage of HMW species is not greater than 3%. [ another ersbodiment, the total percegtage of
HMW species is not greater than 3%. By "about” is meant £20% of a cited numerical value. Thus,
for exaraple, “about 20°C” means 16°C to 24°C.

Typically, the stability profile is less than 10% HMW/LMW at 2°-8°C for a refrigerated
product, and 25°C for a room-temperature prodoct. HMW species or LMW species are assayed ina
formulation stored as a tyophilate after the lyophilate is reconstituted. 45°C is an accelerated
condition that is generally used for testing stability and determining stability for short-term exposures
to non-storage conditions, e.g., as may occur during transfer of a produoct during shipping.

When the assayed parameter is the percentage change in HMW species or LMW species, the
percent of fotal protein in ope or both species after storage is compared to the percent {otal protein in
one or both species prior to storage (e.g., upon preparaiion of the formulation). The difference in the
percentages is determined. In general, the change in the percentage of protein in HMW species or
LMW species in liquid formulations is not greater than 10%, e.g., not greater than about 8%, not
greater than about 7%, not greater than about 6%, not greater than about 5%, not greater than about

)

1%, or not greater than about 3% after storage at 2°C-8°C {e.g., 4°C) or 25°C, for about one week,

N
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two weeks, one month, three months, six months, nine months, or twelve months, eighteen, or twenty-
four months, In an embodirsent, the increase of HMW species is not more than 2%, typically aot
more than 1%, per year. By “about” is meant +20% of a cited numerical value. Thus, about 10%
means 8% to 12%. Formwlations stored as lyophilized product generally have less than about 5%,
less than about 4%, less than about 3%, or less than about 2% HMW species or less than about 5%,
less than about 4%, less than about 3%, or less than about 2% LMW species after reconstitution
following storage at 2°C-8°C (e.g., 4°C) or 25°C for about for about one week, two weeks, one
month, three months, six months, nine months, or twelve months, eighteen, or twenty-four months.

Formuwlations of anti-HA antithody molecules can be stored as a liquid for, e.g., at least two
weeks, at least one month, at least two months, at least three months, at least four months, at least six
months, at least nine months, at least one year, or at least two years. Formulations of anti-HA
antibody molecules can be stored as a lyophilate for, e.g., at least two years, at least three years, at
least four years, or at least five years. In an embodiment, the formuelation is in a form of, or is stored
as, a frozen lipid.

Additional details related to components of formulations and methods of assaying the
integrity of the anti-HA antibody molecule, e.g., the anti-HA antibody molecule described herein, in a
formulation are provided infra.

Axnti-HA antibody molecule concentrations in formulations are generally between about 0.1
mg/mb and about 250 mg/ml., e.g., between about 1.5 mg/ml. and about 100 mg/mi., about 0.5
mg/mL and about 1.0 mg/mL., about (.5 mg/mL and about 45 mg/mlL, about 1 mg/mL and about 10
mg/ml., about 5 mg/mL and 20 mg/ml, about § mg/ml and about 16 mg/ml., about 10 mg/mbL and
about 40 mg/mL, about 10 mg/mL and about 50 mg/mL, about 20 mg/mL and 60 mg/mL., about 23
mg/ml. and 50 mg/mi., about 50 mg/ml. and about 100 mg/ml., about 100 mg/mi. and about 260
mg/mL., or about 200 mg/ml. and about 250 mg/ml. In the context of ranges, “about” means -20% of
the lower-cited nurnerical value of the range and +20% of the upper-ciied nuroaerical value of the
range. In the condext of ranges, .g., about 10 mg/mk to about 100 mg/ml, this means, between 8
mg/mL to 120 mg/mlL. In some cases, antibody concentrations in formulations can be, for example,
between 1 mg/ml and 100 rag/mk, e.g., 2 mg/mL and 80 mg/mlL, 5 mg/ml and 60 mg/mlL, 10
mg/mL and 50 mg/ml, 15 mg/mL and 40 mg/ml, 20 mg/mL and 30 mg/mL anti-HA antibody
molecule described herein, e.g., Ab 044, Such antibody formulations can be used as therapeutic
agents. Accordingly, the concentration of anti-HA antibody molecule in a formudation is sufficient to
provide such dosages in a volume of the formulation that is tolerated by a subject heing treated and is
appropriate for the method of administration. In one non-limiting example, to supply a high dosage
subcutaneously, in which the volume hmitation is small {e.g., about 1ml to 1.2 mi per injection), the
concentration of antibody is generally at least 25 mg/mL or greater, e.g., 100 mg/mL or greater, e.g.,
100 mg/mb to 500 mg/mL, 100 mg/mL to 250 mg/mL, or 100 mg/mL to 150 mg/mL. Such high

concentrations can be achieved, for example, by reconstituting a Iyophilized formulation in an

o)
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appropriate volume of dilvent {e.g., sterile water for injection, buffered saling). In some cases, the
reconstituted formudation has a conceniration of between 235 mg/mL and 500 mg/mi, e.g., between
about 100 mg/mL and 500 mg/mL (e.g., 100 mg/mL, 123 mg/mi, 150 mg/mi, 175 mg/mL, 200
ragiml, 256 me/ml, 275 me/ml, 300 me/ml, 350 mg/ral, 375 mg/ral, 4060 mg/ral, 425 mg/ral.,
450 mg/mi, 475 mg/mbL and 500 mg/mL). For delivery via inhalation, the formulation is generally
somewhat concentrated (e.g., between about 25 mg/mL and 500 mg/ml, «.g., between about 100
mg/ml and 500 mg/ml) so as to provide a sufficient dose in a limited voluroe of aerosol for
inspiration. In some cases, low concentrations (e.g., between about .05 mg/mbL and 1 mg/mL) are
used. Methods are known in the art to adapt the dosage delivered to the method of delivery, e.g., a jet

nebulizer or a metered aerosol.

Buffers

The pH of 4 formulation as described herein is generally between about pH 5.0 to about 7.0,
for exaraple, about pH 5.5 to about 6.5, about pH 5.5 to about 6.0, about pH 6.0 1o about 6.5, pH 5.5,
pH 6.0, or pH 6.5, In general, a buffer that can maintain a solation at pH 5.5 10 6.5 is used to prepare
a formulation, e.g., a buffer having a pKa of about 6.0. Suitable buffers include, without limitation, 2-
morpholinoethanesulfonic acid (MES), phosphate, and citrate (e.g., citrate-sodium phosphate). The
concentration of the buffer is between about 5 mM and about 100 mM, e.g., about 25 mM 1o about 50
mM. In some cases, cilrate-sodium phosphate buffer is used at a concentration of about 40 nM.
Other buffers can include, histidine buffer, acetate, or succinate, e.g., for a desired pH other than
about 6.0, e.g., below 6.0. In other cases, histidine buffer is used at a concentration of up to 60 nM,
e.g., about 5 mM or about 10 mM. In other cases, acetate or succinate buffer is used at a

concentration of about 5 mM or about 10 oM.

Tonicity agenis

Tonicity agents are known in the art and include, e.g., sodium chloride, potassiuni chloride, or
dextrose.

The tonicity agent is generally used at a concentration of about 50 M to about 200 mM. For
example, the tonicity agent can be used at a concentration of about 50 mM to about 200 mM, e.g.,
about 60 ;M o about 190 mM, about 70 mM 1o about 180 mM, about 80 oM to about 170 mM,
about 90 mM to about 160 miM, about 100 mM to about 150 mM, about 145 mM to about 155 mM,
about 140 mM to about 160 mM, about 135 mM to about 165 mM, about 130 mM to about 170 mM,
about 120 mM to about 130 mM, about 110 mM to about 190 mM, about 100 mM to about 200 mM,
about 50 oM {0 about 160 mM, about 100 mM to about 150 mM, or about 150 mM to about 120 mM,
e.g., about 200 mM or less, about 150 mM or less, about 100 ;M or less, or about 75 mM or less,

e.g., about 30 mM, about 60 mM, about 70 mM, about 83 mM, about 90 mM, about 100 mM, about
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116 mM, about 120 mM, about 130 mM, about 140 mM, about 150 maM, about 160 mM, about 170
mM, about 180 mM, about 190 mM, or about 200 miM.

In an embodiment, the tonicity agent is used at a concentration of about 50 to about 200 nM,
about 75 mM to about 150 mM, about 120 M to about 180 mM, e.g., about 140 to about 160 mM,
e.g., about 150 mM. In an embodiment, the tonicity agent comprises sodium chloride. In an
embodiment, the lonicity agent comprises sodinm chioride and is used at a concentration of about 144
o about 160 mM, e.g., about 150 mM.

The tonicity agent used in the formudation can generally provide a tonicity (or osmolarity) of

mOsm/L to about 330 mGsm/L., about 280 mOsnv/L to about 320 mOsny/L, about 285 mOsm/L to
about 310 mOsnv/L, or about 290 mOsm/L. to about 300 mOs/L, e.g., about 250 mOsia/L., about 260
mOsnvL, about 270 mOsio/L., about 280 mOsnvl., about 290 mOsm/L, about 300 mOsm/L., about
310 mOsn/L, about 320 mOsnv/L, about 330 mGsm/L, about 340 mOsnv'L, or about 350 mOsm/L.

In an embodiment, the tonicity agent provides a tonicity (or osmolality) of about 240
mOsn/kg to about 340 mOsnvkg, about 250 mOsm/kg to about 330 mOsmikyg, about 260 mQOsny/ kg
to about 320 mOsn/ kg, about 270 mOsmy/ kg to about 310 mOsro/ kg, about 280 mOsm/ kg to about
300 mOsny kg, or about 285 mOsny/ kg to about 293 mOsny/ kg, e.g., about 240 mOsm/kg, about 250
mCsro/ kg, about 260 mQOsmy/ kg, about 270 mOsmw/ kg, about 280 mOsm/ kg, about 290 mQCsmy/ kg,
about 300 mOsm/ kg, about 310 mOsny/ kg, about 320 mOsm/ kg, about 330 mOsny/ kg, or about 340
mOsm/ kg.

By “isotonic” is meant that the formulation of inierest has essentially the same osmotic

pressure as haman blood. Isotonic formudations will generally have an osmotic pressure, e.g.. from

osmometer, for example.

Surfaciants

In certain embodiments, a swrfactant is included in the formelation. Exaroples of surfactants
include, without limitation, nonionic surfactants such as polysorbates (e.g., polysorbate-20,
polysorbate-40, polysorbate-60, polysorbate-65, polysorbate-80, or polysorbate-85); poloxamers {e.g.,
poloxarner 188); Triton™: sodium dodecyl sulfate (SDS); sodium laurel suffate; sodium octyl
glycoside; lauryl-sulfobetaine, myristyl-sulfobetaine, linoleyl-sulfobetaine, stearyl-sulfobetaine,
{anryl-sarcosine, rayristyi- sarcosine, linoleyl-sarcosine, stearyl-sarcosine, Hinoleyl-betaine, myristyl-
betaine, cetyl-betaine, lauroamidopropyl-betaine, cocamidopropyl-betaine, linoleamidopropyl-betaine,
myristamidopropyl-betaine, palmidopropyl- betaine, isostearamidopropyl-betaine {e.g.
{auroamidopropyl), myristarnidopropyl-, palmidopropyl-, or isostearamidopropyl- dimethylamine;

sodium methy! cocoyl-, or disodium methyl ofeyl-taurate; and the Monaquat™ series (Mona

o
o
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Industries, Inc., Paterson, N1}, polyethyl glyeol, polyp ropyl glyeol, and copolymers of ethylene and
propyiene glycol {e.g. plurcaics, PFGR).

The amount of surfactant added is such that it reduces aggregation of the reconstituted protein
{0 an acceptable level as assayed using, e.g., SEC-HPLC of HMW species or LMW species, and
minimizes the formation of particidates after reconstitution of a lyophilate of an anti-HA antibody
molecule formulation. The addition of surfactant has also been shown to reduce the reconstitution
timne of a lyophilized formulation of anti-HA antibody molecules, and aid in de-gassing the solution.
For example, the surfactant can be present in the formudation (Hguid or prior to lyophilization) in an
amount from about (.001% 10 0.5%, e.g., from about 0.005% 10 0.05%, about 0.005% to about 0.2%,

~or

and abouwt 8.01% t6 0.2%.

Cryoprotectants

Cryoprotectants are known in the art and include, e.g., sucrose, trehalose, and glycerol. A
cryoproteciant exhibiting low toxicity in biological sysiems is generally used. The cryoprotectant is
included in the formulation at a concentration of about 0.5% to 15%, about 0.5% to 2%, about 2% to
5%, about 5% to 10%, about 10% 0 15%, and about 5% {weight/volume).

Histidine buffer, which can be used as a buffer in an anti-HA antibody molecude formulation,
may have cryoprotectant properties. In some embodiments of the invention, a histidine buffer is used
in conjunction with a cryoprotectani such as a sugar, e g., sucrose. A formulation of the invention can
specifically exclude the use of histidine in any substantial amount, e.g., neither the buffer nor the
cryoprotectant component of the formulation is a histidine.

The viscosity of a formulation is generally one that is compatible with the route of
administration of the formulation. In some embodiments, the viscosity of the formwolation is between |
cP and 2 cP, or similar to water {about 1 cP). In other embodiments, the viscosity of the formulation is
between about 5 ¢P and abouwt 40 ¢P. In specific embodiments, the viscosity of the formulation is | ¢P,

2¢cP,3c¢P, 4cP, 5P, 10cP, 15cP, 20 ¢P, 25 ¢P, 30 ¢P, 35 ¢P, or 40 ¢P.

Additions to Fornulations

Formudations are stored as sterile solutions or sterile fyophilates. Prevention of the action of
microorganisms in formulations caa also be achieved by including at least one antibacterial andfor
antifungal agent in a formulation, for example, parabens, chiorchutanol, phenol, ascorbic acid,
thimerosal, and the like. In some cases, a lyophilate is reconstituted with bacteriostatic water (e.g.,
water containing 0.9% benzyl alcobol). Considerations for the inclusion of a preservative in a
formulation are known in the ant as are methods of identifying preservatives that are compatible with
a specific formulation and method of delivery (e.g., see Gupta, et al. (2003), AAPS Pharm. Sci.
S:article 8, p. 1-9). A "preservative” is a compound which can be added to the diluent to essentially

reduce bacterial action in the reconstituied formulation, thus facibitating the production of a muwlit-use
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reconstituted formulation, for example. Examples of potential preservatives include
octadecyldimethylbenzyl ammonium chioride, hexamethonium chiornide, beazalkonium chloride (a
mixtire of atkytbenzyldimethylammonium chlorides in which the alkyl groups are lopg-chain
corapounds}, and benzethonium chloride. Other types of preservatives include aromatic aicobols such
as phenol, butyl and benzy! alcohol, atkyl parabens such as methyl or propyl paraben, catechol,
resorcinol, cyclohexanol, 3-pentanol, and m-cresol.

In some cases, the formulation is isotonic. In general, any component known in the art that
contributes to the solution osmolarity /tonicity can be added to a formulation (e.g., salts, sugars,
polyalcohols, or a combination thereof). Isotonicity is generally achieved uvsing either a component of
a basic formulation (such as sucrose) in an isotonic concentration or by adding an additional
comaponent such as, a sugar, a polyaicohol such as manitol or sorbitod, or a salt such as sodium
chioride.

In some cases, a salt is used in an anti-HA antibody molecale formulation, e.g., to achieve
isotonicity ot o increase the integrity of the anti-HA antibody molecule of the formulation. Salts
suitable for use are discussed, supra. The salt concentration can be from 0 mM to about 300 mM. In
one example, the salt is used at a concentration of 150 nM iq the formulation.

In certain cases, the formulation is prepared with Tween (e.g., Tween® 20, Tween® §0) to
decrease interfacial degradation. The Tween concentration can be from about (.001% to about
0.05%. In one example, Tween-80 is used at a concentration of 0.025% in the formulation.

In certain other cases, the formulation is prepared with glycine. The glycine concentration in
the formulation can be from about 0.01% to about 5%. In one example, glycineis used at a
concentration of 1% in the formulation. In another example, glycine is used at a concentration of 2%
in the formulation. In some cases both Tween and arginine are added to the anti-HA aatibody
molecule formulations described herein.

In yet other cases, the formulation may be prepared with at least one of: sucrose, histidine, or
arginine. [f sucrose is included in the formulation, it can be added to a concentration of between
about 1% and about 10%. In one example, sucrose is found in the formulation at a concentration of
2%. If histidine is included in the fornmlation, it can be added to a concentration of between about
0.5% to about 5%. [n one example, histidine is found in the formudation at a concentration of 1%. In
another exampie, histidine is found in the formulation at a concentration of 2%. I arginine {s
included in the formulation, it can be added to a concentration of between about 0.5% to about 5%. In
one example, arginine is found in the formulation at a concentration of 1%. In another example,

arginine is found in the formulation at a concentration of 2%.

Exemplary formulations
Exemplary anti-HA antibody molecule formulations are described in Table 7. In an

embodiment, an anti-HA antibody molecule formulation comprises 25 mg/mi. anti-HA antibody
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molecule described herein (e.g., Ab 044), 40 mM citrate-sodium phosphate, 150mM sodium chioride,
0.025% Tween 30, at pH 6.0. In another ersbodiment, an anti-HA antibody molecule formudation
comprises 25 mg/mbL anti-HA antibody molecule described herein (e.g., Ab 044), 40 mM citrate-
sodivm phosphate, 150mM sodium chioride, 0.025% Tween-80, at pH 6..5. In another embodiment,
an anti-HA antibody molecule formulation comprises 25 mg/mbL anti-HA antibody molecule
described herein (e.g., Ab 044), 40 mM citrate-sodivwm phosphate, 1% glycine, 75 mM sodium
chloride, 0.025% Tween-80, at pH6.5. In another embodiment, an anti-HA antibody molecule
formulation comprises 25 mg/mL anti-HA antibody molecule described herein (e.g.. Ab 044), 40 mM
citrate-sodium phosphate, 1500M sodiun chiloride, at pH 6.0, I agother erahodiment, ag anti-HA
antibody molecule formulation comprises 25 mg/mb anti-HA antibody molecule described herein
(e.g., Ab (44, 40 mM citrate-sodium phosphate, 75 mM sodiom chiloride, (0.025% Tween-80, at pH
6.5.

Additional exemplary anti-HA antibody molecule formudations are described in Table 5.

Storage and Preparation Methods

Ligaid

In some cases, formulations containing antibodies are stored as liguid. Accordingly, it is
desirable that the formulation be relatively stable under such conditions, including, at 4°C or in room
temperature. One method of determining the suitability of a formulation is to subject a sample
formulation to agitation or storage {e.g., at 4°C, 25°C, or 45°C) for a period of time (e.g., one week,
two weeks, or four weeks), determining the amount of LMW species and/or HMW species that
accumulate after the agitation or storage and comparing it to the amount of LMW species or HMW
species preseat in the sample prior to the agitation or storage procedure. An increase in the LMW or

HMW species indicates decreased stability.

Freezing

In some cases, formulations containing antibodies are frozen for storage. Accordingly, it is
desirable that the formulation be relatively stable vader such conditions, including, under freeze-thaw
cycles. One method of determining the suitability of a formulation is to subject a sample formulation
to at least two, e.g., three, four, five, eight, ter, or more cycles of freezing (at, for example -20°C or -
80°C) and thawing (for example by fast thaw in a 37°C water bath or slow thaw at 2°-8°C),
determining the amount of LMW species and/or HMW species that accumulate after the freeze-thaw
cycles and comparing it to the amount of LMW species or HMW species present in the sample prior

to the freeze-thaw procedure. An increase in the LMW or HMW species indicates decreased stability.
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Lyophilization

Formulations can be stored after Iyophilization. Therefore, testing a formulation for the
stabtlity of the protein component of the formulation after byophilization is useful for determining the
suitability of a formulation. The method is simifar to that described, supra, for freezing, except that
the sample formulation is yophilized instead of frozen, reconstituted to its original volume, and tested
for the presence of LMW species and/or HMW species. The lyophilized sample formulation is
compared to a corresponding sample formulation that was not lyophilized. An increase in LMW or
HMW species in the lyophilized sample compared to the corresponding sample indicates decreased
stability in the Iyophilized sample.

In general, a lyophilization protocol includes loading a sample into a tyophilizer, a pre-
cooling period, freezing, vacourn indtiation, ramaping to the primary deying temperature, primary

drying

g, ramping to the secondary drying temperature, secondary drying, and stoppering the sample.
Additional parameters that can be selected for a lyophilization protocol include vacoum {e.g., in
microns) and condenser temperature. Suitable ramp rates for temperature are between about
0.1°Clmin. to 2°C/ min., for example 0.1°C/min. to 1.0°C/min., 0.1°Chmin. to 0.5°C/min., 0.2°C/min.
to .5°C/min., 0.1°C/min., 0.2°C/min., $.3°C/min., 0.4°C/min., 0.5°C/min., 0.6°C/min., 0.7°C/min.,
0.8°C/min., 0.9°C/min., and 1.0°C/min. Suitable shelf temperatures during freezing for a
Iyophilization cycle are generally from about -535°C to0 -5°C, -25°C 10 -5°C, -20°C to -5°C, -15°C to -
5°C, <10 C 1o -5°C, -10°C, -11°C, -12°C, -13°C, -14°C, -15°C, -16°C, -17°C, -18°C, -19°C, -20°C, -
21°C, -22°C, \23°C, -24°C, or -25°C. Shelf temperatures can be different for primary drying and
secondary drying, for example, primary drying can be performed at a lower temperature than
secondary drying. In a non-limiting example, primary drying can be executed at 0°C and secondary
drying at 25°C.

