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BROADLY NEUTRALIZING ANTIBOBIES

AGAINST INFLUENZA NEURAMINIDASE

STATEMENT REGARDING SEQUENCE LINTING

The Sequence Listing associated with this application is provided 1n text
format in lieu of a paper copy, and is hereby incorporated by reference into the
specification. The name of the text file containing the Sequence Listing is
930585 414WO SEQUENCE LISTINGoxt. The text file is 137 KB, was created on

November 16, 2021, and 18 being submitted electronically via EFS-Web.

BACKGROUND

Influenza is an infectious disease which spreads around the world in yearly
outbreaks, resulting per year in about three million to about five million cases of severe
tuess and about 290,000 to 650,000 respiratory deaths (WHO, Tofluenza (Seasonal)
Fact sheet, November 6, 2018). The most common symptoms include: a sudden onset
of fever, cough (usually dry), headache, muscle and joint pain, severe malaise (feeling
unwell}, sore throat and a runoy nose. The incubation period varies between ove to four
days, although usually symptoms begin about two days after exposure to the virus.
Complications of influenza may include pneumonia, sinus infections, and worsening of
previous health problems such as asthma or heart failure, sepsis or exacerbation of
chronic underlving disease.

Influenza is caused by influenza virus, an antigenically and genetically diverse
group of viruses of the family Orthomyxoviridae that contains a negative-sense, single-
stranded, segmented RNA genome. Of the four types of influenza virus (A, B, C and
D}, three types (A, B and C} are known to affect humans. Intluenza viruses can be
categorized based on the different subtypes of major surface proteins present:
Hemagglutinin (HA) and Neuraminidase (NA). There are at least 18 influenza A

subtypes defined by their hemagglutinin ("HA") proteins. The HAs can be classified
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into two groups, Group | includes Hi, H2, H5 Ho, H8 HO HIT HI2 Hi3 Hicand
H17 subtypes, and group 2 includes H3, H4, H7, H10, H14 and H15 subtypes. There
are at least 11 different neuraminidase subtypes (N1 through N11, respectively

{cdc. gov/flu/about/viruses/types hitm)). Neuraminidases function in viral mobility and
spread by catalyzing hydrolysis of sialic acid restdues on virions prior to release from
an infected host cell, and on target cell surface glycoproteins. Drugs designed to inhibit
neuraminidase (NAIs) have been developed (e.g., oseltamivir, zanamivir, peramivir,
lantnamivir}, though naturally acquired mutations of 1AV subtypes have reduced
susceptibility to current NATs (Hussain ef al., fafection and Drug Resistance 10121~
134 (2017).

New modalities for treating tnfluenza virus infections are needed.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a workflow for anti-"NA" (neuraminidase) monoclonal
antibody discovery. Donors were selected by screening serum from tonsillar donor
samples (n=50) for reactivity against neuraminidase subtype N1 and N2 antigens, and
serum from PBMC (peripheral blood mononuciear cell} donor samples (n=124) for
reactivity against neuraminidase subtype N4, N3, and N9, Neuraminidase antigens for
screening were expressed in mammalian cells and binding was evaluated by flow
cviometry. B memory celis from five donors were sorted by flow cytometry for input
into the discovery worktflow. Single sorted B cells (n=39,350) were co-cultured with
mesenchymal stromal cells (MSC) in 50 ul cultures to stimulate antibody secretion.

Secreted antibodies were evaluated by binding and NA inhibition assays. Inhibition of

N1 sialidase activity was evaluated using ELL A {enzyme-linked lectin assay), and

inhibition of N1, N2, and N9 sialidase activity was measured using a fluorescence-
based assay that measures cleavage of the 2'-(4-Methylumbelliferyl }-a-D-N-
acetylneuraminic acid (MUNANA}. "NI activity” refers to neuraminidase inhibition
activity. Binding to NAs from group 1 IAV N1 A/Vietnam/1203/2004, and group 2
TAVs N2 A/Tanzama/205/2010 and N9 A/Hong Kong/56/2015 was evaluated by

3
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ELISA to determine breadth. Antibody sequences from selected B cells were cloned as
cDNAs and sequenced.

Figures 24 shows VH domain sequence alignmenis of monocional antibodies
{with "FNI" prefix} against Influenza A Viruses ("IAV") that were isclated from human
donor PBMCs. Figure 2B shows VH domain sequence alignments of "FNI3" (VH:
SEQ ID NG.26; VL SEQ ID NG 32) and "FNIS" (VH: SEQ ID NG .86, VL SEQ ID
NGO 92) with the unmutated common ancestor, "UCA" (VH: SEQ 1D NO..228; VL
SEQ D NG .:230).

Figures 3A-3C show binding of FNI3 and FNIO to N1 (Figure 3A), N2 (Figure
3B), and N© (Figure 3C) NAs measured by enzyme-linked immunocsorbent assay
(ELISA), reported as OD versus concentration in ng/ml. Binding by a comparator
antibody, 1GO1-LS, and a negative control antibody against an irrelevant antigen, "K-"
was also measured.

Figures 4A-4C show binding kinetics of FNI3 bearing M428L/N4348 Fe
mutations ("FNI3-LS" in the figures) and FNI9 bearing M4281/N4348 Fc mutations
{("FNI9-LS" in the figures) to N1 (Figure 4A), N2 (Figure 4B), and N9 (Figure 40)
NAs, as measured by Bio-Layer Interferometry (BLI). Dissociation 1s reported as kdis
{1/s}, association is reported as kon (1/Ms}, and KB was calculated from the ratio of
kdis/kon. Binding by a comparator antibody, 1GO1-LS, was also measured.

Figure 5 summarizes results from flow cytometry assays testing binding by
FNI3 and FNI9, as well as by comparator antibody 1G01, against a panel of group I
TAV, group IT TAV, and Influenza B Virus (IBV) NAs. Bold font indicates NAs from
inthienza viruses isolated from humans. Values on the scale at right show range of
calculated ECS0. Values were selected based on the lowest concentration at which
binding was cbserved.

Figare 6 shows phylogenetic relatedness of NAs from group 1 IAVSs, group 2
IAVs, and IBVs.

Figures 7TA-7C relate to activity of FNI3 and FNIO against NAs that bear a
glycosylation site. Figure 7A shows glycosylation sites of group 2 AV N2 subtype

MNAs at positions 245 (245Gly+) and 247 (247Gly+) in A/South Australia/34/2019,

[P8]
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A/Switzerland/8060/2017, A/Singapore/INFIMH-16-0019/2016, and
A/Switzerland/9715293/2013 . Figure 7B summarizes inhibition of sialidase activity
(NATD) 1o A/Switzerdand/R060/2017, A/Singapore/INFIMH-16-0019/2016, and
AlSwitzerland/9715293/2013 live virus stocks, reported as ECS0 in pg/ml. Figure 7C
shows binding of FNI3 and FNI9 to NA in mammalian cells infected with A/South
Australia/34/2019 (245Gly+) measured by flow cytometry. Mock staining is shown as a
negative control.

Figure 8 shows binding of FNI3 and FNI9 to NA expressed on mammalian
cells infected with a HIN1 Swine Eurasian avian-like (EA} strain,
AlSwine/langsu/J004/201 8, measured by flow cytometry. Mock staining is shown as a
negative control.

Figure 9 shows lack of polyreactivity of FNI3 and FNI9 binding using human
epithelial type 2 (HEP-2) cells. Aunti-HA antibody FI6v3 was used as a positive control,
and anti-pararayxovirus antibody MPES was included as a negative control.

Figure 10 summarizes inhibition of stalidase activity ("NAT") by FNI3 and
FNI9 against a panel of group FHHAV, group T 1AV, and Influenza B Virus (IBV) NAs,
as measured by MUNANA assay. Bold font indicates NAs from influenza viruses
isolated trom humans.

Figure 11 shows i vifro wnhibition of sialidase activity (reported as IC50 1n
wg/miby by FNI3 and FNI9 against group FHHINT) 1AV, group I (H3NZ} AV, and IBY
NAs.

Figures 12A-12B show in vifro inhibition of sialidase activity (reported as IC50
in pg/mi) by FNI3 and FNI9 against group F{HINTY IAY, group H (H3N2} AV, and
IBV NAs. Figure 12A depicts inlubition activity against group T TAVs, group I IAVS,
and IBVs within the same plot and Figure 12B depicts against these IAVs in separate
plots.

Figure 13A shows a panel of TAV and IBV strains tested in an i vitro
inhibition of sialidase activity assay.

Figure 138 shows resulis from the assay (reported as IC50 in pg/ml) for FNI3,
FNIO, FNI14 (VH: SEQ ID NO.:134; VL: SEQ ID NO.: 140), FNI17 (VH: SEQ ID
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NO.:146; VL SEG ID NO.: 152), and FNI19 (VH: SEQ ID NQO.: 158, VL. SEQ ID
NO.: 164). Asterisk in figure key indicates a glycosylation site is present in position

24

L

Figures 14A-14D show neutralization of antibodies FNIT (VH: SEQ 1D NG..2;
YVE: SEQ H NG 8), FNI3, FNI9, FNIT4, FNITY, and FNITO against HIN]T
A/California/07/2009 (Figure 14A), H3N2 A/Hong Kong/8/68 (Figure 14B),
B/Malaysia/2506/2004 (Figure 14C), and B/Jiangsu/10/2003 (Figure 1413) NAs
{reported as IC50 in pg/mi}.

Figures 15A and 15B show antibody activation of FoyRHla (Figure 15A; FI158
allele) and FeyRila (Figure 15B; H131 allele). Activation was measured using an
NFAT-mediated Luciferase reporter in engineered Jurkat cells. FNI3 and FNI9 were
tested, along with a comparator antibody FMO8 ("FMOE L.S" in the figure; VH: SEQ
ID NG 194, VL SEQ 1D NG 195) and a negative controf antibody (FY1-GRLR).

Figures 16A and 168 show frequency by year of NA antiviral-resistant
mutations in (Figure 16A) N1 (HINT1, swine HIN1, and avian H5N1) and (Figure 16B)
N2 (H3N2, H2N2) subtypes.

Figures 17A to 17E show neutralization of HIN1 A/California/07/2009 virus
engineered with reverse genetics to harbor oseltamivir {OSE)-resistant mutations
(H275Y, E119D and H275Y, or 8247N and H275Y) by anti-flu antibodies or
oseltamivir. Neutralization activity of FNI3 (Figure 17A), FNIO (Figure 178}, and
oseltamivir (Figure 17C) were measured, along with comparator antibodies FMO8
{(Figure 17D} and 1GO1 (Figure 17E).

Figures 18A and 188 show neutralization of group T{HINT} 1AV, group I
(H3N2) [AY, IBV vuuses, and [AV and IBV viruses engineered with reverse genetics
to harbor OSE-resistant mutations (H275Y, EV19D/H275Y, H275Y/S247N, 1222V, or
N2948}, by anti-NA auntibodies {reported as IC50 in pg/ml). Asterisks in Figure 18A {x-
axis) mdicate viruses bearing OSE-resistant mutations. Neutralization activity of FNI3,
FNIO, and a comparator antibody, 1G01, was measured. Figure 18A depicts
neutralization of wdividual viral strains and Figure 18B depicts neutralization of viral

strains grouped by neutralizing anti-NA antibody.
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Figure 19 shows data from crystal structure studies showing docking of the
antigen-binding fragment {Fab) domain of the FNI3 antibody with NA.

Figures 204 and 288 show diagrams constructed from crystal structure studies
of the heavy chain complementarity-determining region 3 {H-CDR3) of the FNI3 heavy
chain when 1t ts unbound (Figure 20A} or bound to N2 NA {(Figure 20B). The unbound
FNI3 H-CDR3 crystal structure (Figure 20A) shows a beta sheet conformation and
intact main chain hydrogen bonds between carboxylic acid groups (CO) and amino
groups (NH) of residues E111 (CO) ~ D102 (NH), E111 (NH) - D102 (CO), G109
(CO)—F104 (NH), G109 (NH) — N105 (CO), and L108 (NH) — N105 (CO). The FNI3-
N2 crystal structure (Figure 208} shows disruption of the H-CDR3 beta sheet
conformation and one intact main chain hydrogen bond between G109 (CO) - Fi04
{(NH).

Figures 21A and 218 show diagrams generated from crystal structure studies
showing angle of docking of the antigen-binding fragment (Fab) domain of FNI3 and of
comparator antibodies 1G01, 1G04, and 1E01, in complex with NA subtypes. Lines
indicate angle of docking in all panels and Protein Data Baok (PDB) identification
codes are shown for comparator antibodies 1G01, 1G04, and 1EO1. Figure 21 A shows
1G0T in complex with N1 NA {upper panel} and 1G04 in complex with N9 NA (lower
panel}. Figure 218 shows FNI3 1n complex with N2 NA (upper panel) and 1E0T in
complex with N2 NA (lower panel).

Figure 22 shows conformation and interactions of FNI3 CDRs: H-CDR3, H-
CDR2, and L-CDRs. To generate these data, proteins were "quick prepped” using MOE
(Molecular Operating Environment).

Figure 23 shows crystal structure of FNI3 in complex with N2 NA, including
residues of light chain CDRs {(L-1, L-2, L-3) and heavy chain CDRs (H-1, H-2, H-3}.
The nteraction of H-UDR3 with N2 NA is shown in enhanced resolution in the night
panel. Negative numbers are interaction energy in kcal/mol. Proteins were "guick

prepped"” using MOE (Molecular Operating Environment) software.
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Figure 24 shows a crystal structure representation of FNI3 in complex with
oseltamivir-bound N2 NA. Oseltamivir 1s shown interacting with R292, R371, and
R118 of N2 NA.

Figure 28 shows an alternative view of the crystal structure showing FNI3 in
complex with oseltamivir-bound N2 NA.

Figares 26A and 268 show analysis of FNI3 epitope couservation in N2 NA
sequences from H3NZ (n=060, 597} isolated between the vears 2000 and 2020. The table
in Figure 26A shows frequency of an amino acid at a particular position in the analyzed
N2 NA sequences. Circled values indicate amino acids appearing at the lowest three
frequencies, Glu221 (E221, 17.41%), Ser245 (5245, 33.69%), and Ser247 {8247,
36.16%). Acidic amino acids include: aspartic acid, glutamie acid; basic amino acids
include: arginine, histidine, lysine; hvdrophobic amino acids include: isoleucine,
leucine, tryptophan, valine, alanine, proline; neutral amino acids include: asparagine,
glutamine; and polar amino acids include: serine, threonine, glycine, tyrosine. Figure
26B shows interaction of VH Y60 and Y94 from FNI3 with E221, 8245, and 8247 of
N2 NA.

Figure 27 shows a comparison of N2 NA FNI3 epitope conservation {(top; as
shown 1n Figures 26A and 26B} with FNI3 epitope conservation in NI NA sequences
from HINI (0=57,597) isolated between the year 2000 and 2020 (bottom). Acidic
aming acids include: aspartic acid, glutamic acid; basic amino acids include: arginine,
histidine, lysine; hydrophobic amino acids include: isoleucine, leucine, tryptophan,
valine, alanine, proline; neutral amine acids include: asparagine, glutamine; and polar
amino acids inchade: serine, threonine, glycine, tyrosine Figures 28A and 288 show
the design of an iz vive study to evaluate prophylactic activity of FNI3 ("mAb-03" in
Figure 28A) and FNI9 ("mAb-09" in Figure 28A) in BALB/c mice infected with 1AV
A/Puerto Rico/8/34 or A/Hong Kong/8/68. Figure 28A shows the dosing and virus
strains used in the study. Figure 288 shows the timeline and endpoints of the study.

Figures 29A-29D show measurements of body weight over fifteen days in
BALB/c mice that were infected with HIN1 A/Puerto Rico/8/34 following pre-

treatment with FNI3. Antibody was adnunistered at 6 mg/kg (Figure 29A), 2 mg/kg
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{(Figure 29B), 0.6 mg/kg (Figure 29C), or 0.2 mg/kg (Figure 29D}, one day prior to
infection with a LD90 (90% lethal dose} of A/Puerto Rico/8/34. Body weight of mice
administered a vehicle control was also measured (left graph in each figure).

Figures 30A-38D show measurements of body weight over fitteen days in
BALB/c mice infected with HINT A/Puerto Rico/B/34 following pre-treatment with
FNI9. Antibody was administered at 6 mog/kg (Figure 30A), 2 ng/kg (Figure 30B), 0.6
mg/kg (Figure 30C}, or 0.2 mg/kg (Figure 30D), one day prior to infection with a LD90
{90% lethal dose} of A/Puerto Rico/8/34. Body weight of mice administered a vehicle
control was also measured (left graph in each figure).

Figares 31A-31D show measurements of body weight over fifteen days in
BALB/c mice infected with H3N2 A/Hong Kong/8/68 following pre-treatment with
FNI3. Antibody was administered at 6 mg/kg (Figure 31A}Y, 2 mg/ke (Figure 31B), 0.6
me'ke (Figure 31C), or 0.2 mg/ke (Figure 31D), one day prior to infection with a LDB90
{90% lethal dose) of A/Hong Kong/8/68. Body weight of mice administered a vehicle
control was also measured (left graph in each figure).

Figares 324~ 32D show measurements of body weight over fifteen days in
BALB/c mice infected with HIN2 A/Hong Kong/8/68 following pre-treatment with
FNIS. Antibody was administered at 6 mg/kg (Figure 32A3), 2 mg/kg (Figure 32B), 0.6
mglkg (Figure 32C), or 0.2 mg/kg (Figure 32D), one day prior to infection with a LSO
{90% lethal dose) of A/Hong Kong/8/68. Body weight of mice receiving a vehicle
control was also measured (Jeft graph in each figure).

Figures 33A and 338 show survival over fitteen days in BALB/c mice infected
with A/Puerto Rico/&/34 (Figure 33A) or A/Hong Kong/8/68 (Figure 33B) following
treatment with FNI3 or FNI9. Survival in mice pre-treated with a vehicle control was
also measured.

Figures 34A and 348 show body weight loss from day 4 to 14 post-infection
{reported as area-under-the-curve in BALB/¢ mice infected with A/Puerto Rico/8/34
(Figure 34A) or A/Hong Kong/8/68 (Figure 34B) following pre-treatment with FNI3 or

FNIS. Body weight loss in mice pre-treated with a vehicle control was also measured.

oo
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Figures 35A and 35B show negative area-under-the-curve peak values
compared with IgG in serum from area-under-the-curve analysis of body weight loss in
BALB/c mice infected with A/Puerto Rico/8/34 (Figure 35A) or A/Hong Kong/8/68
{(Figure 35B) following treatment with FNI3 or FNIS.

Figare 36 shows in vivo pharmacokinetics of FNI3 ("FNI3-L8"), FNI® ("FNIS-
LS") and comparator antibodies FMOB and 1G0T ("1GOT-LS"), all bearing
M428E/N4348 mutations, in tg32 mice. Calculated half-life is highlighted by a
rectangle.

Figure 37 summarizes results from flow cytometry assays testing binding by
FNI3, FNI9, FNI17, and FNI19 at the indicated concentrations {(ug/mb) against a panel
of group FIAV-, group H IAV-, and Influenza B Virus (IBV) NAs transieutly expressed
on mammalian cells. Bold font indicates NAs from influenza viruses isolated from
humans. Values on the scale at right show range of calculated EC50. Values were
selected based on the lowest concentration at which binding was observed.

Figure 38 shows in vifro inhibition of sialidase activity (reported as IC50 in
pg/ral) by FNI3, FNI9, ENIL7, and FNI19 against group [{(HIN1) and group H (H3N2)
NAs from 1A Vs circulating in humans. Rectangles indicate group I (H3N2) NAs
harboring glycosvylation at position 245 and corresponding sialidase inhibition values
(reported as 1050 i pg/ml).

Figure 39 shows in vifro inhibition of sialidase activity (reported as IC50 in
ug/mib) by FNI3, FNI9, ENI17, and FNI19 against a panel of human ancestral, Victoria-
lineage, and Yamagata-lineage IBYV NAs,

Figure 40 shows i vitro neutralizing activity measured by sucleoprotein (NP}
statning of FNI3, FNI9, FNI17, and FNI19 against group L(HINT} AV, group I
(H3NZ) IAV, and IBY NAs. Neutralizing activity of comparator anti-HA antibodies
"FMO8 1.S" and "FHF11v9" was also measured.

Figure 41 shows i vitro neutralizing activity, measured by nucleoprotein (NP}
staining, by FNI3, FNI®, FN{17, FN119, and oseltamivir (OSE)} against group I (HIN1)
TAVY, group H(H3N2Y AV, and IBV NAs, InM = 150ui.

9
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Figures 424 and 42B show /i vitro inhibition of sialidase activity {reported as
IC50 in ng/mi) by FINI3 and FNI9 against NAs from OSE-resistant influenza viruses, as
measured by MUNANA assay. OSE-resistant IAVs were engineered with reverse
genetics to harbor Oseltamivir (O8E}-resistant mutations. Figure 42A shows inhibition
of stalidase activity against Cal/09 N1 and Cal/09 N1 O8E-resistant (HIN1)}. Figure
428 shows inhibition of stalidase activity against Aichi/68 N2 and Aichi/68 N2 OSE-
resistant NAs (H3N2}.

Figure 43 shows antibody activation of FeyRla (F158 allele) and FeyRila
(H131 allele). Activation was measured using an NFAT-mediated luciferase reporter in
engineered Jurkat cells. Activation was assessed following incubation with A549 cells
infected with HINT influenza strain A/Puerto Rico/8/34 at a multiphicity of infection
(MOI) of 6. FNI3, FNI9, FNI17, and FNII9 were tested, along with a comparator
anttbody "FMO8 MLNS" bearing M4281./N434S mutations, and a negative control
anttbody (FY I-GRLR}.

Figures 44A and 448 show antibody activation of FeyRilla (V158 allele}
tollowing incubation with TAV (Figure 44A) and IBV (Figure 44B) NAs. Activation
was measured using an NFAT-mediated luciferase reporter in engineered Jurkat cells
toliowing incubation with Expt-CHO cells transiently transfected with plasmids
encoding different TAV and IBYV NAs, FNI3, FNIO, FNI17, and FNIT9 were tested,
along with a negative control antibody (FY1-GRLR).

Figures 45A and 458 show antibody activation of FeyRila (H131 allele)
toliowing incubation with IAV (Figure 45A) and IBV (Figure 45B) NAs. Activation
was measured using an NFAT-mediated luciferase reporter in engineered Jurkat cells
foliowing 1ncubation with Expti-CHO cells transiently trausfected with plasmds
encoding different IAY and IBY NAs. FNI3, FNIS, FNI17, and FNITO were tested,
along with a negative control antibody (FY1-GRLR).

Figure 46 shows negative area-under-the-curve peak values {reported as EC30
in ug/ml) compared with Ig(3 in serum from area-under-the-curve analysis of body
weight loss tn BALB/c mice infected with A/Puerto Rico/8/34 (HIN1) or A/Hong
Kong/8/68 (H3N2) following treatment with FNI3, FNI9, or FMO8 LS. For fitting

10
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purposes the Area of Negative Peaks from the vehicle groups have been calculated at
the IgG concentration of 107 pg/ml.

Figures 47A and 478 show the design of an i vivo study to evaluate
prophylactic activity of FNI3_MLNS ("mAb-03" in Figure 47A) and FNI9 MLNS
{("mAb-09" in Figure 47A) in DBA/2J mice infected with IBYs B/Victorta/504/2000
{Yamagata) or B/Brisbane/60/2008 (Victoria). Figure 47A shows the dosing and virus
strains used in the study. Figure 478 shows the timeline and endpoints of the study.

Figures 48A-48D show measurements of body weight over fifteen days in
DBA/Z mice that were infected with IBV B/Victoria/504/2000 (Yamagata) following
pre-treatment with FNI3 or FNIS®. Antibody was administered at 6 mg/kg (Figure 48A),
2 mg/kg (Figure 43B), 0.6 mg/kg (Figure 48C), or 0.2 ruglkg (Figure 48D), one day
prior to infection with a LD90 (90% lethal dose) of IBV B/Victoria/504/2000
{(Yamagata} Body weight of mice administered a vehicle control was also measured
{left graph in each figure).

Figures 49A-491 show measurements of body weight over fitteen days in
DBA/2 mice that were infected with IBY B/Brisbane/60/2008 (Victoria) following pre-
treatment with FNI3 or FNI9. Antibody was adnunistered at 6 mg/kg (Figure 49A3, 2
meg'ke (Figure 498}, 0.6 mg/kg (Figure 49C), or 0.2 mg/kg (Figure 491}, one day prior
to infection with a LD90 (90% lethal dose) of IBV B/Brishane/60/2008 (Victoria).
Body weight of mice administered a vehicle control was also measured (left graph in
each figure}.

Figures S0A and 50B show body weight loss from day 4 to 14 post-infection
{reported as change in weight area-under-the-curve} in BBA/2 mice infected with
B/Victona/504/2000 (Yamagata) (Figure 50A) or B/Brisbane/60/2008 (Vicioria)
{(Figure 50B) foliowing pre-treatment with FNI3 or FNIS. Body weight loss in mice pre-
treated with a vehicle control was also measured.

Figures S1A and 518 show survival over fitteen days in DBA/Z mice infected
with B/Victoria/504/2000 (Yamagata) (Figure 51 A} or B/Brisbane/60/2008 (Victoria)
(Figure S1B) foliowing treatroent with FNI3 or FNI9. Survival in mice pre-treated with

a vehicle control was also measured.

11
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Figures 52A and 528 show FNI3 epitope conservation in 1AV and IBV NAs.
Figure S2A shows an analysis of N2 NA sequences from HINZ, HZN2, H3N2, and
HASN2 TAVs (1= 65,5262} (top) versus N1 NA sequences from HINT and H5N1
{(N=58,954} (bottom). All sequences were isolated between the year 2000 and 2020,
Acidic amino acids include: aspartic acid, glutamic acid; basic amino acids include:
arginine, histidine, lysine; hydrophobic amino acids include: isoleucine, leucine,
tryptophan, valine, alanine, proline; neutral amino acids include: asparagine, glutamine;
and polar aming acids include: serine, threonine, glycine, tyrosine. Residues surrounded
by squares in Figure 32A indicate certain anuno acids described in the lower panel of
Figure 52B. The table in Figure 528 shows important FNI3-interacting residues within
N2 NA and counterpart FNI3 CDRH3 residues.

Figure 53 shows FNI3 epitope conservation in IBYV NAs. IBV NA sequences
from B/Brisbane/60/2008 ("FluB Victoria” in the figure; N= 7,814 top) versus IBV NA
sequences from B/Victoria/S04/2000 ("FluB Yamagata” in the figure; N=13,243;
bottom) were analyzed. Acidic amino acids include: aspartic acid, glutamic acid; basic
amino acids include: arginine, histidine, lysine; hydrophobic amino acids include:
isoleucing, leucine, tryptophan, valine, alanine, proline; neutral amino acids include:
asparagine, ghitamine; and polar amino actds include: serine, threonine, glycine,
tyrosine. Residues surrounded by squares indicate prumary NA residues interacting with
the FNI3 HCDR3 which are 100% conserved among AV N1/N2 and IBVs.

Figures S4A and 548 show in vivo pharmacckinetics of FNI antibodies bearing
MLNS Fc mutations (FNI3 ("FNI3-LS™), FNIS ("FNI9-L8"), FNI17 ("FNII7-LS8"™),
FINITO ("FNIIO-LS")}

S

and comparator antibody FMO8 MINS in 8CHY tg32 mice over
30 days post-admunistration. Concentration over tune (reported as pg/ml) is shown in
Figure 54A. The table in Figure 54B shows half-life {reported in days), AUC (reported
in day*pg/ml), clearance {reported in pg/ml), and volume (reported in mil}.

Figure 35 shows lack of polyreactivity of FNI3, FNI9, FNI17, and FNII9
binding against human epithelial type 2 (HEP-2) cells.

Figures 36A-36C relate to FNI antibodies and crystal structure studies showing

docking of the antigen-binding fragment (Fab) domain of FNI antibodies with NA.
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Figure 56A shows FNI3 docking on N2 NA. Figure 56B shows an overlay of FNI3,
FNIT7, and FINIT9 antibodies docking with NA. Figure 56C shows VH amino acid
sequence alignments of FNI3, FNI9, FNIL7, and FNII9 with vomutated common
ancestor, "UCA". CODRH3, which interacts with NA, is highlighted by a rectangle.

Figures S7A shows crystal structure of FNIT7 in complex with N2 NA,
including residues of light chaim CDRs (L-1, L-2, L-3) and heavy chain CDRs (H-1, H-
2, H-3}. The interaction of H-CDR3 with N2 NA is shown in enhanced resolution in the
right panel. Percentages indicate each residue’s contribution to calculated binding
energy. Figure 57B shows VH amino acid sequence alignments of FNI3, FNI9, FNI17,
and FNI19 with unmutated common ancestor, "UCA". VH residues D107 and R106,
which interact with NA, are highlighted by a rectangle.

Figure 58 shows conservation of the top five interacting residues within the FNI
NA epitope in group 1 TAVS, group I A Vs, and IBVs from 2009 1o 2019,

Figure §9 shows in vifro neutralizing activity measured by nucleoprotein (NF)
staining by FNIS, Oseltamivir (OSE}, and a comparator antibody "FMO8" against H3N2
A/Hong Kong/8/68 virus. Calculated IC50 (n nM), FCR0 (n oM, and maximum
inhibition {reported as a percentage) are shown below the graph.

Figure 66 shows in virro inhibition of sialidase activity by FNI17 variant
FINIT7-v19 (VH: SEQ ID NG 199, VL: SEQ ID NO.: 201) and FNIT9 variant FNI19-
v3 {VH: SEQ ID NO..203; VL: SEQ ID NO.: 205) of group I (HIN1) AV, group U
(H3NZ} 1AV, Victoria-lineage IBV, and Yamagata-lineage IBY NAs as measured by
ViroSpot microneutralization assay. Rectangles indicate NAs harboring glycosylation at
posttion 245, Neutralization by a comparator antibody, FMOB LK, was also measured.
Neutralization 1s reported as IC50 (n pg/ml).

Figure 61 shows antibody activation of FeyRilla (F158 allele) and FeyRlia
{(H131 allele} by "GAALIE" Fc variant antibodies {(comprising G230A/A330L/1332E
mutations in the F¢). Activation was measured using an NFAT-mediated luciferase
reporter in engineered Jurkat cells. Activation was assessed following incubation with
AS549 cells infected with HINT wnfluenza strain A/Puerto Rico/8/34 at a multiplicity of

infection (MOI) of 6. FNI3, FNIS, FNI17, and FNII9 were tested, along with FNI3,

13
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FNI9, FNI17, and FNII9 antibodies bearing GAALIE mutations (suffix "-GAALIE"}.
A comparator antibody "FMO8 LS" and a negative control antibody (FY 1-GRLR) were
also tested.

Figure 62 shows the design of an inter-experiment i# vive study to compare
prophylactic activity of FMO8 LS with FNI3 LS and FNI® LS in BALB/c mice
infected with AV A/Puerto Rico/8/34 or A/Hong Kong/8/68. The table shows dosing
and virus strains used in the study. The timeline and endpoints of the study are the same
as those shown in Figure 28B. Body weight data from Experiment A ("Exp-A") are
shown in Figures 29A-29D (FNI3-LS, A/Puerto Rico/8/34), Figures 30A-30D (FNIS-
LS, A/Puerto Rico/8/34), Figures 31A-31D {(FNI3-LS, A/Hong Kong/8/08}, and
Figures 32A-32D (FNIS-LS, A/Hong Kong/8/68). Body weight data from Experiroent
B ("Exp-B") are shown in Figures 63A-63D (FMO8 LS, A/Puerto Rico/8/34) and
Figures 64A-64D (FMOB LS, A/Hong Kong/8/68).

Figures 63A-63D show measurements of body weight over fifteen days in
BALB/c mice infected with HINT A/Puerto Rico/8/34 following pre-treatment with
FMO8 LS. Antibody was administered at 6 mg/kg (Figure 63A), 2 mg/kg Figure 63B),
0.6 mg/kg (Figure 63C), or 0.2 mg/kg (Figure 63D}, one day prior to infection with a
D90 (90% lethal dose) of A/Puerto Rico/8/34. Body weight of mice administered a
vehicle control was also measured (Jeft graph 1u each figure).

Figures 64A-641 show measurements of body weight over fitteen days in
BALB/c mice infected with H3INZ A/Hong Kong/8/68 following pre-treatment with
FMO8 LS. Antibody was administered at 6 mg/kg (Figure 64A), 2 mg/kg (Figure 64B),
0.6 mg'kg (Figure 64C), or 0.2 mg/kg (Figure 6413, one day prior to infection with a
LD390 (90% lethal dose) of A/Hong Kong/8/68. Body weight of mice receiving a
vehicle control was also measured (left graph in each figure).

Figare 65 shows dosing used in the design of an in vivo study to compare
prophylactic activity of FINEI7-LS and FMO8 LS in BALB/c mice infected with 1AV
A/Puerto Rico/8/34.

Figures 66A-~66D show measurements of body weight over twelve days in

BALB/c mice infected with HINT A/Puerto Rico/8/34 following pre-treatmment with
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FNIT7-LS or FMO8 LS. Antibody was administered at 1| mg/kg (Figure 66A), 0.5
mg/kg (Figure 66B}, 0.25 mg/kg (Figure 66C), or 0.125 mg/kg (Figure 66D), one day
prior to infection with a LI390 (90% lethal dose) of A/Puerto Rico/8/34,

Figure 67 shows survival over twelve days in BALB/c mice infected with
HIN1 A/Puerto Rico/8/34 following treatment with FNIT7-LS or FMO8 LS. Survival
i roice pre-treated with a vehicle control was also measured.

Figure 68 shows the design of an i vivo study to evaluate biclogical potency of
oseltamivir (OSE} in female BALB/c mice mnfected with IAV A/Puerto Rico/8/34. The
timeline shows time of infection, OSE dosing, and endpoints of the study. OSE was
administered at 10 mg/kg by oral gavage on Day 0 beginning at two hours prior to
infection with 10-fold LS50 (50% lethal dose)} of A/Puerto Rico/8/34. OSE was
administered at the same dose at 6 hours post-infection and then twice daily until day ¢
post-infection,

Figure 69 shows measurements of body weight over fourteen days in BALB/c
mice infected with HIN1 A/Puerto Rico/8/34 following pre-treatment with oseltamivir
(OSE) Weight loss 1o mice pre-treated with a vehicle control (H20) was also
measured.

Figure 70 shows survival over fourteen days tn BALB/¢ mice infected with
HIN1 A/Puerto Rico/8/34 following treatment with oseltamivir (OSE). Survival in
mice pre-treated with a vehicle control (H2O) was also measured.

Figare 71 shows viral titer in lung homogenates from BALB/c mice treated
with OSE and infected with HINT A/Puerto Rico/8/34. Lung tissue was collected at
two and four days post-infection. Titer is reported as 50% tissue culture infectious dose
per gram tissue (TCIDS0/g).

Figures 72A-72B show acid sequences of FNI3, FNI9, FNI17, and FN{19 VH
{Figure 72A) and VK (Figure 72B) aligned to unmutated common ancestor, "UCA”.

Figures 73A-73E show in vitro inhibition of sialidase activity {reported as IC50
in pg/mly by FNI3 and eleven FNI3 variants (FNI3-v8 through FNI3-v1S; see Tables 1
and 2 for amino acid and nucleic acid sequences) agaiust group T (HINT AV NAs and

IBV NAs. Neutralization activity of FNI3 and FNI3 variants 1s shown for group 1
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(HIN1 AV NAT from HSNT A/Vietnam/1203/2004 (Figure 73A), NAZ from H3N2
A/Tanzania/205/2010 (Figure 73B), and NA9 from H7NS A/Hong Kong/56/2015
(Figure 73C) Neutralization activity of FNI3 and FNI3 variavts is shown for BNAZ2
from B/Malaysia/2506/2004 (Figure 73D} and BNA7 from B/Perth/211/2011 (Figure
73E).

Figares T4A-T4E show in vifro inhibition of sialidase activity (reported as 1C50
in pg/ml) by FNIO and five FNIO variants (FNI9-v5 through FNI9-v9; see Tables 1 and
2 for amino acid and nuclete acid sequences) against IAYV NAs and IBY NAs,
Meutralization activity of FNI9 and FNI9 variants is shown for group T{HINT} AV
NAT from H5NT A/Vietnam/1203/2004 (Figure 74A), NAZ from H3N2
A/ Tanzania/205/2010 (Figure 74B), and NADY from H7N9 A/Hong Kong/56/2015
(Figure 74C). Neutralization activity of FNI9 and variants is shown for BNAZ from
B/Malaysia/2506/2004 (Figure 74D) and BNAT from B/Perth/211/2011 (Figure 74E).

Figures 73A-~75E show in vifro inhibition of sialidase activity {reported as IC50
inn pg/ml) by FNI17 and eleven FNI17 variants (FNI17-v6 through FNI17-v16; see
Table 2 for amino acid and nucleic acid sequences) against IAY NAs and IBV NAs,
Neutralization activity of FNI17 and FNI17 variants 1s shown for group T{HINI} AV
NAT from HSN1 A/Vietnam/1203/2004 (Figure 75A), NAZ from H3N2Z
A/Tanzama/205/2010 (Figure 75B), and NA9 from H7NO A/Hong Kong/56/2015
{(Figure 75C}. Neutralization activity of FNI17 and variants is shown for BNA2 from
B/Malaysia/2506/2004 {(Figure 7513) and BNA7 from B/Perth/211/2011 (Figure 75E).

Figures 76A-T6E show in vitro inhibition of sialidase activity (reported as IC50
in pg/mi) by FNIIO and five FNI19 variants (FNI19-v1 through FNI19-v5; see Table 2
for amino acid and vucleic acid sequences) against TAYV NAs and 1BV NAs.
MNeutralization activity of FNI19 and FNI19 variants is shown for group I (HIND IAY
NAT from H5NT A/Vietnam/1203/2004 (Figure 76A), NAZ from H3N2
A/Tanzania/205/2010 (Figure 76B), and NA? from H7N9 A/Hong Kong/56/2015
(Figure 76C). Neutralization activity of FNIT9 and FNIIS variants is shown for BNAZ
from B/Malaysia/2506/2004 (Figure 763} and BNAT from B/Perth/211/2011 (Figure
76E}.

16
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Figures 77A-77D show binding of FNI3, FNI9, FNI17, and FNIIO varnants to
TAY NAs and IBY NAs as measured by flow cytometry. Figure 77A shows binding to
N1 from A/Stockholm/18/2007, N1 from A/California/07/2009, and Ni from
A/California/07/2009 I23R/H275Y . Figure 778 shows binding to N2 from A/South
Australia/34/2019, N2 from A/Leningrad/134/17/57, and N2 from
A/Washington/01/2007. Figure 77C shows binding to N3 from A/Canada/rv504/2004,
N6 from A/swine/Ontario/01911/1/99, and N7 from A/Netherlands/078/03. Figure 77D
shows binding to B/Yamanashi/166/1998 (Yamagata), B/Malaysia/2506/2004
(Victoria), and B/Lee/10/1940 (Ancestral).

Figures 78A-78E show additional characteristics of certain FNI antibodies.
Figure 78 A shows an alignment of FNI3, FNIS, FNI17, and FNI19 VH amino acid
sequences with that of the unmutated common ancestor, "UCA", wherein the rectangles
indicate positively charged Lys13 and Lys19 residues in the UCA sequence and
corresponding residues at the same position in FNI3, FNI9, FNI7, and FNII9. Overall
surface charge maps generated using PyMOL are shown for FNI3 (Figure 78B), FNI9
{(Figure 78C), FINI17 (Figure 78D), and FNII9 (Figure 78E) along with pK values and
resclution (reported in A).

Figures 79A-798 show pK data for FNIT7-LS, FNITO-LS, FNI17-v19-LS, and
FINIT19-v3-LS in tg32 mice. Mice were intravenously injected with 5 mg/kg antibody.
The table in Figure 79A shows inter-experiment values for half-life, area-under-the-
curve (AUQC), steady state clearance (Ulss), and total volume analyzed (Volume} for
FNIT7-LS and FNIE9-LS (Experiment | "PK1"), and FNI17-vi9-L8 and FNI19-v3-LS
{Experiment 2 "PK2"). Figure 798 shows average half-life (reported in days) plus
standard error for FNIT7-LS, FNI19-LS, FNIT7-v19-LS, and FNI19-v3-LS.

Figure 80 shows the design of an in vive study to evaluate prophylactic activity
of FNI17-v10-rigG1-LS compared with oseltamivir (OSE} in BALB/c mice 1nfected
with IAVs or IBVs. Mice were pre-administered FNI7-v19-rIgGL-L8 {5, 3,09, or 0.3
MPK} 24 hours prior to infection at LD90 (30% lethal dose). OSE was orally
adrotoistered daily at 10 mg/kg from 2 hours before wnfection to 3 or 4 days post-

challenge. Mice were administered IAVs (HINT A/Puerto Rico/8/34 or H3IN2 A/Hong
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Kong/8/68) or IBVs (B/Victoria/504/2000 (Yamagata) or B/Brisbane/60/2008
(Victoria}). A version of FNI17-v19 containing a Fc mutation that abrogates binding by
FeyRs and complement (FNIT7-v19-rIgGI-GRLR) was also tested in groups receiving
TAV viruses (HIN1 A/Puerto Rico/8/34 or H3NZ A/Hong Kong/8/08). Lung plaque
forming units (PFU) were evaluated in mice euthanized at 3 days post-infection.

Figares 81A-81D show lung viral titres in BALB/¢ wice euthanized at 3 days
post-infection from the 77 vive study described in Figure 80, Lung viral titers following
infection with HIN1 A/Puerto Rico/8/34 (Figure 81A) or H3NZ A/Hong Kong/8/68
{(Figure 81B) and IBVs B/Victoria/304/2000 (Yamagata; Figure 81C) or
B/Brisbane/60/2008 (Victoria, Figure 8113} are shown.

Figare 82 shows the design of an in vive study to evaluate prophylactic activity
of FN117-v19 in humanized FcyR mice infected with HINI A/Puerto Rico/8/34. Mice
were pre-administered antibody 24 hours prior to infection at 5LDS0 (five times 50%
lethal dose).

Figures 83A-83C show measurements of body weight over fourteen days in
humanized FegR mice infected with HINT A/Puerto Rico/8/34 following pre-treatment
with FNI17-v19. Antibody was administered at 0.9 mg/kg (Figure 83A3, 0.3 mg/kg
{Figure 83B), or 0.09 mg/kg (Figure &3}, one day prior to infection with SLBS0 of
A/Puerto Rico/8/34. Body weight of mice admwinistered a vehicle control was also
measured (left graph in each figure).

Figare 84 shows the pre-infection concentration of human IgG tn sera from
humanized FeyR mice pre-treated with FNIT7-v19 from the study described in Figure
82. Sera was collected from mice 2 hours prior to infection with SLBS0 HINT A/Puerto
Rico/8/34.

Figure 85 shows binding energy between FNI antibodies FNI3, FNI9, FNI17,
and FNI19 with highly conserved residues on NA that are involved with interacting
with sialic acid.

Figure 86 shows binding of FNI3, FNIO, FNII7, and FNI19 to NA expressed on

mammalian cells infected with a HINT Swine Eurasian avian-like (EA) strain,

18



923

19

i5

20

25

30

WO 2022/109309 PCT/US2021/060155

A/Swine/Nangsu/J004/2018, measured by flow cytometry. Mock antibody staining is
shown as a negative control.

Figures 87A-87D show /i vifro inhubition of sialidase activity (reported as IC50
in nM) by FNI17-v19 or OSE against group I H7N3
Alchicken/Jalisco/PAVX17170/2017 1AV (Figure 87A), group II HSNG
Alchicken/Suzhou/j6/2019 IAV (Figure §7B), group HHHTN7
A/chicken/Netherlands/621572/03 1AV (Figure 87C}, and group I HSNE
Alchicken/Russia/3-29/2020 1AV (Figure 87D) NAs,

Figure 88 shows binding kanetics of FNI3, FNI9, and FNI17 to N9 NA, as
measured by Bio-Layer Interferometry (BLI). KD was calculated from the ratio of
kdis/kon, wherein kdis 1s dissociation calculated as {1/s) and kon 13 association
calculated as (1/Ms}.

Figure 8% shows in virro inhibition of sialidase activity (reported in ng/mi) by
FNI3, FNI9, FNI17, FNIT7-v19, FNIIS, and FNI19-v3 against group 11 HINS
A/Arhui/1/2013 TAV NA.

Figare 98 shows antibody activation of FeyRIa (V138 allele) following
incubation with group I H7NS A/Anhui/1/2013 TAY. Activation was measured using
an NFAT-mediated luciferase reporter in engineered Jurkat cells following incubation
with Expi-CHO cells transiently transfected with plasmids encoding N9 from
A/Aphui/1/2013 TAV. FNI3, FNIS, FNIT7, and FNII9 were tested, along with a
negative control antibody (FYT-GRLR).

Figures 91A-91B show prevalence of OSE-resistant mutations within the FNI
NA binding site in group I HINT [AVs (Figure 91A) and group H H3NZ 1AV (Figure
91B) from 2007 to 2019,

Figures 92A-92B show in vifro neutralizing activity by FINIT7, FNI19, and
Oseltamivir (OSE) against group F HINT [AY strains (Figure 92A) and group H H3INZ
TAV strains (Figure 92B) optionally, bearing one or more OSE-resistant mutations.
Figure 92A shows activity against A/Puerto Rico/8/34 ("PR8" in the figure) and
A/California/07/2009 ("Cal/09" in the figure), as well as A/California/07/2009

engineered with reverse genetics to harbor OSE-resistant mutations H275Y, ET19D, or
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both S247N and H275Y. Figure 92B shows activity against A/Hong Kong/8/68
("HXK/08" in the figure) and A/Hong Kong/8/68 engineered with reverse genetics to
harbor OSE-resistant mutations 1222V or N2948S.

Figure 93 shows binding of FNI17-v19 to NAs from NI Vic 2019,

N2 HK_ 2019, B/Phuket/3073/2013 (Yamagata) ("B/Phuket_2013(Yam)" in the
figure), B/Malaysi1a/2506/2004 (Victoria) ("B/Malaysia 2004(Vic)" in the figure), and
B/Washington/02/2019 (Victoria) ("B/Wash_2019(Vic}" in the figure) as measured by
flow cytometry and reported in mean fluorescence intensity {MF1). Cells were mock-
stained as a negative control.

Figures 94A-34B show viral titer in lung homogenates from BALB/c mice
treated with varying doses of FNI17 or OSE and infected with HINT A/Puerto
Rico/8/34 (Figure 94A) or H3NZ A/Hong Kong/8/08 (Figure 948). Lung tissue was
coilected at four (Figure 94A) or three days (Figure 94B) post-infection. Titer is
reported as log 50% tissue culture infectious dose per gram tissue {Log TCIDS0/g) in
Figure 94 A Titer is reported as log plaque-forming units per gram tissue (Log pfu/g) in
Figure 94B. Io Figures 94A and 948, the left-to~-tight arrangement of dot plots o the
graph corresponds to the top-to-bottom orientation in the figure key. For example,
Vehicle 1s the left~-most cluster of dots 1n the graph, and OSE is the right-most cluster of
dots in the graph.

Figures 95A-958 show body weight loss from day 0 to 14 post-infection
{reported as negative area~under-the-curve peak values) from area-under-the-curve
analysis of body weight loss in BALB/c mice infected with HIN1 A/Puerto Rico/8/34
{(Figure 95A) or H3IN2A/Hong Kong/8/68 (Figure 95B) following treatment with FNIT7
or OSE at the indicated dose. In Figures 95A and 95B, the lefi-to-right arrangement of
dot plots and bars in the graph corresponds to the top-to-bottom orientation in the figure
key. For example, Vehicle is the left-most cluster of dots {(and accompanying bar) in
the graph, and OSE is the right-most cluster of dots {and accompanying bar) in the
graph.

Figures 96A-368 show negative area-under-the~curve peak values compared

with Ig( in serum from area-under-the-curve analysis of body weight loss in BALB/¢
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mice infected with HINT A/Puerto Rico/8/34 (Figure 90A) or H3NZ A/Hong
Kong/8/68 (Figure 90B) following treatment with FNE 7 or OSE. IC50, IC70, and 1C90
are reported in pg/mi.

Figures 97A-97B show oxygen saturation in the blood as measured by pulse
oximetry for BALB/c mice infected with HINT A/Puerto Rico/8/34 (Figure 97A) or
H3N2ZA/Hong Kong/8/68 (Figure 978) following treatment with FNIL7 or O8E
{(reported in peripheral capiliary oxygen saturation {SpG»)). In Figures 97A and 978,
the left-to-right arrangement of each group of five bars {and related dot plot clusters) in
the graph corresponds to the top-to-bottom orientation in the figure key. For example,
Vehicle is the left-most bar in each set of bars, and OSE is the right-most bar in each set
of bars.

Figures 98A-98B show correlation between oxygen saturation (at Day & post-
infection) and viral lung titer (at Day 4 post-infection), in BALB/c mice infected with
HINT A/Puerto Rico/8/34 (Figure 98A) or H3IN2 A/Hong Kong/8/68 {Figure 98B}
following treatment with FNI17. Pearson coefficients were calculated to quantify
correlation.

Figures 99A-99C show i vivo pharmacokinetics of FNI17-v19 and FNII9-v3
tor three individual mice (15017 - “15037; “25017 - “25037}. Data for individual mice
over a span of 1500 hours is shown for ENIT7-v19 (Figure 99A) and FNII9v3 (Figure
99B} treatment groups, and combined in Figure 99C over 64 days.

Figare 100 summarizes i vive pharmacokinetic properties of FNI17-v19 and
FNI19-v3 as evaluated in mice. FMOB LS is shown as a comparator antibody.

Figures 101A-101B show lack of off-target binding by FNI17-v19 (Figure
101A) and FNI19-v3 (Figure 1018}, as measured using an array of 6,000 humwan
membrane proteins.

Figare 102 shows lack of specific positive staining by FNI17-v19 and FNI19-
v3 in human tissues as measured using non-Good Laboratory Practice Tissue Cross
Reactivity Testing (Non-GLP-TCR}. 1gG was tested to assess background staining.

Figure 103A-103C show antibody activation of FeyRIla (H131 allele) by
"GAALIE" Fe vanant antibodies {comprising G236A/A330L/1332E mutations in the
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Fe¢). Activation was measured using an NFAT-mediated luciferase reporter in
engineered Jurkat cells following incubation with Expi-CHO cells transiently
trausfected with plasmids encoding different IAV (HIN1 A/California/07/2009 1
Figure 103A; H3N2 A/Hong Kong/8/68 in Figure 103B) and IBV
(B/Malays1a/2506/2004 in Figure 103C) NAs. FNI3, FNIO, FNIT7, and FNI19 were
tested, along with FNI3, FNI9, FNI17, and FNI19 antibodies bearing GAALIE
mutations {suftix "-GAALIE" in the figure). A comparator antibody "FMOZ LS" and a
negative control antibody (FY1-GRLR) were also tested. FMOB LS and FY1-GRLR
had the lowest measured values in Figures 103A-103C.

Figare 104 shows /n vifro inhibition of sialidase activity by FNI17-v19 of group
FHIND AV, group HFHIN2Y TAY, Victoria-lineage IBV, and Yamagata-lineage IBV
NAs as measured by ViroSpot microneutralization assay.

Figure 105 shows in visro inhibition of sialidase activity by FNI17-v19 of group
THIND TAV, group H(H3NZ} TAY, Victonia-lineage IBV, and Yamagata-lincage IBV
NAs as measured by ViroSpot microneutralization assay. B/Brisbane/2008 is
highlighted by a rectangle.

Figures 106A-1068 shows viral titer in lung homogenates from BALB/¢ mice
treated with varving doses of FNIT7 or OSE and infected with H3IN2 A/Hong
Kong/8/68 (Figure 106A) or HIN1 A/Puerto Rico/R/34 (Figure 106B). Lung tissue was
coilected at three (Figure 106A) or four days (Figure 106B) post-infection. Titer is
reported as log plague-forming units per gram tissue (Log pfu/g) in Figure 106A. Titer
s reported as log S0% tissue culture infectious dose per gram tissue (Log TCIDSO/g) in
Figure 106B. Ovals highlight FNI17 dose {mg/kg) capable of producing same viral hung
reduction as OSE. In Figures 106A and 1068, the left-to-right arrangement of dot plot
clusters in the graph corresponds to the top-to-bottom orientation in the figure key. For
example, Vehicle is the left-most cluster of dots in the graph, and OSE 1s the right-most
cluster of dots in the graph.

Figure 107 shows "% Protection” compared with Ig( in serum in BALB/c mice
infected with influenza and treated with FNI17 or OSE. IC50, IC70, and IC90 are

reported in pg/mi.

[\
[\
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Figure 108 shows body weight loss from day 0 to 14 post-infection {reported as
negative area-under-the-curve peak values) in mice infected with HIN1 A/Puerto
Rico/8/3 following pre-treatment with FNIT7 or FMO8 LS. Body weight loss in mice
pre-treated with a vehicle control was also measured. For the T mg/kg dose (left-most
set of three bars), the lefi~to-right order of the bars corresponds to the top-to-botiom
orientation in the figure key (i e., Vehicle is the left-most bar in the Tmg/kg quadrant;
FMO8 LS is right-most bar). At the other doses, the left bar represents FN{17 and the
right bar represents FMOS LS.

Figure 109 shows survival over thirteen days in BALB/c mice infected with
HIN1 A/Puerto Rico/8/34 following treatment with FNIT7 or FMO8 LS. Survival in
mice pre~treated with a vehicle control (shortest survival curve) was also rmeasured.

Figure 110 shows antibody titers of certain FNI3, FNI9, FNI17, or FNII9
mAbs, including gain/loss for variants as compared to wild-type.

Figure 111 shows binding to group 1IAV, group HIAV, and IBYV NAs as
measured by flow cytometry (reported as MFT) for FNI3 and 11 FNI3 variants (FNI3-
v8 to FNI3-v18) MFI values for variants were normalized to MFI values for wild-type
FINI3.

Figure 112 shows binding to group TIAV, group HHIAV, and IBV NAs as
measured by flow cytometry (reported as MFI) for FNIO and five FNI9 variants (FNIO-
v5 to FNIS-v0). MFI values for variants were normalized to MF{ values for wild-type
FNIS.

Figure 113 shows binding to group 1 AV, group HIAV, and IBV NAs ag
measured by flow cytometry {reported as MFI) for FNI17 and 11 FNI17 variants
(FNI17-v6 to FNI17-v16). MFI values for vanants were normalized to MFI values for
wild-type FINEL 7.

Figure 114 shows binding to group 1 AV, group HIAV, and IBY NAs as
measured by flow cytometry (reported as MFI) tor FNII® and five FN119 variants
(FNI19-vi to FNI19-v5). MFI values for variants were normalized to MFI values for

wild-type FNI19,
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Figures 118A-115D show binding kanetics of FNI3-LS, FNIS-LS, FNIL7-LS,
and FNI19-LS, along with FNI3-LS, FNI9-LS, FNIT7-LS, and FNI19-LS antibodies
bearing GAALIE mutations (suffix "-GAALIE" i the figure) to different FeyRs, as
measured by Bio-Layer Interferometry (BLI). Arrows indicate curves for FNI17-LS and
ENIT7-LS-GAALIE. Figure 115A shows binding to FoyRUA(H), Figure 115B shows
binding to FeyRHAR), Figure 11SC shows binding to FeyRIIA(F), and Figure 115D
shows binding to FeyRHIA{V).

DBETAILED DESCRIPTION

Provided herein are antibodies and antigen-binding fragments that can bind to
and potently neutralize infection by various intluenza viruses, such as influenza A
viruses {IAVs) and influenza B viruses (IBVs). Also provided are polynucleotides that
encode the antibodies and antigen-binding fragments, vectors, host cells, and related
compositions, as well as methods of using the antibodies, nucleic acids, vectors, host
cells, and related compositions to treat {e.g., reduce, delay, eliminate, or prevent) an
influenza virus infection in a subject and/or in the manufacture of a medicament for
treating an influenza infection in a subject.

As taught in the present examples, a nurnber of clonally related antibodies were
identified that bind to a breadth of IAV and IBV NAs, and have neutralizing/inhibitory
functions against 1AV and IBV viruses. Sequence variants of the antibodies were
generated and characterized. Certain disclosed embodiments relate to such antibodies,

antigen-binding fragments of the same, and related compositions and uses.

Prior to setting forth this disclosure in more detatl, it may be helpful to an
understanding thereof to provide definttions of certain terms to be used herein.
Additional definttions are set forth throughout this disclosure.

in the present description, any concentration range, percentage range, ratio
range, or integer range is to be understood to include the value of any integer within the
recited range and, wheo appropriate, fractions thereot {such as one tenth and one
hundredth of an integer), unless otherwise indicated. Also, any number range recited

herein relating to any physical feature, such as polymer subunits, size or thickness, are

24
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to be understood to include any integer within the recited range, unless otherwise
indicated. As used herein, the term "about” means + 20% of the indicated range, value,
or structure, unless otherwise indicated. 1t should be understood that the terms "a" and
"an" as used herein refer to "one or more" of the enumerated components. The use of
the alternative {e.g., "or") should be understood to mean either one, both, or any
combination thereof of the alternatives. As used herein, the ferms "include,” "have,”
and "comprise" are used synonymously, which terms and variants thereof are intended
to be construed as non-limiting.

*Optional" or "optionally” means that the subsequently described element,
component, event, or circumstance may or may not occur, and that the description
includes 1nstances in which the element, component, event, or circumstance occurs and
instances in which they do not.

In addition, it should be understood that the individual constructs, or groups of
constructs, derived from the various combinations of the structures and subunits
described herein, are disclosed by the present application to the same extent as if each
construct or group of constructs was set forth individually., Thus, selection of particular
structures or particular subunits is within the scope of the present disclosure.