In some cases, an annealing protocol is used during freering and prior to vacuum initiation.
In such cases, the annealing time must be selected and the temaperature is generally above the glass
transition temperature of the composition. In general, the annealing time is about 2 1o 15 hours, about
3 to §2 howrs, about 2 to 10 hours, about 3 to § hours, about 3 to 4 hours, about 2 hours, about 3
hours, about 5 hours, about 8 hours, about 10 hours, about 12 howrs, or about 15 hours. The
temiperatore for annealing is geperally from about -33°C to about -5°C, for example from abowt -25°C
to about -8°C, about - 20°C to about -10°C, about -25°C, about -20°C, about -15°C, about §°C, or
about -5°C. In some cases, the annealing temperature is generally from -35°C to 5°C, for example
from 25°C to -8°C, -20°C 10 -10°C, -25°C, -20°C, -15°C, §°C, or 3°C.

In general, a lyophilization cycle can run from 10 hours to 100 hours, e.g., 20 hours to 80
houwrs, 30 hours to 60 hours, 40 howrs to 60 hours, 45 howurs 1o 50 hours, 30 hours to 65 houwrs.

Non-limiting examples of the temperature range for storage of an antibody formulation are

about -20°C o about 50°C, e.g., ahout -15°C to ghout 30°C, about -15°C to about 20°C, about 5°Cto
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to about 10 C, about 2°C to about 8°C, about 2°C to about 6°C, 2 C, 3°C, 4°C, 5°C, 6°C, 7°C, &°C,
10°C, 153°C, or 25°C. Notwithstanding the storage fernperatures, in certain cases, samples are stable
under tenmperature changes that may transiently ocour during storage and transportation conditions

that can be anticipated for such compositions.

Spray-dryving

In some cases, a formulation is spray-dried and then stored. Spray-drying is conducted using
methods known in the art, and can be modified to use liquid or frozen spray-drying {e.g., using
methods such as those from Niro Inc. (Madison, Wi, Upperton Particle Technologies (Nottingharg,
England), or Buchi (Brinkman Instruments Inc., Westbury, NY), or U.5. Application Pulication Nos.

2003/0G72718 and 2003/0082276).

The accumulation of LMW species and HMW species are useful measures of antibody
stabtlity. Accumulation of either LMW or HMW in a formulation is indicative of instability of a
protein stored as part of the formulation. Size exclusion chromatography with HPLC can be used (o
determine the presence of LMW and HMW species. Suitable systems for such measurements are
known in the art, e.g., HPLC systems (Waters, Milford, MA). Other systems known in the art can be
used to evaluate the integrity of antibody in a formulation, for example, SDS-PAGE (1o monitor
HMW and LMW species), bioassays of antibody activity, enzyme-linked immunosorbent assay,
ability to bind purified target protein (e.g., HA), and cation exchange-HPLC (CEX- HPLC; to detect

-ariants and monitor surface charge). In one example, a bioassay is a cell-based assay in which
inhibition of an HA-dependent activily is examined in the preseace of different conceatrations of

formulated nanobody molecule to demonstrate biological activity.

Articles of Manufacture

The present application also provides an article of manufacture that inclodes a formulation as
described herein and provides instructions for use of the formulation. The article of manufacture can
include a container suitable for containing the formulation. A suitable container can be, without
limitation, a botile, vial, syringe, test tube, nebulizer (e. 2., ulirasonic or vibrating mesh nebulizers),
i.v. solution bag, or inhaler {e.g., a metered dose inhaler (MDI) or dry powder inhaler (DPD). The
container can be formed of any suitable material such as glass, metal, or a plastic such as
polycarbonate, polystyrene, or polypropylene. In general, the container is of a material that does not
absorb significant amounts of protein from the formulation and is pot reactive with components of the
formulation. In some embodiments, the container is a clear glass vial with a West 4432/50 1319
sificonized gray stopper or a West 4023 Durafluor stopper. In some embodiments, the container is a

syringe. In specific embodiments, the {ormudation comprises about 23 mg/mL of an antibody
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modecule described herein, about 40 mM citrate-sodium phosphate, about 150 mM sodivm chloride,
and about 0.025% polysorbate 80, at a pH of about 6, in a pre-filled syringe. In certain embodiments,
the syringe is suitable for use with an auto-injector device.

In an embodiment, the container is a container suitable for storage of the formulation or
antibody molecule, e.g., a vial. In another embodiment, the container is a container suitable for
administration of the formudation or antibody molecule, e.g., an infravenous (IV) bag. Tnan
embodiment, the antibody molecule or formulation in a first container (e.g., suitable for storage) is
transferred to a second container {e.g., suitable for administration} before use. In an embodiment,
transfer includes dilution of the antibody molecule or formulation. In an embodiment, transfer occurs
{ess than 4 hours, e ¢, less than 3, 2, or 1 hours, prior to administration of the antibody molecule or
formulation to a subject.

In an embodiment, the container suitable for administration {e.g., an IV solution bag) is a
primary container and ready to use for administration (e.g., [V administration). For example, in one
configuration, it is typically not necessary, or there is no need, to transfer the antibody molecule or
formulation, e.g., from a vial (¢.g., a storage vial) to an IV solution bag, or to dilute the antibody
molecule or formulation, e.g., into an I'V solution, before administration {(e.g., on the same day of
administration}. In an embodiment, the container is a vial, e.g., 3 glass vial. In an embodiment, the
container (e.g., vial) comprises about 10 mg/mL to about 100 mg/mlL, e.g., about 20 mg/mL to about
60 mg/mL (e.g., about 25 mg/mL to about 50 mg/mL) of the antibody molecule. In an embodiment,
the container {e.g., vial) comprises about 10 mL to about 60 mL, e.g., abowt 20 mL to about 40 mL, of
the antibody molecule or formulation. In an embodiment, the container {(e.g., vial) is a firsi {or
primary) container, e.g., for storing the antibody molecule or formulation.

The antibody molecule or formulation can be transferred indo a second container before use.
In an embodiment, the second container is suitable, or includes a solution that is suttable, for
administration, e.g., intravenous admigistration. In an embodiment, the second container includes a
solution suitable for intravenous administration. In an embodiment, the solution comprises saline,
optionally, further comprises dextrose. In an embodiment, the solution (e.g., saline) does not
comprise dextrose. For example, an amount equal 1o one dose of the antibody molecule can be
transferred into a container suitable for IV administration. In an embodiment, 1 to 10 vials (e.g., 1 to
8 vials, 1 to 6 vials, 1 to 4 vials, 1 to 2 vials, 6 to 8 vials, 4 1o 8 vials, or 2 to 8 vials) of the antibody
molecule or formulation are diluted into an IV solution bag, e.g.. containing saline with or without
dextrose.

In an embodiment, the container is a container suitable for IV administration (e.g., an IV
solution bag). In an embodiment, the amount of the antibody molecule in the container {e.g., IV
solution bag) equals to 1 to 10 vials (e.g., 1 to 8 vials, 1 to 6 vials, 1 to 4 vials, 1 to 2 vials, 6 to 8
vials, 4 to 8 vials, or 2 to § vials}) of the antibody molecule as deseribed above. In an embodiment, the

container (e.g., IV sofution bag) comprises about 500 mg o about 16060 mg, ¢ 2., about 500 mg to
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about 8000 mg, about 500 mg to abowt 5000 mg/mal, abowt 1000 mg to about 3000 myg, about 2000
mg to about 4000 mg, or about 2360 mg to about 4660 mg, e.2., about 2300 mg or about 4600 mg, of
the antibody molecule or formulation. In an embodiment, the container (e.g., IV solution bag) further
coraprises saline. In an embodiment, the container further comprises dexirose. In another
embodiment, the container does not comprise dextrose.

In an embodiment, the container suitable for IV administration {e.g., TV solution bag) is not a
second (or secondary) container (. g., 18 a first (or primary) container, e.¢., where the antibody
molecule is stored), and comprises about 5 mg/mL to about 25 mg/mL, e.g., about 8 mg/mL to about
16 mg/ml. of the antibody molecule. In an embodiment, the container (e.g., [V solution hag)
comprises about 100 mL to about 400 mL, e.g., about 200 mL to about 300 mL, of antibody molecule.
In an embodiment, the container {e.g., IV solution bag) comprises about 2000 mg to about 5000 mg,
e.g., about 2300 mg to about 4600 mg, of the antibody molecule.

In an embodiment, the antibody mwolecule is administered from the container (e.g., IV solution
bag) to the subject through an IV line.

Disclosed herein are also methods of preparing a composition (e.g., a solution) or a container
for administration {e.g., infravenous administration). In an embodiment, the method comprises
fransferring an antibody molecule or a formulation disclosed herein to a container suitable for
administration {e.g., an intravenous (IV) solution bag). In an embodiment, the method comprises
contacting, e.g., combining {e.g., mixing or diluting) an antibody molecule or a formulation disclosed
herein with a solution suitable for administration. In an embodiment, the container suifable for
administration is an 1V solution bag. In an embodiment, the solution suitable for administration is an
IV solution, e.g., saline with or without dextrose. In an embodiment, about 2000 mg to about 5000
mg of the antibody molecule is contacted {e.g., combined) with the solution. In an ernbodiment, about
2300 mg to about 4600 mg or about 2000 mg to about 4000 rag of the antibody molecule is contacted
(e.g., combined) with the solution.

Exanwples of nebulizers include, in non-limiting examples, jet nebulizers, ulirasonic
nebulizers, and vibrating mesh nebulizers. These classes use different methods to create an aerosol
from a liquid. In general, any acrosol-generating device that can maintain the integrity of the protein
in these {ormudations is suitable for delivery of formulations as described herein.

Formulations to be used for administration to a subject, e.g., as a pharmaceutical, must be
sterife. This is accomplished using methods known in the art, 2.g., by filtration through sterile
filiration membranes, prior to, or following, formulation of a liquid or lyophilization and
reconstitution. Alternatively, when it will not damage structure, components of the formulation can
be sterilized by autoclaving and then combined with filter or radiation sterilized components (o

produce the formulation.

-~}
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Influenza viruses are negative sense, single-stranded, segmented RNA envelope viruses. Two
glycoproteins, a hemagglutinin (HA) polypeptide and a neuraminidase (NA) polypeptide, are
displayed on the outer surface of the viral envelope. There are several Influenza A subtypes, labeled
according to an H number {for the type of hemagglutinin) and an N number (for the type of
neuraminidase). There are 17 different H antigens {H1 to H17) and nine different N antigens (N1 to
N9y, Influenza strains are identified by a nomenclature based on the nuwrnber of the strain’s HA
polypeptide and NA polypeptide subtypes, for example, HIN1, HIN2, HIN3, HIN4, HINS, and the
like.

HA is the major viral surface glycoprotein that mediates binding and entry of the virus into
host cells and is a primary target of neuiralizing antibody responses. HA 15 a trirer of theee idendical
monomers. Each monomer is synthesized as a precursor, HAy, that is proteolytically processed into
two disulfide-bonded polypeptide chains, HA; and HA,. The ectodomain of this protein has (i) a
globular head domain possessing receptor binding activity and major antigenic determinants, (i) a
hinge region, and (ii1) a stem region where a sequence critical for fusion, the fusion peptide, is
focated. The viral replication cycle is initiated when the virion atfaches via its surface hernagglatinin
proteins to sialylated glycan receptors on the host cell and enters the cell by endocytosis. The acidic
environment in the endosome induces conformational changes in HA that expose the fusion peptide
hidden within the steny region of the trimer. The exposed fusion peptide mediates the fusion of the
viral and target cell membranes resulting in the release of the viral ribonucleoprotein into the cell
cytoplasm.

Influenza A hemagglutinin subtypes have been divided into two main groups and four smaller
clades, and these are further divided indo clusters. Group 1 influenza A straios are divided into 3
clades: (i) HB, HY and H12Z (“the HY cluster”™); (i) H1, H2, H5, H6 and H17 (“the Hla cluster™); and
(i) HitE, Hi3 and H16 (“the Hib cluster™). Group 2 strains are divided into 2 clades: (i) H3, H4 and
H14 (“the H3 cluster™); and (1) H7, H10 and H15 (“the B7 cluster’”). The H1b and the Hla clusters
are classified together as the H1 cluster. The different HA subtypes do not necessarily share strong
amino acid sequence identity, but their overall 3D structures are similar.

Of the 17 HA polypeptide subtypes, only 3 (H1, H2 and H3) have adapted for hurpan
infection. These subtypes have in coramon an ability to bind alpha 2,6 sialylated glycans. In contrast,
their avian counterparts preferentially bind to alpha 2,3 sialylated glycans. HA polypeptides that have
adapted to infect humans (e.g., of HA polypeptides from the pandemic HINT (1918) and H3N2
{(1967-68) influenza subtypes) have been characterized by an ability to preferentially bind 0 62,6
stalylated glycans in comparison with their avian progenitors that preferentially bind to ¢2,3 sialylated
glycans (see e.g., Skehel & Wiley, Annu Rev Biochem, 69:531, 2000; Rogers, & Paulson, Virelogy,

127361, 1983; Rogers ¢t al., Noture, 304:76, 1983; Sauter et al., Biochemistry, 31:9609, 1992}

-~}
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Further, HA polypeptides that mediate infection of humans preferentially bind to umbrella
topology glycans over cone topology glycans {see e.g., U.S. 201 1/43201347). Without wishiag to be
bound by any particudar theory, it has been proposed that the ability to infect human hosts correlates
{ess with binding to glycans of a particular linkage, and more with binding to glycans of a particular
topology, even though cone-topology glycans may be v2.6 sialylated glycans. In has been
demonstrated that HA polypeptides that mediate infection of humans bind to umbrella topology
glveans, often showing preference for umbrella topology glycans over cone topology glycans (see, for
example, USSN 12/34%,266 filed January 2, 2000, USSN 12/301,126, filed November 17, 2008,
USSN 61/018,783, filed January 3, 2008, USSN 11/969,040, filed January 3, 2008, USSN
11/893.171, filed August 14, 2007, USSN 60/837,868, filed on August 14, 2006, USSN 60/837,869,
filed on August 14, and o PCT application PCT/USG7/18160, filed August 14, 20673

Mature HA polypeptides include three domains, (i) a globular domain (ak.a., the head
domain) consists mainly of the HAT peptide and contains the receptor (sialylated glycoproteins)-
binding region, (i) a stalk domain (HA1 and HAZ) where the membrane fusion peptide resides, and
{111} a transmembrane domain (HA2) that anchors hemagglutinin to the viral envelope. A set of
amino acids in the iaterface of the HA1 and HAZ2 peptides is highly conserved across all influenza
subtypes. The HA1/HA2 membrane proximal region (MPER), including a canonical alpha-helix, is
also highly conserved across influgnza subtypes.

HA polypeptides interact with the surface of celis by binding to a glycoprotein receptor,
known as the HA receptor. Binding of an HA polypeptide 1o an HA receptor is predominantly
mediated by N-linked glycans on the HA receptors. HA polypeptides on the surface of flu virus
particles recogmize sialylated glycans that are associated with HA receptors on the surface of the
celhular host. Following replication of viral proteins and genome by the celiuiar machinery, new viral
particies bud from the host to infect neighboring cells.

Cuarrently, vaccines are administered (o subjects, e.g.. humans, (o prevent the flg, e g, ©©
prevent infection or to minimize the effects of an infection with influenza virus. Traditional vaccines
contain a cocktail of antigens {rom various strains of influenza and are administered to humans to
prevent the human from getting infected with the virus. HA is the main target of influenza A-
neutralizing antihodies, and HA undergoes continuous evolution driven by the selective pressure of
the antibody response, which is primarily directed against the membrane-distal receptor-binding
subdomain of the HA polypeptide. The subject, however, is protected only from strains that are
identical fo, or closely related fo, the strains from which the antigens in the cocktail were derived,
The human is still most vulnerable to infection by other strains of the flu that were not included in the
cocktail. One of the advantages of the antibodies provided herein is their ability to bind an epitope of
HA that is conserved across multiple strains of influenza A, and in an embodiment, influenza B.
Thus, adminisiration of an anti-HA antibody described herein will be more effective to protect an

individual from infection from a broader specirum of influenza {e.g., influenza A and, in an
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embodiment, influenza B) and conditions associate thereof {e.g., secondary infections, e.g., secondary
bacterial infections). Further, the antibodies are effective in treating a subject after infection has

occurred.

Epitope

HAs exist in nature as homotrimers of proteolytically processed mature subuonits. Fach
subunit of the trimer is synthesized as a precursor. A precursor molecule is proteolytically processed
into two disulfide bonded polypeptide chains fo form a mature HA polypeptide. The mature HA
polypeptide includes two domains: (1) a core HA-1 domain that extends from the hase of the

molecule through the fibrous stem to the membrane distal head region that contains the glycan

that includes the stem region and the transmembrane domain of HA. HA-1 includes a glycan binding
site. The glycan binding site may be responsible for mediating binding of HA to the HA-receptor.
The HA-Z domain acts to present the HA-1 domain. The HA trimer can be stabilized by polar and
non-polar interactions between the three long HA alpha-helices of the stem of HA monomers.

HA sequences from all influenza subtypes share a set of amino acids in the interface of the
HA-1 and HA-2 domains that are well conserved. The HA-1/HA-2 interface membrane proximal
epitope region (MPER)) that inchudes the canonical o-helix and residuves in its vicinity are also
conserved across a broad spectrum of subtypes. (Ekiert ef al,, Science,. 324(5924):246, 2009; Sui et
al., Nat Struct Mol Bicl. 16(3):265, 2009).

Ab 044 has high affinity for HA s from Group 1 and Group 2. I binds a conformational
epitope that is broadly conserved across a phurality of influenza strains. Numerous amine acid
residues distributed along the linear sequences of HA frorn different strains/subtypes contribute the
Ab 044 conformational epitope. The interaction of Ab44 with H3 was analyzed by docking studies
and residues bound by {(or not bouad by) Ab 044 were identified.

The Fv of Ab 044 was docked against HA of group I and U strains using ZDOCK. The
structure of the HA antigen was modeled using the SWISS MODEL homology modeling server
keeping the solved erystal structure of HINT as the template. ZDOCK uses shape complementarity
along with desolvation and electrostatic energy terms (‘ZRANK) to rank docked poses. To ensure the
docked poses do not deviate significantly from the native complex, mapped epitope and paratope
residues by alanine scanning are forced to be included in the hinding interface.

For comparison studies, amino acids that bind (or do not bind) Fi6 were taken from published
US patent application US 2011/0274702 A1, Neutralizing Anti-Influenza A Virus Antibodies and
Uses Thereof, filed July 18, 2011,

ZD0OCK is a Fast Fourier Transform based protein docking program. It was developed by
Zhiping Weng at the University of Massachusetts Medical School. In ZDOCK, two PDB files are

input and the output is the predicted structure of their complex. The program searches all possible

-~}
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binding modes in the translational and rotational space between the two proteins and evaluates each
by an energy scoring function. The protein's stractire 1s converted to a digital signal and a Fast
Fourier Transform technique used to reduce computational time. ZDOCK is discussed in Pierce B(G,
Hourai Y, Weng Z. (2011 Accelerating Protein Docking in ZDOCK Using an Advanced 3D
Convolution Library. PLoS One 6(9): ¢24657, Pierce B, Tong W, Weng Z. (2005) M-ZDOCK: A
Grid-based Approach for C, Symmetric Mudtimer Docking. Bioinformatics 21(8): 1472-1476;
Mintseris |, Pierce B, Wiche K, Anderson R, Chen R, Weng 7. (2007) Integrating Statistical Pair
Potentials into Protein Complex Prediction. Proteins 68(3): 511-520; and Chen R, Li L, Weng 7.
{(2003) ZDOCK: An Initial-stage Protein Docking Algorithm. Proteins 52(1): 80-7.

SWISS-MODEL is a fully automated protein structure homology-modeling server. ftis
accessible via the ExPASy web server, or from the program DeepView (Swiss Pdb-Viewer). Swiss-
Model is discussed in Arnold K., Bordoli L., Kopp 1., and Schwede T. (2006). The SWISS-MODEL
Workspace: A web-based environment {or protein structore homology modelling. Bicinformatics,
22,195-201; Kicler F, Arnold K, Kinzli M, Bordoli L., Schwede T (2009). The SWISS-MODEL
Repository and associated resources. Nucleic Acids Research. 37, D387-D392; and Peitsch, M. C.
{1995) Protein modeling by E-mail Bio/Technology 13: 638-660.

H3 residues that bind Ab 044 and H3 residues that bind FI6 are discussed below.

H3HAI

The amino acid sequence of H3 HAT is provided below, as SEQ 1D NO: 173, Residues N3§,
1278, and D291 shown in dashed boxes, are bound by Ab 044 but not by FI6; Residues 327, T328,
and R329 shown in dotied boxes, are bound by FI6 but not by Ab 044, residues T318, R321, and
V323 shown in solid boxes, are bound by both Ab 044 and FI6.

ODLPGNDNST ATLCLGHHAV PNGTLVKTIT DDOIEVINAT ELVQSSSTGK
TCNNPHRILD GIDCTLIDAL LGDE ) NETWDLEVER SKAFSNCYPY DVPDYASLRS
LVASSGTLEF ITEGFTWTIGV { RGPGSGFFSR LNWLTKSGST YDV VTHEN
NDNFDELYIW GIHHPST! ; RVTVSTRRSO QTIIENI
SIYWTIVKPG DVLVINSNGE RTGKSSIMRS DAPIDTC ITPNGSIPN
DKPFONVNEI TYGACPRYVE & . (SEQ ID NO:173)

H3IHAZ

The amino acid sequence of H3 HA21 is provided below, as SEQ ID NO: 174 Residue N12
shown in a dash box, is bound by Ab 044 but not by FI5; Residues G, L2, F3, G4, and D46 shown in
dotted boxes, are bound by FI6 but not by Ab 044, residues A7, E11, 118, Di9, G20, W21, L33, K39,
T41, Q42, Ad3, 145, 148, N49, 1.52, N53, 156,and E57, shown in solid boxes, are bound by both Ab
(44 and FI6.

WEGMIDG MYGFREQONSE GIGQAAD
SRIODL EXYVEDTE]
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TDSEMNRLEFE KTRROLRENA EEMGNGCEKI YHKCDNACIE SIRNGTYDHD VYRDEALNNR
FOIKG (SEQ ID NO:174;

H1 residues that bind Ab 044 and H1 residues that bind FI6 are discussed below

HI HAL

The amino acid sequence of Hl HAL is provided below, as SEQ 1D NO: 181, Residoes H31,
N279, and 8292 shown in dashed boxes, are bound by Ab 044 but not by FI6. Residues (9328 and
5329 shown in dotted boxes, are bound by FI6 but not by Ab 044, Residues T319, R322, and 1324
shown in solid boxes, are bound by both Ab 044 and Fi6.

TNADTL CIGYHANNST DTVDITVLEEKN VIN ”'}*"‘“'

EDSHNGKLCK LEKGIAPLOLG KCNIAGWLLG SSWSYIVETS
NSENGTCYPG DEIDYEELRE QLSSVSSEFEK E PNHETTKGVT

AACSYAGASS FYRNLLWLTK KGSSYPKLSK
YO NADAYVSV SKYNRRETPE
ATGNLIAPWY AFALN 3

- PRKYVRSTKLR

(SEQ ID NO:

HI HAZ

The amino acid sequence of H1 HA2 is provided below, as SEQ 1D NG: 182, Residoes G12
shown in a dashed box, is bound by Ab 044 but not by Fi6. Residues G1, L2, F3, G4, and D46 shown
in dotied boxes, are hound by FI6 but not by Ab 044, Residues A7, E11, [18, D19, G20, W21, (3385,
K39, T41, Q42, N43, 145, 148, T49, V52, N33, 156, and E57 shown in solid boxes, are bound by both
Ab 044 and FI6.

QGSGYAA
LNKRVDDGEL DI
AKEIGNGCFE FYHKCDDACM
ESVRNGTYDY PRYSEESKLN RERIDGVKLE SMGVYQILAL YSTVASSLVL
LVSLGAISFW MCSNGSLQCR ICI (SEQ ID NO:182)

A three dimensional representation of H3 HA with the amino acids residues that are predicted
10 be part of Ab044 epitope but not part of Fi6's epitope highlighted (that is, the highlighted amino
acids are unique to Ab044’s epitope) is shown in FIG. 26 of International Application Publication No.
WOZ013/170139. A three dimensional representation of H3 HA with the amino acid residues that are
part of FI6"s epitope but not predicted to be part of Ab(44°s epitope highlighted is shown in FIG. 27
of International Application Publication No, W(O2013/17613%. The content of International

Application Publication No. W0O2013/170139 is incorporated by reference in its entirety.
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Binding Agents, e.o.. Anfi-HA Auntibody Molecules

Formulations {e.g., pharmaceutical formulations) described herein include binding agents,
e.g., antihody molecules, described herein.

Binding agents, and in particular, the antibody molecules described herein, can bind to
influenza A viruses from both Group 1 and Group 2, and in an embodiment also bind influenza B
viruses. For example, the antibody molecules described herein can bind to an HA polypeptide on at
feast 1,2,3,4,5,6,7,8,9, 10 or 11 strains from Group 1, and can also bind to an HA polypeptide on
atleast 1,2, 3,4, 5, or 6 strains from Group 2. In another example, the antibody molecules described
herein can bind to an HA polypeptide op an igfluenza strain frora af feast 1, 2 or 3 clades from Group
1, and can also bind to an HA polypeptide on an influenza strain from one or both clades of Group 2.
The antibody molecules described herein inhibit cell entry and thus targeting an early step in the
infection process.

The binding agents, and in particular, the antibody molecules disclosed herein, can be
effective to treat or prevent infection by seasonal or pandemic influenza strains. The binding agenis,
and in particular the antibody molecules described herein, can be characterized by their ability to
prevent ot freat a Group | or a Group 2 straig of influenza A viruses or, in an embodirsent, a strain of
influenza B viruses. The binding agents, and in particular the antibody molecules disclosed herein,
are effective to prevent or treal infection by one or more strains of Group 1, ope or more strains of
Group 2, and also one or more strains of influenza B viruses.

The binding agents, and in particular the antibody molecules can be effective to treat the
infection when administered the same day as the subject i3 exposed, or when administered, e.g., 1 day,

~

2 days, 3 days, 4 days or later after infection, or upon a first symptom experienced by the patient.

Strains

The aatibody molecules described herein are effective to treat one or maore influenza strains of
Group 1, one or more influenza strains of Group 2, and also one or more influenza B strains, and
specific isolates within these strains. Certain antibody molecules may be more effective {or treatment
of certain isolates than other isolates. Exemplary influenza sirains and isolates are described in the

below Table 1.

Table 1. Exemplary influenza strains and Isolates

Type Group HA type Isclate

A i HiN AMPR/B/34 (aka PR-8)
AlSolomon Islands/03/06
A/Sclomon Islands/23/1999
A/California/7/2009
AfNew Caledonia/2(/99
A/Bangkok/10/83
A/Yamagata/120/86
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Type

Group

HA type

Isolate

A/Osaka/93(0/88
AfSuita/1/89
A/California/04/2009

H2N2

AlOkudal37
AfAdachi/2/57
A/Kumamoto/1/65
A/Kaizuka/2/65
Allzumi/3/65
A/Chicken/PA/2004

ALX

H5N1

AlVietnam/1233/04
A/Duck/Singapore/3/97
A/Duck/MN/1525/81

HONZ

A/Hong Kong/1073/2004
A/Swine/Hong Kong/9/98
AlGuinea fowl/HK/WE10/99

H16N3

A/black headed gull/Mongolia/1756/2006

[

H3N2

X-31
AfVictoria/3/75
A/Wyoming/¥3/2003
A/Wisconsin/67/2005
A/Brisbane/10/2007
AfCalifornia/7/2(04
AfNew York/55/2004
A/Moscow/10/1999
A/Aichi/2/68
A/Betjing/32/92/X-117
AfFukuoka/C29/85
AfSichuan/2/87
Allharaki/1/90
AlSuital/1/90
AfPerth/16/2009
AfUruguay/T16/2007
A/Fwiian/411/2003
A/Panama/2007/99
A/Shangdong/(¥9/93

H7N7

A/Netherlands/219/2003

HNg

A/Anhai/1/2013
A/Shanghai/1/2013

/Wisconsin/1/2010

A

Affinity can also be in reference to a particular isolate of a given Group 1 or Group 2 strain
for influenza A viruses or a strain for infloenza B viruses. Exemplary isolates are as provided in the

above Table 1.

Mechanisms of Inhibition

While not being limited by a specific mechanism, HA specific antibodies can inhibit infection
by numerous methods, sach as by blocking viral attachment to sialic acid residues on surface proteins
on host cells, by interfering with the structural transition of HA that iriggers fusion activity in the

endosome, or by simultaneously inhibiting attachment and virus-cell fusion.
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It an embodiment, antibody molecules disclosed herein hind an epitope at the HA trimer
interface. Structural changes at the trimer interface are important for fusion of the viral membrane
and the endocytic membrane, and the antibody molecules described herein interfere with this eritical
step of infection. Assays to measure fusogenic activity of HA are known ia the art. For example, one
fusion assay measures syncytia formation, which occurs in cell-cell fusion events. Cells that express
and display an influenza viral strain HA can be used in the assay. Membrane-anchored hemagghdinin
in these cells is induced to convert to the fusion conformation by a brief (e.g., 3 minute) exposure to
fow pH {e.g., pH 5). A 2-3-hour incubation period follows to allow the cells to recover and fuse to
form syncytia. A nuclear stain can be used to aid ia the visuvalization of these fusion products, and
their count is used as a gauge of fusion activity. A candidate anti-HA antibody can be added eithe
before or after the low pH treatment {o determine at which stage of the fusion process the antibody
interferes.

Another type of fusion assay monitors content muxing. To measure content mixing, host celis
(e.g., erythrocytes) are loaded with a dye (e g., Lucifer yellow) to determine whether the contents of
HA-bound host cells could be delivered to HA-expressing cells after exposure to fusion-inducing
conditions {e.g., low pH, such as pH less than 6 or pH less than 3). If the dye fails to mix with the
contents of the host cells, then the conclusion can be made that fusion is inhibited. See e.g., Kemble
et al., J. Virol 66:4940-4950, 1992,

In another example, a fusion assay is performed by monitoring lipid mixing. The lipid mixing
assay can be performed by labeling host cells (e.g., erythrocytes) with a flunrescent dye (e.g., R18
{octadecylrhodamine)} or dye pairs (e.g., CPT-PC/DABS-PC) (for tluorescence resonance energy
transfer), exposing the host cells and HA-expressing cells to fusion-inducing conditions, and assaying
for fluorescence dequenching (FD(Q). Lipid mixing leads to dilution of the label into the viral
envelope and a consequent dequenching. A lag in dequenching or the absence of dequenching is
indicative of membrane fusion inhibition. See e.g., Kemble er i, J. Virol 66:4940-49530, 1992; and

Carr et al., Proc. Natl. Acad. Sci. 94:14306-14313, 1997.

Fscape Mutants

It an embodiment, influenza stirains will rarely if ever produce escape muotants when
contacted with the formulations (e.g., pharmaceutical formulations) described herein.

Escape mutants can be identified by methods known in the art. For example, a formulation

(&
e

¢., pharmaceutical formulation) will not produce an escape mutant when the cells are infected with
the virus under prolonged or repeated exposure to the formulation (e.g., pharmaceutical formulation).
One exemplary method includes infection of cells (e.g., MDCK cells) with a fixed amount of
influenza A viral particles in the presence of the antibody at a concentration known to atienuate
infection rates by 50%. Viral progeny collected after each passaging is used to infect a fresh cell

culiure in the presence of the same or greater conceniration of the antibody. After multiple cycles of

80
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infection, e.g., after 15 cycles, 12 cyeles, 11 cycles, 10 cycles, 9 cycles, 8 cycles, 7 cycles, 6 cycles, or
5 cycles, of infection under these conditions, the HA nucleotide sequence extracted from 20 viral
plague picks is evaluated for enrichment for mutations that renders the viral isolate resistant to
newdralization by the antibody {an escape mutant). If no mutants with reduced sensitivity to the
antibody are detected after the multiple rounds of selection, e.g., after 11 rounds, 10 rounds, or 9
rounds of selection, the antibody is determined to be resistant to escape rmutations (see e.g., Throshy
et al. (2008) PLoS One, voluroe 3, €3942).

In another example, an assay that measures minimum inhibitory concentration (MIC) of the
peutralizing antibody can be used o ideniify escape mwtanis. The MIC of an antibody molecule is the
{owest concentration of an antibody molecule that can be mixed with virus to prevent infection of cel
culture with infloenza. If escape mutants arise within a viral population, then the MIC of a particular
antibody will be observed to increase with increased rounds of propagation under the antibody
selective pressure, as the proportion of the viral particles that carry the resistance mutation within the
population increased. Influenza escape mutants rarely if ever evolve in response 1o an anti-HA
antibody molecule described herein, and therefore the MIC will stay the same over time.

Another assay suitable for monitoring for the development of escape mutants is a Cytopathic
Effect (CPE) assay. A CPFE assay monitors the ability of an antibody to neutralize {e.g., prevent
infection by) an influenza strain. A CPE assay provides the minimal concentration of antibody
required in cell culiure to neutralize the virus. If escape mutants arise, than the CPE of a particular
antibody will increase over time, as the antibody becomes less effective at neutralizing the virus.
Viral strains rarely if ever produce escape mutants in response to an anti-HA antibody molecule
described herein, and therefore the CPE will stay essentially the same over time.

Quantitative polymerase chain reaction (PCR) can also be used o monitor for the
development of escape mutants. qPCR is useful to monitor the ability of an antibody to neutralize
(e.g., preveni infection by} an influenza strain. If an antibody effectively neutralizes a virus, then
gPCR performed on cell culture samples will not detect presence of viral genomic nucleic acid. If
escape mudants arise, than over time, ¢PCR will amplify more and more viral genomic nucleic acid.
Escape mutanis rarely if ever develop in response to an anti-HA antibody molecule described herein,
and therefore gPCR will rarely if ever detect viral genomiic nucleic acid, even after the passage of

time.

Rinding and Affinity

In an embodiment, the binding agents, particularly antibody molecules, described herein bind
to two or more of the following: at least one HA polypeptide from a Group 1 influenza strain {e.g., an
H1, HZ, H5, H6, HE, HS HI2, H11, H13, H16 or H17 polypeptide); at least one HA polypeptide from
a Group 2 influenza strain {e.g., an H3, H4, H14, H7, HI10, or H13 polypeptide}; and at least one HA

polypeptide from a influenza B strain.

81
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It an embodiment, a binding agent, ¢.g.. an antibody molecule, has a Ky, for an HA from a
Group 1 influenza strain (e.g., an H1, H2, HS, H6, H8, HO H12, Hi1, HI3, Hi6 or HI7 polypeptide)
of equal to or less than 101067, 107, 107, 107,107, or 167 M. In an embodiment, a binding
agent, e.z., an antibody molecule, has a Kp for an HA from a Group 2 influenza strain (2. g., an H3,
H4, H14, H7, H10, or H13 polypeptide) of equal to or less than 10° 107, 107, 107, 107°, 10, or 107
2 M. In an embodiment, a binding agent, e.g., an antibody molecule, has a Ky, for an influenza B
HA of equal to or less than 10, 107, 10%, 107, 1079 107", or 1077 oML

In an embodiment, a binding agent, ¢.g., an antibody molecule, has: a) a first Ky {representing
an affinity for an HA from a Group 1 influenza strain, e.g., an H1, H2, HS5, H6, HE8, H9 Hi2, HI,
H13, H16 or H17 polypeptide); and b) a second Ky, (representing an affinity for an HA from a Group
2 influenza strain, e.g., an H3, H4, Hi14, H7, H10, or H15 polypeptide), wherein the first and second
Kp are one or both of: both equal to or less than 1™ aMi: and within 10 or 100 fold of each other.

In an embodiment, a binding agent, e.g., an antibody molecule, has: a} a first Ky {representing
an affinity for an Hl, e.g., the H1 from an an HIN] strain, e.g., A/South Carolina/1/1918, A/Puerio
Rico/08/1934, or A/Califormia/04/2009, or an HIN1 strain, e.g., AfIndonesia/S/2003 or
AfVietnam/1203/2004); and b) a second Ky (represeating an affinity for an H3 polypeptide, e.g., the
H3 from an H3N2 strain, e.g., A/Brisbane/39/2007), wherein the first and second K, are one or both
of: both equal to or less than 107 nM; and within 10 or 100 fold of each other.

In an embodiment, a binding agent, ¢.g., an antibody molecule, has: a) a first Kp (representing
an affinity for an Hl, e.g., the H1 from an an HIN1 strain, e.g., A/South Carnlina/1/1918, A/Puerto
Rico/08/1934, or A/California/04/2009, or an H5N1 strain, e.g., A/indonesia/3/2003 or
AfVietnamy/1203/2004); and b) a second K, (representing an affinity for an H3 polypeptide, e.g., the
H3 from an H3NZ strain, e.g., A/Brisbane/59/2007), wherein the first and second Ky are one or both
of: both equal to or tess than 10 nM: and within 10 or 100 fold of each other.

In an embodiment, a binding agent, e.g., an antibody molecule, has: a) a first K, (representing
an affinity for an HA from a Group 1 influenza strain, 2. g., an H1, H2, HS5, H6, HE, H9 H12, H11,
H13, Hi6 or H17 polypeptide and/or an affinity for an HA from a Group 2 influenza strain, e.g., an
H3, H4, H14, H7, H10, or H15 polypeptide); and b) a second Ky, (representing an affinity for an
influenza B HA, e.g., from B/Wisconsin/1/2010), wherein the first and second K, are one or both of:
both equal to or less than 10 aM; and within 10 or 100 fold of each other.

In an embodiment, a binding agent, e.g., an antibody molecule, has: a} a first Ky, (representing
an affinity for an HA from a Group | influenza strain, e.g., an an Hl, e.g., the Hi from an an HINI
strain, e.g., A/South Carolina/1/1918, A/Puerto Rico/(}8/1934, or A/California/04/2009, or an H3N1
strain, e.g., A/lndonesia/5/2005 or A/Vietnam/1203/2004, and/or an affinity for an HA from a Group
2 influenza strain, e.g., an H3 polypeptide, from an H3N2 strain, e.g., from A/Brisbane/59/2007); and
b} a second Kg {an affinity for an influenza B HA), wherein the first and second Ky are: one or both

of: both equal to or less than 10 oM and within 10 or 100 fold of each other.
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In an embodiment, the antibody molecuale binds to at least one HA polypeptide from a Group
1 influenza sirain with a higher affinity than a reference aniti-HA anitbody, and to at least one HA
polypeptide from a Group 2 influenza strain with a higher affinity thao a reference anti-HA antibody.
In another embodiment, the anttbody molecule binds to at least one HA polypeptide from an influenza
A strain with a higher affinity than a reference anti-HA antibody, and to at least one HA polypeptide
from an influenza B strain with a higher affinity than a reference anti-HA antibody. Exemplary
reference HA antibodies include Ab 67-11 (U5, Provisional Application No. 61/645,453, U5,
Application Publication No. 2013/0302343, and International Application Publication No. WO
2013/169377), F16 (FI6, as used herein, refers to any specifically disclosed Fi6 sequence in U.S.
Published Application No. 2010/0080813, U.S. published application No. 2011/0274702,
WO2013/11347 or Corti et al., Science 333:850-856, 2011, published online July 28, 2011; FIG. 4),
FI128 (U.5. Published Application No. 2010/0080813), and C179 (Okuno ef al., J. Virol. 67:2552-
1558, 1993y, F10 (Sui er al., Nut. Struct. Mol Biol. 16:265, 2009), CR9114 (Dreyflus 1 al., Science.
2012; 337(6100):1343-1348; published online August 9, 2012), and CR6261 (Ekiert e al., Science
324:246-251, 2009).

Affinity, or relative affinity or aviditiy, can be measured by methods known in the art, such as
by BELISA assay (Enzyme Linked Inmmunosorbent Assay), Surface Plasmon Resonance (SPR, e.g., by
a Biacore™ Assay), or KinExA® assay {Sapidyne, Inc.). Relative binding affinity is expressed herein
according to ELISA assay. As used herein, an anti-HA antibody that binds with “high affinity” to a
Group 1 HA, to a Group 2 HA, and to a influenza B HA, can bind a Group 1 HA with a Kd less than
or equal to 200 pM, e.g., less than or equal to 100 pM, as measured by ELISA, can bind a Group 2
HA with a Kd less than or equal to 200 pM, e.g., less than or equal to 100 pM, as measured by
ELISA, and can hind an influenza B HA with a Kd less than or equal to 200 pM, e.g., less than or

equal to 100 pM, as measured by ELISA.

Exemplary Anti-HA Antibody Molecules
Provided herein are antibodies that have one or more CDR sequences and one or mwore

framework (FR) sequences as shown in Table 2.

Table 2. Heavy and Light Chain CDR and FR Seguences for Anti-HA Antibodies

ALEn i
HC CDRI | [S/TIY[A/GIMH 1
BC CDR2 | VIVV/LISIY/FIDGIS/NIY/NKRIYYADSVOG 2
HCCDR3 | DISTTHR/E/QILRIS/TILLYFEWLS[Q/SIGIY/L/VF/LIIN/DIP/Y] 3
LCCDRI | Q/THV/AITASIY/FEWIN/SDIYKNYLA 4
LCCDRI | QIS/THV/AIT/SIY/EWIN/S/DQYR/E]TYKNYLA 170
LCCDR2 | WIA/GISIT/A/Y KDY R/LIE[S/T] 5
LCCDR3 | QO[Y/H]YRTPP[T/5] 6
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HC PRI E/GIVOLLEIS/TIGGGLVEPGOSLKLSCAASGETEN/T] 7
HCFRZ WYVROPPGRKGLEWVA 3
HC FR3 RFTISRDNSENTLYLOMNSLRAEDTAVYYCAK 9
HCFR4 WOIAQIGITAAT/MIL/VITVSS 10

LCFRI [EDHV/QIMTOSPID/SES/THL/ VI A/SHV/ALSTHL/VRIGIEMIR[ A/ i1
VTS HHNTQM/RACIK/R]SS

LCFRY | WYOQOKPGIOK|P/APRLLIY B
LCFR3 | GVPD/E/SIRESGSGSGTDRTLTISSLO[A/PIED[V/E/K/DIA[V/TIYYC i3
LCFR4 | FGIG/Q/T/S/NIGTRIL/VID/EJIK 14

(941

In an embodiment, the anti-HA antibody comprises a heavy chain and/or a light chain as
defined in Table 3 below. The amino acid sequences of the variable heavy and light chains of Table

3 are provided in FIGs, 2, 3, respectively, or in F1G. 7.