The term "consisting essentially of " 1s not equivalent to "comprising” and refers
to the specified materials or steps of a claim, or to those that do not materially affect the
basic characteristics of a claimed subject matter. For example, a protein domain,
region, or module {(e.g., a binding domain) or a protein "consists essentially of” a
particular amino acid sequence when the amino acid sequence of a domain, region,
module, or protein includes extensions, deletions, mutations, or a combination thereof
(e.g., amino acids at the amino- or carboxy-~terminus or between domains) that, in

/

combination, contribute to at most 20% {e.g., at most 15%, 10%, 8%, 6%, 5%, 4%, 3%

/0

2
2% or 1%} of the length of a domain, region, module, or protein and do not
substantially affect (i e, do not reduce the activity by more than 50%, such as no more

than 40%, 30%, 25%, 20%, 15%, 10%, 5%, or 1%) the activity of the domain(s},

3

region{s), module(s), or protein {e.g., the target binding atfivity of a binding protein),

b2
i
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As used herein, "amino acid” refers to naturally occurring and synthetic amino
acids, as well as amino acid analogs and amino acid mimetics that function in a manner
similar to the vaturally occurring amino acids. Naturally occurring amino acids are
those encoded by the genetic code, as well as those amino acids that are later modified,
e.g., bydroxyproline, y~carboxyglutamate, and O-phosphoserine. Amino acid analogs
refer to compounds that have the same basic chemical structure as a naturally occurring
amino actd, 7.€, an g-carbon that is bound to a hydrogen, a carboxyl group, an aming
group, and an R group, e.g., homoserine, norieucine, methionine sulfoxide, methionine
methyl suifoniom. Such analogs have modified R groups {e.g., norleucine) or modified
peptide backbones, but retain the same basic chemtieal structure as a naturally occurting
amino acid.  Amuno acid mimetics refer to chemical corapounds that have a structure
that is different from the general chemical structure of an amino acid, but that functions
in 8 manner similar to a naturally occurring amino acid.

As used herein, "mutation” refers to a change in the sequence of a nucleic acid
molecuie or polypeptide molecule as compared to a reference or wild-type nucleic acid
molecule or polypeptide molecule, respectively. A mutation can result in several
different types of change in sequence, including substitution, insertion or deletion of
nuclectide(s) or amino acid(s).

A "conservative substitution” refers to amino acid substitutions that do not
significantly affect or alter binding characteristics of a particular protein. Generally,
conservative substitutions are ones in which a substituted amino acid residue is replaced
with an amino acid residue having a similar side chain. Conservative substitutions
include a substitution found in one of the following groups: Group 1. Alanine (Ala or
Ay, Glycine (Gly or G), Serine (Ser or 8), Threonine (Thr or T); Group 2: Aspartic acid
{Asp or D), Glutamic acid (Gla or Z); Group 3: Asparagine {Asn or N), Glutamine (Gln
or (3}, Group 4. Arginine (Arg or R), Lysine (Lys or K), Histidine (His or H), Group 5:
Isoleucine (Ile or T}, Leucine (Leu or L), Methionine (Met or M), Valine (Val or V), and
Group ¢: Phenylalanine (Phe or F), Tyrosine (Tyr or Y), Tryptophan (Trp or W).
Additionally or alternatively, amino acids can be grouped nito couservative substitution

groups by similar function, chemical structure, or composition {(e.g., acidic, basic,
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aliphatic, aromatic, or sulfur-containing). For example, an aliphatic grouping may
include, for purposes of substitution, Gly, Ala, Val, Leu, and He. Other conservative
substitutions groups tnclude: sulfur-containing: Met and Cysteine (Cys or C); acidic:
Asp, Glu, Asn, and Gin; small aliphatic, nonpoelar or slightly polar residues: Ala, Ser,
Thr, Pro, and Gly; polar, negatively charged residues and their amides: Asp, Asn, Gly,
and Gln; polar, positively charged residues: His, Arg, and Lys; farge aliphatic, nonpolar
residues: Met, Leu, He, Val, and Cys; and large aromatic residues: Phe, Tyr, and Trp.
Additional information can be found in Creighton (1984) Proteins, W H. Freeman and
Company.

As used herem, "protein” or "polypeptide” refers to a polymer of amino acid
residues. Proteins apply to naturally occurring amino acid polymers, as well asto
amino actd polymers in which one or more amino actd residue is an artificial chemical
mimetic of a corresponding naturally occurring amino acid, and non-naturally occurring
amino acid polymers. Variants of proteins, peptides, and polypeptides of this disclosure
are also contemplated. In certain embodiments, variant proteins, peptides, and
polypeptides comprise or consist of an amino acid sequence that 18 at least 70%, 75%,
80%, B5%, 90%, 91%, 92%, 93%, 94%%, 95%, 96%, 97%, 98%, 99%, or 99 9%
identical to an amino actd sequence of a defined or reference amino acid sequence as
described herein.

"Nucleic acid molecule" or "polynucleotide” or "polymucleic acid" refersto a
polymeric compound including covalently linked nucleotides, which can be made up of
natural subunits {e.g., purine or pyrimidine bases) or non-natural subunits {e.g.,
morpholine ring). Purine bases include adenine, guaning, hypoxanthine, and xanthine,
and pyrimidine bases tnclude uracil, thyroine, and cytosine. Nucleic acid molecules
include polyribonucleic acid (RINA), which includes mRNA, microRNA| siRNA, viral
genomic RNA, and synthetic RNA, and polydeoxyribonucieic acid (BNA, also referred
to as deoxyribonucleic acid), which includes cDNA, genomic DNA| and synthetic
DNA, either of which may be single or double stranded. If single-stranded, the nucleic
acid molecule may be the coding strand or non-coding (anti-sense) strand. A nucleic

acid molecule encoding an amino acid sequence includes all nucleotide sequences that

-3
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encode the same amino acid sequence. Some versions of the nucleotide sequences may
also include intron{s) to the extent that the intron{s} would be removed through co- or
post-transcriptional mechanisws. In other words, different nucleotide sequences may
encode the same amino acid sequence as the result of the redundancy or degeneracy of
the genetic code, or by splicing.

In some embodiments, the polynucleotide comprises a modified nucleoside, a
cap-1 structure, a cap-2 structure, or any combination thereof. In certain embodiments,
the polynucleotide comprises a pseudouridine, a N6-methyladenonsine, a 5-
methyleytidine, a 2-thiouridine, or any combination thereof. In some embodiments, the
paeudouridine comprises Ni-methylpseudouridine. These features are known in the art
and are discussed o, for example, Zhang ef al. Front. lmmunol.,
DOI=10.3389/fimmu.2019.00594 (2019); Evler er of. PNAS 176(40); 23008-23071;
DBOL 10.1073/pnas. 1821754116 (2019); Nance and Meter, ACS Cenr. Sci. 2021, 7, 5,
748-756; dot.org/10.102 Vacscentsct. 1¢00197 (2021}, and van Hoecke and Roose, J
Transilational Med 17:54 (2019); https://dot.org/10.1186/512967-019-1804-8, which
modified nucleosides and mRNA features are incorporated herein by reference Variants
of nucleic acid molecules of this disclosure are also contemplated. Varnant nucleic acid
molecules are at least 70%, 75%, 8%, 35%, 90%, and are preferably 95%, 96%, 97%,
9R%%, 9%, or 99.9% 1dentical a nucleic acid molecule of a defined or reference
polynucleotide as described herein, or that hybridize to a polynuclectide under stringent
hybridization conditions of 0.015M sodium chloride, 0.0015M sodium citrate at about
65-68°C or 0.015M sodium chloride, 0.0015M sodium citrate, and 50% formamide at
about 42°C. Nucieic acid molecule vananis retain the capacity to encode a binding
domain thereof having a functionality described herein, such as binding a target
molecule.

"Percent sequence identity” refers to a relationship between two or more
sequences, as determined by comparing the sequences. Preferred methods to determine
sequence identity are designed to give the best match between the sequences being
compared. For example, the sequences are aligned for optimal comparison purposes

{e.g., gaps can be ntroduced in one or both of a first and a second amino acid or nucleic
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acid sequence for optimal alignment}. Further, non-homologous sequences may be
disregarded for comparison purposes. The percent sequence identity referenced herein
15 calculated over the length of the reference sequence, unless indicated otherwise.
Methods to determine sequence identity and similarity can be found in publicly
available computer programs. Sequence alignments and percent identity calculations
may be performed using a BLAST program {e.g., BLAST 2.0, BLASTP, BLASTN, or
BLASTX). The mathematical algorithm used in the BLAST programs can be found in
Alischul ef af | Nucleic Acids Res 25.3389-3402, 1997, Within the context of this
disclosure, it will be understood that where sequence analysis software is used for
analysis, the results of the analysis are based on the "default values” of the program
referenced. "Default values” mean any set of values or parameters which orniginally
load with the software when first initialized.

The term "isolated” means that the material ts removed from its original
environment {e.g., the natural environment if it 18 naturally occurring). For example, a
naturally occurring nucleic acid or polypeptide present in a living animal is not isolated,
but the same nucleic acid or polypeptide, separated from some or all of the co-existing
materials in the natural system, 1s isolated. Such nucleic acid could be part of a vector
and/or such nucleic acid or polypeptide couid be part of a composition {e.g., a cell
lysate), and still be isolated 1o that such vector or coraposition is not part of the natural
environment for the nucleic acid or polypeptide. "isolated" can, in some embodiments,
also describe an antibody, antigen-binding tragment, polynuclectide, vector, host cell,
or composition that is outside of a human body.

The term "gene” means the segment of DNA or RNA involved in producing a
polypeptide chain; in certain contexts, it includes regions preceding and following the
coding region {e.g., 5" untransiated region (UTR} and 3° UTR) as well as intervening
sequences {introns) between individual coding segments {exons}.

A "functional variant" refers to a polypeptide or polynucleotide that is
structurally similar or substantially structurally similar to a parent or reference
compound of this disclosure, but differs slightly in composition {e.g., one base, atom or

functional group 1s different, added, or removed), such that the polypeptide or encoded
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polypeptide is capable of performing at least one function of the parent polypeptide
with at least 50% efficiency, preferably at least 55%, 60%, 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%, 99.9%, or 100% level of activity of the parent polypeptide.
In other words, a functional variant of a polypeptide or encoded polypeptide of this

[LIN1]

disclosure has "similar binding,” "similar atfintty” or "similar activity” when the
tunctional variant displays no more than a 50% reduction in performance 1o a selected
assay as compared to the parent or reference polypeptide, such as an assay for
measuring binding affinity {e.g., Biacore® or tetramer staining measuring an
association (Ka) or a dissociation (Kp) constant}.

As used herein, 3 "functional portion” or "functional fragment” refers to a
polypeptide or polynucleotide that coruprises only a domain, portion or fragment of a
parent or reference compound, and the polypeptide or encoded polypeptide retains at
least 50% activity associated with the domain, portion or fragment of the parent or
reference compound, preferably at least 55%, 60%, 70%, 75%, 80%, §5%, 90%, 95%,
96%, 97%, 98%, 99%, 99.9%, or 100% level of activity of the parent polypeptide, or
provides a biological benefit (e g, effector function). A "functional portion” or
"functional fragrment” of a polypeptide or encoded polypeptide of this disclosure has
"similar binding" or "similar activity” when the functional portion or fragment displays
no more than a 50% reduction 1n performance in a selected assay as compared to the
parent or reference polypeptide {preferably no more than 20% or 10%, or no more than
a fog difference as compared to the parent or reference with regard to affinity).

Asused herein, the term "engineered," "recombinant,” or "non-natural” refers to
an organism, microorganism, cell, nucleic acid molecule, or vector that includes at least
one genetic alteration or has been modified by introduction of an exogenous or
heterologous nucleic acid molecule, wherein such alterations or modifications are
introduced by genetic engineering {7.e., human intervention}. Genetic alterations
include, for example, modifications introducing expressible nucleic acid molecules
encoding functional RNA, proteins, fusion proteins or enzymes, or other macleic acid
molecule additions, deletions, substitutions, or other functional disraption of a cell’s

genetic material. Additional modifications include, for example, non-coding regulatory
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regions in which the modifications alter expression of a polynucleotide, gene, or
operof.

As used herein, “heterologous” or "nov-endogenous” or "exogenous” refers to
any gene, protein, compound, nucleic acid molecule, or activity that is not native to a
host cell or a subject, or any gene, protein, compound, nucleic acid molecule, or activity
native to a host cell or a subject that has been altered. Heterologous, non-endogenous,
or exogenous includes genes, proteins, compounds, or nucleic acid molecules that have
been mutated or otherwise altered such that the structure, activity, or both s different as
between the native and altered genes, proteins, compounds, or nucleic acid molecules.
in certain embodiments, heterologous, non-endogencus, of exogenous genes, proteins,
or nucleic acid molecules {e.g., receptors, higands, etc ) may not be endogenous to a
host cell or a subject, but instead nucleic acids encoding such genes, proteins, or nucleic
acid molecules may have been added to a host cell by conjugation, transformation,
transfection, electroporation, or the like, wherein the added nucleic acid molecule may
integrate into a host cell genome or can exist as extra-chromosomal genetic material
{e.g., as a plasmid or other self-replicating vector). The terro "homologous” or
"homolog" refers to a gene, protein, compound, nucleic acid molecule, or activity found
in ot derived from a host cell, apecies, or strain. For example, a heterclogous or
exogenous polynucleotide or gene encoding a polypeptide may be homologous to a
native polynucleotide or gene and encode a homologous polypeptide or activity, but the
polynucleotide or polypeptide may have an altered structure, seguence, expression
level, or any combination thereot. A non-endogenous polynucleotide or gene, as well
as the encoded polypeptide or activity, may be from the same species, a different
species, or a combination thereof

in certain embodiments, a nucleic acid molecule or portion thereof native to a
host cell will be considered heterologous to the host cell if 1t has been altered or
mutated, or a nucleic acid molecule native to a host cell may be considered
heterclogous if it has been altered with a heterologous expression control sequence or
has been altered with an endogenous expression control sequence not normally

associated with the nucleic acid molecule native to a host cell. In addition, the term
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"heterologous” can refer to a biological activity that is different, altered, or not
endogenous to a host cell. As described herein, more than one heterclogous nucleic
acid rmoolecule can be introduced into a host cell as separate nucleic acid molecules, as a
plurality of individually controlled genes, as a polycistronic nucleic acid molecule, as a
single nucleic acid molecule encoding a fusion protein, or any combination thereof.

As used herein, the term "endogenous” or "native” refers to a polynucleotide,
gene, protein, compound, molecule, or activity that is normally present in a host cell or
a subject.

The term "expression”, as used herein, refers to the process by which a
polypeptide 1s produced based on the encoding sequence of a nucleic acid molecule,
such as a gene. The process may 1nclude transcription, post-transcriptional control,
post-transcriptional moedification, translation, post-translational control, post-
traunslational modification, or any combination thereof. An expressed nucleic acid
molecule is typically operably linked to an expression control sequence {e.g., a
promoter).

The term "operably linked" refers to the association of two or more nucleic acid
molecules on a single nucleic acid fragment so that the function of one is affected by
the other. For example, a promoter is operably linked with a coding sequence when it is
capable of affecting the expression of that coding sequence (i e, the coding sequence is
under the transcriptional control of the promoter). "Unlinked" means that the associated
genetic elements are not closely associated with one another and the function of one
does not affect the other.

As described herein, more than one heterologous nucleic acid molecule can be
introduced into a host cell as separate nucleie acid molecules, as a plurality of
individually controlled genes, as a polycistronic nucleic acid molecule, as a single
nucleic acid molecule encoding a protein {(e.g., a heavy chain of an antibody}, or any
combination thereof. When two or more heterclogous nucleic acid molecules are
introduced into a host cell, it is understood that the two or more heterologous nucleic
acid rmoolecules can be introduced as a single nucleic acid molecule {e.g., on a single

vector), on separate vectors, integrated into the host chromosome at a single site or
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multiple sites, or any combination thereof. The number of referenced heterologous
nucleic acid molecules or protein activities refers to the number of encoding nucleic
acid molecules or the number of protein activities, not the number of separate nucleic
acid molecules introduced into a host cell.

The term "construct” refers to any polynucieotide that contains a recombinant
nucleic acid molecule (or, when the context clearly wndicates, a fusion protein of the
present disclosure}. A {polynuciectide} construct may be present in a vector {e.g., a
bacterial vector, a viral vector} or may be integrated into a genome. A "vector' is a
nucleic acid molecule that 15 capable of transporting ancther nucleic acid molecule.
Vectors may be, for example, plasmids, cosmids, viruses, a RNA vector or a linear or
circular DNA or RNA molecule that may include chromosomal, non-chromosomal,
semi-synthetic or synthetic nucieic acid molecules. Vectors of the present disclosure
also tnclude transposon systems {e.g., Sleeping Beauty, see, e.g., Gewrts et al., Mol
Ther. 8108, 2003 Matés er of, Nat. Genet. 41:753, 2009). Exemplary vectors are
those capable of autonomous replication {episomal vector), capable of delivering a
polynucleotide to a cell genome (e.g, viral vector), or capable of expressing nucleic
acid molecules to which they are linked (expression vectors).

As used herein, "expression vector” or "vector"” refers to a DNA construct
containing a nucleic acid molecule that 1s operably linked to & suitable control sequence
capable of effecting the expression of the nucleic acid molecule in a suitable host. Such
control sequences include a promoter to effect transcription, an optional operator
sequence to control such transcription, a sequence encoding suitable mRNA ribosome
binding sites, and sequences which control termination of transcription and translation.
The vector may be a plasmid, a phage particle, a virus, or simply a potential genomic
insert. Once transformed into a suitable host, the vector may replicate and function
independently of the host genome, or may, in some instances, integrate into the genome
itself or deliver the polynucleotide contained 1n the vector into the genome without the
vector sequence. In the present specification, "plasmid,” "expression plasmid," "virus,"

and "vector" are often used interchangeably.
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The term "introduced” in the context of inserting a nucleic acid molecule into a
cell, means "transfection”, "transformation,” or "transduction” and includes reference to
the incorporation of a nucleic acid molecule into a eukaryotic or prokaryotic cell
wherein the nucleic acid molecule may be incorporated into the genome of a cell {e.g.,
chromosome, piasmid, plastid, or mitochondrial DNA), converted into an autonomous
replicon, or transiently expressed {e.g., transfected mRNA).

in certain embodiments, polynuclectides of the present disclosure may be
operatively linked to certain elements of a vector. For example, polynucleotide
sequences that are needed to effect the expression and processing of coding sequences
to which they are ligated may be operatively linked. Expression control sequences may
include appropriate transcription iniiation, termivation, promoter, and enhancer
sequences; efficient RNA processing signals such as splicing and polvadenylation
signals; sequences that stabilize cytoplasmic mRNA, sequences that enhance translation
efficiency (7.e., Kozak consensus sequences); sequences that enhance protein stability;
and possibly sequences that enhance protein secretion. Expression control sequences
may be operatively hinked if they are contiguous with the gene of interest and
expression control sequences that act in frams or at a distance to control the gene of
interest.

fn certain embodiments, the vector comprises a plasmid vector or a viral vector
{e.g., a lentiviral vector or a y-retroviral vector). Viral vectors include retrovirus,
adenovirus, parvovirus {e.g., adeno-associated viruses), coronavirus, negative strand
RNA viruses such as ortho-myxovirus {e.g., influenza virus), rhabdovirus {e.g., rabies
and vesicular stomatitis virus), paramyxovirus {e.g., measles and Sendat), positive
strand RNA viruses such as picornaviras and alpbavirus, and double-stranded DNA
viruses inciuding adenovirus, herpesvirus {e.g., Herpes Simplex virus types 1 and 2,
Epstein-Barr virus, cytomegalovirus), and poxvirus {e.g., vaccinia, fowlpox, and
canarypox ). Other viruses include, for example, Norwalk virus, togavirus, Havivirus,
reoviruses, papovavirus, hepadnavirus, and hepatitis virus. Examples of retroviruses
include avian leukosis-sarcoma, mammalian C-type, B-type viruses, D type viruses,

HTLV-BLYV group, lentivirus, spumavirus {Coffin, J. M, Retrovindae: The viruses and
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their replication, In Fundamental Virology, Third Edition, B. N. Fields et al |, Eds,
Lippincott-Raven Publishers, Philadelphia, 1996).

"Retroviruses” are viruses having an RNA genome, which s reverse-transenbed
into DINA using a reverse transcriptase enzyme, the reverse-transcribed DNA is then
incorporated into the host cell genome. "Gammaretrovirus” refers 10 a genus of the
retroviridae famly. Examples of gammaretrovituses include maouse stem cell virus,
murine leukemia virus, feline leukemia virus, feline sarcoma virus, and avian
reticuloendotheliosts viruses.

"Lentiviral vectors” include HIV-based lentiviral vectors for gene delivery,
which can be integrative or non~-integrative, have relatively large packaging capacity,
and can transduce a range of different cell types. Lentiviral vectors are usually
generated following transient transfection of three (packaging, envelope, and transter)
or more plasmids into producer cells. Like HIV, lentiviral vectors enter the target cell
through the interaction of viral surface glycoproteins with receptors on the cell surface.
On entry, the viral RNA undergoes reverse transcription, which is mediated by the viral
reverse transcriptase complex. The product of reverse transcription is a double-stranded
linear viral DNA, which 1s the substrate for viral integration into the DNA of infected
cells.

In certain embodiments, the viral vector can be a gammaretrovirus, e.g.,
Moloney murine leukemia virus (ML V}-derived vectors. In other embodiments, the
viral vector can be 3 more complex retrovirus-derived vector, e.g., a lentivirus-derived
vector, HIV-1-derived vectors belong to this category. Other examples include
lentivirus vectors derived from HIV-2, FIV, equine infectious angmia virus, SIV, and
Maedi-Visna virus {ovine lentivirus). Methods of using retroviral and lentiviral viral
vectors and packaging cells for transducing mammalian host cells with viral particles
containing transgenes are known in the art and have been previous described, for
example, in: US Patent 8,119,772, Walchli ef al | PLoX One 6:327930, 2011; Zhao ef
af | . Immunol 1744415, 2005; Engels ef al |, Hum. Gene Ther. 14:1155, 2003, Frecha
et af., Mol Ther. 181748, 2010, and Verhoeven ef af |, Methods Mol Biol. 50697,

2009, Retroviral and lentiviral vector constructs and expression systems are also
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commercially available. Other viral vectors also can be used for polynucleotide delivery
including DNA viral vectors, including, for example adenovirus-based vectors and
adeno-associated virus {AAV-based vectors; vectors derived from herpes simplex
viruses (HSVs), including amplicon vectors, replication-defective HSV and attenuated
HSV (Krisky et of, Genre Ther. 51517, 1998).

Other vectors that can be used with the compositions and methods of this
disclosure include those derived from baculoviruses and g-viruses. {Jolly, D J. 1999,
Emerging Viral Vectors. pp 209-40 in Friedmann T, ed. The Development of Human
Gene Therapy. New York: Cold Spring Harbor Lab), or plasmid vectors {such as
sleeping beauty or other transposon vectors).

When a viral vector genome comprises a plurality of polynucieotides to be
expressed in a host cell as separate transcripts, the viral vector may also comprise
additional sequences between the two (or more} transcripts allowing for bicistronic or
multicistronic expression. Exarples of such sequences used in viral vectors include
internal ribosome entry sites (IRES}), furin cleavage sites, viral 2A peptide, or any
combination thereof.

Plasmid vectors, including DNA-based antibody or antigen-binding fragment-
encoding plasmid vectors for direct administration to a subject, are described further
herein.

As used herein, the term "host" refers to a cell or microorganism targeted for
genetic modification with a heterologous nucleic acid molecule to produce a
polypeptide of interest {¢.g., an antibody of the present disclosure).

A host cell may include any individual cell or cell culture which may receive a
vector or the incorporation of nucleic acids or express proteins. The term also
encompasses progeny of the host cell, whether genetically or phenotypically the same
or different. Suitable host cells may depend on the vector and may include mammalian
cells, amimal cells, human cells, simian cells, insect cells, yeast cells, and bacterial cells.
These cells may be induced to incorporate the vector or other material by use of a viral
vector, transformation via calcium phosphate precipitation, DEAE-dextran,

electroporation, microinjection, or other methods. See, for example, Sambrook ¢f g/ |
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Molecular Cloning: A Laboratory Manual 2d ed. (Cold Spring Harbor Laboratory,
1989),

n the context of an influenza infection, a "host” refers to a cell or a subject
infected with the influenza.

"Antigen” or "Ag", as used herein, refers to an immunogenic molecule that
provokes an imroune response. This immune response may involve antibody
production, activation of specitic immunelogically-competent cells, activation of
complement, antibody dependent cytotoxicicity, or any combination thereof, An
antigen (immunogenc molecule) may be, for example, a peptide, glycopeptide,
polypeptide, glycopolypeptide, polynucleotide, polysacchanide, lipid, or the like. Itis
readily apparent that an antigen can be synthesized, produced recombinantly, or derived
from a biological sample. Exemplary biological samples that can contain one or more
antigens include tissue samples, stool samples, cells, biological fluids, or combinations
thereof. Antigens can be produced by cells that have been modified or genetically
engineered to express an antigen. Antigens can also be present in an influenza NA
antigen, such as present in a virion, or expressed or presented on the surface of a cell
infected by the influenza.

The term "epitope” or "antigenic epitope” includes any molecule, structure,
amnino acid sequence, or protein determinant that is recognized and specifically bound
by a cognate binding molecule, such as an immunoglobulin, or other binding molecule,
domain, or protein. Epitopic determinants generally contain chemically active surface
groupings of molecules, such as amino acids or sugar side chains, and can have specific
three-dimensional structural charactenistics, as well as specific charge characteristics.
Where an antigen is or comprises a peptide or protein, the epitope can be comprised of
consecutive amino acids {e.g., a linear epitope}, or can be comprised of amino acids
from different parts or regions of the protein that are brought into proximity by protein
tolding {e.g., a discontinuous or conformational epitope), or non-contiguous amino

acids that are in close proximity irrespective of protein folding.

(9]
-3
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Antibodies, Anfigen-Binding Fragments, and Compositions

in one aspect, the present disclosure provides an isolated an antibody, or an
antigen-binding fragment thereot] that is capable ot binding to a neuraminidase (NA)
from: (i} an influenza A virus (IAV), wherein the IAV comprises a Group 1 AV, a
Group 2 1AY, or both; and (i1} an influenza B virus (IBV}.

In certain embodiments, an antibody or antigen-binding fragment of the present
disclosure associates with or unites with a NA while not significantly associating or
uniting with any other molecules or components in a sample.

In certain embodiments, an antibody or antigen-binding fragment of the present
disclosure specifically binds to a IAV NA. As used herein, "specifically binds" refers
to an association or union of an antibody or antigen-binding tragment to an antigen with
an affinity or K, (i.e., an equilibrium association constant of a particular binding
interaction with units of 1/M) equal to or greater than 10° M {which equals the ratio of
the on-rate [Koa} to the off rate [Kog] for this association reaction), while not
significantly associating or uniting with any other molecules or components in a
sample. Alternatively, affimity ray be defined as an equilibrium dissociation constant
{(K.¢) of a particular binding interaction with units of M {e.g., 107 M to 107 M),
Augtibodies may be classified as "high-affinity” antibodies or as "low-affinity”
antibodies. "High-affinity" antibodies refer to those antibodies having a K, of at least
107 M at least 10° MY, at least 10° MY, atleast 10Y M) at least 10" M, at least 101
M or at least 10V M7 "Low-affinity” antibodies refer to those antibodies having a K,
of upto 10'M" upto 10° M up to 10° M. Alternatively, affinity may be defined as
an equilibrium dissociation constant (Kg) of a particular binding interaction with units
of M{e.g., 10° M to 107 M),

A variety of assays are known for identifying antibodies of the present
disclosure that bind a particular target, as well as determining binding domain or
binding protein affinities, such as Western blot, ELISA {e.g., direct, indirect, or
sandwich), analvtical ultracentrifugation, spectroscopy, biolayer interferometry, and
surface plasmon resonance (Biacore®) avalysis (see, e.g., Scatchard ef i, Ann. N Y.

Acad. Sci. 51:660, 1949; Wilson, Science 2952103, 2002; Wolff er af , Cancer Kes.
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53:2560, 1993; and U.S. Patent Nos. 5,283,173, 5,468,614, or the equivalent). Assays
for assessing affinity or apparent affinity or relative affinity are also known.

fn certain examoples, binding can be determined by recombinantly expressing a
influenza NA antigen in a host cell {e.g., by transfection) and immunostaining the {e.g.,
fixed, or fixed and permeabilized) host cell with antibody and analyzing binding by
flow cytometery (e.g., using a ZE5 Cell Analyzer (BioRad®) and FlowlJo software
(TreeStar}). In some embodiments, positive binding can be defined by differential
staining by antibody of influenza NA-expressing cells versus control {e.g., mock) cells.

In some embodiments an antibody or antigen-binding fragment of the present
disclosure binds to an influenza NA protein, as measured using biolayer interferometry,
ot by surface plasmon resonance.