Table 3. Heavy and Light Chain Amino Acid Sequence Designations for Aati-HA Antibodies

Antibody HC SE;\%;D ic S%{%}%D

i Ab AlH 15 15 28 28
2. Ab (14 16 16 29 29
3. Ab (128 16 16 30 30
4 Ab 001 17 17 31 31
5. Ab 002 18 18 31 31
b Ab 003 i9 19 31 31
7. Ab 009 17 17 32 32
8. Ab 010 18 18 32 32
9. Ab 011 19 19 32 32
10. Ab 017 7 17 33 33
i1, Ab B18 18 18 33 33
12. Ab 019 19 19 33 33
13. Ab 025 17 17 34 34
14. Ab 026 i8 i8 34 34
15, Ab 027 i9 i9 34 34
16. Ab 086 20 20 34 34
17. Ab 154 2] 21 29 28
18. Ab 153 21 21 30 30
19. Ab 157 22 22 29 2

20. Ab 159 22 22 35 35
21 Ab 160 17 i7 36 36
22. Ab 186 i7 17 37 3

23. Ab 187 17 i7 38 38
24, Ab 188 17 17 39 39
25. Ab 189 17 17 40 40
26. Ab 190 7 17 41 41
27. Ab 191 17 17 42 42
28. Ab 192 17 17 43 43
29. Ab 193 17 17 4 44
30. Ab 194 19 i9 37 37
31. Ab 195 19 19 38 34
32. Ab 196 19 19 39 39
33. Ab 197 19 19 40 40
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3 Ab 198 19 i9 41 41
35, Ab 199 i9 19 42 42
36. Ab 200 19 19 43 43
37. Ab 202 7 7 45 45
38. Ab 203 18 18 45 45
39. Ab 204 19 19 45 45
40. Ab 210 23 23 45 45
41. Ab 211 7 17 46 46
42. Ab 212 i8 18 46 46
43. Ab213 19 i9 46 46
44. Ab 219 2: 23 46 46
45. Ab AQG1 24 24 47 7
46. Ab ADD2 24 24 43 48
47. Ab AGO3 24 24 49 49
48. Ab 004 25 23 47 47
49. Ab 005 25 25 48 44
50. Ab 006 25 25 49 49
51. Ab 007 26 26 47 47
52 Ab 008 26 26 48 48
53. Ab AOQY 26 26 49 49
34. Ab AQIO 24 24 30 50
55. Ab ADL 24 24 51 51
56. Ab (12 25 25 50 50
57. Ab 013 25 23 51 31
58. Ab Al4 26 26 50 50
59. Ab 015 26 26 51 31
6. Ab 016 27 27 47 47
61. Ab A(17 27 27 48 48
62. AbCl8 27 27 49 49
a3. Ab AGI9 27 27 30 50
64. Ab 031 24 24 45 45
63, Ab 032 23 25 45 45
66. Ab 033 26 26 435 45
67, Ab 034 27 27 45 45
63. Ab 037 24 24 46 46
6. Ab (38 25 23 46 46
70. Ab (39 26 26 46 46
7 Ab (40 27 7 46 46
72. Ab 043 23 25 60 60
7 Ab 44 25 23 52 32
74, Ab 045 25 25 57 57
75. Ab 046 25 25 59 39
76. Ab 047 25 23 55 55
77. Ab 048 25 25 38 58
8. Ab (49 25 25 54 34
79. Ab 050 25 25 36 56
80. Ab 031 25 23 53 33
81. Ab 052 23 25 61 6l
82. Ab 067 25 25 153 153
33, Ab (63 25 25 154 154
84. Ab 069 25 25 155 153
83, Ab 070 25 23 156 156
86. Ab (71 162 162 32 52

PCT/US2017/019053
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87. Ab 072 163 163 52 32
38, Ab 073 25 25 165 163
§9. Ab 074 25 25 166 166
S0, Ab (75 25 23 167 167
91. Ab {76 23 25 168 168
92. Ab 077 25 25 169 169
93. Ab 074 164 164 52 52
94. Ab {79 ind 164 i35 153
93, Ab 080 164 164 166 166
96. Ab 081 164 164 169 169

Ab A18 is also sometimes known as Ab 018 herein.

PCT/US2017/019053

It an embodiment, the anti-HA antibody comprises a heavy chain as defined in Table 4A

below, and/or a light chain as defined in Table 4A below.

Table 4A. Heavy and Light Chain Amino Acid Sequence Designations

HC SEQ D NG: LC SEQ 1D NO:
15 15 28 28
16 i6 29 29
7 17 30 30
18 18 35 35
19 19 31 31
21 21 32 32
22 22 33 33
20 20 34 34
23 23 36 36
24 24 45 45
25 25 46 46
26 26 37 37
27 27 38 38

Hc consensus (HC161) 161 3 3

162 162 44 44

163 163 41 41

164 164 42 42

43 43
44 44
47 47
48 48
49 49
50 50
51 51
52 52
33 33
54 54
55 55
56 56
57 57
38 38
59 59
60 650
61 61

88
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153 153
154 154
155 155
156 156
LC consensus (LC62) 62
165 165
166 166
167 167
163 168
169 169

It an embodiment, an antibody molecule described herein corprises a heavy chain sequence
as defined in Table 4A and a light chain sequence as defined in Tabie 4A.

In an embodiment, an antibody molecule described herein comprises a heavy chain sequence
as defined herein, e.g., in Table 4A, where a dipeptide is fused to the N-terminus. Typically, the
dipeptide is isoleucine-aspartic acid (He-Asp). In another embodiment, an antibody molecule
described herein comprises a light chain sequence as defined herein, e.g., in Table 4A, where a
dipeptide is fused to the N-terminus. Typically, the dipeptide is Tle-Asp. In yet another embodiment,
an antibody molecule described herein comprises a heavy chain comprising an N-terminal He-Asp
dipeptide and a light chain comprising an Ile-Asp dipeptide. In the propeptide sequence of the heavy
chain or light chain polypeptide, the He-Asp dipeptide occurs between the signal sequence and FRI1.
Heavy chain and light chain variable sequences comprising aa He-Asp dipeptide at the N-terminus are

identified in Table 4B.

Table 4B. Heavy and Light Chain Amino Acid Sequence Designations, where the Sequence Includes

an N-terminal lle-Asp Dipeptide

HC SEQ ID NO: ic SEQ D NG:
15-ID 96 28-1D 110
16-10) 97 29-1D 11
17-1D 93 30-1D 1i2
i8-1D 99 35-1D 113
19-1D 100 311D 114
21-1D 101 32-ID 115
22-1D 102 33-ID 116
20-1D £33 34-1D 117
23-1D 104 36-1D 118
24-1D 105 45-1D 119
2510 106 46-ID 120
26-1D 17 37-1D 121
27-1D 108 38-1D 122

Hc consensus 1D (161-1E) 109 39-1D 123
40-ID 124
41-1D 125
42-1D 126
43-1D 127
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441D 128
47-1D 129
48-ID 130
49-1D 131
50-ID 132
51-1D 133
52-1D 134
531D 135
54-1D 136
55-1D 137
56-1D 138
57-1D 139
58-ID 140
59-ID 141
60-1D 142
611D 143
153-1D 157
154-1D 158
§155-1D 159
156-1D 160
LC consensus ID (62-1T1) 144

In another embodiment, an antibody molecule described herein is other than an antibody
koown ia the art. For example, the antibody is not Ab 67-11 (U.S. Provisional Application No.
61/645,453, U.S. Application Publication No, 2013/0302348, and International Application
Publication No. WO 2013/169377), FI6 (FI6, as used herein, refers to any specifically disclosed Fio
sequence in U.S. Application Publication No. 2010/0080813, U.S. Application Publication No.
2011/0274702, WO2013/011347 or Corti et al., Science 333:850-856, 2011, published online July 28,
2011 FIGs, 12A to 120€), FI28 (U3, Application Publication No. 2310/0080813), C179 {Okuaw et
al., . Virel 67:2552, 1993, F10 (Sui et al., Nar. Struct. Mol Biol. 15:265, 2009), CR9114 (Dreyfus
et al., Science 337:1343, 2012), or CR6261 (Ekiert er al., Science 324:246, 2009). In an
embodiment, an antibody described herein is other than Ab 67-11 (U.S. Provisional Application No.
61/645.453, U.S. Application Publication No. 2013/0302348, and International Application
Publication No. WO 2013/169377).

Variants

In an embodiment, an aniibody molecule described herein has a variable heavy chain
immunoglobulin domain that is at least 85%, 87%, 88%, 89%, 90%, 92%, 94%, 95%, 96%, 97%,
S8%, or 99% homologous, or at least 85%, 87%, 88%, 89%, 0%, 92%, 94%, 95%, 96%, 97%, 98%,
or 99% identical, to a heavy chain disclosed herein, e.g., from Table 3, Table 4A, Table 48, FIG. 2,
FIG, S or FIG. 7, e.g. consensus sequence of SEQ ID N(:161, and has a variable light chain
immunoglobulin domain that is at least 85%, 87%, 88%, §9%, 90%, 92%, 94%, 95%, 96%, 97%,

9%, or 99% homologous, or at least 85%, 87%, 88%, 89%, 90%, 92%, 94%, 95%, %6%., 97%, 98%,

88
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or 99% identical, to a light chain disclosed herein, e.g., from Table 3, Table 4A, Table 48, FIGS,
3A-3B, FIGS. 6A-6B or FIG 7, e.g., the consensus sequence of SEQ 1D NO:62. The consensus
sequences were determined through the analysis of biochensical and biophysical properties of several
hundred comaputationaily designed VH/VL combinations. The consensus sequences represent the
amino acid sequences in which each amino acid is the one that ocours most frequently at that site
when multiple sequences comprising desirable biochemical and biophysical data are aligned.

An exemplary anti-HA binding antibody has one or more CDRs, e.g., all three HC CDRs
and/or all three LC CDRs of a particular antibody disclosed herein, or CDRs that are, in sum, at least
85%, 87%, 88%, 89%, 90%, 92%, 94%, 95%, 96%, 97%, 98%, or 99% homologous, or at least 85%,
87%, 88%, 89%. Q0% 92%, 94%, 95%, 96%, 97%, 98%, or 99% identical, to such an antibody.

In an embodiment, the Hi and H2 hypervariable loops have the same canonical structure as
those of an antibody described herein. In an embodiment, the L1 and L2 hypervariable loops have the
same canonical structure as those of an antibody described herein.

In an embodiment, the amino acid sequence of the HC and/or LC variable domain sequence is
at least 85%, 87%, 88%. 89%, 90%, 92%. 94%, 95%, 96%, 97%, 98%, or 99% homologous, or at
least 85%, 87%, 88%, 89%, 90%, 92%, 94%, 95%, 96%, 97%, 98%, or 99% identical, to the amino
acid sequence of the HC and/or LC variable domain of an antibody described herein. The amino acid
sequence of the HC and/or LC variable domain sequence can differ by at least one amino acid, but no
more than ten, eight, six, five, four, three, or two amino acids from the corresponding sequence of an
antibody described herein. For example, the differences may be primarily or entirely in the
framework regions.

In certain embodiments, the amino acid differences are conservative amino acid differences
{e.g., conservative amino acid substitutions). A “conservative” amino acid substitution is one in
which the amino acid residue is replaced with an amino acid residue comprising a similar side chain.
Families of amino acid residues comprising sirailar side chains have been defined in the art. These
families include, e.g¢., amino acids with basic side chains (e.g., lysine, arginine, histidine), acidic side
chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine, asparagine,
glutamine, serine, threonine, tyrosine, cysteine), nonpolar side chains {e.g., alanine, valine, leucine,
isoleucing, proline, phenylalanine, methionine, tryptophan), beta-branched side chains {e.g.,
threonine, valine, isoleucine) and aromatic side chains {e.g., tyrosine, phenylalanine, tryptophang,
histidine).

The amino acid sequences of the HC and LC vanable domain sequences can be encoded by a
nucleic acid sequence that hybridizes under high stringency conditions to a nucleic acid sequence
described herein or one that encodes a variable domain or an amine acid sequence described herein.
In an embodiment, the amino acid sequences of one or more framework regions (e.g., FR1, FR2, FR3,
and/or FR4) of the HC and/or LC variable domain are at feast 85%, 87%, 88%, 89%, SO%, 92%,

94%, 95%, 96%, 97%, 98%, or 99% homologous, or at teast 85%, §7%, 88%, §9%, 9%, 92%, 94%,
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95%, 6%, 7%, 8%, or 99% identical, to corresponding framework regions of the HC and L.C
variable domains of an antithody described herein. In an embodiment, one or more heavy or light
chain framework regions {(¢.g., HC FR1, FR2, and FR3) are at least 85%, 87%, 88%, 89%, 90%,
2%, 94%, 93%, 96%, 9T7%, 98%, or 99% homologous, or at least 85%, 87%, 48%, 89%, 9%, 92%,
4%, 95%, 96%, 97%, 98%, or 99% identical, to the sequence of corresponding framework regions

i

from a human germline antibody.

Production of Binding Agents

Nucleic acids {e.g., the genes) encoding a binding agent, e.g., an antihody molecule,
generated by a method described herein can be sequenced, and all or part of the nacleic acids can be
cloned inio a vector that expresses all or part of the nucleic acids. For example, the nucleic acids can

include a fragment of the gene encoding the antibody, such as a single chain antibody (scFv), a
F{ab’), fragment, a Fab fragment, or an Fd fragment.

The disclosure also provides host cells comprising the nucleic acids encoding an antibody or
fragment thereof as described herein. The host cells can be, for example, prokaryotic or eukaryotic
cells, e.g., maramalian cells, or yeast cells, e.g., Pichia (see e.g., Powers er al. (2001} J. Immunol.
Methods 251:123-35), Hanseula, or Saccharomyces.

Autibody molecules, particularly foll length antibody molecules, e.g., 1gGs, can be produced
in mammalian cells. Exerplary mammalian host cells for recombinant expression include Chinese
Hamster Ovary (CHO) cells (ncluding dhfy” CHO cells, described in Urlasbh and Chasin (1980) Proc.
Natl Acad. Sci. USA 77:4216-4220, used with a DHFR selectable marker, e.g., as described in
Kaufman and Sharp (1982) Mol. Biol. 159:601-621), lymphocytic cell lines, e.g., NS0 myeloma cells
and SP2 cells, COS celis, K562, and a cell from a transgenic animal, e.g., a transgenic mammal. For
example, the cell is a mammary epithelial cell.

It addition to the nucleic acid sequence encoding the immunoglobulin domain, the
recombinant expression vectors may carry additional nucleic acid sequences, such as sequences that
regulate replication of the vector in host cells (e.g., origians of replication) and selectable marker
genes. The selectable marker gene facilitates selection of host cells into which the vector has been
introduced (see e.g., U.S. Patent Nos. 4,399.216; 4 634.665; and 5,179,017). Exemplary selectable
marker genes include the dihydrofolate reductase (DHFR) gene (for use in dhfy host cells with
methotrexate selection/amplification) and the neo gene (for G418 selection).

It an exemplary system for recombinant expression of an antibody molecule (e.g., a full
length antibody or an antigen-binding portion thereof), a recombinant expression vector encoding
both the antibody heavy chain and the antibody light chain is introduced into dhfr- CHO cells by
calcium phosphate-mediated transfection. Within the recombinant expression vector, the antibody
heavy and Hight chain genes are each operatively linked to enhancer/promoter regulatory elements

{e.g., derived from SV40, UMV, adenovires and the like, such as a CMV enhancer/ AAMLP promoter

o0



i

2

(941

5

w

i

WO 2017/147248 PCT/US2017/019053

regulatory element or an SV44 enhancer/ AGMLE promoter regulatory element) to drive high levels of
transcription of the genes. The recorahinant expression vecitor also carries a DHEFR gene, which
allows for selection of CHO cells that have been transfected with the vector using methotrexate
selection/araplification. The selected transformant host cells are cultured to allow for expression of
the antibody heavy and tight chains and intact antibody molecule is recovered from the culture
medium. Standard molecolar biology technigues are used to prepare the recombinant expression
vector, 1o transfect the host cells, to select for transformants, to culture the host cefls, and o recover
the antibody from the culture medium. For example, some antibodies can be isolated by affinity
chrorpatography with a Protein A or Protein G. For example, purified antibodies can be concentrated
o about 100 mg/mL to about 200 mg/mL using protein concentration techniques that are known in
the art,

Antibody molecules can also be produced by a transgenic antmal. For example, U.S. Patent
No. 5,849,992 describes a method for expressing an antibody molecule in the maramary gland of a
fransgenic mammal. A transgene is constructed that includes a milk-specific promoter and nucleic
acid sequences encoding the antibody molecule of interest, e.g., an antibody described herein, and a
signal sequence for secretion. The milk produced by fernales of such {ransgenic maramals includes,
secreted therein, the antibody of interest, e.g.. an antibody described herein. The antibody molecule
can be purified from the milk, or for some applications, used directly.

Antibody molecules can also be expressed in vivo, following adminisiration of a vector
containing nucleic acids encoding the antibody heavy chain and the antibody light chain. Vecior
mediated gene-transfer is then used to engineer secretion of the anti-HA antibody into circulation.
For example, an anti-HA antibody heavy chain and an anti-HA antibody light chain as described
herein are cloned into an adenc-associated virus (AAV)-based vector, and each of the anti-HA
aniibody heavy chain and the anti-HA antibody light chain are under control of a promoter, such as a
cytomegalovirus (CMV) promoter. Administration of the vector to a subject, such as to a patient, e.g.,
a human patient, such as by intramuscular injection, results in expression of an anti-HA antibody, and

secrefion into the circulation.

Modifications of Binding Agenis

Binding, agents, e.g., antibody molecules, described herein, can be modified fo have
numerous properties, €.¢., to have altered, e g, extended half life, to be associated with, e.g.,
covalently bound to detectable moieties, e.g., labels, to be associated with, e.g., covalently bound to
toxins, or to have other properties, e.g., aliered immune fucntions.

Antibody molecules may include modifications, e.g., modifications that alter Fe function, e.g.,
to decrease or remove interaction with an Fe receptor or with Clg, or both. In one example, the

human IgG1 constant region can be mutated at one or more residues.
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For some antibody molecules that include an Fe domain, the antibody production system may
be designed to syathesize antibody molecules in which the Fe region is glycosylated. The Fc domain
can be produced in a mammalian expression system that appropriately glycosylates the residue
corresponding to asparagine 297. The Fc domain can also include other enkaryotic post-transiational
modifications.

Other soitable Fe domain modifications include those described in W(O2004/029207. For
example, the Fc domain can be an KXmAb® Fe {Xencor, Monrovia, CA). The Fc doniain, or a
fragment thereof, can have a substitution in an Foy Receptor (FoyR) binding region, such as the
domains and fragments described in WO(03/063813. In some embodiments, the Fc domain, or a
fragment thereof, has a substitution in a neonatal Fe Receptor (FeRn) binding region, such as the
domains and fragments described in WO(3047327. In other embodimeats, the Fc domain is a single
chain, or fragment thereof, or modified version thereof, such as those described in WO2008143954.
Other suitable Fo modifications are known and desenbed in the art.

Antibody molecules can be modified, e.g., with a moiety that improves its stabilization and/or
retention in circulation, e.g., in blood, serum, lymph, bronchoalveolar lavage, or other tissues, e.g., by
at least 1.5, 2, 5, 10, or 30 fold.

For example, an antibody molecule generated by a method described herein can be associated
with a polymer, e.g., a substantially non-antigenic polymer, such as a polyalkylene oxide or a
polyethylene oxide. Suitable polymers will vary substantially by weight. Polymers comprising
molecular nomber average weights ranging from about 200 to about 35,000 daltons (or about 1,000 (o
about 15,000, and 2,000 to about 12,500) can be used.

For example, an antibody melecule generated by a method described herein can be
conjugated to a waler soluble polymer, e.g., a hydrophilic polyvinyl polymer, e.g. polyvinyialcohol or
polyvinylpyrrolidone. A non-limiting list of such polymers include polyalkylene oxide
homopolymers such as polyethylene glyeol {PEG) or polypropylene glycols, polyoxyethylenated
polyols, copolymers thercof and block copolymers thereof, provided that the water solubility of the
block copolymers is maintained. Additional useful polymers include polyoxyalkylenes such as
polyoxyethylene, polyoxypropylene, and block copolymers of polyoxyethylene and polyoxypropylene
(Pluronics); polymethacrylates; carbomers; branched or unbranched polysaccharides that comprise the
saccharide monomers D-mannose, D- and L-galactose, fucose, fructose, D-xylose, L-arabinose, D-
glucaronic acid, sialic acid, D-galactironic acid, D-mannuronic acid (e.g. polymannuronic acid, or
alginic acid), D-ghicosamine, D-galactosamine, D-glucose and nevraminic acid includiag
homopolysaccharides and heteropolysaccharides such as lactose, amylopectin, starch, hydroxyethyl
starch, amylose, dextrane sulfale, dextran, dextrins, glycogen, or the polysaccharide subunit of acid
mucopolysaccharides, e.g. hyalurounic acid; polymers of sugar alcohols such as polysorbitol and

polymannitol; heparin or heparan.
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Binding agents, e.g., antibody molecules, as disclosed herein, can by conjugated to another
entity or moiety (e.g., to a cytotoxic or cytostatic moiety, a fabel or detectable moiety, or a therapeuiic
moiety). Exemplary moieties include: a cytotoxic or cytostatic agent, e.g., a therapeutic agent, a drug,
a compound emiiting radiation, molecules of plant, fungal, or bacterial origin, or a biological protein
{e.g., a protein toxin)} or particle (e.g., a recombinant viral particle, e.g., via a viral coat protein), a
detectable agent; a pharmaceutical agent, and/or a protein or peptide that can mediate association of
the antibody or antibody portion with another molecule (such as a streptavidin core region or a
nolyhistidine tag). A binding agent, . g, an antibody molecule, as disclosed herein, can be
functionally linked by any suitable method (e.g., chemical coupling, genetic fusion, covalent binding,
noncovalent association or otherwise) to one or more other molecular entities.

Binding agents, e.g., antibody molecules, disclosed herein can be conjugated with a detectable
moiety, e.g., a label or imaging agent. Such moieties can include enzymes {e.g., horseradish
peroxidase, beta-galactosidase, luciferase, alkaline phosphatase, acetylcholinesterase, glucose oxidase
and the like), radiotabels (e.g., "H, " C U N, P 8,7y, 7 Te, Y o, ¥ 1% 1 and the like), baptens,
fluorescent tabels (e.g., FITC, rhodamine, {anthanide phosphors, fluorescein, fluorescein
isothiocyanate, rhodamine, 3-dimethylamine-1-napthalenesulfonyl chloride, phycoerythrin and the
{ike}, phosphorescent molecules, chemiluminescent molecules, chromophores, luminescent
modecules, photoaffinity molecules, colored particles or affinity ligands, such as biotin, predetermined
polypeptide epitopes recognized by a secondary reporter {e.g., leucine zipper pair sequences, or
binding sites for secondary antibodies, metal binding domains, epitope tags). In some embodiments, a
moiety, e.g., a detectable moiety, e.g., a label, is attached by spacer arms of various lengths to reduce
notential steric hindrance.

In an embodiment, a binding agent, e.g., antibody molecule, disclosed herein, is denivatized
with a detectable enzyme and is detected by adding additional reagents that the enzyme uses 1o

produce a detectable reaction product. For exaraple, when the detectable agent horseradish

peroxidase is present, the addition of hydrogen peroxide and diaminobenzidine leads to a colored
reaction product, which is detectable. A binding agent, e.g., antibody molecule, disclosed hergin, ay
also be derivatized with a prosthetic group (e.g., streptavidin/biotin and avidin/biotin). For example,
an antibody may be derivatized with biotin, and detected through indirect measurement of avidin or
streptavidin binding.

In an embodiment, the moiety comprises paramagnetic ions and NMR-detectable substances,
among others. For exaraple, in some embodiments, a paramagnetic ion is one or more of chromium
(11}, manganese (1), iron (), iron (11}, cobalt (1), nickel (I1), copper (11),neodymium (11},
samariom (1), ytterbivm (1), gadolinivr (1), vanadium (), terbiom (HD), dysprosium (T11),
holmium (D), erbium (11, lanthanum (1), gold (111}, lead (I}, and/or bismuth (111}

Binding agents, ¢.g.. antibody molecules, as disclosed herein, can be modified to be

associated with, e.g., conjugated to, a therapeutic agent, ¢.g., an agent comprising anti-viral activity,
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anti-inflammatory activity, or cytotoxic activity, ete. In some embodiments, therapeotic ageats can
treat symptoms or causes of influenza infection (e.g., for exaraple, anti-viral, pain-relief, anti-

inflarnmatory, immunomodulatory, sleep-inducing activities, etc.).

Treatment Methods and Administration

The binding agents, ¢.g., antibody molecules, or formulations thereof, featured in the
disclosure, can be used to treat a subject, e.g., a subject, e.g., a human subject, infected with, or at risk
for becoming infected with, an influenza virus.

Any huroan is candidate to receive an antibody molecule disclosed herein for treatment or
prevention of an infection by an influenza virus. Humans at high risk of infection, such as
immueaocompromised individuals, and humans who are at high risk of exposure to influenza virus are
particularly suited to receive treatment with the antibody molecule. Immunocompromised individuals
include the elderly (65 years and older) and children {e.g., 6 months to 18 years old), and people with
chronic medical conditions. People at high risk of exposure include heath care workers, teachers and
emergency responders (e g., firefighters, policemen).

The antibody molecules described herein can also be used to prevent or reduce (e.g.,
minimize} secondary infection {e.g., secondary bacterial infection) or a risk of comprising secondary
infection associated with influenza, or any effects (e.g., symptoms or complications) thereof on a
subject. Opportunistic secondary bacterial infections (e.g., secondary bacterial prneumonia, e.g.,
primarily with Streptococcus preumonia) contribute significantly to the overall morbidity and
mortality associated with seasonal and pandemic influenza infections. The antibody molecules
described herein can be used to prevent or reduce (e.g., niinimize) the complications from secondary,
opportanistic infections (e.g., bacterial infections) in a subject.

An antibody molecule can be administered 1o a subject, e.g., a human subject, by a variety of
methods. For many applications, the route of administration is one of: intravenous injection or
infusion, subcutancous injection, or inframuscular injection. An antibody molecule can be
administered as a fixed dose, or in a mg/kg dose. The antibody molecule can be administered
intravenously {IV) or subcutaneously {SC). For example, the antibody molecule can be administered
at a fixed unit dose of between about 50-600 mg [V, e.g., every 4 weeks, or between about 50-100
mg SC {e.g., 75 mg), e.g., at least once a week (e.g., twice a week). In an embodiment, the antibody
molecule is administered IV at a fixed unit dose of 30 mg to 10000 mg, e.g., 1000 mg 1o 3000 mg,
2000 mg to 5000 mg, 2000 mg to 3000 mg, 2300 to 4600 mg, or 4000 mg to 5000 mg, e.g., 50 mg, 60
mg, 80 mg, 100 mg, 120 mg, 130 mg, 140 mg, 150 mg, 160 mg, 180 mg, 200 mg, 300 mg, 400 mg,
500 mg, 600 mg, 700 mg, 300 mg, 900 mg, 1000 mg, 1100 mg, 1200 mg, 1300 mg, 1400 mg, 1500
mg, 1600 mg, 1700 mg, 1800 rog, 1900 mg, 2000 mg, 2100 g, 2200 mg, 2300 mg, 2400 mg, 2500
mg, 2600 mg, 2700 mg, 2800 mg, 2900 mg, 3000 mg, 3100 mg, 3200 mg, 3300 mg, 3400 mg, 3500
mg, 3600 mg, 3700 mg, 3800 mg, 3900 mg, 4000 mg, 4100 mg, 4280 mg, 4300 myg, 4400 mg, 4500
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mg, or more. Administration of the IV dose can be onee or twice or three times or more per week, or
once every two, three, four, or five weeks, or less frequently.

In an embodiment, the antibody molecule is administered 5C at a fixed unit dose of 30 mg, 60
rag, 70 mg, 75 mg, 80 mg, 100 mg, or 120 mg or more. Administration of the SC dose can be once or
twice or three times or more per week, or once every two, three, four, or {ive weeks, or less
frequently.

An anti-HA antibody molecule disclosed herein can also be administered by inhalation, such
as by intranasal or by oral inhalation, such as at a fixed unit dose of 50 mg, 60 mg, §0 mg, 100 mg,
126 mg, 130 mg, 140 mg, 150 mg, 160 mg, 130 mg, 200 mg, 300 mg, 400 mg, 500 mg, or 600 mg or
more.

In an embodiment, an anti-HA antibody is administered to a subject via vector-mediated gene
tranafer, such as through the delivery of a vector encoding the heavy chain and the light chain of an
anti-HA antibody, and the antibody is expressed from the heavy chain and light chain genes in the
body. For example, nucleic acids encoding a heavy chain and a light chain can be cloned in a AAV
vector, such as a self-complementary AAV vector, the scAAV vector administered to a human by
injection, such as by IM injection, and the antibody is expressed and secreted into the circulation of
the human.

Axn antibody molecuole can also be administered in a bolus at a dose of between about | and 50
mg/kg, e.g., between about 1 and 10 mg/kg, between about 1 and 25 mg/kg or about 25 and 50 mg/kg,
e.g., about 50 mg/kg, 25 mg/kg, 10 mg/keg, 6.0 mg/ke, 5.0 mg/kg, 4.0 mg/kg, 3.0 mg/kg, 2.0 mg/ke,
1.0 mg/kg, or less. Modified dose ranges include a dose that is less than about 3000 mg/subject, about
1500 mg/fsubject, about 1000 mg/subject, about 600 mg/subject, about 500 mg/subject, about 400
mg/fsubject, about 300 mg/subject, about 250 mg/subject, about 200 mg/subject, or about 150
mg/subject, typically for administration every fourth week or once a month. The antibody molecule
can be administered, for example, every three to five weeks, e.g., every fourth week, or monthly.

Dosing can be adjusted according to a patient’s rate of clearance of a prior administration of
the antibody. For example, a patient may not be administered a second or follow-on dose before the
fevel of antibodies in the patient’s system has dropped below a pre-determined level. Inan
embodiment, a sample from a patient (e.g., plasma, seram, blood, urine, or cerebrospinal fluid (CSF))
is assayed for the presence of antibodies, and if the level of antibodies is above a pre-determined
{fevel, the patient will not be administered a second or follow-on dose. If the level of antibodies in the
patient’s system is below a pre-determined level, then the patient is administered a second or follow-
on dose. A patient whose antibody levels are determined 1o be oo high (above the pre-determined
level) can be tested again after one or two or three days, or a week, and if the level of antibody in the
patient samples has dropped below the pre-determined level, the patient may be administered a second

or follow-on dose of antibody.
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Int certain embodiments, the antibody may be prepared with a carcier that will protect the drug
against rapid release, such as a controlied release formulation, including implants, and
microencapsulated delivery systems. Biodegradable, biocompatible polymers can be used, sach as
ethylene vinyl acetate, polyanhydrides, polyglyeolic acid, collagen, polyorthoesters, and polylactic
acid. Many methods for the preparation of such formulations are patented or generally known. See,
e.g., Controlied Dirug Delivery (Drugs and the Pharmacewtical Sciences), Second Edition, I. Robinson
and V. H. L. Lee, eds., Marcel Dekker, Inc., New York, 1987,

Pharmaceutical compositions can be administered with a medical device. For example,
pharmaceutical compositions can be administered with a needleless hypodermic injection device, such
as the devices disclosed in U.S. Patent Nos. 5,399,163; 5,383,851; 5,312,335, 5.064,413: 4,941 .880;
4,790,824; or 4,596,556, Examples of well-known implants and modules are discussed in, e.g., U.S.
Patent No. 4,487,603, which discloses an implantable micro-infusion pump for dispensing medication
at a controlled rate; U.S. Patent No. 4,486,194, which discloses a therapeutic device for administering
medicaments through the skin; U.5. Patent No. 4,447 233, which discloses a medication infusion
pump for delivering medication at a precise infusion rate; U.5. Patent No. 4,447,224, which discloses
a variable {low implantable infusion apparatus for continuous drug delivery; U.S. Patent
No. 4,439,196, which discloses an osmotic drag delivery system comprising multi-chambe
compartments; and U.S. Patent No. 4,475,196, which discloses an osmotic drug delivery system. Of
course, many other such implants, delivery systerns, and modules are also known.

In an embodiment, the binding agent, e.g., an antibody molecule, is administered buccally,
orally, or by nasal delivery, e.g., as a liquid, spray, or aerosol, e.z., by topical application, e.g., by a
liquid or drops, or by inhalation.

An antibody molecule described herein can be administered with one or more additional
therapeutic agents, e.¢., a second drug, for treatment of a viral infection, or a symptom of the
infection. The antibody raolecude and the one or raore second or additional agents can be formulated
together, in the same formulation, or they can be in separate formulations, and administered to a
patient sirmdtaneously or sequentially, in either order.

Dosage regimens are adjusted to provide the desired response, such as a therapeutic response
or a combinatorial therapeutic effect. Generally, any combination of doses (either separate or co-
formulated) of an antibody molecule and a second or additional agent can be used in order to provide
a subject with both agents in bioavailable quantities.

Diosage unit form or “fixed dose” as used herein refers to physically discrete units suited as
unitary dosages for the subjects to be treated; each unit contains a predetermined quantity of active
compound calculated to produce the desired therapeutic effect in association with the required
pharmaceutical carrier and optionally in association with another agent.

A pharmaceutical composition may inclade a “therapeutically effective amount” of an agent

iescribed herein. In an embodiment, where the antibody molecule is administered in combination
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with a second or additional agent, such effective amounts can be determined based on the
combinatorial effect of the administered first and second or additional agent. A therapeutically
effective amount of an agent may also vary according fo factors such as the disease state, age, sex, and
weight of the individual, and the ability of the compound to elicit a desired response in the individuaal,
such as amelioration of at least one infection parameter, or amelioration of at least one symptom of
the infection, such as chills, fever, sore throat, muscle pain, headache, coughing, weakness, fatigue
and general discomfort. A therapeutically effective amount is also one in which any toxic or
detrimental effects of the composition are outweighed by the therapeutically beneficial effects.

In an embodiment, administration of a binding agent, ¢ g., antibody molecule, provided, e.g.,
as a pharmaceutical preparation, is by one of the following routes: oral, intravenous, intramuscular,
intra-arterial, subcutaneous, intraveniricular, transdermal, interdermal, rectal, intravaginal,
intraperitoneal, topical (as by liquids, powders, ointments, creams, sprays, or drops), mucosal, nasal,
buccal, enteral, sublingual; intratracheal instillation, bronchial instillation, and/or inhalation; and/or as

an oral spray, nasal spray, and/or aerosol.

Combination Treatments and Exemplary Second or Additional Agents

Binding agents, ¢ g, antibody molecules, provided e.g., as formulations (e.g., pharmaceutical
formulations), can be administered either alone or in combination with one or more other therapy,
e.g., the administration of a second or additional therapeutic agent.

In an embodiment, the combination can result in a lower dose of the antibody molecule or of
the other therapy being needed, which, in an embodiment can reduce side effects. In an embodiment,
the combination can result in enhanced delivery or efficacy of one or both agents. The agents or
therapies can be administered at the same time (e.g., as a single formulation that 1s administered to a
patient or as two separate formulations administered concurrently) or sequentially in any order.

Such second or additional agents inclode vaccines, anti-viral agents, and/or additional
antibodies. In typical embodiments the second or additional agent is not co-formulated with the
binding ageat, e.g., antibody molecule, though in others it is.

In an embodiment, the binding agent, e.g., antibody molecule, and the second or additional
agent are administered such that one or more of the following is achieved: therapeutic levels, or
therapeutic effects, of one overlap the other; detectable fevels of both are present ai the same time; or
the therapeutic effect is greater than what would be seen in the absence of either the binding agent,
e.g., antibody molecule, or the second or additional agent. In an embodiment, each agent will be
administered at a dose and on a time schedule determined for that agent.

The second or additional agent can be, for example, for reatment or prevention of influenza.
For example, the binding agents, e.g., antibody molecules, e.g., therapeutic antibodies, provided
herein can be adniinistered in combination with a vaceine, e.g., a vaccine described hereinor a

mixture (a.k.a. a cocktail) of influenza peptides to stimulate the patient’s immune system to prevent
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infection with particalar strains of influenza A. Tn other examples, the second or additional agent is
an anit-viral agent (e.g., an anti-NA or anti-M2 ageat), a pain reliever, an anti-inflaromatory, an
anfibiotic, a steroidal agent, a second therapeutic antibody melecule {e. g, an anti-HA antibody), an
adjuvant, a protease or glycosidase {(e.g., sialidase), etc.

Exemplary anti-viral agents include, e.g., vaccines, neurannnidase inhibitors or nucleoside
analogs. Exemplary anti-viral agents can inclade, e.g., zidovuding, gangeyclovir, vidarabine,
idoxuridine, triffuridine, foscarnet, acyclovir, ribavirin, amantadine, remantidine, saquinavir,
indinavir, ritonavir, alpha-interferons and other interferons, a neuraminidase inhibitor {e.g., zanamivir
{Relenza®), nseltamivie (Tamiflu®), laninamivir, peramivir), nmantadine. Exemplary second
antibody molecules include, for exampleAb 67-11 (U.5. Provisional Application No. 61/645,453, U.S.
Application Publication No. 2013/03023438, and International Application Publication No. WQ
2013/169377), F16 (U.S. Application Publication No. 2010/0080813), FI28 (U.5. Application
Publication No. 2010/0080813), C179 (Okuno et ¢l., J. Virol. 67:2552-8, 1993), F10 (Sui et al., Nar.
Struct. Mol. Biol. 16:263, 2009), CR9114 (Dreyfus er al., Science 337:1343, 2012), or CR6261 (see
e.g., Ekiert et al., Science 324:246, 2009). Thus, Ab 044 can be used in combination of any of those
antibodies. In other embodimeats, two or more binding agents, e.g., antihody molecules disclosed
herein, can be administered in combination, e g., Ab 044 can be administered in combination with Ab
(32. In the case of combinations, two agents can be administered as part of the same dosage unit or
administered separately. Other exemplary agents usetul for treating the symptoras associated with
influenza infection are acetarminophen, thuprofen, aspirin, and naproxen.

In an embodiment, the antibody molecule and the second or additional agent are provided as a
co-formulation, and the co-formulation is administered to the subject. It is further possible, e.g., at
feast 24 hours before or after administering the co-formudation, to administer separately one dose of
the antibody formulation and then one dose of a formulation containing a second or additional agent.
In another implementation, the antibody molecule and the second or additional agent are provided as
separate formulations, and the step of administering includes sequentially administering the antibody
molecule and the second or additional agent. The sequential administrations can be provided on the
same day (e.g., within one hour of one another or at leasi 3, 6, or 12 hours apart) or on different days.

It an embodiment, the antibody molecule and the second or additional agent are each
administered as a plurality of doses separated in time. The antibody molecule and the second or
additional agent are generally each administered according to a regimen. The regimen for one or both
may have a regular periodicity. The regimen for the antihody molecule can have a different
periodicity from the regimen for the second or additional agent, e.g., one can be administered more
frequently than the other. In one implementation, one of the antibody molecule and the second or
additional ageni is administered once weekly and the other once monthly. In another implementation,
one of the antibody miolecule and the second or additional agent is administered continuously, e.g.,

over a period of more than 30 minutes but less than 1, 2, 4, or 12 hours, and the other is administered
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as a bolus. In an embodiment, sequential administrations are administered. The time between
administration of the one agent and another agent can be minutes, hours, days, or weeks. The use of
an antibody molecule described herein can also be used to reduce the dosage of another therapy, e.g.,
to reduce the side-effects associated with another agent that is being administered. Accordingly, a
combination can include administering a second or additional agent at a dosage at least 10, 20, 30, or
50% lower than would be used in the absence of the antibody molecule. The antibody molecule and
the second or additional agent can be administered by any appropriate method, e.g., subcutaneously,
intramuscularly, or infravenously.

In some embodimenis, cach of the antibody molecule and the second or additional agent is
administered at the same dose as each is prescribed for monotherapy. In other embodiments, the
antibody molecule is administered at a dosage that is equal o or less than an amount required for
efficacy if administered alone. Likewise, the second or additional agent can be administered at a
dosage that 1s equal to or less than an amount required for efficacy if administered alone.

In some cases, the formulations described herein, e.g., formulations containing an antibody
molecule described herein, include one or more second or additional agents, or are administered in
combination with a formulation containing one or more second or additional agents.

In an embodiment, a binding agent, e.g., antibody molecule, provided, e.g., as a
pharmaceutical preparation, is administered by inhalation or aerosol delivery of a plurality of
particles, e.g., particles comprising a mean particle size of 4, 5, 6,7, 8§, 9, 10, 11, 12, or 13 microns.

In an embodiment, the formulation is used (e.g., administered) in combination with an
inmmunogen or a vaccine. Exemplary imnmunogens and vaccines are described in International
Application Publication No. WO 2013/170139, the content of which is incorporated by reference in

its entirety.

A formulation (e.g., pharmaceutical formulation) disclosed herein, e.g., generated by the
methods described herein, can be provided (e.g., packaged) in a kit. The kit can include one or more
other components, ¢.g., containers, buffers or other diluents, delivery devices, and the like.

In an embodiment, the kit includes materials for administering a formulation {e.g.,
pharmaceutical formudation) to a subject, such as for treatment or prevention of infection by influenza
viruses. For example, the kit can include one or more or all of: (a) a container that contains a
formulation {e.g., pharmaceutical formolation) that includes an antibody molecule, optionally (b) a
container that contains a second therapeutic agent, and optionally (¢} informational material.

In another embodiment, the kit includes materials for using an antibody molecule in a
diagnostic assay, such as for detection of HA in 2 biclogical sample. For example, the kit can include
one or more of all of: (a) a container that contains a formulation (e.g., pharmaceutical formulation)

that includes an antibody molecule, optionally (b) a container that contains a reagents, e.g., labeled
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with a detectable moiety, to detect the antibody, e.g., for use in an ELISA or immunohistochemistry
assay, and optionally (¢} informational material. In another embodiment, the kit comprises a
formulation, e.g., a binding agent {e.g., antibody molecule} comprising a detectable moiety.

In an embodiment, the kit comprises a solid substrate, e.g., bead, dipstick, array, and the like,
on which is disposed a formulation, e g., a binding agent (e.g., anhbc)uy molecule).

The informational material can be descriptive, instructional, marketing or other material that
relates to the methods described herein and/or the use of the agents for therapeutic benefit, or for a
diagnostic assay.

The informational material of the kits is not limited in its form. [n an embodiraent, the
informational material can include information about production of the antibody, concentration, date
of expiration, batch or production site information, and so forth. In an embodiment, the informational
material relates to methods of administering the formulation or antibody molecule, e.g., in a suitable
dose, dosage form, or mode of administration (e.g., a dose, dosage form, or mode of administration
described iiea'ein), to treat a subject who has an infection, e.g., viral infection or secondary infeciion
{e.g., secondary bacterial infection).

In another embodiment, the informational material relates to methods for using the
formulation or antibody molecule for a diagnostic assay, e.g., to detect the presence of influenza
viruses in a biological sample.

The information can be provided in a variety of formats, including printed text, computer
readable material, video recording, or audio recording, or information that provides a link or address
o substantive material.

In addition to the binding agent (e.g., antibody molecule), the formulation in the kit can
include other ingredients, such as a solvent or buffer, a stabilizer, or a preservative. The binding agent

{e.g., antibody mwolecule) can be provided in any form, 2.g., a liquid, dried or lyophilized form, and
substantially pure and/or sterile. When the agents are pmvided i a Haquid solution, the liguid sclution
typically is an agueous solution. When the agents are provided as a dried form, reconstitution
generally is by the addition of a suitable solvent. The solvent, e.g., sterile water or buffer, can
optionally be provided in the kit.