Certain characteristics of presently disclosed antibodies or antigen-binding
tragments may be described using ICS0 or ECS50 values. In certain embodiments, the
IC50 1s the concentration of a composition {¢.g., antibody} that results in halt-maximal
inhibition of the indicated biological or biochemical function, activity, or response. i
certain embodiments, the ECS0 18 the concentration of a composition that provides the
half-maximal response in the assay. In some embodiments, e.g., for describing the
ability of a presently disclosed antibody or antigen-binding fragment to neutralize
infection by influenza, IC50 and ECA0 are used interchangeably.

in certain embodiments, an antibody of the present disclosure 1s capable of
neutralizing nfection by influenza. As used herein, a "neutralizing antibody” is one
that can neutralize, 7.¢ , prevent, inhibit, reduce, impede, or interfere with, the ability of
a pathogen to initiate and/or perpetuate an infection in a host. The terms "neutralizing
antibody” and "an antibody that neutralizes™ or "antibodies that neutralize” are used
interchangeably herein. In any of the presently disclosed embodiments, the antibody or
antigen-binding fragment can be capable of preventing and/or neutralizing an influenza
infection in an i vifro muodel of infection and/or in an in vivo animal model of infection
and/or in a human.

In certain embodiments, the antibody, or antigen-binding fragroeunt thereof, 13

human, humanized, or chimeric.
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In certain embodiments, (i) the Group | IAV NA comprises a N1, a N4, a N5,
and/or a N&; and/or (i1} the Group 2 IAY NA comprises a N2, a N3, a N6, a N7, and/or
a N9. In sore erobodiments: (i) the N1 13 a N1 from any one or more of,
A/California/07/2009, A/California/07/2009 223R/H275Y,
A/Swing/hangsuw/J004/201 8, A/Stockholm/18/2007, A/Brisbane/02/2018,
A/Michigan/45/2015, A/Mississipp/3/2001, A/Netherlands/603/2009,
A/Netherlands/602/2000, A/Vietnany/1203/2004, A/G4/SW/Shangdong/1207/2016,
AJGA/SW/Henan/SN13/2018, and A/New Jersey/B/1976; (i1} the N4 is from A/mallard
duck/Netherlands/30/2011; (111} the N5 1s from Adaquatic bird/Korea/CNS/2009; (iv) the
N8 1s from A/harbor seal/New Hampshire/179629/2011; (v} the N2 s a N2 from any
one or more oft A/Washington/01/2007, A/Hongkong/68, A/South Australia/34/2019,
A/Switzerland/8060/2017, A/Singapore/INFIMH-16-0019/2016,
A/Switzerland/9715293/2013, A/Leningrad/134/17/57, A/Flonda/4/2006,
A/Netherlands/823/1992, A/Norway/466/2014, A/Switzerland/8060/2017,
AlTexas/50/2012, A/Victoria/361/2011, A/HongKong/2671/2019,
A/SW/Mexico/S(1444/2011, A/Tanzania/205/2010, A/Aichi/2/1968,
A/Bilthoven/21793/1972, A/Netherlands/233/1982, A/Shanghai/11/1987,
A/Nanchang/933/1995, A/Fukui/45/2004, and A/Brisbane/10/2007 (vi} the N3 is from
A/Canada/rvS04/2004; (v) the N6 18 from A/swine/Ountario/01911/1/99; (vi) the N7 1
from A/Netherlands/078/03; and/or (vii) the N9 is a N9 from any one or more of:
A/Anbut/2013 and A/Hong Kong/S6/2015. In certain embodiments, the IBV NAisa
NA from any one or more of. B/Lee/10/1940 (Ancestral), B/Brisbane/60/2008
{(Victoria), B/Malaysia/2506/2004 (Victonia), B/Malaysia/3120318925/2013
(Yamagata), B/Wiscousin/1/2010 (Yamagata), B/Yamanash/166/1998 (Yamagata),
B/Brisbane/33/2008; B/Colorado/06/2017; B/Hubei-wujiang/158/2009;
B/Massachusetis/02/2012; B/Netheriands/234/2011; B/Perth/211/2001;
B/Phuket/3073/2013; B/Texas/06/2011 (Yamagata), B/Perth/211/2011;
B/HongKong/05/1972; B/Harbin/7/1994 (Victoria), and B/Washington/02/2019

(Victoria),
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In certain embodiments, the antibody or antigen-binding fragment is capable of
binding to each of: (1) a Group | IAV NA; (i1} a Group 2 AV NA; and (ii1) a IBY NA
with an ECso 1o a range of from about 0.1 pg/ml to about 50 ug/ml, ot in a range of
from about ©.1 ug/mL to about 2 ug/mk, or in a range of from 0.1 pg/mL to about 10
ug/ml, ot in a range of from 2 pg/mi to about 10 pg/mi, or in a range of from about
0.4 pg/mL to about 50 ug/mL, or 1o a range of from about 0.4 pg/ml to about 2 pg/ml,
or in a range of from 0.4 pg/mL to about 10 pg/mL, or in a range of from 2 yg/mL to
about 10 pg/ml., or in a range of from 0.4 ug/mk to about 1 pg/ml, or 0.4 pg/ml or
less.

in certain embodiments, the antibody or antigen-binding fragment is capable of
binding to: (i) the Group 1 IAV NA with an ECs tn a range of: from about 0.4 pg/rol
to about 50 pg/mlb, from about 0.4 pg/mL to about 10 ug/mL, from about 0.4 pg/mL to
about 2 ug/ml, from about 2 ug/mk to about 50 ug/ml, from about 2 pg/mk to about
10 pg/ml, or from about 10 ug/mkL to about 50 ug/rml; (1) the Group 2 IAY NA with
an ECso in a range from about 0.4 ug/mL to about 50 ug/mL, or from about 0.4 ug/mL
to about 10 pg/ml, or from about 0.4 ug/ml to about 2 ug/ml., or from about 2 ng/mk
to about 50 pg/mlb, or from about 2 yug/ml to about 10 ug/mk, or from about 10 ug/mkL
10 about SO pg/mL; and/or {11} the IBY NA with an ECso of about 0.4 pg/mi, orina
range from about 0. Tug/ml to about 1.9 ug/mL, or from about 0. lpg/mL to about 1.5
ug/mb, or from about 0.1 pg/mb to about 1.0 uyg/mL, orabout 01,02, 03,04, 0.5,
0.6,07,08, 09, or 1.0 ug/mL. In further embodiments, the antibody or antigen-
binding fragment is capable of binding to: (1) a N1 with an ECse of about 0.4 yg/mL, or
in a range from about 0.4 pg/ml to about SOug/ml., orin a range of: from about
0. lpg/mL to about 1.9 ug/ml., or from about 0. 1pg/ml to about 1.5 ug/ml, or from
about 0.1 yg/mL to about 1.0 ug/mL, orabout 0.1, 02, 03,04,05,06,07,08 09, or
1.0 ug/mb; (1t) a N4 with an ECso of about 0.4 pyg/ml, orin 3 range of from about
0. 1pg/mL to about 1.9 ug/mL, or from about 0. 1ug/mL to about 1.5 yg/mL, or from
about 0.1 pg/mi to about 1.0 ug/mb, orabout 0.1,02,03,04,05,06,07, 08,09, or
1.0 ug/mL; (1) a N5 with an ECso 10 a range of: from about 0.4 pg/ml to about 2

wg/mL; (ivy  a N8 with an ECso of about 50 ug/mL; (v} a N2 with an ECso in a range
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of' from about 0.4 ug/mL to about 20 yg/mL, or from about 0.4 ug/mL to about 10
ug/mL, or from about 0.4 pg/mL to about 2 ug/miL, from about 1 pg/mL to about 10
ug/ml, or from about 1 pg/ml to about 20 pg/ml., or from about 1 ug/ml to about 5
ug/mb, orabout1,2,3,4, 5,6, 7, 8,9, 10, 15, or 20 ug/miL.; {vi) a N3 with an ECsg of
about 0.4 yg/ml, orin a range of from about 0. 1ug/mL to about 1.9 pg/ml., or from
about 0. lpg/ml to about 1.5 ug/ml, ot from about 0.1 ug/rol to about 1.0 ug/mi, or
about 0.1, 0.2, 0.3, 0.4, 0.5,0.6,0.7,0.8,0.9, or 1.0 ug/mL; (vii) a N6 with an ECso of
about .4 pg/mL, or in a range of from about 0. 1pug/mL to about 1.9 pg/ml., or from
about 0. 1pg/mL to about 1.5 ug/mL, or from about 0.1 ug/mL to about 1 0 ug/mkL, or
about 0.1,02,03,04,05,06,07,08,09, or 1.0 ug/mbL; {(viii} a N7 withan ECspin a
range of from about 2 pg/ml to about 50 pg/mi.; (x) a N9 with an ECsq of about 0.4
ug/mL, or in a range of: from about 0. lug/mL to about 1.9 pg/mL, or from about

0. 1pg/mL to about 1.5 ug/ml., or from about 0.1 pg/mL to about 1.0 ug/mk., or about
0.1,02,03,04,05 0.6,07,08,09, or 1.0 ug/mlL; and/or (xiy a IBV NA with an
ECso of about 0.4 pg/mi, or in a range of: from about 0. 1ug/mL to about 1.9 yg/mL, or
tfromw about 0. Tug/ml to about 1.5 pg/ml, or from about 0.1 yg/mL to about 1.0 pg/ml,
orabout 0.1,02,03,04,05,06,07,08 09, or 1.0 uyg/mL.

In certain embodiments, the antibody or antigen-binding fragment is capable of
binding to: (1) one or wore oft N1 A/Califormia/07/2009, N1 A/California/07/2009
I223R/H275Y, N1 A/Swine/liangsu/J004/2008, N1 A/Stockholm/18/2007, N4
Almallard duck/Netherlands/30/2011, N5 A/aquatic bird/ Korea/UNS/2009, N2 A/Hong
Kong/68, N2 A/Leningrad/134/17/57, N3 A/Canada/rv504/2004, N6
A/Swine/Ontano/01911/1/99, N9 A/Anhui/1/2013, B/Lee/10/1940 { Ancestral),
B/Brisbane/60/2008 (Victoria), B/Malaysia/2506/2004 (Victoria),
B/Malaysia/3120318925/2013 (Yamagata), B/Wisconsin/1/2010 (Yamagata), and
B/Yamanashi/166/1998 ( Yamagata)}, with an ECso of about 0.4 pug/mb., or in a range
trom about 0. Tug/mL to about 1.9 pg/mL, or from about O lug/mL to about 1.5 yg/mk.,
or from about 0.1 pg/mL to about 1.0 ug/mb, orabout 0.1, 02,03, 04,05, 06,07,
0.8, 0.9, or 1L.O ug/mL; (i) NS Alaquatic bird/ Korea/CN5/2009 with an ECso of about 2

ug/mL, or in a range from about 2 pg/mL to about 10 ug/mL; (111) N8 A/harbor
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n

seal/New Hampshire/179629/2011 with an ECso of about 50 pg/mL; vy N2
A/Washington/01/2007 with an ECso in a range from about 2 ug/mk to about 10
ug/ml,; (v} N7 A/Netherlands/078/03 with an ECse in a range from about 2 pg/md. to
about 50 pg/mL; (vi) N2 A/Scuth Australia/34/2019 with an ECso in a range from about
0.4 pe/mL to about 50 ug/mL; (vit) N2 A/Switzerland/8000/2017 with an ECsoin a
range from about 9.5 ug/mL to about 3.8 pg/md.; (viit) N2 A/Singapore/INFIMH-
16-0019/2016 with an ECs in a range from about 18.4 pg/mL to about 2.2 ug/mkb; (iv}

N2 A/Switzerdand/9715293/2013 with an ECso in a range from about 1.6 pyg/mL
to about 1.2 ug/mL; and/or (v} N1 A/Swine/Jiangsu/J004/2018 with an ECsp in a range
from about 0.4 pug/mkL to about 50ug/mi, or about 0.4, about 2, about 10, or about 50
ug/ml.

in certain embodiments, wherein the NA is expressed on the surface of a host
cell {e.g., a CHO cell} and binding to NA is according to flow cytometry.

In certain embodiments, the antibody or antigen-binding fragment is capable of
binding to the NA with a KD of less than 1.0E-12 M, less than 1. 0E-11 M, less than 1.0
E-11 M, orof 1 0E-12M orless, 1.OE-11M or less, or 1.0E-10 or less, or with a KD
between 1.0E-10 and 1.0E-13, or with a KD between 1.0E-11 and 1.0E-13, wherein,
optionally, the binding is as assessed by biolayer interferometry (BLI).

In certain embodiments, the NA 1sa N1, a N2, and/or a N9

in certain embodiments, the antibody or antigen-binding fragment is capable of
binding to: {1} a NA epitope that comprises any one or more of the following aming
acids (N1 NA numbering): R368, R293, E228, B344, $247, D198, D151, R118; and/or
{2) a NA epitope that comprises any one or more of the following amino acids (N2 NA
numbering): R371, R292, E227 E344, 8247, D198, D151, R118. It will be understood
that the antibodies and antigen-binding fragments may alsc bind to influenza
neuraminidases which may not follow N1 or N2 amino acid numbering conventions;
amino acids of these epitopes may correspond to herein-indicated N1 or N2 amino acid
residues, such as by being the same amino acid residue at an equivalent {e.g., by

alignment, 3-I) structure, conservation, or combinations of these) but differently
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nurnbered, position in the NA. Accordingly, reference to N1 or N2 numbering will be
understood as the amino acid corresponding to the enumerated amino acid.

An example showing N1 va N2 position numbering (using
HIN1 California. 07.2009 and H3NZ NewYork 392.2004) 1s provided in Table 3.

in certain embodiments, the antibody or antigen-binding fragment is capable of
binding to: {1} a NA epitope that coraprises the arino acids R368, R293) E228 D151,
and R118 (N1 NA numbering}; and/or (2} a NA epitope that comprises the amino acids
R371, R292, 227, D151, and R118 (N2 NA numbering).

In certain embodiments, the antibody or antigen-binding fragment is capable of
binding to an epitope comprised in or comprising a NA active site (as described herein,
the NA active site comprises functional amino acids that form the catalytic core and
directly contact sialic acid, as well as structural amino acids that form the active site
framework), wheretn, optionally, the NA active site comprises the following amino
acids (N2 numbering)y: R118, D151, R152, R224, E276, R292, R371, Y406, E119,
RIS6, W178 S179, D/N198, 1222 E227 H274, E277, D293, E425. In certain
embodiments, R118, D151, R132, R224, E276, R292, R371, and Y406 form the
catalytic core and directly contact stalic acid. In certain embodiments, E119, R156,
W178, 179, /N19§, 1222 K227, H274, E277, D293, and H425 form the active site
frarnework.

in certain embodiments, the epitope comprises or further comprises any one or
mote of the following NA amino acids (N2 numbering): 344, E227, 8247, and D198,

In certain embodiments, the antibody or antigen-binding fragment is capable of
binding to a NA comprising a S245N amino actd mutation and/or a E221D amino acid
mutation (N2 numbering).

in certain embodiments, the NA comprises an [BY NA. In certain
embodiments, the antibody or antigen-binding fragment is capable of binding to an IBV
NA epitope that comprises any one or more of the following amino acids (IBY
numbering; e.g., as for FluB Victoria and FluB Yamagata): R116, D149, E226, R292,
and R374. In some embodiments, the epitope comprises the amino acids R116, D149,

B226, R292, and R374.
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In certain embodiments, the antibody or antigen-binding fragment is capable of
inhibiting a sialidase activity of {1} an IAV NA, wherein the IAYV NA comprises a
Group 1 TAV NA, a Group 2 TAV NA, or both, and/or of (i1} an IBV NA, n an i vitro
model of infection, an i vive animal model of infection, and/or in a human. In further
embodiments: (1) the Group 1 AV NA comprises a HINT and/or a HSNT; (i1} the
Group 2 TAY NA comprises a H3INZ and/or a H7TN9; and/or (it1) the IBY NA comprises
one or more of: B/Lee/10/1940 {Ancestral};, B/HongKong/05/1972; B/Taiwan/2/1962
{Ancestral}, B/Brisbane/33/2008 (Victoria), B/Brisbane/60/2008 (Victoriay,
B/Malaysia/2506/2004 (Victoria), B/New York/1056/2003 (Victoria);
B/Florida/4/2006({ Y amagata}, B/langsuw/10/2003 (Yamagata), B/Texas/06/2011
{(Yamagata), B/Perth/211/2011; B/Harbin/7/1994 (Victonia), B/Colorado/06/2017
(Victoria}, B/Washington/02/2019 (Victoria), B/Perth/211/2001 (Yamagata), B/Hubei-
wujlagang/158/2009 (Yamagata), B/Wisconsin/01/2010 (Yamagata),
B/Massachusetts/02/2012 (Yamagata), and B/Phuket/3073/2013 (Yamagata).

in certain embodiments, the antibody or antigen-binding fragment is capable of
inhibiting a sialidase activity by: a Group 1 IAV NA; a Group 2 JAV NA; and/or a IRV
NA, with an ICS0 in a range of: trom about 0.0008 ug/mL to about 4 ug/ml, from
about (.0008 pg/ml. to about 3 pg/ml., from about 0.0008 pg/ml. to about 2 pg/ml.,
from about 0.0008 pg/mL to about 1 pg/ml, from about 0.0008 pg/ml to about 0.9
ug/mL, from about ¢.0008 pg/mL to about 0.8 ug/mL, from about 0.0008 uyg/mL to
about 0.7 yg/mi, from about 0.0008 pg/ml to about 0.6 pg/mL, from about 6.0008
ug/mL to about 0.5 pg/mL, from about 0.0008 ug/mL to about 0.4 pg/ml, from about
0.0008 pg/ml to about 0.3 pg/mi, from about 0.0008 pg/mi. to about 0.2 pg/mL, from
about 0.0008 pg/ml to about 0.1 pg/mL, from about 0.0008 pug/ml to about 0.09
ug/mL, from about 0.0008 ug/mL to about 0.08 pg/mL, from about 0.0008 pg/mL to
about 0.07 pyg/ml, from about 0.0008 yg/ml to about 0.06 pg/mi., about 0.0008
ug/mL to about 0.05 pg/mL, about 0.0008 ug/mL to about 0.04 ug/mb, about 0.0008
ug/mL to about 0.03 pg/mL, about 0.0008 ug/mLb to about 0.02 ug/mL, about 0.0008
ug/ml to about 0.01 pg/ml, from 0.002 ug/ml. to about 4 pg/mlL, from about 0.00]
ug/mL to SO pg/rl, from about 0.1 pg/ml to about 30 pg/ml, from about 0.1 pg/mL
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to about 20 pg/ml, from about 0.1 pg/mL to about 10 ug/ml, from about 0.1 pg/mL to
about 9 yg/mkL, from about 0.1 pg/mL to about 8 pg/ml, from about 0.1 pg/mL to
about 7 pg/ml, from about 0.1 ug/mL to about 6 ug/mi., from about 0.1 ug/ml to
about 5 pg/ml, from about 0.1 pg/mL to about 4 pg/mL, from about 0.1 pg/ml to
about 3 pg/ml., from about 0.1 ug/ml to about 2 pg/ml, from about 0.1 pg/ml to
about T ug/ml., from about 0.1 pg/ml. to about 0.9 ug/ml, from about 0.1 ug/ml to
about 0.8 ng/mL, from about 0.1 pg/mL to about 0.7 yg/ml, from about 0.1 pg/mL to
about (.6 pug/mL, from about 0.1 pg/mL to about 0.5 ug/ml., from about 0.1 pg/ml to
about 0.4 yg/mL, from about 0.1 pg/mL to about 0.3 ug/mlb, from about 0.1 yg/mL to
about 0.2 yg/ml, from about (.8 pe/mL to about 30 pg/mL, from about 0.8 pg/ml to
about 20 pg/ml., from about 0.8 pg/ml to about 10 ug/ml, from about 0.8 pg/ml to
about 9 yg/mkL, from about 0.8 pg/mL to about 8 pg/ml, from about 0.8 pg/mL to
about 7 ug/ml, from about 0.8 pg/mL to about 6 ug/ml, from about 0.8 pg/ml to
about 5 pg/ml, from about 0.8 ug/mL to about 4 pg/ml, from about 0.8 pg/ml to
about 3 pg/mkb, from about 0.8 pg/mL to about 2 pg/mL, of from about 0.8 pg/mb to
about T ug/ml., or of about 0.1 pg/ml, about 0.2 pg/mi., about 0.3 pg/md., about 0.4
«/mL, about 0.5 pg/mL, about 0.6 pg/ml, about 0.7 ug/mL, about 0.8 pg/mL, about
0.9 ug/mi, about 1.0 pg/mi, about 1.5 pg/ml, about 2.0 ug/ml., about 2.5 pg/ml.,
about 3.0 pugfral, about 3.5 pg/ml., about 4.0 pg/mi, about 4.5 pg/mi, about 5.0
ug/mkb, about 5.5 yg/mi, about 6.0 yg/mL, about 6.5 ug/mL, about 7.0 ug/mL, about
7.5 pg/ml, about 8.0 pg/ml, about 8.5 ug/ml, about 9.0 ug/mi., about 10 pg/ml.,
about 11 pg/mL, about 12 ng/ml., about 13 pg/mL, about 14 ug/mi., about 15 pg/ml,
about 16 pg/ml., about 17 ug/mk., about 18 pe/mL, about 19 ug/ml., about 20 pg/mi,
about 25 pg/ml, and/or about 30 pg/ml. In further embodiments, the antibody or
antigen-binding fragment 1s capable of inhibiting NA sialidase activity of one or more
Group 1 and/or Group 2 1AV, and/or of one or more 1BV, with an IC50 in a range of
trom about 00001 pg/ml to about 25 pg/md, or about 0.0001 ug/ml to about 10 pg/mi,
or about 0.0001 pg/ml to about 1 pg/mi, or about $.0001 ug/mi to about 0.1 pg/ml, or
about 0.0001 pg/ml to about 0.01 pg/ml, or about 0.0001 pg/mi to about .001 pg/mi, or

about 0.0001 pg/ml to about 0001 pg/ml, or about 0001 ug/ml to about 25 ug/mi, or
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about 0001 pg/ral to about 10 ug/mi, or about 0001 ug/ml to about 1 pg/mi, or about
G001 pe/mi to about 0.1 pg/mi, or about 0001 ug/mi to about 0.01 pg/ml, or about
001 pg/rol to about 25 pg/mi, or about 001 pg/ml to about 10 pg/ml, or about 00]
ug/mi to about 1 peg/ml, or about 001 pg/mi to about 0.1 ug/mi, or about .001 ug/mi to

g/mil to about 10

ey

about 0.01 yg/mi, or about .01 ug/m! to about 25 pg/mi, or about .01 u
ug/ral, or about .01 pg/ml to about 1 pg/mi, or about .01 pg/mi to about 0. 1pg/ral, or
about 1 ug/mi to about 25 ug/ml, or about 1 ug/mi to about 10 yg/ml, orof about 1, 1.5

225,335, 4,45 5.55,6,65,7,75,8,859,95, 10,105, 11, 11.5, 12, 12.5, 13,

3

135, 14, 145, or 15 pg/mi.

in certain embodiments, the antibody or antigen-binding fragment is capable of
activating a human FoyRila. To further embodiments, activation is as determined using
a host cell (optionally, a Jurkat cell) comprising: (i} the human FeyRIiia (optionally, a
F158 aligle); and (31} a NFAT expression controd sequence operably linked to a
sequence encoding a reporter, such as a luciferase reporter, following incubation {e.g
of 23 hours} of the antibody or antigen-binding fragment with a target cell {e.g., a A549
cell} infected with a IAV. In still further embodiments, activation 1s as determined
tollowing an incubation {optionally, for about 23 hours) of the antibody or antigen-
binding fragment with the target cell infected with a HINT 1AV, wherein, optionally,
the HINT IAV 1 A/PRE&/34, and/or wherein, optionally, the infection has a roultiphicity
of infection (MOI) of 6.

in certain embodiments, the antibody or antigen-binding fragment is capable of
neutralizing infection by an AV and/or an IBV. In certain embodiments, the AV
and/or the 1BV is antiviral-resistant, wherein, optionally, the antiviral is oseltamivir.

In certain embodiments, the IAV comprises a N1 NA that comprises the amino
acid mutation(s): H275Y; E119D + H275Y,; S247N + H275Y,; 1222V, and/or N2948
wherein, optionally, the AV comprises CAO9 or A/Aichi. In certain embodiments, the
TAV comprises a N2 NA that comprises the amino acid mutation(s) E119V, 136K,
and/or R292K.

In certain embodiments, the antibody ot antigen-binding fragment is capable of

treating and/or preventing (1) an AV infection and/or (i1} an IBV infection in a subject.
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In certain embodiments, the antibody or antigen-binding fragment is capable of
treating and/or attenuating an infection by: (i) a HIN1 virus, wherein, optionally, the
HINT virus comprises A/PRB/34, and/or (1) a H3N2 virus, wherein, optionally, the
H3N2 virus optionally comprises A/Hong Kong/68.

in certain embodiments, the antibody or antigen-binding fragment is capable of
preventing weight foss in a subject infected by the IAV and/or IBV, optionally for (i} up
to 15 days, or {ii) more than 15 days, following administration of an effective amount of
the antibody or antigen-binding fragment.

In certain embodiments, the antibody or antigen-binding fragment is capable of
preventing a loss in body weight of greater than 10% in a subject having an 1AV
infection and/or an IBY infection, as determined by reference to the subject’s body
weight just prior to the AV and/or IBV infection.

In certain embodiments, the antibody or antigen-binding fragment is capable
extending survival of a subject having an IAV nfection and/or an IBV infection.

in certain embodiments, the antibody or antigen-binding fragment has an in vivo
half-life in a mouse (e.g, a 1g32 mouse): (1) 10 arange of from about 10 days to about
14 days, about 10.2 days to about 13.8 days, about 10.5 days to about 13.5 days, about
11 days to about 13 days, about 11.5 days to about 12.5 days, between 10 days and 14
days, or between 10.5 days and 13.5 days, or between 11 days and 13 days, or of about
10.0, 101,102, 10.3, 10.4, 105,106, 107, 108, 109, 110, 111, 11.2, 113, 11 4,
115, 116, 107,108, 119, 126,121,122, 123,124, 125,126,127, 128, 12.9,
13.0, 13,1, 13.2, 13.3, 13.4, 13.5, 13.6, 13.7, 13.8, 13.9, or 14.0 days; or (i} in a range
of: from about 12 days to about 16 days, about 12.5 days to 15.5 days, about 13 days fo
15 days, about 13.5 days to about 14.5 days, or between 12 days and 16 days, or
between 13 days and 15 days, or between 13.5 days and 14.5 days, or of about 12.0,
121,122, 123,124, 125, 126,127,128, 120, 13,0, 13,1, 132, 133, 134, 135,
136, 13.7. 138, 13.9, 14.0, 14.1, 14.2, 143, 144, 145, 146,147, 148,149, 150
15.1,15.2, 15.3, 15.4, 15,5, 1.56, 15.7, 15.8, 15.9, or 16.0 days.

Terms understood by those in the art of antibody technology are each given the

meaning acquired in the art, unless expressly defined differently heretn. For example,
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the term "antibody” refers to an intact antibody comprising at least two heavy (H)
chains and two light (L} chains inter-connected by disulfide bonds, as well as any
antigen-binding portion or fragment of an intact antibody that has or retains the abiity
to bind to the antigen target molecule recognized by the intact antibody, such as an
schv, Fab, or Fab'2 fragment. Thus, the term "antibody” herein is used in the broadest
sense and includes polyclonal and monoclonal antibodies, including intact antibodies
and functional {antigen-binding) antibody fragments thereof, including fragment
antigen binding (Fab) fragments, F{ab")2 fragments, Fab' fragments, ¥Fv fragments,
recombinant IgG (rlgG) fragments, single chain antibody fragments, including single
chain variable fragments (scFv}, and single domain antibodies (e g, sdAb, sdFv,
nanobody) fragments. The term encompasses genetically engineered and/or otherwise
meditied forms of immunogliobulins, such as intrabodies, peptibodies, chimeric
antibodies, fully human antibodies, humanized antibodies, and hetercconjugate
antibodies, multispecific, e.g., bispecitic antibodies, diabodies, triabodies, tetrabodies,
tandem di-scFv, and tandem tri-scFv. Unless otherwise stated, the term "antibody”
should be understood to encompass functional antibody fragments thereof. The term
also encompasses intact or full-length antibodies, including antibodies of any class or
sub~-class, including 1gG and sub-classes thereof (IgG1, 12G2, 123, 12(G4), IgM, IgE,
IgA, and Igh.

The terms "Vi" or "VL" and "Vu" or "VH" refer to the variable binding region
from an antibody light chain and an antibody heavy chain, respectively. In certain
embodiments, a VL 1s a kappa (k) class (also "VK" herein). o certain embodiments, a
Vi is a lambda (A} class. The variable binding regions comprise discrete, well-defined
sub-regions known as "complementarity deterroining regions” (CDRs) and "framework
regions” (FRs). The terms "complementarity determining region,” and "CDR," are
synonymous with "hypervariable region” or "HVR," and refer to sequences of aming
acids within antibody variable regions, which, in general, together confer the antigen
specificity and/or binding affinity of the antibody, wherein consecutive CDRs (i.e.,
CDR1 and CDR2, CDR2 and CDR3) are separated {rom one another 1o primary

structure by a tramework region. There are three CDRs in each variable region
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(HCDR1, HCDR2, HCDR3; LCDRI1, LCDRZ, LCDR3; also referred to as CDRHs and
CDRLs, respectively). In certain embodiments, an antibody VH comprises four FRs
and three CDRs as follows: FRI-HCDRI-FRZ-HCDRZ-FR3-HCDR3-FR4; and an
antibody VL comprises four FRs and three CDRs as follows: FRI-LOCDRI-FR2-
LCDR2-FR3-LCDR3-FR4. In general, the VH and the VL together form the antigen-
binding site through their respective CDRs. In certain embodiments, one or more
CDRs do not contact antigen and/or do not contribute energetically to antigen binding.