The kit can inchide one or more containers for the formudation containing the binding agent.
In an embodiment, the kit contains separate containers, dividers of compartments for the formulation
and informational material. For example, the formulation can be contained in a bottle, vial, or
syringe, and the informational material can be contained in a plastic sleeve or packet. In another
embodiment, the separate clements of the kit are coniained within a single, undivided container. For
example, the formulation is contained in a bottle, vial or syringe that has attached thereto the
informational material in the form of a label. In an embodiment, the kit includes a plurality (e.z., a
nack) of individual containers, each containing one or more unit dosage forms (e.g., a dosage form

iescribed herein of the binding agent {e.g., anétbody ravdecude}. The containers can include a
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combination unit dosage, ¢.g., 3 unit that includes both the antibody molecule and the second or
additional agent, such as in a desired ratin. For exaraple, the kit can include a plurality of syringes,
ampoutles, foil packets, blister packs, or medical devices each containing, for example, a single
corahination unit dose. The containers of the kiis cag be air tight, waterproof (e.g., impermeable to
changes in moisture or evaporation), and/or light-tight.

In an embodiment, the kit comprises two containers, one of which contains the formulation
{e.g., pharmaceutical formulation) and the other of which contains an adjuvant. In an embodiment,
the kit comprises two containers, one of which contains the formulation (e.g., pharmaceutical
formulation) as a lyophilized powder and the other of which contains a liquid for resuspending the
formulation (e.g., pharmaceutical formulation). In an embodiment, the kit further includes
instructions for use of the formulation. The kit may contain a notice as required by governmental
agency regulating the manufacture, use, and sale of pharmaceuticals or biological products, the notice
indicating that the formudation has been approved for manufacture, use, and/or sale for administration
1o humans. The formulation may be supplied in a hermetically-sealed container. The formulation
may be provided as a liquid or as a lyophilized powder that can be reconstituted by the addition, e.g.,
of water or saline, to a concentration suitable for administration to a subject.

The kit optionally includes a device suitable for administering the formulation, e. g, a syringe
or device for delivering particles or aerosols, e.g., an inhaler, a spray device, or a dropper or other
suitable delivery device. The device can be provided pre-loaded with one or both of the agents or can

be empty but suitable for lnading.

Diagnostic Methods

The binding agents, e.g., antibody molecules, provided herein are useful for idendifying the
presence of influenza in a biological sample, e.g., a patient sample, such as a fluid sample, e.g., a
blood, serum, saliva, mucous, or wrine sample, or a tissue sample, such as a biopsy.

In an embodiment, a patient saraple is contacted with a binding agent, .g., an antibody
molecule, disclosed herein, and binding is detected. Binding can be detected with a number of
formais and means of detection, e.g., with an antigen capture assay, such as ant ELISA assay or
Western blot, or an immunohistochemistry assay. In an embodiment, the binding agent, ¢ g, an
antibody molecule, is provided, e.g., coupled to an insoluble matrix, e.g., a bead or other sgbstrate,
and a detection molecule used to detect binding of HA.

Binding of binding agent, ¢.g., antibody molecule, to HA, can be detected with a reagent
comprising a detectable moiety, e.g., a reagent, e.g., an antibody, which binds the binding agent, e.g.,
antibody molecule. In an embodiment, the binding agent, ¢ g., antibody molecule, has a detectable
modety. Suitable detectable moieties include enzymes (e.g., horseradish peroxidase, beta-
galactosidase, luciferase, atkaline phosphatase, acetyicholinesterase, glucose oxidase and the like),

radiolabels {e.g., THMC PN, YS, Ny, P e, g, D), haptens, fluorescent labels (e.g.,
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FITC, rhodamine, lanthanide phosphors, {lnorescein, fluorescein isothiocyanate, rhodamine, 5-
dimethylarine- I -napthalenesulfonyl chioride, phycoerythrin and the like), phosphorescent molecules,
chemiluminescent molecules, chromophores, luminescent molecules, photoaffinity molecules, colored
particles or affinity ligands, such as biotin, predetermined polypeptide epitopes recognized by a
secondary reporter {e.g., leucine zipper pair sequences, or binding sites for secondary antibodies,
metal binding domains, epitope tags). In some embodiments, labels are attached by spacer arms of
various fengths to reduce potential steric hindrance.

In an embodiment, a human is tested for presence of influenza virus be a method described
herein, and if the test is positive, a binding agents, e.g., antibody molecules, e 2., an antibody,
provided herein, is administered.

The hinding agents, e.g., antihody molecules, e.g., an antibody, provided herein can he vsed
for cytology assays, such as to identify an HA in a cell. The assay can be a colorimelric assay. A
biological sample from a normal (non-infected) individual is used as a control. The diagnostic assay
can be performed in vitro.

The diagnostic assay can also be performed to determine infection of cells in culture, 2. g., of
mammalian cells in culture. The antibody molecules can be used in in vitro assays.

Because the antibody molecules disclosed herein bind a broad spectrum of HA subtypes, the
diagnostic assays disclosed herein can detect the presence of influenza virus in patients infected with a
variety of distinct strains of influenza. A patient sample can be further tested with subtype specific
antibodies, or other assays {e.g., RFLP (Restriction Fragment Length Polymorphism), PCR
{(Polymerase Chain Reaction), RT-PCR (Reverse Transcription coupled to Polymerase Chain
Reaction), Northern blot, Southern biot or DNA sequencing) to further determine the particular strain
of virus.

In an embodiment, a patient determined to be infected with influenza A can be further
administered an antibody molecule disclosed herein, to freat the infection.

Also provided are solid substrates, e.g., beads, dipsticks, arrays, and the like, on which is

disposed a binding agent, e.g., antibody molecude.

The disclosure is further illostrated by the following examples, which should not be construed

as further limiting.

Anti-HA aniibody molecules described herein are also disclosed in International Pablication
No. WO2013/170139, U.S. Patent No. 8,877,200, U.S. Patent No. 9,096,657, and U.S. Patent
Application Publication No. U3 2013/0302349. The contents of the aforesaid publications are

incorporated by reference in their entirety.
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TASNTIONTOAT VYO LS TOVEODLOHSNOHYAS AMD T THDEMONH T ADY T YOI TS 7YH fHJosouenbos vy | xoyess | wo LE

YA

MIOTEAAN Y?:qﬂAJAﬂZOytﬂ&Lcﬂ ALTANANDAAICNATSONALTD
HSTOLUTIAVISHRI S SUD LEWN AL O YT INSNSNTIATATS AT IMATS TS STD
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EXAMPLES

Example 1. Desiening of Anti-HA Antibodies

Human antibodies (IgQ) targeting viral hemagghdinin (HA) were computationally designed.
HA mediates viral binding to host cell surface receptor, and cell menibrane fusion to the viral
envelope, resulting in viral entry. The antibody molecules described herein were designed to block
HA’s fusogenic activity.

Al antibody constructs were based on human IgG1 structure {v1 heavy chain and x light
chain). Point mutations in the Vy (variable heavy domain) and Vi (variable fight domain) were
computationally designed. These mutations are located within or outside the CDRs (Complementarity
Dietermining Regions). The mutations were designed, e.g., to modify antigen binding properties (e.g.,
for stronger or weaker hinding affinity), or to stabilize structure, or to improve expression propertics,
ete.

The heavy and light chain sequences of one antibody, called A8 is provided in FiG, 1.

The heavy and lght chain pairings for exemplary computationally designed antibodies are
shown in Table 3, above in Detailed Description.

DNA sequences for the variable heavy chain and variable light chain for each of antibodies

Ab AL8 Ab 031, Ab 032, Ab (344, Ab 014 and Ab 023 are provided below.

VHI1a:
GAGGTACAGCTCCICGAATCGGCGAGGGGEACTGGTCAAACCCGGETCAATCGCTCAAACTCTICETGETGTE
AGCGTCAGCTTITACGTTCAGCTCATATGGCGATGCACTGGGETCCGUCAGCCTCCGCCAAAGGGACTGEG
AGTGGGETG Gvé-\GT'\,F—’GT:‘FTALL,Z\AC\JL—"JNG' AATAAGTACTACGCCGATTCAGTGCAAGGTCGGET T—’
ACCATTTCGAGGGATAACAGCAAGAACACGCTCTACTT G\/f‘g ATGAACTCACTTAGAGCGGAAGATA
GGCTGTGTACTATTGCGCCAAAGACACAAAGCTGCGATCCCTGTTGTACTTCGAATGGTTGTCCTC C G
GCTTGCTTGACTATTGCEGGECCAGGGCGCCATC GTCACAG'IAL’ CAGCGCGTCGACTAAGGGGCCC

(SEQ ID NO:63)

TGACGCAGAGCCCCGATAGCCTCGCTGTCTCATTGGGGEAACGGGCCACGATTAACTG
GTCGGTGACTTTCAGCTATAAGAATTACCTGGCATGGEGTATCAGCAGAAGCCGGETC
CTGTIGATCTACTGGGCCTCCACACGCGAGTCGGGAGTCCCEGGACCGATTITCGEET
TCAGGGTCCGGCACTGACTTTACCCTCACAATTTCATCGCTTCAAGCGGAGGATGTAGCAGTCTACTA
TTGTCAGCAGTATTACAGAACACCTCCCACCTTCGGAGGGGGAACGAAACTTGACATCAAGGGATCC
(SEQ 1D L\IQI 64}

}_

b

r
VE30:
CAGATCGTGATGACGCAGAGCCCCGATAGCCTCGCTIGICTCATTGGGEGAACGGGCCACGATTAACTG
CAAATCCTCACAGICGGTGACTTTCGACTATAAGAATTACCTIGGCATGGTATCAGCAGAAGCCGGETC
AACCCCCAAAACTGTTGATCTACTGGGCCTCCACACCCGACTCGGGAGTCCCGCACCGATTTICGGET

TCAGGGTCCGGCACTGACTTTACCCTCACAATTTCATCGCTTCAAGCGGAGGATGTAGCAGTGTACTA

TTGTCAGCAGTATTACAGAACACCTCCCACCTTICGGAGGGGEAACCGAAACTTGACATCAAGGGATCC
(SEQ 1D NO:6b)
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VHIiS:

GAAGTGCAACTCCTCGAGTCAGGAGGAGGTTTGGTGAAACCGGETCAGTCCTTGAAACTGAGCTGTGC
AGCAAGCGCETTCACGTTTACGTICGTACGGCATGCACTGGGTACGGCAGCCTCCCGGEAAGGGACTTG
AATGGETCGCCOTCATCTCATACGACGGGTCETACARATACTATGCGGATAGCGTGCARGGTCGCTTC
ACAATTTCCC SGGACZA};TTCGAA(,AA'.A CACTGTATCTTCAGATGAACTCGCTCAGGGCTGAGGACAL

GGCGGETCTATTACTGCGEC ATTCGCGACTCAGATCCCTITTIGTACTTITGAGTGGCTGEICGCAGSE
GCTATTTCAACCC ".'TGGGG NGCCGGAACCACTTTGACCGTATCAAGUGCGTCAACAAAGGGGCEC

(SEQ ID NO:66

e O

~

VE2I8:

GAAATTGTAATGCACGCAGAGCCCTGATAGCCTTGCCGIGTICLCTGGGTGAGAGGGCCGACAATCAATTG

TAAG i‘CAI‘CACAGi SGGTCAC :"LL CAACTACAAGAACTACCIGGCGTGGTATCAACAGARACCCGGEGE
AGCCGC IC!\./\.P TTGCTCATCTATTGGGCTTCGACACGCGGGACTCGGETGTGCCAGACCGCTTCTCCGEE

TCAGGATCGGCGAACTGACTTCACGTTGACTATT T(“ T\/(V‘T\/\ AGGC L\JJILE./‘\L“.\T\JTl\{:JC GTCTACTA
TTCCCAACAGTATTACAGAACGCCGECCTAC Afm'lG VCGCCEGACCAAACTTGACATCAAGGGATCCSE
e i,C\:L, CCCCAGCGTCTTCATCTTCCCGCCLAG CAGCTGAAGTCGGG ,A\,\fr‘ CCAGCGETG
GTGTGCCTCCTGAACAACTTCTACCT ECJGC(‘AGGC\;A.H.GG' CCAGTGGAAGGTGGACAACGLCCTIGCA
GAGCGGGAACAGCCAGGAGAGCGTGACCGAGCAGGACTCGAAGGACAGCACCTACAGT ] (‘7 Lm,AGCz
CCCTGACGCTGAGCAAGGCCGACTACGAGAAGCA Z\z‘G’G_L TTQC\JCCT““"A\JLTGA\_ CCACCAGGG
CTCTCGA GCCC”WY‘C \CCAAGAGCTTCAACCGGGGCGAGTG (SEQ ID NC:67)

(

YVES52:

GACA'I'TCAGATGA TCAGTCGCCTTCGTCATTGTCCGLCICCGTGEETGATAGGGTCACGATCACGTG
GCAGCCAGTCCATCACCTTCAATTACAARALACTATTTGGCAT Cgr VICAACAGAAACC CC;GAZ—‘\.
AG GpG\ CGAAG .‘TCF—’F'ATCTA\/ GCGGTTCATATCTTCGAGTCGGEGGGT C\JT CCAGATTTTCGGG
AGCGCGATCAGGGACGGA FF‘A\,Lv-_,TGZ—\CCATTTCGTCACTC AGCCCGAGGACTTTGCGAC Z—\TATTA
CTGTCAACAGCACTA ”Abu ACACCCCCATCTTICGGACAGGGGACTAAAGTAGAAATCAAGGGATCCG
TGGCCGCCCCCAGCGTICTTCATCTICC 3(5’:L CAGCGACGAGCAGCTGAAGTCGGGCACGGCCAGLGTG
GLCTGCCTCCTGAACAACTTCTACCCCCGCGAGGUGAAGGTCCAGTGGAAGGTGGACAACGCCCTGCA
GAGCGGGAACAGC 6}1337\ CAGCGTCGACCCAGCAGGACTCGAAGGACAGCACCTACAGCCTCAGCAGCA
C”'IGACGCTGAG C"” CGACTACGAGAAGCACAAGGTICTACGCCCTGCGAGGTGACCCACCAGLGGE
CTCTCGAGC Ci CACCAAGAGCTTCAACCGGGGCGAGT "”ICA (SEQ ID NO:149)

VE45

GACATTCACGATGA
CCGGAGCAGUCAGTCCATCACCT ‘CAA
AGGCGCCGAAGCTCCTGATCT 3 CCGT ATTTTCGGGC
AGCGGATCAGGGACGGATT TGCGACATATTA
CTCGTCAACAGCACTACAGGAC C\/ ATCTTTCGGACAGGGGACTAAAGTAGAAATCAAGGGATCCG
"ﬁbvaCgV¢CﬁG CTCTTCATC I"“C”CGCV\" \GCGACGAGCAGCTGCAAGTCGGEGCACGGCCAGCETE
GTGTGCCTCCTGAACAACTTCTACCCCCGLCGAGGCGAAGGTCCAGTG ~A¢—\u("“v SACAACGCCCTGCA
GAGCGGGAACAGCCAGGAGAGCGTGACCGAGCAGGACTCGAAGGACAGCACCTACAGLCTCAGCAGCA

ITGACGCTGAGCAAGGCCGACTACGAGAAGCACAAGGTCTAC ”fﬁCTGCGAGL«TC; WCCCACCAGGGG

CTCTCGAGCCCCGTGACCAAGAGCTTCAACCGGGGECGAGTGCTGAGAATTC (SEQ 1D

NO:150)

SN

CTCAGTCGCCTTCGTCATTGTCCGCCTCCGTGGGTCATAGGGTCACGATCACGT
) TACARAAACTATTIGECATGGIATCABCAGARACCCGGAR

NN N T N (Y Y
SCCGTCGAGATTTTCGE

fT)»—J

ey oy P e T e Tareare
TTCATATCTTGAGTCGGGEE

5(

~
-4

TTCOTOACTOO SR
TTCGTCACTCCAGCTCCGAGC

N TR (Y
sk .[ GAUL

YH25:
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CAGGTACAATTGCITGAGACAGGTGGAGGACTCGTGAAGCCAGGICAGTCATIGAAACTGAGCLGIGC
CGCATC STTCACATTCACTTICCTACGCGATGCACTGGGTCCGCCAGCCTCCCGGAARGGGA 1[G
A CGCTGTGCTATCGTATCATGCCGAATTACAAATACTATGCCAGACTCCGTGCAAGGCCEGTTT

IAGCPAFW\_YC \CAACTCG APCU‘-&AHA' CCTTTACCTCCAAATCAACTCGCTICCGAGCGGAGGACAC
hi" ACTGCGCGAAGGATTCACGGTTGAGATCGCTGCTCTATTTTIGAAT IG' TGTCACAGG

N N Y (T - ~ 7 N [ ST Y N ~ ey 5 NN Y Y

\CCCGTEGGEETCAGGGAACAACACTGACCGTICAGCTCAGCCTCGACTAAMAGGGCCCAGT
TGO T GGCCCCCARCAGC AAGAGCACCAGOGGCCRRACOGCCE T EGEGCTECCTCRTCARN
(TCCCECTGGCCCCCAGCAGUAAGAGCACCAGCGGCGEGACCGLCCECCCTGEG )( TGCCTCGTCAA

GGACTACTTCCCCGAGCCCGTCGACCCTGTIC aTﬁuAAL AG\/(‘GC SCGCTGACCAGCGGGGTCCACACCT
TCCCGGCCGTGCTGCAGAGCAGLGGCCTCTACTCGCTGAGCAGCETGETCA CCG'IGC’“, AGCAGCAGC
CTGG 'ujh' CCAGACGTACATCTGCAACGTIGAACCA CAA(?C“ SCTCGAACACCAAGGTCGACAAGAAGGT
GGAGCCCCCGAAGAGCTGCGACAAAACTCACACATGCCCACCGTGCCCAGGTACTGAACTCCTGGGGE
GACCGTCAGTCTTCCTICTTCCCCCCAARACCCAAGGACACCCTCATGATCTCC CGW CCCCTGAGGTC
ACATGCCTGGTGGETCEACGTGAGCCACCAAGACCCTCAGGTCAAGTTCAACTGCTACGTGGACG
GGAGGTGCATAATGCCAAGACAAAGCCGUGGGAGGAGCAGTACAACAGCACGTALC CCIb sCTCAGCG
TCCTCACCGICCTIGCACCAGGACTGGET GAATH SCAAGGAGTACAAGTGCAAGGTCTICCAACAAAGCC
CTCCCAGCCCCCATCGAGAAAACCATCTCCARAGCCAAAGGTGAGCCCCGAGAACCACAGGTGTACAC
CCTGCCCCCATCCCGGGATGAGCTGACCA A(‘T{H CCAGGTCAGCCTGACCTGCCTGCTCAAAGGCTTCT
ATCCCAGCCACATCGCCCGTGGAGTGGEAGAGCAA T'\ ””C“ GCCCGAGAACAACTACAAGACCACGCCT

CCCOTGCTGCACTCCGACGGLTCCTTIC ”I"‘k,lC[ ’”Cm’”"""“’f‘”CT(»”GACP‘AGACCAGC'I‘GGCA
GCAGGGGAACGICTITCTCATGCICCGTGATGCATG SG TCIGCACAACCACTACACGCAGAAGAGCC

PO T T T O Y T A R AT T NIy e ST
TCTCCCTGTCTCCGGGETARAATGA (SEQ I NO:ibl)

~ e
2L GT

VH24:

GAAGTACAATTGCTTGAGTCGGCETGCGAGGACTCGTGAAGCCA G(”T‘”ACT CATTGAAACTGAGCTGTGC
CGCATCCGGETTCACATTCACTTCCTACGCGATGCACTGGEGET C ‘]\\{\'ICCT'\/CCGGA-’\I\/‘AG\IL,Z\‘ACTTG

AGTGCGTCCCTGTGCTATCGTATGATGGGAATTACAAATA
ACGATT AJLAC’”G_ACAA TCGAAGAATACCCTTTACC "sz—h A ""“%

GTGCAAGGCCGGTTT
C lC C 'CCGAGCGGAGGACALC

GGCGGTGTATTACTGCGUGAAGGATTCACGGTTGAGATCGCTIGCTCTATTITGAATGGTTCETCACAGG
GGTACTTCAACCCGTGGGGTCAGGGAACAACACTGACCGTCAGCTCAGCCTCGACTAAAGGGCCCAGC
GLGTTCCCGCTGGCCCCCAGCAGCAAGAGCACCA CCCGCG GACCGCCGCCCTGGECTGCCTCET k,AZ\

GGACTACTTCCCCGAGCCCCGTGACCGTGCTCGTGGAACAGCGECGCGCTGACGAGCGGGGTCCACAC
TCCCGGCCEIGUTGCAGAGCAGCGECCTCTACTCGLTG AJCAGCG""“CICAC CG CCAGCE uCAr‘ C
CTGGGGACCCAGACGTACATCTIGCAACGTGCAACCACAAGCCCTICGAACAC ,AAHGTCGACAP iy
GGAGCCCCCGAAGAGCTIGUGACGGTACCCACACATGCCCACCGTGCCCAGGTACTGAACTCCTEGEGE
GACCGTCAGTCTTCCTCTTCCCCCCAARACCCAAGGACACCCTCATGATCTCCCGGACCCCTGAGETC
ACATGCGTCETGCTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGCACGGEGT
GGAGGTGCATAATGCCAAGACAAAGCCGCGGEGAGGAGCAGTACAACAGCACGTACCGTGTGGETCAGCS
'I(‘(\I'CA(,'\,L TCCTGCA LA("SAC”" GCTGAAT EGL AAGGAGTAC AA’”' GCAAGGTCITCCAACAAAGCC
TCCCAGCCCCCATCGAGAS CCATCTCCAAAGCCAAAGGTGAGCCCCGAGAACCACAGGTGTACAL
uCTGKﬂf‘ CCCATCCCGGGAT (:Z%J.«; MNEY: xk/C,Z\Is{“/‘ij\lC:(j]‘XC::;r CAGCCTGACCTGCCTGGETCARAGGCTICT

ALY

ATCCCAGC FT\C/'\TPGC\TCTG\I \GTGGGAGAGCAATGCECAGCCGGAGA TAC/\é-CT/\FAAGZ\p ACGCCT

GAAGG

CCCETGCTGGACTCCLACGGCTCCTTCTTICCTCTACAGCAAGCTCACCGTEGACAAGAGC LC GCA
GCAGGGGAACGICTITCICATGCICCCIGATGCATGAGGCTCTGCACAACCACTACACGC A( VAGAGCC
TCTCCCTGICTCCGGETARATGA (SEQ I D NO:152)

Each of the above sequences can be modified to include an ATCGAT nucleotide sequence at
the 57 end, which will encode a variable heavy chain or light chain polypeptide comprising He-Asp at

the amino terminus.
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This Example summarizes the initial formulation study results for an exeroplary anti-HA

antibody molecule described herein, e.g., Ab (44

Procedure

Foorteen formulation matrices with different pH values with 40 mM sodiom phosphate-citrate
buffer and with different conmpositions were prepared. The antibody sample was prepared by a
sequence of Protein A affinity chromatography, anion exchange chromatography, and cation
exchange chromatography. The purified samples were formulated in the appropriate solutions using
Ultrafiltration/Diafiltration. Aliquots of 4.0 mL of antibody at 10mg/mL in 30mM Sodium
Phosphate, 8.6mM Citric Acid, 50m.M Histidine, 30m.M NaCl, pH 6.0 were transferred into a 30K
MWCQO Amicon Ultra Centrifugal filter and centrifuged at 3600 RPM for 30 minutes. Additional 2.0
mL of antibody at concentration of 10mg/mL was added into each 30K MWCO Amicon Ultra
Centritugal filter and centrifuge at 3600 RPM for 40 minutes. The solution volume in each Amicon
Ultra Centrifugal filter was reduced to approximately 500 uL. Aliquots of 4.0 mi of formulation
matrix per filier were added (see Table 5 for the formulation components with 40 mM sodium
phosphate/citrate buffery and centrifuged at 3600 RPM for 40 minutes. The solution volume in each
Amicon Ultra Centrifugal filter was reduced to approximately 500 L. Additional 4.0 ml of
formulation matrix per filter were added and the filters were centrifuged at 3600 RPM for 45 minutes.
The solution volume in each Amicon Ultra Centrifugal filter was reduced to approximately 400 uL.
After completion of the iwo buffer exchanges, it can be assumed that fo the final solution contained
less than 1.5% of the original solution composition. The final retentate volume was reduced from 6.0
mL. to approximately 400 pl., with a theoretical concentration of around 1350 mg/ral assuming no
protein was fost to the membrane or precipitated out.

The retentate was then filtered through a .22 uM membrane. A28( and DISC were
conducted to measure protein concentrations and the conformational stability of the antibody in each
formulation, respectively. Each sample was also divided into 4 portions in glass vials. The first 3
aliquots have 65 pL solution. The remaining sample is in the 4th aliguot, with sample volume ranged
between 635 and 350 uL. The first 3 aliquots were stored at 5°C, 45°C, and -70°C, respectively; the
4th portion was stored at 3°C. The isf three aliquots was pulled on day 7 and frozen at -70°C and
shipped on dry ice for analysis. These samples were analyzed with size exclusion-high performance
figuid chromatography (SEC-HPLC), and the results are summarized in Table 6. The Appearance
test was conducted for all of the Ist three aliquots on day | and day 7 except the -70°C samples on
day 7 which was not thawed before shipping. Al of samples appeared clear without visible particles.

The 4th alignot was stored at 5°C for later analysis.
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Results and Discussion
Table 5 shows formulation information, protein concentration, differential scanning
catorimetry (D8C) peak temperatures, and the final volume after buffer exchange, while, Table 6

summarizes the size exclusion chromatography (SEC) results.

Table 5. Formulation information with A280 and DSC Data

Nugber | pH | NaCl | Tw80 | Sucro | Hist | Arg | Gly | Front | Main | mg/ml. | Vohune
mM % % % % % Peak | Peak ul
°C °C

1 55 0 150 | 0.05 2 it g 2 i Minor | 779 75.6 383
2 6.0 30 ¢ 2 2 0 2 | Minor | 78.1 9.0 430
3 6.0 | 150 | 005 0 it 0 it No 77.3 106.0 284
4 7.0 30 i i & G 0 No 76.3 72.0 262
5 5.5 50 0 { 2 2 0 67.5 753 78.C 510
o 7.0 | 150 0.05 2 2 2 2 No 773 73.0 436
7 5.5 1 150 0 0 2 0 2 65.5 75.4 66.0 486
8 6.5 | 150 0 0 2 2 2 No 773 80.0 382
9 6.0 50 0.05 0 0 0 0 No 76.8 47.0 317
10 8.0 | 1506 | 005 2 2 0 0 No 76.2 66.0 406
1 8.0 50 0 0 0 2 2 No 76.5 69.0 475
12 5.0 1 100 | 0.025 ] 1 1 1 65.3 65.3 73.0 433
13 5.0 30 0.05 0 0 2 0 68.4 68.4 57.0 481
14 6.0 | 150 | 0.05 0 0 2 0 No 76.8 59.0 588

Sucro =Sucrose; His=Histindine; Arg =Arginine; Gly =Glycine

FIGS. 8A-8G show the DSC profile for all of the 14 formulation samples. Significant
differences were observed between the formulations by DSC. A front shoulder was clearly observed
for formulation #5, 7, 12, and 13 at approximately 70°C for low pH samples (pH 5-3.3), indicating the
arti-HA antibody molecule at lower pH denatured sooner as the temperature increased.

Table 6 shows the summary of the overall protein recovery of the concentration step and the
Size Exclusion Chromatography (SEC) results of the 14 formmlations stored at 3 temperatures. The
recovery of the conceniration step {targeted 100 mg/mi) was calculated based on the amount of
protein at the start and end of the process. The results of the SEC analytics are expressed as a main
peak, containing the HA antibody monomer, as well as peaks containing High Molecular Weight

(HMW) and Low Molecular Weight (LMW) species, consisting of aggregates and breakdown
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produects. Data show that all 42 samples tested consist to a very large proportion of monomeric
spacies, as expressed by % Main Peak above 98%, when siored at 2-8°C. However, %High
Molecular Weight Species (HMWS), and/or %Low Molecular Species (%LMWS) increased more
in some of the formulation upon storage at 45°C for | week (#1,3, 4,9, 10, 11, 12 and 14) in
comparison with rest of the formulation buffers. The results indicated that the levels of stress-induced

aggregation and degradation vary depending on the formulation buffer.

Table 6. Summary of %Recovery of Concentration Step and SEC Results

# e Recovery Temp °C To HMWS ToMain Peak | %LMWS
i 48 -70 0.5 99.5 0
3 0.7 99.3 0
45 1.2 98.8 0
2 62 -70 0 100 0
5 0.1 99.9 0
45 0.2 99.8 0
3 50 -70 8.1 99.7 0.1
5 0.1 99.9 0
45 0.3 98.7 1.0
4 32 -70 0.5 99.5 0
3 3 99.5 0
45 0.7 98.8 0.5
5 66 =70 0.2 99.8
5 0.2 99.8
45 Crystallized
3 53 -70 0.6 99.4 0
5 0.6 99.4 0
45 0.9 99.0 0
7 34 -70 0.5 99.5 0
3 0.4 99.6 0
45 0.6 99.4 0
8 51 =70 0.5 99.6 0
5 0.3 99.5 0
45 0.7 99.3 0
9 25 -T0 0.1 99.9 0.1
5 0.1 99.9 0.0
45 0.2 99.0 0.8
10 45 -70 0.7 99.1 0.2
5 0.7 99.1 0.2
45 1.2 97.7 1.2
1t 35 -73 0.3 99.5 0
5 0.4 99.4 0.2
45 1.2 98.7 0.1
12 59 -T0 0.3 99.4 0
5 0.6 99.4 0
45 1.3 98.7 0
13 46 =70 0.6 99.4 0
5 0.6 99.4 0
45 3.5 95.7 0.8
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14 54 =70 0.5 99.5 0
5 (.5 99.5 O
45 0.9 G8.4 0.7

THMWS=% High Molecular Weight Species and %LMWS=%Low Molecular Species

This initial evaluation indicates that the antibody can be formulated up to 106 mg/ml and is
stable within a wide range of pH and buffer compositions at 2-8 °C. Differential Scanning
Calorimetry (D5C) data from unstressed saroples and the SEC-HPLC data on stressed and unstressed
samples revealed differences between the formudations. Notably, Formulation#3- 38.6 mM Sodium
Phosphate-Citrate, 150mM Sodium Chloride, pH 6.0, 0.05% Tween-80 saraples reached a

concentration of 106mg/ml, did not result in a front should by DSC and maintained >98% monomer

upon heat stress by SEC-HPLC.

This Example summanzes the formulation development study for an exemplary anti-HA
antibody molecule described herein, e.g.. Ab 044, at 25 mg/ml. A short-terma thermal stressed
stability study, a freezefthaw study, and an agitation siudy were performed to screen out the desired
formulation.

Five formulations were prepared at concentration of 25 mg/ml. Each formulation was
divided into several portions for different storage conditions, which include 4°C and 45°C for 2
weeks, freeze/thaw for 1 and 3 cycles, and agitation for 16 hours at speed of 30 RPM by a ¢P Cole-
Parmer. Appearance, SEC, CE-SDS, A2R0, IEF and potency analyses were conducted to
evaluate the stability of these samples. Table 7 lists the composition of the 5 formulations. It was
found that the antibody molecule was stable for up to 3 freeze/thaw cyeles and overnight agitation.
Among the 5 formulations, Formulation 1 and 4 were most stable. Formulation 1 was chosen as the

final formulation for the antibody molecule based on the potential fong term benefit of Tween-80.

Table 7. Composition of Formulations

Formulation # Formulation Title
#1 40 mM Citrate-Sodium Phosphate, 150mM Sodium Chloride, pH 6.0,
3.025% Tween-80
#2 40 mM Citrate-Sodium Phosphate, 150mM Sodiam Chloride, pH 6.5,
0.025% Tween-80
#3 40 mM Citrate-Sodium Phosphate, 1% Glycine, 75 mM Sodium
Chloride, pH6.5, 0.025% Tween-80
#4 40 mM Citrate-Sodivm Phosphate, 130mM Sodium Chloride, pH 6.0.
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#3 40 mM Citrate-Sodium Phosphate, 75 mM Sodium Chioride, pH 6.5,
0.025% Tween-80

Summary of the formulation procedure

Citric Acid (JT Baker, Lot K42466) 100 mM, Sodium Phosphate Dibasic Heptahydrate
(Fisher, Lot 125720 100mM, and NaCl (JT Baker, Lot L10472) 1.0 N were prepared. pH 6.0 buffer

(100 mM) was prepared by mixing Citric Acid 100 maM and Sodium Phosphate Dibasic Heptahydrate

100 mM at a proper ratio determined by a pH meter. pH 6.5 buffer (108 mM) was also prepared by

roixing Citric Acid 100 oeM and Sodiun Phosphate Dnbasic Heptahydrate 100 raM at a proper ratio

determiined by the pH meter. The 5 formulations were prepared without Tween-80 according to

Table 8. Recipe of Formulation Buffer without Tween-8()

Formulation # i 2 3 4 s
NaCl, 1 N, rol; Final Conc =75 or 150 nM 18.8 18.8 9.4 i8.8 9.4
pH 6.0 100mM, mL; Final Conc = 40 mM 50 O O 50 0
pH 6.3 100mM, mL; Final Cone = 40 mM ] 50 30 §] 30
Glyeine, g; Final Conc = 0% or 1.0% O O 1.25 0 0

After 125 mL of {formudation buffers were prepared, the pH values were further adjusted by
SN NaOH or 5N HClto pH 6.0 or 6.5, The antibody bulk drug substance (BDS) (4.5 mg/ml, 229.2
mb) was prepared by a sequence of Protein A affinity chromatography, anion exchange
chromatography, and cation exchange chromatography. The purified samples were formulated in the
appropriate solutions using Ultrafiltration/Diafiltration..

Amicon Ultracel 30K Lot R2ZAA64948 (Max mL = 15mb) ulirafiltration tubes were used o
perform buffer exchange/concentration. Sample volumes were adjusted according to AZ80 results
with target value of 25 mg/mL. Table 9 lists recoveries of the formulation samples. Formulation #1

and #4 were combined.

Table 9, Recoveries of Formulation

Formulation # Weight g Concentration Total Loading Recovery %
mg/mi g
#1 and #4 5.6l g 24.69 174.26 79.5%
#2 2.68 g 2476 §7.13 76.2%
#3 271 g 24.82 87.13 77.2%
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#3 2.64 ¢ 2497 §7.13 75.7%

The combined formudation sample #1 and #4 was divided into equal portions as Formulation

#1 and Formulation #4, respectively. Diluted Tween-80 (JT Baker, Lot H35614) (3%) was spiked

into the samples except Formulation #4 to reach a concentration of 0.025% Tween-80. Each

formulation sample was divided into multiple portions for testing on different conditions of T=0,

Agitation, 1 cycle of freeze/thaw, 3 cycles of freeze/thaw, and for 2 weeks at 45°C.

Results

Dring the study, all samples were colorless without precipitation or visible particles. Table

16 lists the AZ80 resuits. The protein concentration after storage at different conditions remained the

53me.

Table 18. A280 Results

Sample 1D mg/ml Sammple 1D mg/mk Sample 1D rg/mi

Formudation #1, T=0 24.8 #1 T=Zweeks 4°C 24.5 #1 T=2weeks 24.3
45°C

Formulation #1 1 F/T, T=0 24.9

Formulation #1 3 /T, T=0 24.3

Formulation #1 Agitate, T=0 24.4

Formulation #2, T=0 24.6 #2 T=2weeks 4°C 25.1 #2 T=2weeks 24.3
45°C

Formulation #2 1 F/T, T=0 24.9

Formulation #2 3 F/T, T=0 25.0

Formulation #2 Agitate, T=0 24.5

Formulation #3, T=0 24.3 #3 T=2wecks 4°C 24.9 #3 T=2weeks 24.3
45°C

Formulation #3 1 F/T, T=0 24.7

Formudation #3 3 F/T, T=0 24.5

Formulation #3 Agitate, T=0 25.6

Formulation #4, T=0 23.8 #4 T=2weeks 4°C 24.5 #4 T=2weeks 24.7
45°C

Formulation #4 1 /T, T=0 24.7

Formulation #4 3 F/T, T=0 23.8

Formulation #4 Agitate, T=0 24.9
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Formulation #5, T=0 24.8 #5 T=2weeks 4°C 252 #5 T=2weeks 24.3
45°C

Formulation #5 1 F/T, T=0 24.9

Formulation #35 3 F/T, T=0 24.7

Formulation #5 Agitate, T=0 24.6

Table 11 lists capillary electrophoresis-SDS (CE-SDS) results for reduced samples. The
antibody molecule was stable over freeze/thaw and agitation based on the reduced CE-SDS results.
The combined (heavy chain and light chain) Main peak % area after storage at different conditions are
{isted. Formulations #1 and #4 showed improved stability as compared (o the other 3 formaulations.

FiG. 9 shows a representative electropherogram of CE-SDS for a reduced sample.

Table 11. Combined (HC and L.C) Main Peak % of CE-5DS for Reduced Samples

Formulation #

#1 #2 #3 #4 #5
CE Reduced | HC + LC, 4C, 2wks 98.6 98.6 98.6 98.6 98.5
CE Reduced 96.9 96.4 95.7 97.2 96.4

Dnfference T=2wksd( — T=2wks 45C 1.7 2.2 29 1.4 2.1
CE Reduced | HC + LC 4C 2wks 98.6 98.6 98.6 93.6 98.5
CE Reduced | HC + LC 1 /T 4C 2wks 98.7 8.6 98.7 98.4 98.6
CE Reduced | HC + LC 3 F/T 4C 2wks 98.7 98.7 98.7 93.6 98.8
CE Reduced | HC + LC Agitation 4C 2wks 98.7 98.7 98.7 98.8 98.6

Table 12 lists CE-SDS resulis for non-reduced samples. The Main peak% area for [gG at

different conditions are listed. The antibody molecule was stable over freeze/thaw and agitation based
on non-reduced CE-5DS. Formuwlations #1 and #4 appeared to maintain stability better than the other
3 formulations as demonstrated by the %Purity difference beiween 4°C and 43°C storage for 2 weeks.

FIG., 16 shows a representative electropherogram of CE-SDS for a non-reduced sample.

Table 12, Main Peak % of CE-SDS for Non-Reduced Samples

Formulation #
#] #2 #3 #4 #3
CE Non-Reduced | 1gG 4C 2 wks 97.0 97.3 97.4 a7.1 97.1
CE Non-Reduced | 12G 45C 2 wks 92.0 91.0 90.6 91.7 91.4
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Difference T=2wks 4C - T=2wks 3.0 6.3 6.8 5.4 5.7
4s5C

CE Non-Reduced | [gG 1 F/T 4C 2wks 97.0 96.9 96.9 96.8 96.8

CE Non-Reduced | [gG 3 F/T 4C 2wks 96.4 96.7 96.8 96.7 96.6

CE Non-Reduced | [gG Agitation 4C 2wks 96.6 96.4 96.6 96.4 96.4

Table 13 lists SEC-HPLC results as %peak area for monomer peak, high molecular weight

(HMW) peak and low molecular weight (LMW) peak from samples stored for 2 weeks at 4°C and

45°C. The peak area% differences at 4°C and 45°C are also listed for different formulations.

Formudation #2 and #3 showed the most change upon stress a 45°C. FiG., 11 shows a representative

SEC chromatogram.

Table 13, SEC Result for 2 Week Samples at 4°C and 45°C

Sample 1D HMW (%) Monomer LMW (%)
(%)}
Formulation #1, T=0 1.57 098.43 &
Formulation #1; 4C 2 wks 1.90 9810 0
Formulation #1; 45C 2 wks 431 94,44 1.25
Formudation #2, T=0 1.81 98.19 O
Formulation #2; 4C 2 wks 1.97 98.03 G
Formudation #2; 45C 2 wks 4770 94.03 1.27
Formudation #3, T=0 1.53 08.47 0
Formualation #3; 4C 2 wks i.76 98.24 &
Formudation #3; 45C 2 wks 4770 0421 1.09
Formulation #4, T=0 1.68 98.32 0
Formulation #4; 4C 2 wks 1.89 98.11 &
Formulation #4; 45C 2 wks 438 94 38 1.24
Formulation #3, T=0 1.64 98.36 0
Formulation #5; 4C 2 wks 1.96 98.04 iy
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Formulation #5; 45C 2 wks 4.29 94.54 1.17

L

Table 14 lists monomer %peak area from SEC for =0 samiples and after freeze/thaw (F/T)
cycles or agitation. Minimal changes were observed for the different formulations after agitation, 1

cycle F/T, or 3 cycles F/T.

Table 14. SEC Result for T= ( Sanples

Name HBMW (%) Monomer (%)
Formulation #1;, T=0 1.57 98.43
Formulation #1; | /T 1.64 98.36
Formulation #1; 3 FT 1.61 98.39
Formulation #1; Agitation 1.77 88.23
Formulation #2; T=0 1.81 98.19
Formulation #2; 1 /T 1.94 98.060
Formulation #2; 3 F/T 1.72 98.28
Formulation #2; Agitation 1.84 38.16
Fornmdation #3; T=0 1.53 98.47
Formulation #3; 1 /T 1.55 98.45
Formulation #3; 3 B/T 1.65 98.35
Formulation #3; Agitation 1.63 98.37
Formulation #4; T=0 1.68 98.32
Formulation #4; | /T 1.53 98.47
Formulation #4; 3 FT 1.68 98.32
Formudation #4; Agitation 170 98.30
Formulation #5; T=0 1.64 98.36
Formulation #3; 1 /T 1.65 98.35
Formulation #5; 3 F/T 1.79 98.21
Formulation #3; Agitation 1.65 98.335

Isoelectric focusing (IEF) was conducted to analyze all samples. A major band at the

isoelectric point (pl) around 9.0 was observed for all of the samples. More degradation was observed
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for 45°C samples (more acidic bands noted by eyes). No significant difference was observed among
all the formulations. FIG. 12 shows a representative IEF zel image.

Based on the results of non-reduced CE-3DS and SEC, =0 and t=2wks 45°C samples in
formulation #3 were chosen to measure potency by Hemagglhutinin (HA) binding ELISA since the
antibody molecule in this formudation buftfer had the most changes after storage at 45°C for 2 weeks.
The results are summarized in Table 13. The data indicated no significant changes in potency
(% Activity) between t=0 and the siressed sample considering the assay precision. Therefore, it is
reasonable to draw the similar conclusion of no change in the antibody molecule potency upon stress

at 45 °C for 2 weeks in all of the formulations tesied.

Table 15. Potency Result for =0 and 2wks 45°C Samples in Formulation #3
Sample P Activity
T=0 123
T=2wks 45C 97
Average % Activity 110
Standard Deviation (%) i18.4
T RSD 16.7

The results indicate that the antibody molecule was stable vp to 3 freeze/thaw cycles and
overnight agitation. Among the 5 formulations, Formulation 1 and 4 were most stable. Formulation
1 was chosen as the final formulation for the antibody molecule based on the potential long term
begefit of Tween-80. The forraulation contains 40 mM Clirate-Sodivre Phosphate, 150 mM sodium

chloride, 0.025% polysorbate-80, pH 6.0.

Example 4: Population Pharmacokinetic and Viral Dynamic Modeling of VIS410 in a Human

Challenge Model

A population pharmacokinetic {popPK) and influenza viral dynamic model were developed to
support the VIS410 clinical program (e.g., using a formudation described herein), integrating data
from a Phase | healthy volunieer and a Phase Za human influenza challenge study. VIS414 is also

known as Ab (44 herein.