As used herein, a "varant" of a CIDR refers to a functional variant of a CDR
sequence having up to 1-3 amino acid substitutions (e.g., conservative or non-
conservative substitutions), deletions, or combinations thereof,

Numsberning of CDR and framework regions may be according to any known
method or scheme, such as the Kabat, Chothia, EU, IMGT, Contact, North, Martin, and
AHo numbering schemes {see, e.g., Kabat ef o/, "Sequences of Proteins of
Immunological Interest, US Dept. Health and Human Services, Public Health Service
National Institutes of Health, 1991, 5% ed.; Chothia and Lesk, J. Mol Biol 196:901-917
(1987, Lefranc ef af | Dev. Comp. Immumol 2755, 2003, Honegger and Phickthun, ./
Mol Bio. 309:657-670 (2001}, North ef of. J Mol Biol (2011) 406:228-56;
doi: 10.1016/; jmub.2010.10.030; Abhinandan and Martin, Mo/
fmmmunnd. (2008 45:3832-9. 10.1016/1. molimm 2008.05.022). The antibody and CDR
numbering systems of these references are incorporated herein by reference. Equivalent
residue posttions can be annotated and for different molecules to be compared using
Antigen receptor Numbering And Receptor Classification (ANARCI) software tool

2016, Bioinformatics 15:298-300). Accordingly, identification of CDRs of an
exerplary variable domain (VH or VL) sequence as provided herein according to one
numbering scheme is not exclusive of an antibody comprising CDRs of the same
variable domain as determined using a different numbering scheme. In certain
embodiments, an antihody or antigen-binding fragment is provided that comprises
CDRs of in a VH sequence according to any one of SEQ D NGs.: 2, 14, 26, 171, 38,
50, 62, 74, 86, 183, 98, 110, 122, 134, 146, 158, 199, 203, 207, 216, and 228, and in a
VL sequence according to any one of SEQ ID NOs.: 26, 36, 46, 56, 66, 76, 86, 96, 8,
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20, 32, 44, 56, 68, 80, 92, 104, 116, 128, 140, 152, 174, 177, 180, 186, 189, 192, 164,
201, 205, 209, 217, and 230, in accordance with any known CDR numbering methaod,
including the Kabat, Chothia, EU, IMGT, Martin (Enhanced Chothia), Contact, and
AHo numbering methods. In certain embodiments, CDRs are according to the IMGT
numbering method. In certain embodiments, CDRs are according to the antibody
numbering method developed by the Chemical Computing Group (CCG); ez, using
Molecular Operating Environment (MOE) software (www.chemcomp.com).

In certain embodiments, an antibody or an antigen-binding fragment of the
present disclosure comprises a CDRHI1, a CDRHZ, a CDRH3, a CDRLI, a CDRL2, and
a CDRL3, wherein each CDR is independently selected from a corresponding CDR of
an NA-specific antibody as provided 1o Table 1 and/or Table 2. That 1s, ali
combinations of CDRs from NA-specific antibodies provided in Table 1 and/or Table 2
are contemplated.

In some embodiments, CDRs are in accordance with the IMGT numbering
method.

In certain emboduments, the present disclosure provides an antibody, or antigen-
binding fragment thereof, comprising a heavy chain variable domain (VH) comprising a
complementarity determining region {CDRYHI, a CDRH2, and a CBDRH3, and a light
chain variable domain (VL) comprising a CDRLL, a CDRLZ, and a CDRL3, wherein:
(1) optionally, the CDRH1 comprises or consists of the amino acid sequence set forth in
any one of SBQ ID NOs._: 3, 15, 27, 39, 51, 63, 75, 87, 99, 111, 123, 135, 147, 159, and
231, or a functional variant thereof comprising one, two, or three acid substitutions, one
or more of which substitutions is optionally a conservative substitution and/or is a
substitution to a germline-encoded amino acid; (1) optionally, the CDRH2 comprises
or consists of the amino acid sequence set forth in any one of SEQ ID NOs.: 4, 16, 28,
40, 52, 64,76, 88, 100, 112, 124, 136, 148, 160, and 232, or a functional variant thereof
comprising one, two, or three amino acid substitutions, one or more of which
substitutions is optionally a conservative substitution and/or is a substitution to a

sequence set forth in any one of SEQ 1D NOs.: S, 17,29, 172, 41, 53, 65, 77, 89, 184,
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POL, 113, 125, 137, 149, 161, and 233, or a functional variant thereof comprising one,
twao, or three amino acid substitutions, one or more of which substitutions is optionally
a conservative substitution and/or 18 a substitution to a germling-encoded amino acid;
{(iv) optionally, the CDRL1 comprises or consists of the amino acid sequence set forth
in any one of SEQ ID NOs.: 9, 21, 33, 45, 57, 69, 81, 93, 105, 117, 129, 141, 153, 165,
and 234, or a functional variant thereof comprising one, two, or three amino acid
substitutions, one or more of which substitutions is optionally a conservative
substitution and/or is a substitution to a germline-encoded amino acid; {v) optionally,
the CDRLZ comprises or consists of the amino acid sequence set forth in any one of
SEQ ID NOs.: 10, 22, 34, 46, 58, 70, 82, 94, 106, 118, 130, 142, 154, 166, and 235, or a
tunctional variant thereof comprising one, two, or three amino acid substitutions, one or
meore of which substitutions is optionally a conservative substitution and/or is a
substitution to a germline-encoded amino acid; and/or (vi) optionally, the CDRL3
comprises or consists of the amino acid sequence set forth tn any one of SEQ 1D NOs
11,23, 35, 175, 178, 181, 47, 59, 71, 83, 95, 187, 193, 107, 119, 131, 143, 155, 190,
167, and 236, or a functional vartant thereol comprising having one, two, or three
amino acid substitutions, one or more of which substitutions is optionally a
conservative substitution and/or is a substitution to a germline-encoded amino acid.

In further embodiments, CDRHI, CDRH2, CDRH3, CDRLI, CBRL2, and
CDRL3 comprise or consist of the amino acid sequences set forth in SEQ ID NQOs.: (i)
3-5 and 9-11, respectively; (11} 15-17 and 21-23, respectively; (i1t} 27-29 and 33-35,
respectively; (iv) 27, 28, 172, and 33-35, respectively; {(v) 27-29, 33, 34, and 175,
respectively; (vi} 27-29, 33, 34, and 178, respectively; (vii} 27-29, 33, 34, and 181,
respectively; (viii} 27, 28, 172, 33, 34, and 175, respectively, (ix} 27, 28, 172, 33, 34,
and 178, respectively; (x) 27, 28, 172, 33, 34, and 181, respectively,; {xi} 39-41 and 45~
47, respectively; (x1i} 51-53 and 57-59, respectively; (x11i} 63-65 and 69-71,
respectively; (xiv) 75-77 and 81-83, respectively; (xv} 87-89 and 93-95, respectively;
{xvi) 87, 88, 184 and 93-95, respectively; (xvii} 87-89, 93, 94, and 187, respectively,
(xvii1) 87-89, 93, 94, and 190, respectively, (xix) 87-89 93, 94, and 193, respectively,

{xx} 87, 88, 184, 93, 94, and 187, respectively; (o) 87, 88, 184, 93, 94, and 190,

W
N2
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respectively; {(xxii) 87, 88, 184, 93, 94, and 193, respectively; {xxiit) 87-89, 141, 142,
and 131, respectively; {(xxiv} 99-101 and 105-107, respectively; (xxv) 111-113 and 117-
119, respectively; (xxvi) 123-125 and 129-131, respectively, (xxvii) 135-137 and 141-
143, respectively; {(xxviii) 147-149 and 153-155, respectively; (xxix} 159-161 and 165-
167, respectively; or {oix) 231-233 and 234-236, respectively.

The term "CL" refers to an "tmrounoglobulin light chain covstant region” or a
"light chain constant region," 7.e., a constant region from an antibody light chain. The
term "CH" refers to an "immunoglobulin heavy chain constant region” or a "heavy
chain constant region,” which is further divisible, depending on the antibody isotype,
into CHI, CHZ, and CH3 (IgA, Igh, 1g(G), or CHI, CHZ, CH3, and CH4 domains (IgE,
Igh). The Fcregion of an antibody heavy chain is described further berein. In any of
the presently disclosed embodiments, an antibody or antigen-binding fragment of the
present disclosure comprises any one or more of CL, a CH1I, a CH2, and a CH3. In any
of the presently disclosed embodiments, an antibody or antigen-binding fragment of the
present disclosure may comprise any one or more of CL, a CHI, a CH2, and a CH3 In
certain embodiments, a CL comprises an amino actd sequence having 90%, 91%, 92%,
03%, 94%, 95%, 96%, 975, 98%, 99%, or 100% identity to the amino acid sequence of
SEQ D NG.211. In certain embodiments, 3 CHI-CH2-CH3 comprises an aming acid
sequence having 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identity to the amino acid sequence of SEQ IR NG .:210 or SEQ D NO 215 It will be
understood that, for example, production in a mammalian cell line can remove one or
more C-terminal lysine of an antibody heavy chain (see, e g, Liu et al. mAbs
6{5):1145-1154 (2014)). Accordingly, an antibody or antigen-binding fragment of the
present disclosure can comprise a heavy chain, a CHI-CH3, a CH3, or an Fe
polypeptide wherein a C-terminal lysine residue is present or is absent; in other words,
encompassed are embodiments where the C-terminal restdue of a heavy chain, a CH1-~
CH3, or an Fe polypeptide is not a lysine, and embodiments where a lysine is the C-
terminal residue. In certain embodimenis, a composition comprises a plurality of an
anttbody and/or an antigen-binding fragment of the present disclosure, wherein one or

more antibody or antigen-binding fragment does not comprise a lysine residue at the C-
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ternunal end of the heavy chain, CH1-CH3, or Fe¢ polypeptide, and wherein one or more
antibody or antigen-binding fragment comprises a lysine residue at the C-terminal end
of the heavy chain, CHI-CH3, or Fe polypeptide.

A "Fab" (fragment antigen binding) is the part of an antibody that binds to
antigens and includes the variable region and CHI of the heavy chain linked to the light
chain via au inter-chain disulfide boud. Each Fab fragment 1s monovalent with respect
to antigen binding, i.¢., it has a single antigen-binding site. Pepsin treatment of an
anttbody yields a single large F{ab')2 fragment that roughly corresponds to two
disulfide linked Fab fragments having divalent antigen-binding activity and 1s still
capable of cross-linking antigen. Both the Fab and F(ab")2 are examples of "antigen-
binding fragments.” Fab' fragments differ from Fab fragments by having additional few
residues at the carboxy terminus of the CH1 domain including one or more cysteines
from the antibody hinge region. Fab'-SH is the designation herein for Fab' 1 which the
cystetne residue(s) of the constant domains bear a free thiol group. F{ab")2 antibody
fragments originally were produced as pairs of Fab' fragments that have hinge cysteines
between them. Other chemical couplings of antibody fragrients are also known.

Fab fragments may be joined, e.g., by a peptide linker, to form a single chain
Fab, alsc referred {o herein as "scFab." In these embodiments, an inter-chain disulfide
bond that 15 present in a native Fab may not be present, and the hoker serves in full orio
part to link or connect the Fab fragments in a single polypeptide chain. A heavy chain-
derived Fab fragment (e.g., comprising, consisting of, or consisting essentially of VH +
CH1, or "Fd"} and a light chain-derived Fab fragment {e.g., comprising, consisting of
or consisting essentially of VL + CL) may be linked in any arrangement to form a
scFab. For example, a scFab may be arranged, in N-terminal to C-terminal direction,
according to (heavy chain Fab fragment — linker — light chain Fab fragment} or {light
chain Fab fragment — linker — heavy chain Fab fragment). Peptide linkers and
exemplary linker sequences for use in scFabs are discussed in further detail herein.

"Fv"is a small antibody fragment that contains a complete antigen-recognition
and antigen-binding site. Thus fragrment generally counsists of a dimer of one heavy- and

one light-chain variable region domain in tight, non-covalent association. However,
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even a single variable domain {or half of an Fv comprising only three CDRs specific for
an antigen} has the ability to recognize and bind antigen, although typically at a lower
atfinity thao the entire binding site.

"Single~-chain Fv" also abbreviated as "sFv" or "scFv", are antibody fragments
that comprise the Va and Vi antibody domains connected into a single polypeptide
chain. In some embodiments, the scFv polypeptide comprises a polypeptide linker
disposed between and linking the Vi and Vi domains that enables the scFv to retain or
torm the desired structure for antigen binding. Such a peptide linker can be
incorporated into a fusion polypeptide using standard techniques well known 1o the art.
For a review of scFv, see Pluckthun in The Pharmacology of Monoclonal Antibodies,
vol. 113, Rosenburg and Moore eds., Springer-Verlag, New York, pp. 269-315 (1994},
Borrebaeck 1995, infra. In certain embodiments, the antibody or antigen-binding
tragment comprises a scFv comprising a VH domain, a VL domain, and a peptide linker
linking the VH domain to the VL domain. In particular embodiments, a scFv comprises
a VH domain linked to a VL domain by a peptide linker, which can be in 2 VH-linker-
VL otientation or in a VE-linker-VH orientation. Any scFv of the present disclosure
may be engineered so that the C-ternunal end of the VL domain 1s linked by a short
peptide sequence to the N-terminal end of the VH domain, or vice versa (i.e,,
(MHVELCy-linker-ONVH(C) or (N)VH{C)-linker-(N3VEL{C)  Alternatively, in some
embodiments, a linker may be linked to an N-terminal portion or end of the VH
domain, the VL domain, or both.

Peptide linker sequences may be chosen, for example, based on: (1) their ability
to adopt a flexible extended conformation; (2) their inability or lack of ability to adopt a
secondary structure that could interact with functional epitopes on the first and second
polypeptides and/or on a target molecule; and/or (3) the lack or relative lack of
hydrophobic or charged residues that might react with the polypeptides and/or target
molecule. Other considerations regarding linker design {(e.g., length) can include the
conformation or range of conformations in which the VH and VL can form a functional
antigen-binding sute. In certain embodiments, peptide linker sequences contain, for

exaraple, Gly, Asn and Ser residues. Other near neutral amino acids, such as Thr and
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Ala, may also be included in a linker sequence. Other amino acid sequences which may
be usefully employed as linker include those disclosed in Maratea et al , Gene 40:39 40
(1985); Murphy et al, Proc. Natl. Acad. Sci. USA B3:8258 8262 (1986), US Pat. No.
4,935,233, and U.S. Pat. No. 4,751,180, Other illustrative and non-limiting examples of
linkers may include, for example, Glu-Gly-Lys-Ser-Ser-Gly-8er-Gly-Ser-Glu-Ser-Lys-
Val-Asp (Chaudbary et al., Proc. Natl Acad. Sci. USA 87:1066-1070 (1990)) and Lys-
Glu-Ser-Gly-Ser-Val-Ser-Ser-Glu-Gin-Leu-Ala-Gln-Phe-Arg-Ser-Leu-Asp (Bird et al |
Science 242:423-426 (1988}) and the pentamer Gly-Gly-Gly-Gly-Ser when present in a
single iteration or repeated | to 5 or more times, or more. Any suitable linker may be
used, and in general can be about 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21,22, 15 23, 24, 25, 26, 27, 28, 29, 30, 40, 50, 60, 70, 80, 90, 100 amino acids in
length, or less than about 200 amino acids in length, and will preferably comprise a
flexible structure (can provide flexibility and room for conformational movement
between two regions, domains, motifs, fragments, or modules connected by the linker),
and will preferably be biologically inert and/or have a low risk of immunogenicity in a
hurman. ScFvs can be coustructed using any combination of the VH and VL sequences
or any combination of the CDRHI, CDRH2, CDRH3, CDRLUI, CDRL2, and CDRL3
sequences disclosed herein. In some embodiments, Hinker sequences are not required,;
for example, when the first and second polypeptides have nou-essential N-terminal
amine acid regions that can be used to separate the functional domains and prevent
steric interference.

During antibody development, DNA in the germline vanable (V), joining (J),
and diversity (2} gene loci may be rearranged and insertions and/or deletions of
nucleotides in the coding sequence may occur. Somatic mutations may be encoded by
the resultant sequence, and can be identified by reference to a corresponding known
germline sequence. In some contexts, somatic mutations that are not critical to a
desired property of the antibody {e.g., binding to a influenza NA antigen), or that confer
an undesirable property upon the antibody {e.g., an increased risk of immunogenicity in
a subject administered the antibody), or both, may be replaced by the corresponding

germline-encoded amino acid, or by a different amino acid, so that a desirable property
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of the antibody ts improved or maintained and the undesirable property of the antibody
is reduced or abrogated. Thus, in some embodiments, the antibody or antigen-binding
fragmeut of the present disclosure comprises at least oue more germline-encoded amino
acid in a variable region as compared fo a parent antibody or antigen-binding fragment,
provided that the parent antibody or antigen binding fragment comprises one or more
somatic mutations. Variable region and CDR amino acid sequences of exemplary anti-
NA antibodies of the present disclosure are provided in Table 1 herein.

In some embodiments, the VH is encoded by or derived from human /GHV -
69R0IE or IGHVI-69D*0IF, KGHI4¥02F, and IGHD1-26%01F, and/or the VL is
encoded by or derived from human FGAV3D-15%01 I and Homsap IGKJ2*02 (F).
Polynucleotide sequences and other information of these and related human G alieles
are avatlable at, for example, IMGT org (see e.g.
www imgt.org/IMGT vquest/analysis).

In certain embodiments, an antibody or antigen-binding fragment comprises an
amino acid modification {e.g., a substitution mutation} to remove an undesired risk of
oxtdation, dearmidation, and/or isomerization.

Also provided herein are variant antibodies that comprise one or more amine
acid alterations in a variable region {e.g., VH, VL, framework or CDR} as compared to
a presently disclosed ("parent™) antibody, wherein the variant astibody is capable of
binding to a NA antigen.

i certain embodiments, {1} the VH comprises or consists of an amino acid
sequence having at least 80% (e g., 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
87%, 98%, 99%, or more} identity to the amingo acid sequence set forth in any one of
SEQ ID NQs.: 2, 14,26, 171, 38, 50, 62, 74, 86, 183, 98, 110, 122, 134, 146, 158, 199,
203, 207, 216, and 228, wherein sequence variation is optionally limited to one or more
framework regions and/or sequence variation comprises comprises one ot more
substitution to a germhbine-encoded amino acid; and/or (11) the VL comprises or consists
of an amino acid sequence having at least 80% {e. g, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or more} identity to the amino acid sequence set

3

forth in any one of SEQ ID NOs.: 8, 20, 32, 44, 56, 68, 80, 92, 104, 116, 128, 140, 152,
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174, 177, 130, 186, 189, 192, 164, 201, 205, 209, 217, and 230, wherein sequence
variation is optionally limited to one or more framework regions and/or sequence
variation comprises one or more substitution to a germline-encoded amino acid.

in some embodiments, the VH and the VL comprise or consist of aming acid
sequences having at least 80%, at least 85%, at least 90%, at least 1%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%%, at least 98%, or at least
09%, to SEQ ID NOs.: (i) 2 and 8, respectively; (i1} 14 and 20, respectively; {111} 26 and
32, respectively; (iv) 26 and 174, respectively; (v} 26 and 177, respectively; (vi} 26 and
180, respectively; (vii) 171 and 32, respectively; (viti) 171 and 174, respectively; (ix}
171 and 177, respectively, (x) 171 and 180, respectively; {xi1) 38 and 44, respectively;
{x11) SO and 56, respectively; (xi1t) 62 and 68, respectively; (xiv} 74 and 80,
respectively; (xv} 86 and 92, respectively; (xvi} 86 and 186, respectively; {xvii} 86 and
189, respectively; (xviii} 80 and 192, respectively; (xix} 183 and 92, respectively; (xx}
183 and 186, respectively; (oxi) 183 and 189, respectively; (xxii) 183 and 192,
respectively; (xxiit) 98 and 104, respectively; (xxiv) 110 and 116, respectively; (xxv}
122 and 128, respectively, (xxvi) 134 and 140, respectively; {oovit) 146 and 152,
respectively; (xxviii) 158 and 164, respectively; (xxix} 199 and 201, respectively; (xxx)
203 and 205, respectively; (xxxi} 207 and 209, respectively; (xxxii} 216 and 217,
respectively; or (ooxity 228 and 230, respectively.

in certain embodiments, the VH comprises or consists of any VH amino acid
sequence set forth in Table 1 and/or Table 2, and the VL comprises or consists of any
VL anuno acid sequence set forth in Table 1 and/or Table 2.

In some embodiments, the VH and the VL comprise or consist of the amino acid
sequences according to SEQ ID NOs . (1) 2 and 8, respectively; (11 14 and 20,
respectively; (it1) 26 and 32, respectively; {iv) 26 and 174, respectively; (v} 26 and 177,
respectively; (vi} 26 and 180, respectively; (vit) 171 and 32, respectively; (viii) 171 and
174, respectively; (ix) 171 and 177, respectively; () 171 and 180, respectively; (xi) 38
and 44, respectively; {xii) 50 and 56, respectively; (xiii} 62 and 68, respectively; (xiv}
74 and 80, respectively; (xv) B6 and 92, respectively; (xvi) 86 and 186, respectively,

{xvii} 86 and 189, respectively; (xvit) 86 and 192, respectively; (xix) 183 and 92,
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respectively; (xx} 183 and 186, respectively; (xx1) 183 and 189, respectively; (xxit) 183
and 192, respectively; (xxiii}) 98 and 104, respectively; (xxiv} 110 and 116,
respectively; Ooovy 122 and 128, respectively; (xxvi} 134 and 140, respectively; {xoovit)
146 and 152, respectively; (xooviiiy 158 and 164, respectively; (xxix) 199 and 201,
respectively; (xxx) 203 and 205, respectively; (oxxi} 207 and 209, respectively; (xxxii}
216 and 217, respectively; or {xxxiit} 228 and 230, respectively.

Also provided herein is a polypeptide comprising an amino acid sequence
sequence according to SEQ D NG.:219, wherein the polypeptide is capable of binding
to an influenza virus neuraminidase (NA). As demonstrated in the present Examples, a
CDBRH3 according to the exemplified clonally related antibodies binds in an active site
cavity {i.e., enzyroatic pocket) in NA.

in some embodiments, the polypeptide comprises an antibody heavy chain
variable domain (VH), or a fragment thereof, and the amino acid sequence sequence
according to SEQ ID NO..219 1s optionally comprised in the VH or tragment thereof In
further embodiments, the amino acid sequence according to SEQ 1D NO 219
comprises any one of SEQ ID NOs.: 149, 5, 17,29, 172, 41, 53, 65, 77, 89, 184, 101,
113,125, 137, and 161, In certain embodiments, the polypeptide or VH further
comprises: {1} an amino acid sequence sequence according to SEQ 1D NO.:220; and/or
(it} an amino acid sequence according to SEQ ID NG .:221.

in certain embodiments, the polypeptide further comprises an antibody light
chain variable domain (VL)}, wherein, optionally, the VL comprises: (i} an amino acid
sequence according to SEQ ID NG .:222; (1) an amino acid sequence according to SEQ
1D NG 0223, and/or (111} an amino actd sequence according to SEQ 1D N(O.-224,

fn certain embodiments, the VH comprises or consists of an amino acid
sequence having at least 90%, at least 92%, at least 95%, at least 97%, or at least 99%
identity to the amino acid sequence of of any one of SEQ D NGs.: 199, 2, 14, 26, 171,
38,50, 62, 74, 86, 183, 98, 110, 122, 134, 146, 158, 203, 207, 216, and 228.

in some embodiments, the VL comprises or consists of an amino acid sequence

having at least 90%, at least 92%, at least 95%, at least 97%, or at least 99% identity to
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the amino acid sequence of any one of SEQ 1D NOs.: 201, 8, 20, 32, 44, 56, 68, 80, 92,
104, 116, 128, 140, 152, 174, 177, 180, 186, 189, 192, 164, 205, 209, 217, and 230,

fn certain embodiments, the VH comprises or consists of an amino acid
sequence having at least 90%, at least 92%, at least 95%, at least 97%, or at least 99%
identity to the amino acid sequence of SEQ 1D NO.: 199, and the VL comprises or
consists of an amino acid sequence having at least 90%, at least 92%, at least 95%, at
least 97%, or at least 99% identity to the amino acid sequence of any one of SEQ 1D
N 201,

In certain embodiments, the polypeptide comprises an antibody or an antigen-
binding fragment thereof.

Also provided is an antibody or an antigen-binding fragment thereof,
comprising a heavy chain variable domain (VH} amino acid sequence and a light chain
variable domain (VL) amino actd sequence, wherein the VH comprises or consists of an
amino acid sequence having at least 90%, at least 92%, at least 95%, at least 97%, or at
least 99% identity to the amino acid sequence of any one of SEQ D NGs.; 199, 2, 14,
26, 171,38, 50, 62, 74, 86, 183, 98, 110, 122, 134, 146, 158, 203, 207, 216, and 228,
and wherein the VL comprises or consists of an amino acid sequence having at least
80%, at least 92%, at least 95%, at lgast 97%, or at least 99% identity to the amino acid
sequence of any one of SEQ} ID NQGs.. 201, §, 20, 32, 44, 56, 68, 80, 92, 104, 116, 128,
140, 152, 174, 177, 180, 186, 189, 192, 164, 205, 209, 217, and 230, wherein the
antibody or antigen-binding fragment thereof is capable of binding to a neuraminidase
(NA) from: (i) an influenza A virus (JAV), wherein the TAV comprises a Group 1 IAV,
a Group 2 1AV, or both; and/or (11} an influenza B virus (IBV).

Also provided 1s an antibody, or an antigen-binding fragment thereof, that
comprises a VH and a VL, wherein the VH comprises any combination of the VH
amino acid residues shown i Figure ZA, Figure 56C, Figure 7B, and 72A, and the VL.
comprises any combination of the VL amino acid residues shown in Figure 72B.
Briefly, the clonally related FNI antibodies shown in these figures all recognize NA.
Certain of the FNT antibodies comprise a different amino acid at a VH or a VL position

compared to one or more other FNT antibodies. Accordingly, disclosed embodiments

o



923

19

i5

20

25

30

WO 2022/109309 PCT/US2021/060155

include those antibodies and antigen-binding fragments that include a consensus VH
amino actd sequence that encompasses all variations and combinations of the VH amino
acid residues shown o the foregoing figures, and a VL amino acid sequences that
encompass all variations and combinations of the VL aming acid residues shown in the
foregotng figures. Also provided is an antibody, or an antigen-binding fragment thereof,
that 1s capable of binding to: (1) a NA epitope that comprises any one or more of the
tollowing amino acids (N1 NA numbering): R368, R293 E228 E344, 5247 D198,
D151, R118; and/or (i1} a NA epitope that comprises any one or more of the following
amino acids (N2 NA numbering), R371, R292, E227, E344, 5247, D198, D151, R118.

Also provided is an antibody, or an antigen-binding fragment thereof, that ts
capable of binding to: (1) a NA epitope that comaprises the amino acids R368, R293,
E228, D151, and R118 (N1 NA numbering}; and/or (i1} a NA epitope that comprises the
anino acids R371, R292, E227, D151, and R118 (N2 NA numbering).

Also provided is an antibody, or an antigen-binding fragment thereof, that is
capable of binding to an epitope comprised in or comprising a NA active site, wherein,
optionally, the NA active site comprises the following amino acids (N2 numbering):
R118, D151, R152, R224, E276, R292. R371, Y406, E119, R156, W178, 8179,
D/NIOS, 1222, E227 H274, K277, 3293, H425. In some embodiments, the epitope
further comprises any one or more of the following NA amivo acids (N2 numbering):
E344, E227, 5247, and D198, In some embodiments, the antibody or antigen-binding
fragment is capable of binding to a NA comprising a 8245N amino acid mutation
and/or a E221D amino acid mutation.

Also provided is an antibody, or an antigen-binding {ragment thereof, that is
capable of binding to an IBV NA epttope that comprises any one or more of the
following amino acids: R116, D149 E226, R292 and R374.

Also provided is an antibody, or an antigen-binding fragment thereof, that ts
capable of binding to an IBY NA epitope that comprises the amino acids R116, D149,
E226, R292, and R374.

fn some embodiments, the influenza corprises an influenza A virus, an

influenza B virus, or both.
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In certain embodiments, an antibody or antigen-binding fragment of the present
disclosure is monospecific {e.g., binds to a single epitope} or is multispecific {e.g.,
binds to multiple epitopes and/or target molecules). Antibodies and antigen binding
fragments may be constructed in various formats. Exemplary antibody formats
disclosed in Spiess et al., Mol Immunol. 67{2}:95 {2015}, and in Brinkmann and
Kontermann, mnAbs 9(2):182-212 (2017), which formats and methods of making the
same are incorporated herein by reference and include, for example, Bispecific T ceil
Hngagers (BiTHs), DARTs, Knobs-Into-Holes (K1) assemblies, scFv-CH3-KIH
assemblies, KIH Common Light-Chain antibodies, TandAbs, Triple Bodies, TriBi
Minibodies, Fab-scFv, scFv-CH-CL-scFv, F(ab'i2-sc¢Fv2, tetravalent HC abs,
Intrabodies, CrossMabs, Dual Action Fabs (DAFs) (two-in-one or four-in~one),
DutaMabs, DT-1gG, Charge Pairs, Fab-arm Exchange, SEEDbaodies, Triomabs, LUZ-Y
assemblies, Feabs, kd-bodies, orthogonal Fabs, DVD-Igs (e.g., US Patent No.
8,258,268, which formats are incorporated herein by reference 1n their entirety),
IgG(H}-scFv, scFv-(H)gG, IgG(L}-scFv, scFv-(LigG, IgG(L H)-Fv, IeGH)-V, V{H)-
IeQ, 1gGL)-V, V{IL)-gG, KIH IgG-sclab, 2scFv-ig(, IgG-2scky, scFvd-Ig, Zybody,
and DVI-gG (four-in-one}, as well as so-called FIT-Ig {e.g., PCT Publication No. WO
2015/103072, which formats are incorporated herein by reference in their entirety), so-
called WuwaBody formats (e.g., PCT Publication No. WO 2019/057122, which formats
are incorporated herein by reference in their entirety), and so-called In-Elbow-lInsert Ig
formats (IEi-Ig; e.g., PCT Publication Nos. W 2019/024979 and WO 2019/025391,
which formats are incorporated herein by reference in their entirety).

In certain embodiments, the antibody or antigen-binding fragment comprises
two or more of VH domains, two or more VL domatns, or both {i.e., two or more VH
domains and two or more VL domains). In particular embodiments, an antigen-binding
fragment comprises the format (N-terminal to C-terminal direction) VH-linker-VEL-
linker-VH-linker-VL, wherein the two VH sequences can be the same or different and
the two VL sequences can be the same or different. Such linked scFvs can include any
combination of VH and VL domains arranged to bind to a given target, and in formats

comprising two or more VH and/or two or more VL, one, two, or more different
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eptiopes or antigens may be bound. It will be appreciated that formats incorporating
multiple antigen-binding domains may include VH and/or VL sequences in any
corabination or onientation. For example, the antigen-binding fragment can comprise
the format VL-linker-VH-linker-VL-linker-VH, VH-linker-VL-linker-VL-linker-VH, or
Vi-linker-VH-linker-VH-linker-VL.

Monospecific or multispecific antibodies or antigen-binding fragments of the
present disclosure constructed comprise any combination of the VH and VL sequences
and/or any combination of the CDRHI1, CDRH2, CDRH3, CDRL1, CDRL2, and
CDRL3 sequences disclosed herein. A bispecific or multispecific antibody or antigen-
binding fragment may, in some embodiments, comprise gne, two, or more antigen-
binding domains {e.g., a VH and a VL)) of the instant disclosure. Two or more binding
domains may be present that bind to the same or a different NA epitope, and a
bispecific or multispecific antibody or antigen-binding fragment as provided herein
can, in some embodiments, comprise a further NA-specific binding domain, and/or can
comprise a binding domain that binds to a different antigen or pathogen altogether.

In any of the presently disclosed embodiments, the antibody or antigen-binding
tragment can be multispecific; e.g., bispecific, trispecific, or the like.

In certain embodiments, the antibody or antigen-binding {fragment comprises a
Fe polypeptide, or a fragment thereof. The "F¢" fragment or Fe polypeptide comprises
the carboxy-terminal portions {i.e., the CH2 and CH3 domains of 1gG) of both antibody
H chains held together by disulfides. An Fc may comprise a dimer comprised of two Fe
polypeptides {i.e., two CH2-CH3 polypeptides). Antibody "effector functions" refer to
those biological activities attributable to the Fe region (3 native sequence F¢ region or
amino actd sequence variant Fe region) of an anttbody, and vary with the antibody
isotype. Examples of antibody effector functions include: Clq binding and complement
dependent cytotoxicity; Fe receptor binding, antibody-dependent cell-mediated
cytotoxicity (ADCCY; phagocytosis; down regulation of cell surface receptors (e.g., B
cell receptor); and B cell activation. As discussed herein, modifications {e.g., amino
acid substitutions) may be made to an Fe domain in order to modify {e.g., improve,

reduce, or ablate) one or more functionality of an Fe-containing polypeptide {e.g., an
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antibody of the present disclosure).  Such functions include, for example, Fe receptor
(FcR) binding, antibody half-life modulation {e.g., by binding to FcRn), ADCC
function, protein A binding, protein G binding, and complersent binding. Amuno acid
modifications that modify (e.g., improve, reduce, or ablate} Fc functionalities include,
for example, the T250Q/M4281, M252Y/S2S4T/T256E, H433K/N434F,
M428L/NA3AS, E233P/L234V/L235A/G236 + A327G/A3308/P3318S, E333A,
S239D/A330L/I332E, P2STVQ3 11, K320W/E3338, S2Z39D/1332E/G236A, N297(},
K322A, S228P, L23SE + E318A/K320A/K322A, L234A/L235A {also referred to
herein as "LALA"Y), and L234A/L235A/P329G mutations, which mutations are
summarized and annotated in "Hngineered Fc Regtons”, published by lnvivoGen (2011)
and avatlable online at invivogen com/PDF/review/review-Engineered-Fe-Regions-
invivogen pdffutm source=review&utm medium=pdf&utm
campaign=review&utm content=HEngineered-Fe-Regions, and are incorporated herein
by reference.

For example, to activate the complement cascade, the Clq protein complex can
bind to at teast two molecules of IgG1 or ove molecule of IgM when the
immunoglobulin molecule(s) is attached to the antigenic target (Ward, E. 8., and
Ghetie, V., Ther. Immunol. 2 (1995) 77-94). Burton, . R, described (Mol. fmmmunol.
22 (1985) 161-206) that the heavy chain region comprising amine acid residues 318 to
337 1s involved in complement fixation. Duncan, A. R., and Winter, G. (Narture 332
{1988} 738-740}, using site directed mutagenesis, reported that Glu318, Lys320 and
Lys322 form the binding site to Clg. The role of Glu3 18, Lys320 and Lys 322 residues
in the binding of C1q was confirmed by the ability of a short synthetic peptide
containing these residues to wnhibit complement mediated lysis.

For example, FcR binding can be mediated by the interaction of the Fc moiety
{of an antibody} with Fc receptors (FcRs), which are specialized cell surface receptors
on cells including hematopoietic cells. Fe receptors belong to the immunoglobulin
superfamily, and shown to mediate both the removal of antibody-coated pathogens by
phagocytosis of immuue coraplexes, and the lysis of erythrocytes and various other

cellular targets (e g tumor cells) coated with the corresponding antibody, via antibody
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dependent cell mediated cytotoxicity (ADCC; Van de Winkel, J. 3., and Anderson, C.
L., L Leukoc. Biol 49 (1991} 511-524). FcRs are defined by their specificity for
immunoglobulin classes; Fe receptors for IgG antibodies are referred to as FeyR, for
IgE as FeeR, for IgA as FeoR and so on and neonatal Fe receptors are referred to as
FcRn. Fe receptor binding ts described for example in Ravetch, . V., and Kinet, J. P,
Awmn. Rev. Imuunol. 9 (1991 457-492; Capel, P. 1, et al., Imuumomethods 4 (1994)
25-34; de Haas, M., et al, J Lab. Clin. Med. 126 (1995)330-341; and Gessner, . E| et
al., dnn. Hematol 76 (1998) 231-248.

Cross-linking of receptors by the Fe domain of native IgG antibodies (FeyR)
triggers a wide variety of effector functions including phagocytosis, antibody-dependent
cellular cytotoxicity, and release of inflammatory mediators, as well as immune
complex clearance and regulation of antibedy production. Fc moieties providing cross-
linking of receptors {e.g., FeyR) are contemplated heretn. In humans, three classes of
FeyR have been characterized to-date, which are: (1) FeyRI{CD64), which binds
monomeric IgG with high affinity and is expressed on macrophages, monocytes,
veutrophils and eosinophils; (i) FoyRIF(CD32), which binds complexed IgG with
medium to low atfinity, is widely expressed, in particular on leukocytes, 18 believed to
be a central player in antibody-mediated immunity, and which can be divided into
FeyRUA, FeyRIB and FoyRIIC, which perform different functions in the iromune
system, but bind with similar low affinity to the IgG-Fe, and the ectodomains of these
receptors are highly homologuous; and (111} FoyRIH (CD16), which binds 1gG with
medium to low atfinity and has been tfound in two forms: FoyRIIA, which has been
found on NK cells, macrophages, eosinophils, and some monocytes and T cells, and is
believed to mediate ADCC; and FoyRIIB, which 1s highly expressed on neutrophils.

FoyRHA 1s found on many cells involved in killing (e g. macrophages,
monocytes, neutrophils) and seems able to activate the killing process. FoyRIEB seems
to play a role in inhibitory processes and s found on B-cells, macrophages and on mast
cells and eosinophils. Importantly, it has been shown that 75% of all FcyRURB is found
in the liver (Ganesan, L. P. et al | 2012 "FoyRIlb on hver sinusoidal endothelium clears

small immune complexes,” Journal of Immunology 189: 4981-4988). FeyRIB 13
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abundantly expressed on Liver Sinusoidal Endothelium, called LSEC, and 1n Kupffer
cells in the liver and LSEC are the major site of small immune complexes clearance
(Ganesan, L. P. et al., 2012: FeyRIIb on hver sinusoidal endothelium clears small
immune complexes. Journal of Immunology 189: 49814988}

In some embodiments, the antibodies disclosed herein and the antigen-binding
fragments thereot comprise an Fe polypeptide or fragroent thereot for binding to
FeyRIdb, in particular an Fo region, such as, for example IgG-type antibodies.
Maoreover, it is possible to engineer the Fc moiety to enhance FoyRIIB binding by
introducing the mutations S267E and L328F as described by Chu, S. Y. et al | 2008:
inhibition of B cell receptor-mediated activation of primary human B cells by
coengagement of CD19 and FegamraRIIb with Fe-engineered antibodies. Molecular
Immunology 45, 3926-3933. Thereby, the clearance of immune complexes can be
enhanced {Chy, 8., et al, 2014; Accelerated Clearance of IgE In Chimpanzees s
Mediated By Xmab7195, An Fe-Engineered Antibody With Enhanced Affinity For
Inhibitory Receptor FeyREb. Am J Respir Crit, American Thoracic Society
International Conference Abstracts). In some emboduments, the antibodies of the
present disclosure, or the antigen binding fragments thereof, comprise an engineered Fe
moiety with the mutations S267E and L328F, in particular as described by Chu, S, Y. et
al., 2008 Inhibition of B cell receptor-mediated activation of primary human B cells by
coengagement of CD19 and FegammaRIlb with Fe-engineered antibodies. Molecular
Immunology 45, 3926-3933.

On B cells, FeyRIIB may function to suppress further immunoglobulin
production and isotype swiiching to, for example, the IgE class. On macrophages,
FeyRIRB 15 thought to inhibit phagocytosis as mediated through FeyRHA. On
eosinophils and mast cells, the B form may help to suppress activation of these cells
through Igk binding to its separate receptor.

Regarding FoyRI binding, modification in native IgG of at least one of E233-
(G236, P238, D265, N297, A327 and P329 reduces binding to FoyRI Ig(G2 residues at
posttions 233-236, substituted nto corresponding positions IgG1 and IgG4, reduces

binding of IgG1 and IgG4 to FoyRI by 10°-fold and eliminated the human monocyte
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response to antibody-sensitized red blood cells (Armour, K L, et al. fur. J. Tl
20 (1999) 2613-2624).

Regarding FoyRIH binding, reduced binding for FeyRIA s found, e.g., for Iglc
mutation of at least one of E233-G236, P238, D265, N297, A327, B329, D270, Q295,
A327, R292 and K414,

Two allelic forms of human FoyRITA are the "H13 1" vanant, which binds to
Ig(G1 Fc with higher affinity, and the "R131" variant, which binds to 1gG1 Fc with low
affinttver. See, e.g., Bruhns ef af., Blood 1713.3716-3725 {2009}

Regarding FoyRHI binding, reduced binding to FoyRHIA is found, e.g,, for
mutation of at least one of E233-G236, P238, D265, N297, A327, P329, D270, Q295,
A327, 8239, E269, E293, Y296, V303, A327, K338 and D376, Mapping of the binding
sites on human Ig(G1 for Fe receptors, the above-mentioned mutation sites, and methods
for measuring binding to FeyRI and FoyRIA, are described in Shields, R L etal, J
Biol. Chem. 276 (2001) 6591-6604.

Two allelic forms of human FoyRIIEA are the "F158" variant, which binds to
IgG1 Fo with lower affinity, and the "V158" variant, which binds to IgG1 Fc with
higher affinity. See, e.g., Bruhns ef /., Blood 113:3716-3725 (2009},

Regarding binding to FoyRI, two regions of native IgG Fe appear to be
involved in interactions between FoyRIs and IgGs, namely (1) the lower hinge site of
Ig(G Fe, in particular amino acid residues L, L, G, (234 - 237, EU numbering}, and
{11} the adjacent region of the CHZ domain of 1gG Fe, 1n particular a loop and strands o
the upper CH2 domain adjacent to the lower hinge region, e.g. in a region of P331
(Wines, B.D, et al | I Immunol. 2000; 164: 5313 ~ 5318} Moreover, FoyRI appears to
bind to the same site on IgG Fe, whereas FeRu and Protein A bind to a different site oo
IgG Fe, which appears to be at the CH2-CH3 interface (Wines, B D, et al| §. Immunol.
2000; 164: 5313 — 5318},

Also contemplated are mutations that increase binding atfinity of an Fe
polypeptide or fragment thereof of the present disclosure to a (i.e., one or more)} Foy
recepior {e.g., as compared to a reference Fo polypeptide or fragment thereof or

containing the same that does not comprise the mutation{s}). See, e.g., Delillo and

[
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Ravetch, Cell 161(5):1035-1045 (2015) and Ahmed et al | J. Struc. Biol. 194(1).78
(2016}, the Fc mutations and techniques of which are incorporated herein by reference.
fn any of the herein disclosed embodiments, an antibody or antigen-binding
fragment can comprise a Fc polypeptide or fragment thereof comprising a mutation
selected from GZ36A,; S239D; A330L; and I332K; or a combination comprising any

two or more of the same; e.g., 8239D/332E; S23910/A330L/I332E;

(G236A/S239D/A330L/1332E. In some embodiments, the Fe polypeptide or fragment
thereot does not comprise S239D. In some embodiments, the Fe polypeptide or
fragment thereof comprises § at position 239 (EU numbering).

In certain erobodiments, the Fc polypeptide or fragment thereof may comprise
or consist of at least a portion of an Fc polypeptide or fragment thereof that is involved
in FcRn binding. In certain embodiments, the F¢ polypeptide or fragment thereot
comprises one or more amino acid modifications that improve binding affinity for {e.g.,
enhance binding t0) FcRn {e.g., at a pH of about 6.0} and, in some embodiments,
thereby extend in vivo half-life of a molecule comprising the Fe polypeptide or
tragment thereof {(e.g, as compared to a reference Fe polypeptide or fragment thereof or
antibody that is otherwise the same but does not comprise the modification{s}}. In
certain emboduments, the F¢ polypeptide or fragment thereof comprises ot 1s derived
from a IgG Fe and a haif-life-extending mutation comprises any one or more of:
MA28E,; N4348; N434H; N434A; N4348; M252Y; 82547, T2S6E,; T25043; P2571
(3311% D376V, T307A; E380A (EU numbering). In certain embodiments, a halt-life-
extending mutation comprises M4281/N434S {also referred to herein as "MLNS",
"LSE, T LSY and "-LS"). In certain embodiments, a half-life-extending mutation
comprises M252Y/8254T/T256E. In certain embodiments, a half-life-extending
mutation comprises T250(3/M428L.. In certain embodiments, a half-life-extending
mutation comprises P2STVQ3 11 In certain emnbodiments, a half-life-extending
mutation comprises P257V/N434H. In certain embodiments, a half-life-extending
mutation comprises D376V/N434H. In certain embodiments, a half~life-extending

mutation comprises T307TA/E3R0A/N434A.
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It some embodiments, an antibody or antigen-binding fragment includes a Fe
moiety that comprises the substitution mtuations M428L/N4348. In some
embodiments, an antibody or antigen-binding fragment includes a Fc polypeptide or
fragment thereof that comprises the substitution mituations GZ36A/A330L/1332E. In
certain embodiments, an antibody or antigen-binding fragment inchudes a{e.g., 1gG) Fe
moiety that comprises a G230A mutation, an A330L mutation, and a I332E mutation
{(GAALIE), and does not comprise a 82390 mutation {e.g., comprises a native § at
posttion 239). In particular embodiments, an antibody or antigen-binding fragment
includes an Fe polypeptide or fragment thereof that comprises the substitution
mutations: M428L/N4348 and G230A/A330L/1332E, and optionally does not comprise
82390 {e.g., comprises S at 239). In certain embodiments, an antibody or antigen-
binding fragment includes a Fc polypeptide or fragment thereof that comprises the
substitution mutations: M428L./N434S and G236A/8239D/A330L/1332E.

In certain embodiments, the antibody or antigen-binding fragment comprises a
mutation that alters glycosylation, wherein the mutation that alters glycosylation
comprises N297A, N297Q, or N297G, and/or the antibody or antigen-binding fragment
is partiaily or fully aglycosylated and/or 1s partially or fully afucosylated. Host cell
lines and methods of making partially or fully aglycosylated or partially or fully
atucosylated antibodies and antigen-binding fragments are known (see, e.g., PCT
Publication No. WO 2016/181357; Suzuki ef af. Ulin. Cancer Res. 13(6):1875-82
(2007}, Huang ef ol MAbs 6:1-12 (2018)).

In certain embodiments, the antibody or antigen-binding fragment is capable of
eliciting continued protection i vive in a subject even once no detectable levels of the
anttbody or antigen-binding fragment can be found in the subject (i.e., when the
antibody or antigen-binding fragment has been cleared from the subject following
administration). Such protection is referred to herein as a vaccinal effect. Without
wishing to be bound by theory, it 1s believed that dendritic cells can internalize
complexes of antibody and antigen and thereafter induce or contribute to an endogenous
immune respouse against antigen.  In certain erobodirnents, an antibody or antigen-

binding fragment comprises one or more modifications, such as, for exaraple, mutations
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in the Fc comprising G236A, A330L, and I332E, that are capable of activating dendritic
cells that may induce, e.g., T cell immunity to the antigen.

fn any of the presently disclosed embodiments, the antibody or antigen-binding
fragment comprises a Fc polypeptide or a fragment thereof, including a CH2 (or a
fragment thereof, a CH3 {or a fragment thereof), or a CH2 and a CH3, wherein the
(CH2, the CH3, or both can be of any 1sotype and may contain amino acid substitutions
or other modifications as compared to a corresponding wild-type CHZ or CH3,
respectively. In certain embodiments, a Fc of the present disclosure comprises two
CH2-CH3 polypeptides that associate to form a dimer.

in any of the presently disclosed embodiments, the antibody or antigen-binding
fragment can be monoclonal. The term "monoclonal antibody” (mAb}) as used herein
refers to an antibody obtained from a population of substantially homogeneous
antibodies, i.e., individual antibodies comprising the population are identical except for
possible naturally occurring mutations that may be present, in some ¢ases in minor
amounts. Monoclonal antibodies are highly specific, being directed against a single
antigenic site. Furthermore, in contrast to polyclonal antibody preparations that include
different antibodies directed against ditferent epitopes, each monoclonal antibody 1s
directed against a single epttope of the antigen. In addition to their specificity, the
monoclonal antibodies are advantageous in that they may be synthesized
uncontaminated by other antibodies. The term "monoclional” is not to be construed as
requiring production of the antibody by any particular method. For example,
monoclonal antibodies useful in the present invention may be prepared by the
hybridoma methodology first described by Kohler ef af, Nature 256:495 (1975), or
may be made using recombinant DNA ruethods in bacterial, evkaryotic antmal, or plant
cells (see, e.g., U.S. Pat. No. 4,816,567}, Monoclonal antibodies may alsc be isolated
from phage antibody libraries using the techniques described in Clackson er of |, Nature,
352:624-628 {1991) and Marks ef af , /. Mol Biol |, 222:581-597 (1991}, for example.
Monoclonal antibodies may also be obtained using methods disclosed in PCT

Publication No. WO 2004/076677A2.
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Antibodies and antigen-binding fragroents of the present disclosure include
"chimeric antibodies" in which a portion of the heavy and/or light chain is identical
with or homologous to corresponding sequences in antibodies derived from a particular
species or belonging to a particular antibody class or subclass, while the remainder of
the chain{s) is identical with or homologous 10 corresponding sequences in antibodies
derived from another species or belonging to another antibody class or subclass, as well
as fragments of such antibodies, so long as they exhibit the desired biclogical activity
{see, U.S. Pat. Nos. 4,810,567, 5,530,101 and 7,498 415, and Morrison ef /., Proc.
MNatl. Acad. Sci. USA, 8/:6851-6855 (1984}). For example, chimeric antibodies may
comprise human and non-human residues. Furthermore, chimeric antibodies may
comprise residues that are not found 1o the recipient antibody or in the donor antibody.
These modifications are made to further refine antibody performance. For further
details, see Jones ef af., Nature 321:522-525 (1986); Riechmann ef of., Nature 332:323-
329 (1988); and Presta, Curr. Op. Struct. Biol 2:593-596 (1992). Chimeric antibodies
also include primatized and humanized antibodies.

A "humanized antibody" is generally considered to be a human antibody that
has one or more amino acid residues mtroduced into it from a source that s non-human.
These non-human amino acid residues are typically taken from a variable domain.
Humanization may be performed following the method of Winter and co-workers
{(Jones ef al., Nature, 321:522-525 {1986); Reichmann ef af., Nature, 332:323-327
{1988}, Verhoeyen ef af , Science, 239:1534-1536 (1988)), by substituting non-human
variable sequences for the corresponding sequences of a human antibody. Accordingly,
such "humanized” antibodies are chimeric antibodies (1.8, Pat. Nos. 4,816,567,
5,530,101 and 7,498,415} wherein substantiaily less than an infact huran variable
domain has been substituted by the corresponding sequence from a non-human species.
in some instances, a "humanized” antibody is one which is produced by a non-human
cell or animal and comprises human sequences, e.g., He domains.

A "human antibody” is an antibody containing only sequences that are present in
an antibody that 18 produced by a human (/.e., sequences that are encoded by human

anfibody-encoding genes). However, as used herein, human antibodies may comprise
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residues or modifications not found 1n a naturally occurring human antibody {e.g., an
antibody that is isolated from a human), including those modifications and varant
sequences described herein. These are typically made to further refine or envhance
antibody performance. In some instances, human antibodies are produced by transgenic
animals. For example, see UK Pat. Nos. 5,770,429, 6,596,541 and 7,049,426,

In certain embodiments, an antibody or antigen-binding fragment of the present
disclosure is chimeric, humanized, or human.

In some embodiments, various pharmacokinetic ("PK") parameters are used to
describe or characterize the antibodies or antigen-binding fragments provided herein.
Details regarding collection of antibody serum concentrations for purpose of evaluating
PK parameters are described wn association with the Examples berein. The term "tn" or
"half-life" refers to the elimination half-life of the antibody or antigen-binding fragment
included in the pharmaceutical composition administered to a subject. The term "Cras”
generally refers to the last measurable plasma concentration {i.¢., subsequent thereto,
the substance is not present at a measurable concentration in plasma).

In any of the presently disclosed embodiments, an antibody or antigen-binding
tragment can comprise the CH1-CH3 amino acid sequence set forth in SEQ 1D NQ 210
and/or the CHI-CH3 amino acid sequence set forth in SEQ ID NG.:215.

fn any of the presently disclosed embodiments, an antibody or antigen-binding
fragment can comprise the CL amino acid sequence set forth in SEQ ID NO 211

In some embodiments, an antibody is provided that comprises the heavy chain
amino acid sequence set forth in SEQ ID NGO :212:

OVOLVOSGAEVKEPGSSVTVSCKASGGTFSNNVISWYRQAPGQGLEW
MGGHPTSGIANYAQKFOGRVAHADKSTSTVYMALSSLRSEDSAVYFCARARS
DYFNRBLGWEDYYFENWGQGTLYTVSESASTKGPSVEPLAPSSKSTSGGTAAL
GCLVEDYFPEPYTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVRSSSLGTO
TYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVIFLFPPKPKDTL
MISRTPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVY
SVETVLHODWINGKEYKCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRER
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MTKNOVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWOQQGNVFSCSVLHEATHSHYTOKSLSLSPGK (SEQ ID NG 2123

fn certain embodiments, the antibody further corprises the light chain amino
acid sequence set forth in SEQ ID NO .:214:

EIVMTQSPATLSVSPGERATLSCRASQRVGSSLAWYQQKPGQAPRLLIY
GASTRATGVPARFSGSGSGTEFTLTISSLOSEDFAVYYCOQHYNNWPPWTEGQG
TKVEIKRTVAAPSVEIFPPSDEQLKSGTASYVCLLNNFYPREAKVOWKVDNALG
SONSQESVTEQGDSKDSTYSLSSTLTLSKADYEKHK VY ACEVTHQGLSSPVTKSE
NRGEC (SEQ 1D NG..214)

In some embodiments, an antibody is provided that comprises the heavy chain
amino acid sequence set forth in SEQ ID NO.:213.

QVOLVOSGAEVKEPGSSVTVSCKASGGTFSNNVISWYRGQAPGGQGLEW
MGGEBPTSGIANY AQRKFOQGRVAHADKSTSTVYMALSSLRSEDSAVYFCARARS
DPYFNRDLGWEDYYFENWGQGTLVYVTVSSASTRKGPSVEFPLAPSSKSTSGGTAAL
GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQ
TYICNYNHKPSNTKVDKRVEPKSCDRTHTCPPCPAPELLGGPSVILFPPRPEDTL
MISRTPEVTICVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNSTYRVY
SYLETVEHODWINGKEYKCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSREE
MTEKNOQVSLTCLVKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWQOQGNVFSCSVLHEALHSHY TOQKSLSLSPG

(SEQ ID NO.:213)

In certain embodiments, the antibody further comprises the light chain amino
acid sequence set forth in SEQ 3 NG .:214.

EIVMTOSPATLSVSPGERATLSCRASQSVGSSLAWYQOKPGOQAPRLLIY
GASTRATGVYPARFSGSGSGTEFTLTISSLOSEDFAVYYCQHYNNWPPWTEFGOQG
TKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVULLNNFYPREAKVOQWEVIINALG
SGNSOESVTEGDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSE
NRGEC (SEQ ID NO..214)

In some embodiments, an antibody 13 provided that comprises {1} two heavy

chains, each comprising the amino acid sequence set forth in SEQ 1D NO.:212, and (2)
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two light chains, each comprising the amino acid sequence set forth in SEQ 1D
NQ.:214.

In some embodiments, an antibody 13 provided that comprises {1} two heavy
chains, each comprising the amino acid sequence set forth in SEQ ID NO.:213, and (2}
two light chains, each comprising the amino acid sequence set forth in SEG ID
NG 214,

Polynucleotides, Vectors, and Host cells

In ancther aspect, the present disclosure provides isolated polynucleotides that
encode any of the presently disclosed antibodies or an antigen-binding fragment
thereof, or a portion thereof {e.g., a CDR, a VH, a VL, a heavy chain, or a light chain,
or a heavy chain and a hight chain), or that encode a presently disclosed polypeptide.

in certain embodiments, the polynucleotide comprises deoxyribonucleic acid
{DNA) or ribonucleic acid (RNA}, wherein the RNA optionally comprises messenger
RNA (mRNA).

{n some embodiments, the polynuclectide comprises a modified nucleoside, a
cap-1 structure, a cap-2 structure, or any combination thereof. In certain embodiments,
the polynucleotide comprises a pseudouridine, a No-methyladenonsine, a 5-
methyleytidine, a 2-thiouridine, or any combination thereof. In some embodiments, the
pseudouridine comprises Ni-methylpsendoundine.

in certain embodiments, a polynuclectide comprises a polynucleotide having at
least 50% {e.g., 50%, 55%, 60%, 65%, T0%, 75%, &%, B5%, 90%, 91%, 92%, 94%,
94%, 95%, 96%, 97%, 98%, 99%, or more) identity to the polynucleotide sequence set
forth in any one or more of SEQ 1D N{s.0 198, 200, 1, 13, 25, 170, 37, 49, 61, 73, 85,
182, 97, 109, 121, 133, 145, 157, 6, 18, 30, 42, 54, 66, 78, 90, 102, 114, 126, 138, 150,
162, 7. 19,31, 173, 176, 179, 43, 55, 67, 79, 91, 185, 188, 191, 103, 115, 127, 139, 151
163, 12, 24, 36, 48, 60, 72, 84, 96, 108, 120, 132, 144, 156, 168, 202, 206, 204, 208,

227, and 229,

k2

in certain embodiments, the polynucleotide is codon-optimized for expression in
a host cell {e.g., a human cell, or a CHO cell}. Once a coding sequence 18 known or
identified, codon optimization can be performed using known technigues and fools, e.g.