Methods
Nasal and serurn PK data from a Phase 1 study (N=30, single TV doses 2 — 50 mg/kg) and a
Phase 2a study (N= 33, single IV doses of 2300 and 4600 mg) were used to develop the popPK

model. In the Phase 2a study, volunteers were inocudated intranasally with an attenuated influenza A
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(H1N1) strain, and received placebo or VIS410 24h post-inoculation. Frequent nasal viral load
{(qPCR and TCID o), serum and nasal PK were measured. The pharmacodynamic analysis included
viral Joad data from intent-to-treat infected subjects (ITT): placebo (n=7), 2300 mg (n=22), 4600 mg
(n=4). All analyses were performed in NONMEM 7.3 and gPCR and TCID30s were modeled
separately; BLQ} data were handled using the M3 method, with predictive performance evaluate

using NPDE (in R).

Results

A 3-compartment model adequately descrbed PK with first-order distribution of VIS410Q
between nasal and central compartments (mean (BRSE) CLy, serum-to-nasal .04 (19.5%) ml/h; and
nasal-to-serum 1.93 (17.1%) mi/h). Body weight was the only covariate that was retained in the
popPK model. Other covariates fested included gender, age and infection status, but were non-
inflaential. A 92% reduction in viral load AUC by gPCR was observed at the 2300 mg dose compared
1o placebo (p<0.05). Viral dynamics in placebo and I'TT subjects were well characterized by a
maodified viral dynamic model comprising virus, target epithelial cells, non-productive and productive
infected cells; mADb drug effect was modeled as inhibiting membrane fusion in the nasal compartment,
via an By, function (mean (%RSEY ECsy gPCR = 1.96 (13) pg/ml and BECy TCID = 18.4 (2.6)
ug/ml ).

In summiary, VIS410 demonstrated PK generally typical of [gG1 mAbs, and potent antiviral
activity compared to placebo in the HINT human challenge model. A semi-mechanistic popPK
model, which links mAb nasal concentrations to influenza viral dynamics based on the VIS410
mechanism of action was successfully developed. The model describes serurn and nasal PK, with
inwpact on viral load, and was used to support dose selection for future clinical development across a
spectrum of populations. This approach may be extended to other mAbs targeted against influenza

viral infections.

Additional exaraples are disclosed in International Application Publication No.
WO2Z013/170139, UK. Patent No. 8,877,200, U.S. Patent No. 8,096,657, and U.S. Patent Application
Publication No, US 2013/0302345. The contents of the aforesaid publications are incorporated by

reference in their entirety.
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Incorporation by Reference

All publications, patents, and patent applications mentioned herein are hereby incorporated by
reference in their entirety as if each individual publication, patent or patent application was
specifically and individually indicated to be incorporated by reference. In case of conflict, the present

apphcation, including any definitions herein, wit control.

Equivalents
Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the invention described herein.

Such equivalents are intended to be encompassed by the following claims.
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What is claimed is:

1. A formulation coraprising an anti-HA antibody molecule, a buffering agend, and a {onicity
agent, wherein the antibody molecule comprises:

{a) a heavy chain (HC) inmunoglobulin variable region segment comprising:

an HC CDRI comprising the sequence 5-Y-A-M-H (SEQ ID NO: 68);

an HC CDR2 comprising the sequence V-V-5-Y-D-G-N-Y-K-Y-Y-A-D-3-V-(3-G
(SEQ 1D NO: 69); and

an HC CDR3 comprising the sequence D-5-R-L-R-S-L-L-Y-F-E-W-L-5-Q-G-Y-F-
N-P {(SEQ ID NO: 70); and
{(b) a light chain (LC) immmunoglobulin variable region segment comprising:

an LC CDR1 comprising the sequence Q-S-I-T-F-D-Y-K-N-Y-L-A (SEQ ID NO:

an LC CDR2 comprising the sequence W-G-S-Y-L-E-S (SEQ D NO: 72); and

an LC CDR3 comprising the sequence Q-Q-H-Y-R-T-P-P-S (SEQ 1D NG: 73).

2. The formudation of claim 1, wherein the antibody molecule is present at a concentration of

about 5 mg/ml. to about 150 mg/ml..

3. The formulation of claim 1 or 2, wherein the antibody molecule is present at a

concentration of about 10 mg/ml to about 40 mg/mlL.

4. The formulation of any of clairas 1-3, wherein the antibody molecule is present at a

concentration of about 20 mg/ml. to about 60 mg/ml..

5. The formulation of any of claims §-4, wherein the antibody molecule is present at a

concentration of about 25 mg/mi to about 50 mg/ml, e.g., about 25 mg/mi..

6. The formulation of any of claims 1-5, wherein the antibody molecule is present at a

concentration of about 50 mg/mL to about 100 mg/mb, e.g., about 30 mg/mi..

7. The formulation of any of claims 1-6, wherein the antibody molecule comprises a heavy
chain immunoglobulin variable region segment comprising SEQ ID NO: 25, or an amino acid

sequence that differs by no more than 1, 2, 3, 4, or 5 amino acids therefrom.
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8. The formudation of any of claims 1-7, wherein the antibody molecule comprises a light
chain iramunoglobulin variable region segment comprising SEQ 1D NO: 52, or an amino acid

sequence that differs by no more than 1, 2, 3, 4, or 5§ amino acids therefrom.

9. The formulation of any of claims 1-8, wherein the antibody molecule comprises:

{a) a heavy chain immunoglobulin variable region segment comprising SEQ D NO: 25, or an
amino acid sequence that differs by no more than 1, 2, 3, 4, or 5 amino acids therefrom; and

(b) a light chain immunoglobulin variable region segment comprising SEQ ID NO: 52, or an

amino acid sequence that differs by no more than 1, 2, 3, 4, or 5 amino acids therefrom.

1{}. The formuldation of any of claims 1-9, wherein the antibody raolecule coraprises a heavy
chain tromunoglobulin variable region segment comprising SEQ 1D NO: 25 or a light chain

immunoglobulin variable region segment comprising SEQ 1D NO: 52.

11. The formulation of any of claims 1-10, wherein the antibody molecule comprises a heavy
chain irorounoglobulin variable region segment that comprises SEQ 1D NO: 25 and a light chain

immunoglobulin variable region segment that comprises 3EQ 1D NO: 52.

12. The formulation of any of claims 1-11, wherein the buffering agent is present at a

concentration of about 5 mM to about 150 mM.

13. The formulation of any of claims 1-12, wherein the buffering agent is present at a

concentration of about 20 maM to about 60 mM.

14. The formulation of any of claims 1-13, wherein the buffering agent is present at a

concentration of about 40 mM.

15. The formulation of any of claims 1-14, wherein the buffering agent is a citrate buffer, a

phosphate buffer, or a citrate-phosphate buffer.

16. The formudation of any of claims 1-15, wherein the buffering agent comprises citrate-

sodivm phosphate.

17. The formmdation of any of clairns 1-16, wherein the formulation comprises citrate-sodium

phosphate at a concentration of about 20 mM o about 60 ;M.
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18. The formulation of any of claims 1-17, wherein the formulation comprises citrate-sodiom

phosphate at a conceniration of about 40 raM.

19. The formulation of any of claims 1-18, wherein the buffering agent provides a pH of

about 3.5 to about 7.

20. The formulation of any of claims 1-19, wherein the buffering ageni comprises ciirate-

sodium and provides a pH of about 6 to about 6.5.

21. The formudation of any of claims 1-20, wherein the tonicity agent is present at a

concentration of about 10 mM to about 500 oM.

22. The formudation of any of claims 1-21, wherein the tonicity agent is present at a

concentration of about 30 to about 200 oM.

23. The formulation of any of claims 1-22, wherein the fonicity agent is present at a

concentration of about 150 mM.

24. The formulation of any of claims 1-23, wherein the tonicity agent comprises sodium

chioride.

25. The formulation of any of claims 1-24, wherein the tonicity agent comprises sodium

chloride and is present at a concentration of about 140 to about 160 mM.

26. The formulation of any of claims 1-25, wherein the tonicity agent provides a fonicity (or

osmolality} of about 250 mOsm/L to about 350 mOsm/L.

27. The tormulation of any of claims 1-26, wherein the tonicity agent comprises sodium

chloride and provides a tonicity (or osmolality} of about 280 mOsmv/L (o about 320 mQOsmy/L.

28. The formudation of any of claims 1-27, wherein the formulation has pH of about 5.5 1o

about 7.

29. The formudation of any of claimns 1-28, wherein the formulation has a pH of about 6 to

about 6.5.

30. The formulation of any of claims 1-29, comprising:
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{a) the anti-HA antibody molecule at a concentration about 10 to 40 mg/ml;
(b) citrate-sodium phosphate at a concentration about 20 mM to 60 mM; and
{c) sodivm chloride at a concentration of about 75 to about 150 mM,

wherein the pH of the formulation is about 3.5 to about 6.5.

31. The formudation of any of clairns 1-30, comprising aboot 25 mg/mL of the anli-HA
aniibody molecule, about 40 mM citrate-sodium phosphate, and about 150 mM sodiuwm chioride, at a

pH of about 6.
32. The formutation of any of claims 1-31, further comprising a surfactant.

33. The formulation of claim 32, wherein the surfactant is present at a concentration of about

0.005% to about 0.1%.

34. The formulation of claim 32 or 33, wherein the surfactant is present at a concentration of

about 0.01% to about 0.05%.

35. The formulation of any of claims 32-34, wherein the surfactant is present at a

concentration of about 0.025%.

36. The tormulation of any of claims 32-35, wherein the surfactant is polysorbate 80

(TWEEN® 80).

37. The formulation of any of claims 32-36, wherein the surfactant is polysorbate 80 and is

present a concerdration of about 0.01% and about 1.05%.

38. The formudation of any of claims 32-37, comprising:

{a) the anti-HA antibody molecule at a concentration of about 10 to 40 mg/mi;
{b) citrate-sodium phosphate at a concentration of about 20 mM to 60 mM;

(¢) sodium chloride at a concentration of about 75 mM to about 1530 mM,; and
{(d) polysorbate 80 at a concentration of about 0.01% to about 0.05%,

~

wherein the pH of the formulation is about 3.5 to about 6.5.

39. The formudation of any of clairas 32-38, comprising about 25 mg/ml of the anti-HA
aniibody molecule, about 40 mM citrate-sodium phosphate, about 150 mM sodium chloride, and

about 0.025% polysorbate 80, wherein the pH of the formulation is about 6.
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4. The formulation of any of claims 32-38, comprising about 25 mg/mL of the anti-HA
antibody molecule, about 40 oM citrate-sodivm phosphate, about 150 mM sodium chloride, and

about 0.025% polysorbate 80, wherein the pH of the formmlation is about 6.5.

41. The formulation of any of claims 32-38, comprising about 25 mg/mL of the anti-HA
antibody molecule, about 40 mM citrate-sodiom phosphate, about 75 mM sodiom chloride, and abowt

0.025% polysorbate 80, wherein the pH of the formulation is about 6.5.

42. The formulation of any of claims 1-41, further comprising a stabilizing agent.

43. The formulation of claim 42, wherein the stabilizing agent is present al a conceniration of

about $.1% to about 10%.

44. The formulation of claim 42 or 43, wherein the stabilizing agent is an amino acid.

45. The formulation of claim 44, wherein the amino acid is glycine, histidine, arginine,

methionineg, proling, ysine, glutamic acid, or a combination thereof.

46. The formulation of any of claims 1-43, comprising glycine at a concentration of about

0.5% {0 abouwt 2%.

47. The formulation of any of claims 1-46, comprising:

(a) the anti-HA antibody mwolecule at a concentration of about 10 1o about 40 mg/ml,;
{b) citrate-sodium phosphate at a conceniration of about 20 mM to 60 mM,;

{c) sodium chloride at a concentration of about 75 mM to about 150 mM;

{(d) polysorbate 80 at a conceniration of about 0.01% to about 0.04%; and

(¢} glycine &t a concentration of about 0.3% (o abowt 2%,

wherein the pH of the formulation is about 5.5 10 about 6.5.
48. The formulation of any of claims 1-47, comprising about 23 mg/mL of the anti-HA
antibody molecule, about 40 mM citrate-sodium phosphate, about 150 mM sodium chioride, about

0.025% polysorhate 80, and about 1% glycine, wherein the pH of the formulation is about 6.

49, The formudation of any of claims 1-48, further comprising a carbohydrate.
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50. The formulation of claam 49, wherein the carbohydrate is sucrose, trehalose, mannitol,

combination thereof.

51. The formulation of any of claims 1-50, further comprising a polymer.

52. The formulation of claim 51, wherein the polymer is a polyethylese glycol (PEG),

dextran, hydroxyl ethyl starch (HETA), or gelatin.

53. The formudation of any of claims 1-52, further comprising a preservative.

54. The formulation of claim 53, wherein the preservative is benzyl alcohol, m-cresol, or

phenol.

55. The formulation of any of claims 1-54, wherein the level of high molecular weight
{HMW) species in the formulation is less than about 5%, before storage, or after storage for at least

about 2 weeks at 4°C or at least about 2 weeks at 45°C.

56. The formulation of any of claims 1-55, wherein the level of low molecular weight (LMW)
species in the {formudation s less than about 3%, befove storage, or after storage for at least about 2

weeks at 4°C or at least about 2 weeks at 45°C.

57. The formulation of any of claims 1-56, wherein the fevel of HMW and LMW species in
the formulation is less than about 8%, before storage, or after storage for at least about 2 weeks at 4°C

or at least about 2 weeks at 45°C.

58. The formudation of any of claimns 1-57, wherein about 90% or more of the anti-HA
antibody molecules in the formulation are present as monomers, before storage, or afier storage for at

least about 2 weeks at 4°C or at least about 2 weeks at 45°C.
59. The formudation of any of claims 35-38, wherein the evel of monomers, HMW species,
or LMW species is determined by size exclusion-high performance liquid chromatography (SEC-

HPLO).

6. The formulation of any of claims 1-59, wherein the purity of the anti-HA antibody

molecule in the formulation after storage for two 2 weeks at 4°C is at least about 96%.

140



WO 2017/147248 PCT/US2017/019053

61. The formulation of any of claims 1-60, wherein the purity of the anti-HA antibody

molecule in the formulation after storage for two 2 weeks at 45°C is at least about 90%.

62. The formuldation of claim 60 or 61, wherein the purity of the anti-HA antibody molecule is

determiined by capillary electrophoresis-sodium dodecyl sulfate (CE-SDS).

63. The tormulation of any of claims 1-62, wherein the activity of the anti-HA antibody

molecule is decreased by less than about 25% after storage for at least about 2 weeks at 43°C.

64. The formudation of claim 63, wherein the activity of the anti-HA antibody molecule is

determined by an HA binding assay.

65. The formudation of any of claims 1-64, wherein the formulation is a Hquid formulation.

66. The formulation of any of claims 1-64, wherein the formulation is a lyophilized

formulation.

67. A container comprising the formudation of any of clairas 1-66.

68. The container of claim 67, compnising about 10 mg/mL to about 60 mg/ml of the

aniibody molecule.

69, The container of claim 67 or 68, comprising about 25 mg/ml. to about 50 mg/ml of the

aniibody molecule.

70. The container of any of claims 67-69, comprising about 10 mL. to about 50 mL of the

formulation.

71. The container of any of claims 67-70, comprising about 20 mL to about 40 mL of the

formulation.

72. The container of any of claims 67-71, which is a vial, optionally, a glass vial.

73. A device comprising the formolation of any of claims 1-66.

74. A kit comprising one or more containers comprising the formuldation of any of claims 1-

66, and instructions for use of the formulation.
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75. A method of treating or preventing influenza, the method cormprising administering to a
subject having influenza, or at risk of having influenza, an effective amount of the formulation of any

of claims 1-66, thereby treating or preventing infiuenza.

76. The method of claim 75, wherein the formulation is adminisiered intravenously.

77. The formulation of any of claims 1-66 for use in treating or preventing influenza.

78. A method of preparing a composition for administration to a subject, the method
comprises corabining the formulation of any of claims 1-66 with a solution suitable for infraveaous

adnyinistration.

79. The method of claim 78, wherein the solution comprises saline, optionally, turther

comprises dextrose.

80. The method of claim 78 or 79, wherein 2000 mg to 5000 mg of the antibody molecule is

combined with the solution.

&1. The method of any of claims 78-80, wherein 2300 mg to 4600 mg of the antibody

molecule is combined with the solution.

22. The method of any of claims 78-81, wherein the formulation is combined with the

solution in an infravenous (IV) solution bag.

83. A container comprising 200 mL to 300 ml of a solution comprising an anti-HA antibody
molecule, wherein the solation is suitable for intravenous administration, wherein the antibody
molecule is present at a concentration of 5 mg/mi to 20 mg/ml, and wherein the antibody molecule
comprises:

(a) a heavy chain (HC) immwunoglobulin variable region segrmeat comprising:

an HC CDRI comprising the sequence S-Y-A-M-H (SEQ 1D NO: 68);

an HC CDR2Z comprising the sequence V-V-S8-Y-D-G-N-Y-K-Y-Y-A-D-5-V-(Q3-G
(SEQ 1D NO: 69); and

an HC CDR3 comprising the sequence B-5-R-L-R-S-L-L-Y-F-E-W-L-5-Q-G-Y -F-
N-P (SEQ 1D NO: 70); and

(b) a light chain (LC) immunoglobulin variable region segment comprising:

142
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an L CDRI comprising the sequence G-S-I-T-F-D-Y-K-N-Y-L-A (SEQ ID NGt
145);

an LC CDR?2 comprising the sequence W-G-5-Y-L-E-3 (SEQ ID NO: 72); and
an LC CDR3 comprising the sequence G-Q-H-Y-R-T-P-P-5 (SEQ ID NG: 73).

84. The container of claim 33, comprising 250 mL of a solution comprising the antibody

molecule.

25. The container of claim 83 or 24, wherein the antibody molecule is present at a

concentration of 8§ mg/mL to 16 mg/mL.
86. The container of any of claims 83-85, wherein the antibody molecule comprises a heavy
chain immunoglobulin variable region segment comprising SEQ ID NO: 25, a light chain

inmmunoglobulin variable region segment comprising SEQ 1D NO: 52, or both.

27. The container of any of claims 83-86, which is an iniravenous (V) solution bag.
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Heavy Chain

EVOLLESGGGLVEPGOSLEKLSCRASGFIF IS YGMEWVROPPGRKGLEWVAVISYDGSYRYYADSVOG
RF T ISRDNSKNTLYLOMN S LRAEDTAVYVCARDSRLRSLLYFEWLSOCYFHPHWGAGTTLTVESAST
RGPSVFPLAPSSKSTSGGETAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLESVV
TVESSSLGTOTYICNVNHRPSNTKYVDERKVERPPRESCDRTHTCPPCPGTELLGGPSVFLFPPRKPRDTL
MISRTPEVTCVVVDVSHEDPEVRKFNWYVDCVEVENAKTKPREEQYNSTYRVVSVLTVLHQDWLNGK
EYKCRVSNKALPAPIEKTISKAKGEPREPQVYTLPPSRDELTRNQVSLTCLVEGFYPSDIAVEWES
NGOPENNYRTTPPVLDSDGEFFLYSKLTVDRESRWOOGNVESCSVMAEALHNAYTORSLSLSPGK
(SEQ ID NO: 94)

Light Chain

EIVMIQSPDSLAVELGERATIRCKSSOSVTYNY RN Y LAWY OORPGOPPRLLIYHASTRESGVPDRFSGEGSGT
DFTLTISSLOREDVAVYYCOO

VOWKYDNALOSGNSQESVTEQDSKDSTY SLSSTLTLSKADYERBRVACEVTBQGLSSPVTESFNRGEC
(SEQ ID NO: 95)

FIG. 1
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Additional Light Chain Variable Regions

V01165
DIGMTQSPSSLSASYGDRVTITCRSSQSITWNYKNYLAWYQQKPGKAPKLLIYWGSYLESGVPSRFSGSGSGTD
FTLTISSLOPEDFATYYCQOQHYRTPPSFGOGTKVEIK

V0166
DIQMTQSPSSLSASYGDRVTITCRISQSITWDYKNYLAWYOQOKPGRAPKLLIYWGSYLESGYPSRFSGSGSGTD
FILTISSLQPEDFATYYCQOHYRTPPSFGQGTRVEIK

V01167
DIOMTQSPSSLSASYGDRVTITCRSSQSITWOYKNYLAWYQQKPGKAPKLLIYWGSYLESGYPSRFSGSGSGTD
FTLTISSLOPEDFATYYCQQRYRTPPSFGQGTKVEIK

VL168
DIQMTQSPSSLSASYGDRVTITCRSSQSITWRYKNYLAWYQOKPGKAPKLLIYWGSYLESGVPSRFSGSGSGTD
FILTISSLQPEDFATYYCQOHYRTPPSFGQGTKVEIK

V169
DIOMTQSPSSLSASYGDRYTITCRSSQSITWEYKNYLAWYQQKPGKAPKLLIYWGSYLESGVPSRFSGSGSGTD
FILTISSLOPEDFATYYCQQHYRTPPSFGQGTKVEIK

Additional Heavy Chain Variable Regions

VH164
QVOLLETGGGLYKPGQSLKESCAASGFTFTSYAMHWVRQPPGKGLEWVAVVSYDGNYKYYADSVQGRFTISR
DNSKNTLYLGMNSLRAEDTAVYYCAKDSRLRSLLYFEWLSQGYFNPWGQGTTVTVSS

VH162
EVQLLESGGGLVKPGOSLKLSCAASGFSFSTYAMHWVROPPGKGLEWVAVYSYDGNYKYADTVQGRFTISRD
NSKNTLYLOMNSLRAEDTAVYYCAKDSRLRSLLYFEWLSQGYFNPWGQGTTLTVSS

VH163

EVOQLLESGGGLRKPGQSLKLSCAASGFSFSTYAMHWVROPPGKGLEWVAVYSYDGNYKYYADSVQGRFTISR
DNSKNTLYLQMNSLRAEDTAVYYCAKDSRLRSLLYFEWLSQGYFNPWGQGTTLTVSS
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