>
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using the GenScript® OptimiumGene™ tool, or the like). Codon-optimized sequences
include sequences that are partially codon-optimized (7.e., one or more codon is
optimized for expression in the host cell) and those that are fully codon-optimized.

in particular embodiments, a polynucleotide comprises the polynucleotide
sequence of SEQ ID NO.:198 and the polynucleotide sequence of SE( I3 NG.:200.

It will also be appreciated that polynucleotides encoding antibodies and antigen-
binding fragments of the present disclosure may possess different nucleotide sequences
while stil] encoding a same antibody or antigen-binding fragment due to, for example,
the degeneracy of the genetic code, splicing, and the hike.

I any of the presently disclosed embodiments, the polynuciectide can comprise
deoxyribonucleic acid (DNA) or ribonucleic acid (RNA). In some embodiments, the
RNA comprises messenger RNA (mRNA}.

Vectors are also provided, wherein the vectors comprise or contain a
polynuclectide as disclosed herein {e.g., a polynuclectide that encodes an antibody or
antigen-binding fragment or polypeptide that binds to IAV NA). A vector can comprise
any one or more of the vectors disclosed herein. To particular embodiments, a vector is
provided that comprises a DNA plasmid construct encoding the antibody or antigen-
binding fragment, or a portion thereof {e.g., so-called "DMADB"; see, e.g., Muthumani ef
ai., S infect Dis. 274(33.369-378 (2016}, Muthumani ef o, Hum Vaccin Imnnmother
9:2253-2262 (2013}, Flingai er ol | Sci Rep. 5:12616 (2015); and Elliott ef al., NPJ
Vaccines 18 (2017), which antibody-coding BNA constructs and related methods of
use, including administration of the same, are incorporated herein by reference). In
certain embodiments, a BNA plasmid construct comprises a single open reading frame
encoding a heavy chain and a hight chain {ora VH and a VL) of the antibody or antigen-
binding fragment, wherein the sequence encoding the heavy chain and the sequence
encoding the light chain are optionally separated by polynucleotide encoding a protease
cleavage site and/or by a polynucleotide encoding a self-cleaving peptide. In some
embodiments, the substituent components of the antibody or antigen-binding fragment
are encoded by a polynucleotide comprised 1n a single plasmid. In other embodiments,

the substituent components of the antibody or antigen-binding fragment are encoded by
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a polynucleotide comprised in two or more plasmids {e.g., a first plasmid comprises a
polynucleotide encoding a heavy chain, VH, or VH+CHI, and a second plasmid
comprises a polynucleotide encoding the cognate light chain, VL, or VE+CL) In
certain embodiments, a single plasmid comprises a polynucleotide encoding a heavy
chain and/or a light chain from two or more antibodies or antigen-binding fragments of
the present disclosure. An exemplary expression vector 1s pVax|, available from
Invitrogen®. A DNA plasmid of the present disclosure can be delivered to a subject by,
tor example, electroporation {e.g., intramuscular electroporation), or with an
appropriate formulation {e.g., hyaluronidase}.

In some embodiments, a method is provided that comprises administering fo a
subject a first polynucleotide (e.g., mRNA) encoding av antibody heavy chato, a VH, or
a Fd {(VH + CH1), and administering to the subject a second polynuclectide {e.g.,
mRNA) encoding the cognate antibody light chain, VL, or VLA+CL.

In some embodiments, a polynucleotide {e.g., mRNA) is provided that encodes
a heavy chain and a light chain of an antibody or antigen-binding fragment thereof. In
some ernbodiments, a polynucieotide {e.g., mRNA) is provided that encodes two heavy
chains and two light chains of an antibody or antigen-binding fragment thereof. See,
e.g Li, Q. Zhang, ZR, Zhang, H(Q. ef o/ Intranasal delivery of replicating mRNA
encoding neutralizing antibody against SARS-CoV-2 wnfection in mice. Sig Transduct
Target Ther 6,369 (2021}, https://dot.org/10.1038/541392-021-00783-1, the antibody-
encoding mRNA constructs, vectors, and related techniques of which are incorporated
herein by reference. In some embodiments, a polynucleotide is delivered to a subject
via an alphavirus replicon particle (VRP) delivery system. In some embodiments, a
replicon cornprises a modified VEEV replicon comprising two subgenomic promaoters.
In some embodiments, a polynucleotide or replicon can transiate simultaneously the
heavy chain (or VH, or VH+1} and the light chain (or VL, or VLACL} of an antibody or
antigen-binding fragment thereof. In some embodiments, a method is provided that

comprises delivering to a subject such a polynucleotide or replicon.
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In a further aspect, the present disclosure also provides a host cell expressing an
antibody or antigen-binding fragment according to the present disclosure; or comprising
or countaining a vector or polynuclectide according the present disclosure.

Examples of such cells include but are not limited to, eukaryotic cells, e.g., yeast
cells, animal cells, insect cells, plant cells; and prokaryotic cells, including £ coli. In
some embodiments, the cells are mammalian cells, such as human B cells. In certain
such embodiments, the cells are a mammalian cell line such as CHO cells {e.g., DHFR-
CHO celis (Urlaub ef af, FNAS 77:4216 (1980}), human embryonic kidney cells {e.g.,
HEKZ293T celis)y, PER.CO cells, YO cells, $p2/0 cells. NSO cells, human liver cells, e.g.
Hepa R cells, myeloma cells or hybridoma cells. Other examples of mammalian host
cell hines include mouse sertoli cells {e.g., TM4 cells); mounkey kidney CV1 line
transformed by SV40 {COS-7}; baby hamster kidney cells (BHK); African green
monkey kidney cells (VERO-76}; monkey kidney cells ({CV1); human cervical
carcinoma cells (HEL A}, human hung cells (W138); human liver cells (Hep G2); canine
kidney cells (MDCK; buffalo rat liver cells (BRL 3A); mouse mammary tumor (MMT
060562, TRI cells; MRC S cells; and FS4 cells. Mammalian host cell lines suitable for
antibody production also include those described in, for example, Yazaki and
Whu, Methods in Molecular Biology, Vol 248 (B. K. €. Lo, ed, Humana Press, Totowa,
N3, pp. 255-268 (2003},

in certain embodiments, a host cell is a prokaryotic cell, such as an 7 cofi. The
expression of peptides in prokaryotic cells such as £ cofi is well established (see, e.g.,
Pluckthun, A. Rio/Technology 9:545-551 (1991}, For example, antibodies may be
produced in bacteria, in particular when glycosylation and Fe effector function are not
needed. For expression of antibody fragments and polypeptides in bacteria, see, e.g.,
1S, Pat. Nos. 5,648,237 5,789,199; and 5,840,523,

i particular embodiments, the cell may be transfected with a vector according
to the present description with an expression vector. The term "transfection” refers to
the introduction of nucleic acid molecuies, such as DNA or RNA {e.g. mRNA)
molecules, into cells, such as into eukaryotic cells. o the context of the present

description, the term "transfection” encompasses any method known to the skilled
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person tor introducing nucleic acid molecules into cells, such as into eukaryotic cells,
including into mammalian cells. Such methods encompass, for example,
electroporation, lipofection, e.g., based on cationic lipids and/or liposomes, calcium
phosphate precipitation, nanoparticie based transfection, virus based transfection, or
transfection based on cationic polymers, such as BEAE-dexiran or polyethylenimine,
efc. In certain embodiments, the introduction 18 non-viral,

Moreover, host cells of the present disclosure may be transfected stably or
transiently with a vector according to the present disclosure, e.g. for expressing an
anttbody, or an antigen-binding fragment thereof, according to the present disclosure.
in such embodiments, the cells may be stably transfected with the vector as described
herein. Alternatively, cells roay be transiently transfected with a vector according to the
present disclosure encoding an antibody or antigen-binding fragment as disclosed
heretn. In any of the presently disclosed embodiments, a polynucieotide may be
heterologous to the host cell.

Accordingly, the present disclosure also provides recombinant host cells that
heterologously express an antibody ot antigen-binding fragment of the present
disclosure. For example, the cell may be of a species that is different to the species
trom which the antibody was fully or partially obtained {(e.g., CHO cells expressing a
human antibody or an engineered human avtibody). In some embodiments, the cell
type of the host cell does not express the antibody or antigen-binding fragment in
nature. Moreover, the host cell may impart a post-transiational modification (PTM;
e.g., glysocylation or fucosylation), or a lack thereof] on the antibody or antigen-
binding fragment that is not present in a native state of the antibody or antigen-binding
fragmeunt (or in a native state of a parent antibody {from which the antibody ot antigen
binding fragment was engineered or derived}. Such a PTM, or a lack thereof, may
result in a functional difference {e.g., reduced immunogenicity}). Accordingly, an
antibody or antigen-binding fragrent of the present disclosure that is produced by a
host cell as disclosed herein may include one or more post-transiational modification
that 18 distinct from the antibody (or parent antibody) in its native state (e.g., a human

antibody produced by a host cell can comprise one or more post-transiational
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modification, or can include fewer post-translational modification(s), such that it 18
distinct from the antibody when isolated from the human and/or produced by the native
human B cell or plasma cell).

Insect cells useful expressing a binding protein of the present disclosure are
konown in the art and include, for example, Spodopiera frugipera 819 cells, Trichoplusia
01 BTI-TNSB1-4 cells, and Spodopiera frugipera SESWTO1 "Mimic™" ceils. See, e.g.,
Palmberger e oof ., J. Biotechnol. 153(3-43:160-166 (2011}, Numerous baculoviral
strains have been identified which may be used in conjunction with insect cells,
particularly for transfection of Spodopitera frugiperda cells,

Fukaryotic microbes such as filamentous fungi or veast are also suitable hosts
tor cloning or expressing protein~-encoding vectors, and wnchude fungl and yeast strains
with "humanized" glycosylation pathways, resulting in the production of an antibody
with a partially or fully human glycosylation pattern. See Gerngross, Nat.

Biotech. 22:1409-1414 (2004); Li et af, Nat. Biotech. 24:210-215 (2006).

Plant cells can also be utilized as hosts for expressing an antibody or antigen-
binding fragment of the present disclosure. For example, PLANTIBODIES™
technology {described in, for example, U.S. Pat. Nos. 5,959,177, 6,040,498, 6,420,548
7,125,978; and 6,417,429} employs transgenic plants to produce antibodies.

In certain embodiments, the host cell comprises a mammalan cell. To particular
embodiments, the host cell is a CHO cell, a HEK293 cell, a PER . C6 cell, a YO cell, a
Sp2/0 cell, a NSO cell, a human liver cell, a myeloma cell, or a hybridoma cell.

In a related aspect, the present disclosure provides methods for producing an
anttbody, or antigen-binding fragment, wheretn the methods comprise culturing a host
cell of the present disclosure under conditions and for a time sufficient to produce the
antibody, or the antigen-binding fragment. Methods useful for isolating and purifying
recombinantly produced antibodies, by way of example, may include obtaining
supernatants from suitable host cell/vector systems that secrete the recombinant
antibody into culture media and then concentrating the media using a commercially
avalable filter. Following concentration, the concentrate may be applied to a single

suitable purification matrix or to a series of suitable matrices, such as an affinity matrix
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or an ion exchange resin. One or more reverse phase HPLC steps may be emaployed to
turther purify a recombinant polypeptide. These purification methods may also be
ernployed when isolating an immunogen from its natural environment. Methods for
large scale production of one or more of the isolated/recombinant antibody described
herein include batch cell culture, which is monitored and controlled to maintain
appropriate culture conditions. Purification of soluble antibodies may be performed
according to methods described herein and known in the art and that comport with laws

and guidelines of domestic and foreign regulatory agencies.

Compositions

Also provided herein are compositions that comprise a presently disclosed
antibody, antigen-binding fragment, polypeptide, polynucleotide, vector, or host cell,
singly or in any combination, and can further comprise a pharmaceutically acceptable
cartier, excipient, or diluent. Such compositions, as well as carriers, excipients, and

diluents, are discussed in further detail herein.

In certain embodiments, a composition comprises a first vector comprising a
first plasmid, and a second vector comprising a second plasmid, wherein the first
plasmid comprises a polynucleotide encoding a heavy chain, VH, or VH+CH1, and a
second plasmid comprises a polynucleotide encoding the cognate hight chain, VL, or
VE+CL of the antibody or antigen-binding fragment thereof. In certain embodiments, a
composition comprises a polynucieotide {e.g., mRNA) coupled to a suitable delivery
vehicle or carrier. Exemplary vehicles or carriers for administration to a human subject
include a hipid or iptd-denived delivery vehicle, such as a liposome, solid lipid
nanoparticle, oily suspension, submicron hipid emulsion, hipid microbubble, inverse
lipid micelle, cochlear liposome, lipid microtubule, lipid microcylinder, or lipid
nanoparticle (LNP) or a nanoscale platform (see, e.g., Li ef al. Wilery Interdiscip Kev.
Nanomed Nanobiotechnol 11{2).e1530 (2019)). Principles, reagents, and techniques
for designing appropriate mRNA and and formulating mRNA-LNP and delivering the
same are described in, for example, Pardi et of. {J Control Kelease 277345-351 (2015));

Thess ef al. (Mol Ther 23. 1456-1464 (2015});, Thran ef af. (EMBO Mol Med
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9(103:1434-1448 (2017); Kose et al. (Sci. Immunol. 4 caaw6647 (2019}, and Sabnis ef
al. (Mol Ther. 26:1509-1519 (2018)), which techniques, include capping, codon
optimization, nucleoside modification, purification of mRNA, tncorporation of the
mRNA into stable lipid nanoparticles {e.g., ionizable cationic
lipid/phosphatidvicholine/cholesterol/PEG-lipid; ionizable lipid:distearoyl
PC:cholesterol polyethylene glycol fiptd), and subcutaneous, intramuscular,
intradermal, intravenous, intraperitoneal, and intratracheal administration of the same,
are incorporated herein by reference.

In certain embodiments, a composition comprises a first antibody or antigen-
binding fragment of the present disclosure and a second antibody or antigen-binding
fragment of the present disclosure, wherein of the first antibody or antigen-binding

tragment and the second antibody or antigen-binding fragment are different.

Methods and Uses

Also provided herein are methods for use of an antibody or antigen-binding
tragment, nucleic acid, vector, cell, or composition of the present disclosure in the
diagnosis of an influenza infection {e.g., in 2 human subject, or in a sample obtained
from a human subject).

Methods of diagnosis {e.g., in vifro, ex vivo) may include contacting an
antibody, antibody fragment {e.g., antigen binding fragment) with a sample. Such
samples may be isolated from a subject, for example an 1solated tissue sample taken
trom, for example, nasal passages, sinus cavities, salivary glands, lung, liver, pancreas,
kidney, ear, eye, placenta, alimentary tract, heart, ovaries, pituitary, adrenals, thyroid,
brain, skin or blood. The methods of diagnosis may also include the detection of an
antigen/antibody complex, in particular following the contacting of an antibody or
anttbody fragroent with a sample. Such a detection step can be performed at the bench,
i.e. without any contact to the human or animal body. Examples of detection methods
are well-known to the person skilled in the art and include, e g, ELISA (enzyme-linked
immunosorbent assay), including direct, 1ndivect, and sandwich ELISA.

Also provided herein are methods of treating a subject using an antibody or

antigen-binding fragment of the present disclosure, or a composition comprising the
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same, wherein the subject has, 18 believed to have, or 15 at risk for having an infection

LA

by influenza. "Treat," "treatment,” or "ameliorate" refers to medical management of a
disease, disorder, or condition of a subject {e.g., a bumwan or non-human rammal, such
as a primate, horse, cat, dog, goat, mouse, or rat). In general, an appropriate dose or
treatment regimen comprising an antibody or composition of the present disclosure 13
administered in av amount sufficient to elicit a therapeutic or prophylactic benefit.
Therapeutic or prophylactic/preventive benefit includes improved clinical outcome;
lessening or alleviation of symptoms associated with a disease; decreased occurrence of
symptoms; improved quality of life; longer disease-free status; diminishment of extent
of disease, stabilization of disease state; delay or prevention of disease progression;
remission; survival; prolonged survival; or any combination thereot. In certain
embodiments, therapeutic or prophylactic/preventive benefit includes reduction or
prevention of hospitalization for treatment of an influenza infection (ie., ina
statistically significant manner). In certain embodiments, therapeutic or
prophylactic/preventive benefit includes a reduced duration of hospitalization for
treatment of an influenza wnfection (e, in a statistically significant maoner). lo certain
embodiments, therapeutic or prophylactic/preventive benefit includes a reduced or
abrogated need for respiratory intervention, such as intubation and/or the use of a
respirator device. In certain embodiments, therapeutic or prophylactic/preventive
benefit includes reversing a late-stage disease pathology and/or reducing mortality.

A "therapeutically effective amount” or "effective amount” of an antibody,
antigen-binding fragment, polynucleotide, vector, host cell, or composition of this
disclosure refers to an amount of the composition or molecule sufficient to result in a
therapeutic effect, including improved chivical outcome; lessening or alleviation of
symptoms associated with a disease; decreased occurrence of symptoms; improved
quality of hife; longer disease-free status,; diminishment of extent of disease,
stabilization of disease state; delay of disease progression; remission; survival; or
prolonged survival in a statistically significant manner. When referring to an individual
active ingredient, administered alone, a therapeutically effective amount refers to the

effects of that ingredient or cell expressing that ingredient alone. When referring to a
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combination, a therapeutically effective amount refers to the combined amounts of
active ingredients or combined adjunctive active ingredient with a cell expressing an
active ingredient that results in a therapeutic effect, whether administered serially,
sequentially, or simultaneously.

Accordingly, in certain embodiments, methods are provided for treating an
influenza infection in a subject, wherein the methods comprise administering to the
subject an effective amount of an antibody, antigen-binding fragment, polynuclectide,
vector, host cell, or composition as discipsed herein,

Subjects that can be treated by the present disclosure are, in general, human and
other primate subjects, such as monkeys and apes for veterinary medicine purposes.
{Other model organisms, such as mice and rats, may also be treated according to the
present disclosure. In any of the aforementioned embodiments, the subject mav be a
human subject. The subjects can be male or female and can be any suitable age,
including infant, juvenile, adolescent, adult, and genatric subjects.

A number of criteria are believed to contribute to high risk for severe symptoms
or death associated with an influenza infection. These include, but are not limited to,
age, occupation, general health, pre-existing health conditions, locale, and hifestyle
habits. In some embodiments, a subject treated according to the present disclosure
coruprises one or more risk factors,

in certain embodiments, a human subject treated according to the present
disclosure is an infant, a child, a young adult, an adult of middle age, or an elderly
person. In certain ernbodimnents, a human subject treated according to the present
disclosure is less than 1 year old, oris 1 10 5 vears old, or 13 between S and 125 vears
old (e.g.. S, 10, 15,20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100,
105, 110, 115, or 125 years old, including any and all ages therein or therebetween). In
certain embodiments, a human subject treated according to the present disclosure is O-

~
II.'

19 years old, 20-44 years old, 45-54 years old, 55-64 years old, 65-74 years old, 75-84
years old, or 85 years old, or older. Persons of middle, and especially of elderly age are
can be at particular risk. In particular embodiments, the bursan subject is 45-54 years

old, 55-64 years old, 65-74 years old, 75-84 years old, or 85 years old, or older. In
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some embodiments, the human subject 1s male. In some embodiments, the human
subject is temale.

In certain embodiments, a subject treated according to the present disclosure has
recetved a vaccine for influenza and the vaccine is determined to be ineffective, e.g., by
post-vaccine infection or symptoms in the subject, by clinical diagnosis or scientific or
regulatory consensus,

Prophylaxis of infection with influenza virus refers in particular to prophylactic
settings, wherein the subject was not diagnosed with infection with influenza virus
{either no diagnosis was performed or diagnosis results were negative) and/or the
subject does not show or expertence symptoms of infection with influenza virus.
Prophylaxis of infection with influenza virus is particularly usefild 10 subjecis at greater
risk of severe disease or complications when infected, such as pregnant women,
children (such as children under 59 months), the elderly, individuals with chronic
medical conditions {such as chronic cardiac, pulmonary, renal, metabolic,
neurodevelopmental, liver or hematologic diseases) and individuals with
immunosuppressive conditions (such as HIV/AIDS, receiving chemotherapy or
steroids, or malignaney). Moreover, prophylaxis of infection with influenza virus is also
particularly useful in subjects at greater risk acquining influenza virus infection, e.g.,
due to increased exposure, for example subjects working or staying o public areas, in
particular health care workers.

in certain embodiments, treatment is administered as peri-exposure or pre-
exposure prophylaxis. In certain embodiments, treatment 18 administered as pos-
exposure prophylaxis.

fn therapeutic settings, in contrast, the subject 1s typically 1nfected with
influenza virus, diagnosed with influenza virus infection, and/or showing symptoms of
influenza virus infection. Of note, the terms "treatment” and "therapy”/"therapeutic” of
influenza virus infection can refer to (complete) cure as well as attenuation/reduction of
influenza virus infection and/or related symptoms {(e.g., attenuation/reduction of
severity of infection and/or symptoms, number of symptoms, duration of infection

and/or symptoms, or any combination thereof).
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It will be understood that reference herein to a reduced number and/or severity
of symptoms, which reduction results from administration of a presently disclosed
pharmaceutical composition, describes a comparison with a reference subject who did
not receive a disclosed pharmaceutical composition. A reference subject can be, for
example, (i) the same subject during an earlier period of time {e.g., a prior influenza A
virus season), (11} a subject of a same or a simnilar: age or age group; gender; pregnancy
status; chronic medical condition (such as chronic cardiac, pulmonary, renal, metabolic,
neurodeveiopmental, liver or hematologic diseases) or lack thereof, and/or
immunosuppressive condition or lack thereof] or (11t) a typical subject within a
population (e.g., local, regional, or national, including of a same or similar age or age
range and/or general state of health) during an influenza virus season. Prophylaxis can
be determined by, for example, the failure to develop a diagnosed influenza infection
and/or the lack of symptoms associated with influenza infection during a part of a full
influenza season, or over a full influenza season.

i{n certain embodiments, the methods provided herein include administering a
therapeutically effective amount of a composition according to the present disclosure to
a subject at immediate risk of influenza infection. An immediate risk of influenza
infection typteally occurs during an influenza epidemic. Influenza viruses are known to
circudate and cause seasonal eprdemics of disease (WHO, Influenza (Seasonal) Fact
sheet, November 6, 2018). In temperate climates, seasonal epidemics occur mainly
during winter, while 1n tropical regions, influenza may occur throughout the vear,
causing outbreaks more irregularly. For example, in the northern hemisphere, the risk of
an influenza epidemic is high during November, December, January, February and
March, while 10 the southern hemisphere the risk of an influenza epidemic ts high
during May, June, July, August and September.

In some embodiments, treatment and/or prevention comprises post-exposure
prophylaxis.

in some embodiments, the subject has received, 1s recetving, or will receive an
antiviral agent. In sorue erobodiments, the antiviral agent comprises a neuraminidase

inhibitor, an influenza polymerase inhibitor, or both. In certain embodiments, the
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antiviral agent comprises oseltamivir, lanamivir, peramivir, zanamivir, baloxavir, or any
combination thereof.

Typical routes of administering the presently disclosed compositions include,
without limitation, oral, topical, transdermal, inhalation, parenteral, sublingual, buccal,
rectal, vaginal, and intranasal. The term "parenteral”, as used herein, inchades
subcutaneous injections, intravenous, intramuscular, intrasternal injection or wfusion
techniques. In certain embodiments, administering comprises administering by a route
that 1s selected from oral, intravenous, parenteral, intragastric, intrapleural,
intrapulmonary, intrarectal, intradermal, intraperitoneal, intratumoral, subcutaneous,
topical, transdermal, intracisternal, intrathecal, intranasal, and intramuscular. In
particular embodiments, a method comprises orally adnunisteriog the antibody, antigen-
binding fragment, polynucleotide, vector, host cell, or composition to the subject.

Pharmaceutical compositions according to certain embodiments of the present
invention are formulated so as to allow the active ingredients contained therein to be
bicavailable upon administration of the composition to a patient. Compositions that
will be administered to a subject or patient may take the form of one or more dosage
units, where tor example, a tablet may be a single dosage unit, and a containerof a
herein described an antibody or antigen-binding in aercsol form may hold a plurality of
dosage units. Actual roethods of preparing such dosage forms are known, or will be
apparent, to those skilled in this art; for example, see Remington: The Science and
Practice of Pharmacy, 20th Edition (Philadelphia College of Pharmacy and Science,
2000} The composition to be admimistered will, in any event, contain an effective
amount of an antibody or antigen-binding fragment, polynuclectide, vector, host cell, |
or composition of the present disclosure, for treatment of a disease or condition of
interest in accordance with teachings herein.

A composition may be in the form of a solid or liquid. In some embodiments,
the carrier(s) are particulate, s0 that the compositions are, for example, in tablet or
powder form. The carrier(s) may be liquid, with the compositions being, for example,
an oral oil, injectable higuid or an aerosol, which 1s useful in, for example, inhalatory

administration. When intended for oral administration, the pharmaceutical composition
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1s preferably in either solid or hiquid form, where semi solid, semi liquid, suspension
and gel forms are included within the forms considered herein as either solid or hiquid.

As a solid compostiion for oral administration, the pharmaceutical cornposition
may be formulated into a powder, granule, compressed tablet, pill, capsule, chewing
gum, wafer or the like. Such a solid composition will typically contain one or more
inert diluents or edible carriers. In addition, one or more of the following may be
present: binders such as carboxymethvicellulose, ethyl cellulose, microcrystalline
cellulose, gum tragacanth or gelatin; excipients such as starch, lactose or dextrins,
disintegrating agents such as alginic acid, sodium alginate, Primogel, corn starch and
the like; lubricants such as magnesium stearate or Sterotex; glidants such as colloidal
silicon dioxide; sweetening agents such as sucrose or saccharin; a flavoring agent such
as peppermint, methyl salicylate or orange flavoring; and a coloring agent. When the
composition is in the form of a capsule, for example, a gelatin capsule, it may contain,
in addition to materials of the above type, a liquid carrier such as polvethylene glycol or
oil.

The composition may be 1u the form of a hiquid, for example, an elixir, syrup,
solution, emulsion or suspension. The hquid may be for oral adminstration or for
deltvery by injection, as two examples. When intended for oral administration,
preferred compositions contain, in addition to the present compounds, one or more of a
sweetening agent, preservatives, dye/colorant and flavor enhancer. In a composition
intended to be administered by injection, one or more of a surfactant, preservative,
wetting agent, dispersing agent, suspending agent, buffer, stabilizer and 1sotonic agent
may be included.

Liquid pharmaceutical compositions, whether they be solutions, suspensious or
other like form, may include one or more of the following adjuvants: sterile diluents
such as water for injection, saline solutton, preferably physiological saline, Ringer’s
solution, isotonic sodium chioride, fixed oils such as synthetic mono or diglycerides
which may serve as the solvent or suspending medium, polyethvlene glveols, glycerin,
propylene glycol or other solvents; antibacterial agents such as benzyl alcohol or methyl

paraben; antioxadants such as ascorbic acid or sodium bisuifite; chelating agents such as
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cthvlenedianunetetraacetic acid; buffers such as acetates, citrates or phosphates and
agents for the adjustment of tonicity such as sodium chloride or dextrose. The
parenteral preparation can be enclosed in ampoules, disposable syringes or multiple
dose vials made of glass or plastic. Physiclogical saline is a preferred adjuvant. An
injectable pharmaceutical composition is preferably sterile.

A higuid composition intended for either parenteral or oral administration should
contain an amount of an antibody or antigen-binding fragment as herein disclosed such
that a suitable dosage will be obtained. Typically, this amount i3 at fgast 0.01% of the
antibody or antigen-binding fragment in the composition. When intended for oral
administration, this amount may be varied to be between 0.1 and about 70% of the
weight of the composition. Certain oral pharrvaceuntical compositions contain between
about 4% and about 75% of the antibody or antigen-binding fragment. In certain
embodiments, pharmaceutical compositions and preparations according to the present
invention are prepared so that a parenteral dosage unit contains between 0.01 to 10% by
weight of antibody or antigen-binding fragment prior to dilution.

The composition may be totended for topical admuinistration, in which case the
carrier may suitably comprise a solution, emulsion, ointment or gel base. The base, for
example, may comprise one or more of the following: petrolatum, lanolin,
polyethyiene glycols, bee wax, mineral oil, diluents such as water and alcohol, and
emulsifiers and stabilizers. Thickening agents may be present in a composition for
topical administration. H intended for transdermal administration, the composition may
include a transdermal patch or iontophoresis device. The pharmaceutical composition
may be intended for rectal administration, in the form, for example, of a suppository,
which will melt 1o the rectum and release the drug. The composition for rectal
administration may contain an oleaginous base as a suitable nonirritating excipient.
Such bases tnclude, without limitation, lanolin, cocoa butter and polyethylene glycol.

A composition may include various materials which modify the physical form
of a solid or liquid dosage unit. For example, the composition may include materials
that form a coating shell around the active togredients. The materials that form the

coating shell are typically inert, and may be selected from, for example, sugar, shellac,
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and other enteric coating agents. Alternatively, the active ingredients may be encased
in a gelatin capsule. The composition in solid or liquid form may include an agent that
binds to the astibody or antigen-binding fragment of the disclosure and thereby assists
i the delivery of the compound. Suitable agents that may act in this capacity include
monoclonal or polyclonal antibodies, one or more proteins or a liposome. The
composition may consist essentially of dosage units that can be administered as an
aerosol. The term aerosol is used to denote a variety of systems ranging from those of
colloidal nature to systems consisting of pressurized packages. Delivery maybebya
liquetied or compressed gas or by a suttable pump system that dispenses the active
ingredients. Aerosols may be delivered in single phase, bt phasic, or tr1 phasic systems
i order to deliver the active wgredieni(s). Delivery of the aerosol includes the
necessary container, activators, valves, subcontainers, and the like, which together may
torm a kit. Une of ordinary skill in the art, without undue experimentation, may
determine preferred aerosols.

it will be understood that compositions of the present disclosure also encompass
carrier molecules for polynucleotides, as described herein {e.g., lipid nanoparticles,
nanoscale delivery platforms, and the like).

The pharmaceutical compositions may be prepared by methodology well known
in the pharmaceutical art. For example, a composition intended to be administered by
injection can be prepared by combining a composition that comprises an antibody,
antigen-binding fragment thereof, or antibody conjugate as described herein and
optionally, one or more of salts, buffers and/or stabilizers, with sterile, distilled water so
as to form a solution. A surfactant may be added to facilitate the formation of a
homogeneous solution or suspension. Surfactants are compounds that non~-covalently
interact with the peptide composition so as to facilitate dissolution or homogeneous
suspension of the antibody or antigen-binding fragment thereof in the aqueous delivery
system.

in general, an appropriate dose and treatment regimen provide the
composition(s} in an amount sufficient to provide therapeutic and/or prophylactic

benetit {(such as described herein, including an improved clinical outcome (e.g., a
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decrease in frequency, duration, or severity of diarthea or associated dehvdration, or
inflammation, or longer disease-free and/or overall survival, or a lessening of symptom
severity). For prophylactic use, a dose should be sufficient to prevent, delay the onset
of, or diminish the severity of a disease assoctated with disease or disorder.
Prophylactic benefit of the compositions administered according to the methods
described heren can be determined by performing pre-clinical (including in vifro and in
vivo animal studies) and clinical studies and analyzing data obtained therefrom by
appropriate statistical, biological, and clinical methods and techniques, all of which can
readily be practiced by a person skilled in the art.

Compositions are administered i an effective amount {e.g., to treat an influenza
virus infection), which will vary depending upoun a variety of factors including the
activity of the specific compound employed; the metabolic stahility and length of action
of the compound; the age, body weight, general health, sex, and diet of the subject; the
mode and fime of admirnustration; the rate of excretion; the drug combination; the
severity of the particular disorder or condition; and the subject undergoing therapy. In
certain embodiments, tollowing administration of therapies according to the
tormulations and methods of this disclosure, test subjects will exhibit about a 10% up to
about 3 99% reduction in ong or more symptoms associated with the disease or disorder
being treated as compared to placebo-treated or other suitable control subjects.

Generally, a therapeutically effective dose of an antibody or antigen binding
fragment is (for a 70 kg mammal} from about 0.001 mg/kg (f.e., 0.07 mg) to about 100
mg/kg {i.e., 7.0 g); preterably a therapeutically etfective dose is (for a 70 kg mammal)
from about 0.01 mg/kg (i.e., 0.7 mg) to about S0 mg/kg (i.e, 3.5 g}, more preferably a
therapeutically effective dose 15 (for a 70 kg mammal) from about 1 mg/kg (ie., 70 mg)
to about 25 mg/kg (ie., 1.75 g). For polynucleotides, vectors, host cells, and related
compositions of the present disclosure, a therapeutically effective dose may be different
than for an antibody or antigen-binding fragment.

in certain embodiments, a method comprises administering the antibody,
antigen-binding fragment, polynucieotide, vector, host cell, or composition to the

subjectat 2,3, 4,5, 6,7, 8,9, 10 times, or more.
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In certain embodiments, a method comprises administering the antibody,
antigen-binding fragment, or composition to the subject a plurality of times, wherein a
second or successive administration is performed at about 6, about 7, about 8, about 9,
about 10, about 11, about 12, about 24, about 48, about 74, about 96 hours, or more,
following a first or prior administration, respectively.

In certain embodiments, a method comprises administering the antibody,
antigen-binding fragment, polynuciectide, vector, host cell, or composition at least one
time prior to the subject being infected by influenza.

Compositions comprising an antibody, antigen-binding fragment,
polynucleotide, vector, host cell, or composttion of the present disclosure may also be
administered sumultaneously with, prior to, or afier administration of one ot more other
therapeutic agents, such as, for example, a neuraminidase inhibitor, e.g., oseltamivir,
Fanamivir, peramivir, ot laninamivir. Such combination therapy may include
adrministration of a single pharmaceutical dosage formulation which contains a
compound of the invention and one or more additional active agents, as well as
administration of compositions compnsing an antibody or antigen-binding fragment of
the disclosure and each active agent in 1ts own separate dosage formulation. For
example, an antibody or antigen-binding fragment thereot as described herein and the
other active ageot can be administered to the patient together wn a single oral dosage
composition such as a tablet or capsule, or each agent administered in separate oral
dosage formulations. Simifardy, an antibody or antigen-binding fragment as described
herein and the other active agent can be administered to the subject together in a single
parenteral dosage composition such as 1o a saline solution or other physiologically
acceptable solution, or each agent administered 1o separate parenteral dosage
formulations. Where separate dosage formulations are used, the compositions
comprising an antibody or antigen-binding fragment and one or more additional active
agents can be administered at essentially the same time, 7.¢ , concurrently, or at
separately staggered times, 7.¢., sequentially and in any order; combination therapy 1s

understood to wnciude all these regimens.
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In some embodiments, an antibody {or one or more nucleic acid, host cell,
vector, or composition} is administered to a subject who has previously received one or
more anti-inflammatory agent and/or one or more antiviral agent. In some

embodiments, the antiviral is a neuramidase inhibitor (NAI), such as, for example,

923

oseltamivir, zanamivir, peramivir, or laninamivir. In some embodiments, one or more

anti-inflammatory agent and/or one or more astiviral agent is administered to a subject

who has previously received an antibody {or one or more nucleic acid, host cell, vector,
or composition). In some embodiments, the antiviral is a neuramidase inhibitor (NAT},
such as, for example, oseltamivir, zanamivir, peramivir, or lantnamivir,

10 in a related aspect, uses of the presently disclosed antibodigs, antigen-binding
fragments, vectors, host cells, and compositions {e.g., 1n the diagnosis, prophylaxis,
and/or treatment of an influenza infection, in the manufacture of a medicament for
preventing or treating an influenza infection) are provided.

In certain embodiments, an antibody, antigen-binding fragment, polvnucleotide,

15 wvector, host cell, or composition is provided for use in a method of treating or

preventing an influenza infection o a subject.

In certain embodiments, an antibody, antigen-binding fragroent, or composition
is provided for use in a method of manufacturing or preparing a medicament for treating

or preventing a influenza infection in a subject.

The present disclosure also provides the following non-limiting embodiments.

Embodiment 1. Au antibody, or an antigen-binding fragment thereof, that
is capable of binding to a neuramirudase (NA) from: (i) an influenza A virus (JAV),
wherein the IAV comprises a Group 1 1AV, a Group 2 1AV, or both; and (i1} an

25 influenza B virus (IBV})

Embodiment 2. The antibody or antigen-binding fragment of Embodiment
1, which is human, humanized, or chimeric.

Embodiment 3. The antibody or antigen-binding tragment of Embodiment
1 or 2, wherein: (i) the Group 1 IAV NA comprises a N1, a N4, a N5, and/or a N§g;

30 and/or (1) the Group 2 TAV NA comprises a N2, a N3, a N6, a N7, and/or a N9,
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Embodiment 4. The antibody or antigen-binding fragment of Embodiment
3, wherein: {1} the N1 is a N1 from any one or more of: A/California/07/2009,
A/Califorma/07/2009 1223R/H275Y, A/Swine/liangsu/J004/2018,
A/Stockholm/18/2007, A/Brisbane/02/2018, A/Michigan/45/2015,
A/Mississippi/3/2001, A/Netherlands/603/2009, A/Netherlands/602/2009,
A/Vietnan/1203/2004, A/GA/SW/Shangdong/1207/2016, A/G4/SW/Henan/SN13/2018,
A/GA/SW /Jiangsu/1004/2018, and A/New Jersey/8/1976; (i1) the N4 is from A/mallard
duck/Netherlands/30/2011; (111} the N5 13 from A/aquatic bird/Korea/CNS/2009;

{(iv}) the N8 1s from A/harbor seal/New Hampshire/179629/2011; (vithe N2 1s a N2
from any one or more of . A/Washington/01/2007, A/HongKong/68, A/South
Australia/34/2019, A/Switzerland/8060/2017, A/Singapore/INFIMH-16-0019/2016,
A/Switzerland/9715293/2013, A/Leningrad/134/17/57, A/Flonda/4/2006,
A/Netherlands/823/1992, A/Norway/406/2014, A/Switzerland/B060/2017,
A/Texas/SO/2012, A/Victonia/361/2011, A/HongKong/2671/2019,
A/SW/Mexico/SG1444/2011, A/Tanzania/205/2010, A/Aichi/2/1968,
A/Bilthoven/21793/1972, A/Netherlands/233/1982, A/Shanghat/11/1987,
A/Nanchang/933/1995, A/Fukui/45/2004, and A/Brisbane/10/2007; (vi) the N3 is from
A/Canada/rv504/2004; (v) the N6 is from A/swine/Ontario/01911/1/99; (vi) the N7 is
from A/Netherlands/078/03; and/or (vii) the N9 is a N9 from any one or more of’
A/Anhui/2013 and A/Hong Kong/56/2015.

Embodiment 5. The antibody or antigen-binding fragment of any one of
Embodiments -4, wherein the IBV NA 15 a NA from any one or more of;
B/Lee/10/1940 (Ancestral), B/Brisbane/60/2008 (Victoria}, B/Malaysia/2506/2004
(Victoria), B/Malaysia/3120318925/2013 (Yamagata), B/Wisconsin/1/2010
{Yamagata}; B/Y amanashi/166/1998 (Yamagata};, B/Brisbane/33/2008;
B/Colorado/06/2017, B/Hubet-wujiang/158/2009; B/Massachusetts/02/2012;
B/Netherlands/234/2011; B/Perth/211/2001; B/Texas/06/2011 (Yamagata),
B/Perth/211/2011; B/HongKong/05/1972; B/Phuket/3073/2013, B/Harbin/7/19%94
(Victoria), and B/Washington/02/2019 (Victoria).
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Embodiment 6. The antibody or antigen-binding fragment of any one of
Embodiments 1-5, wherein the antibody or antigen-binding fragment is capable of
binding to each of® (i) a Group 1 TAV NA; (31} a Group 2 TAV NA; and (311) s IBV NA

with ann ECso in a range from about 0.1 pg/mL to about 530 yg/mL, or in a range
from about 0.1 pg/mL to about 2 ug/mi, orin a range from 0.1 pg/mL to about 10
ug/ml, orin arange from 2 pg/ml to about 10 ug/mk, or in a range from about 0.4
ug/mL to about 50 yg/mL, or in a range from about 0.4 pg/mb to about 2 pug/ml, orina
range from 0.4 pg/mk to about 10 pg/ml, or in a range from 2 pg/mk to about 10
ug/mL, or in a range from 0.4 pg/mL to about | pg/ml, or 0.4 pg/ml or less.

Embodiment 7. The antibody or antigen-binding fragment of Embodiment
6, wherein the antibody or antigen-binding fragrment 13 capable of binding to: (i} the
Group 1 IAV NA with an ECso in a range from about 0.4 yg/mL to about 50 pg/mL,
from about 0.4 ug/mL to about 10 pg/mi, from about 0.4 pg/ml. to about 2 pg/mi.,
from about 2 yg/mL to about 50 ug/mL, from about 2 yg/mL to about 10 yg/mL, or
from about 10 ug/mL to about 50 pg/mb; (1) the Group 2 IAV NA with an ECsgin a
range from about 0.4 ug/mL to about 50 yg/ml., or from about 0.4 pg/mL to about 10
ug/mL, or from about 0.4 pg/ml to about 2 ug/mi, or trom about 2 ug/mk to about 50
ug/ml, or from about 2 pg/ml to about 10 pg/ml., or from about 10 yg/mb to about 50
ug/ml,; and/or (1) the IBV NA with an ECso of about 0.4 pg/ml, or in a range from
about 0. 1pg/mL to about 1.9 ug/mb, or from about 0. lug/mL to about 1.5 yg/mL, or
from about 0.1 pg/mL to about 1.0 ng/mi, orabout 0.1, 02, 03,04, 05,06,07, 08,
0.9, or 1.0 ug/mk..

Embodiment 8. The antibody or antigen-binding fragment of Embodiment
7, wherein the antibody or antigen-binding fragment is capable of binding to: (i) a N1
with an ECsq of about 0.4 ug/mL, or in a range from about 0.4 ug/mL to about
50ug/mi, or in a range from about 0. 1pg/mL to about 1.9 pyg/mL., or from about
0. 1pg/ml to about 1.5 ug/mL, or from about 0.1 pg/mU to about 1.0 ug/ml., or about
0.1,02,03,04,05,06,07 08,09 or 1.0 ug/mL; (i1) a N4 with an ECso of about
0.4 ug/ml, orin a range from about 0. Tpg/ml to about 1.9 ug/ml., or from about

O 1pg/mL to about 1.5 ug/mL, or from about 0.1 yg/mL to about 1.0 pg/mL, or about
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0.1,02,03,04,05,06,07,08,09 or LOug/ml; (11t} aNSwithanECsina
range from about 0.4 ug/mL to about 2 ug/mL; (iv) a N8 with an ECsg of about 50
ug/ml, (v} a N2 with an ECso in a range from about 0.4 pg/md. to about 20 pg/ml, or
from about ©.4 ug/mL to about 10 pg/mi., or from about 0.4 pug/mL to about 2 pug/mL,
from about 1 pg/mi. to about 10 ug/mk., or from about 1 ug/ml to about 20 pg/mi, or
from about 1 pg/ml to about S ug/mi, orabout 1,2,3,4,5,6,7, 8 9, 10, 15, or 20
ug/mL; (vi)  a N3 with an ECso of about 0.4 ug/mb., or in a range from about
0. 1pg/mL to about 1.9 ug/ml., or from about 0. 1pg/ml to about 1.5 pg/ml, or from
about 0.1 pg/mi to about 1.0 ug/mb, orabout 0.1,02,03,04,05,06,07,08 09, or
1.0 pg/mL; {vi1) a NG with an ECso of about 0.4 ug/ml., or in a range from about
0. 1pg/ml to about 1.9 ug/mL, or from about 0. 1ug/ml to about 1.5 yg/ml., or from
about 0.1 pg/mi to about 1.0 ug/mb, orabout 0.1,02,03,04,05,06,07, 08,09, or
1.0 ug/mb; (viii} a N7 with an ECso in a range from about 2 ug/mlL to about 30 pg/mlL;
(ix}  a N9 with an ECso of about 0.4 pg/mL, or in a range from about 0.1ug/mL to
about 1.9 yg/miL, or from about 0. Tug/mL to about 1.5 pg/mL, or fron about 0.1 pyg/mL
to about 1.0 pg/ml, orabout 0.1,02,03,04,05,06,07,08, 09, or 1.0 yg/ml;
and/or (xi}  a IBV NA with an ECs; of about 0.4 pg/mL, or in a range from about
0. 1pg/mL to about 1.9 ug/ml., or from about 0. 1pg/ml to about 1.5 pg/ml, or from
about 0.1 pg/mi to about 1.0 ug/mi., orabout 0.1,02,03,04,05,06,07, 08,09, or
1.0 pg/mL.

Embodiment 9. The antibody or antigen-binding fragment of Embodiment
7 or 8, wherein the antibody or antigen-binding fragment 1s capable of binding to: (i}
one or more oft N1 A/California/07/2009, N1 A/California/07/2009 1223R/H275Y, N1
A/Stockbolm/18/2007, N1 A/Swine/Jiangsu/J004/2008, N4 A/maliard
duck/Netherlands/30/2011, N5 A/aquatic bird/ Korea/CN5/2009, N2 A/Hong Kong/68,
N2 A/Leningrad/134/17/57, N3 A/Canada/rv504/2004, No
A/Swine/Ontario/01911/1/99, NS A/Anhui/1/2013, B/Lee/10/1940 {Ancestral),
B/Brisbane/60/2008 (Victoria), B/Malaysia/2506/2004 (Victoria),
B/Malaysia/3120318925/2013 (Yamagata), B/Wisconsin/1/2010 (Yamagata), and

B/Yamanashi/166/1998 {(Yamagata), with an ECso of about 0.4 ug/mL, or in a range of
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trom about 0. Tug/ml to about 1.9 pg/mL, or of trom about 0. 1ug/mL to about 1.5
ug/mL, or of from about 0.1 yg/mL to about 1.0 pg/mi, orabout 0.1,0.2,03,04, 05,
0.6,0.7,0.8,09 or 1.0 ug/mL; () N5 A/aquatic bird/ Korea/CNS/2009 with an ECsq
of about 2 ug/mkL, or in a range of from about 2 ug/mLb to about 10 ug/mi; (i} Ng
Alharbor seal/New Hampshire/179629/2011 with an ECse of about 30 pg/mL; (iv)N2
A/Washington/01/2007 with an ECso i a range from about 2 ug/mli. to about 10
ug/mL; (v} N7 A/Netherlands/078/03 with an ECso in 2 range from about 2 pg/mL
to about 50 pg/mi; (vi) N2 A/South Australia/34/2019 with an ECso i a range of from
about 0.4 yg/roL to about 50 ug/mlb; (vii) N2 A/Switzerland/8060/2017 with an ECso
in a range of from about 9.5 ug/mk to about 3.8 pug/mL; (viii) N2
A/Singapore/INFIMH-16-0019/2016 with an ECso in a range of from about 18.4 pg/mL
to about 2.2 pg/mi; (iv) N2 A/Switzerland/9715293/2013 with an ECso in a range of
from about 1.6 ug/mL to about 1.2 pg/mi; and/or (v} N1 A/Swine/Hangsu/J004/2018
with an ECso in a range of from about 0.4 pug/mb to about S0ug/mL, or about 0.4, about
2, about 10, or about 50 pg/mb.

Embodiment 10, The antibody or antigen-binding fragment of any one of
Embodiments 1-9, wherein the NA is expressed on the surface of a host cell ez, a
CHO cell) and binding to NA 1s according to flow cytometry.

Embodiment 11 The antibody or antigen-binding tfragment of any one of
Embodiments 1-10, which is capable of binding to a NA with a KD of less than 1 OE-
12 M, less than 1 OE-11 M, less than 1.OE-11 M, or of 1.0E-12M or fess, 1 OE-11M or
less, or 1.OE-10 or less, or with a KD between 1 .0E-10 and 1 .0E-13, or with a KD
between 1.0E-11 and 1 OE-13, wherein, optionally, the binding is as assessed by
biolayer interferometry (BLI).

Embodiment 12. The antibody or antigen-binding fragment of Embodiment
11, wherein the NA is a N1, a N2, and/or a N9,

Embodiment 13 The antibody or antigen-binding fragment of any one of
Embodiments 1-12, which is capable of binding to: (1} (i) a NA epitope that comprises
any one of more of the following amino acids (N1 NA sumbering): R368, R293, E228,

E344, 8247, D198 DIS1, R118; and/or (i1} a NA epttope that comprises any one or
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more of the following amino acids (N2 NA numberingy R371, R292, 227, E344,
8247 D198 D151, R118; and/or (2)(i) a NA epitope that comprises the amino acids
R368, R293, E228, D151, and R118 (N1 NA numbering); and/ot (i1} a NA epitope that
comprises the amino acids R371, R292, E227, D151, and R118 (N2 NA numbering),
and/or (3) an epitope comprised in or comprising a NA active site, wherein, optionally,
the NA active site coraprises the following amino acids (N2 numbering): R118, D151,
R152, R224,) E276, R292 R371, Y406, E119, R156, W78, 8179, D/N198, 1222, E227,
H274, BE277, 13293, ¥425, and/or (4} an IBY NA epitope that comprises: (i) any one or
more of the following amino acids: R116, D149, E226, R292, and R374; or (i) the
amine acids R116, D149, E226, R292, and R374.

Embodiment 14 The antibody or antigen-binding fragment of Embodiment
13, wherein: (1) the epitope further comprises any one or more of the following NA
amino acids (N2 numbering) E344, E227, 8247, and D198, and/or (2)the antibody or
arfigen-binding fragment is capable of binding to a NA comprising a S245N amino
acid mutation and/or a E221D amino acid mutation.

Embodiment 15 The antibody or antigen-binding fragment of any one of
Embodiments 1-14, which is capable of binding to a NA comprising a $245N amino
acid mutation and/or a E221D amino acid mutation,

Embodiment 16. The antibody or antigen-binding fragment of any ouve of
Embodiments 1-15, wherein the antibody or antigen-binding fragment is capable of
inhibiting a sialidase activity of (i) an IAV NA, wherein the IAV NA comprises a
Group T IAV NA, a Group 2 IAV NA, or both, and/or of (i) an IBV NA 1n an i vitro
model of infection, an iz vive animal model of infection, and/or in a human.

Embodiment 17. The antibody or antigen-binding fragment of Embodiment
16, wherein: (1) the Group 1 IAV NA comprises a HINT and/or 2 HSN1; (i1) the Group
more of: B/Lee/10/1940 (Ancestral}; B/HongKong/05/1972; B/Taitwan/2/1962
{Ancestral}, B/Brisbane/33/2008 (Victoria), B/Brishane/60/2008 (Victoria};
B/Malaysia/2506/2004 (Victoria), B/New Yorl/1056/2003 (Victoria),
B/Florida/4/2006(Yamagata);, B/Jiangsu/10/2003 (Yamagata), B/Texas/06/2011
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(Yamagata), B/Perth/211/2011; B/Harbin/7/1994 (Victoria), B/Colorado/06/2017
(Victoria}, B/Washington/02/2019 (Victoria), B/Perth/211/2001 (Yamagata), B/Hubei-
wujiagang/158/2009 (Yamagata), B/Wiscousin/01/2010 (Yamagata),
B/Massachusetts/02/2012 (Yamagata); and B/Phuket/3073/2013 (Yamagata).
Embodiment 1&. The antibody or antigen-binding fragment of any one of
Embodiments 1-17, wherein the antibody or antigen-binding fragment is capable of
inhibiting a sialidase activity by: a Group | 1AV NA; a Group Z AV NA; and/or a IBV
NA, with an IC50 in a range of from about ¢.0008 pg/ml to about 4 pg/miL., from about
0.0008 pg/ml to about 3 pg/mL, from about 0.0008 pg/mL to about 2 ug/mk., trom
about 0.0008 pe/mL to about 1 pg/ml, from about 0.0008 pg/ml to about 0.9 pg/mi.,
tfrom about 0.0008 pg/ml to about 0.8 pg/mL, from about 0. 0008 png/ml to about 0.7
ug/mL, from about 0.0008 pg/mL to about 0.6 ug/ml, from about 0.0008 yg/mL to
about (.5 pg/mi, from about 0.0008 pg/mL to about 0.4 yg/mi, from about 0.0008
ug/mL to about 0.3 ug/mL, from about 0.0008 ug/mL to about 0.2 ng/ml, from about
$.0008 pg/mL to about 0.1 pg/mL, from about 0.0008 pg/mL to about 0.09 ug/mi,
from about 0.0008 pg/ml to about 0.08 pg/ml, from about 0.0008 pg/ml. to about 0.07
g/mL, from about 0.0008 pug/mb to about 0.06 pg/ml, about 0.0008 ug/mk to about
0.05 pg/mlL, about 0.0008 pg/mi to about .04 pg/ml, about 0.0008 pg/mi to about
0.03 pg/mL, about 0.0008 pg/ml. to about .02 pg/ml, about 0.0008 pg/mi to about
(.01 pg/mL, from 0.002 ug/mL to about 4 pg/mL, from about 0.001 pg/mL to 50
ug/ml, from about 0.1 pg/ml to about 30 pg/ml, from about 0.1 pg/mi to about 20
ug/mL, from about 0.1 ug/mL to about 10 pg/ml, from about 0.1 g/l to about 9
ug/ml, from about 0.1 pg/mb to about B ug/mL., from about 0.1 pg/mL to about 7
ug/ml, from about 0.1 pg/ml to about 6 yg/ml, from about 0.1 pug/mL to about 3
ug/mL, from about 0.1 pg/mkL to about 4 yg/mL, from about 0.1 pg/mL to about 3
ug/ml, from about 0.1 pg/ml to about 2 pg/mL, from about 0.1 pg/mL to about |
ug/mL, from about 0.1 ug/mL to about 0.9 yg/mL, from about 0.1 yg/mL to about 0.8
ug/mL, from about 0.1 pg/mL to about 0.7 pg/mL, from about 0.1 pg/mL to about 0.6
ug/ml, from about 0.1 pg/ml to about 0.5 pg/ml, from about 0.1 pg/ml to about 0.4

ug/mL, from about 0.1 pg/mL to about 0.3 pg/mL, from about 0.1 pg/ml to about 0.2
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g/mL, from about 0.8 ug/mL to about 3¢ pg/mL, from about 0.8 pg/ml to about 20
ug/mL, from about 0.8 yg/mL to about 10 pg/ml, from about 0.8 pg/mL to about 9
ug/mL, from about 0.8 pg/ml to about 8 yg/mlL, from about 0.8 png/ml to about 7
ug/mL, from about 0.8 pg/mkL to about 6 yg/mL, from about 0.8 ug/mL to about 5
ug/ml, from about 0.8 pg/ml to about 4 pg/mL, from about 0.8 ug/mL to about 3
ug/ml, from about §.8 pg/ml. to about 2 pg/mL, from about 0.8 yg/mlL to about 1
ug/mL, or of about 0.1 ug/mL, about 0.2 pg/mb., about 0.3 pug/mb, about 0.4 ug/mi,
about (.5 pg/mL, about 0.6 pg/ml, about 0.7 yg/ml., about 0.8 pg/mi., about 0.9
ug/mb, about 1.0 pg/mL, about 1.5 yg/mL, about 2.0 ug/mL, about 2.5 pug/mL, about
3.0 pg/ml, about 3.5 pg/ml, about 4.0 pg/ml, about 4.5 ug/ml., about 5.0 pg/ml.,
about 5.5 yg/ml, about 6.0 pg/ml., about 6.5 pg/ml, about 7.0 pg/ml, about 7.5
ug/mL, about 8.0 pg/mkL, about 8.5 ng/mL, about 9.0 ug/mL, about 10 pg/mt, about 11
ug/ml, about 12 ug/ml., about 13 pg/ml, about 14 pg/mil, about 15 pg/ml, about 16
ug/mL, about 17 pg/mL, about 18 ug/mL., about 19 pg/miL, about 20 ug/mkL, about 25
ug/mL, and/or about 30 pg/mi.

Embodiment 19, The antibody or antigen-binding fragment of Embodiment
18, which is capable of inhibiting NA sialidase activity of one or more Group 1 and/or
Group 2 1AV, and/or of one or more 1BV, with an IC50 in a range of from: about
G0001 ng/ml to about 25 pg/ml, or about 0.0001 pg/ml to about 10 pug/mi, or about
$.0001 pg/mi to about 1 ug/mi, or about 0.0001 pg/mi to about 6.1 pug/ml, or about
(.0001 pg/ml to about 0.01 pug/ml, or about 0.0001 ug/ml to about .001 pg/mi, or about
0.0001 pg/ml to about 0001 pg/ml, or about 0001 pg/ml to about 25 ug/mi, or about
0001 pg/mi to about 10 pg/ml, or about 0007 pg/ml to about 1 pg/mi, or about 0001
pg/ml to about 0.1 pg/ml, or about 0001 pug/ml to about 0.01 pug/mi, or about 001
ng/ml to about 25 ug/ml, or about 001 pg/ml to about 10 pg/ml, or about 001 pg/ml to
about T pg/mi, or about 001 pg/ml to about 6.1 ug/ml, or about 001 pg/ml to about
0.01 pg/mi, or about 01 pg/md to about 25 pg/mi, or about 01 pg/ml to about 10
ug/mi, or about .01 pg/ml to about 1 ug/ml, or about .01 ug/mi to about 0. Tug/mi, or

about 1 pg/ml to about 25 pg/ml, or about 1 pg/ral to about 10 ug/ml,

99



923

19

i5

20

25

WO 2022/109309 PCT/US2021/060155

orofabout 1, 152,253,354, 45,5,55,6,65,7,7.5 8,885,985, 10,
10511, 115,12, 12,5, 13, 13.5, 14, 14.5, or 15 pg/ml.

Embodiment 20. The antibody or antigen-binding tfragment of any one of
Embodiments 1-19, which is capable of activating a human FeyR1la.

Embodiment 21. The antibody or antigen-binding fragment of Embodiment
20, wherein activation is as determined using a host cell {optionally, a Jurkat cell)
comprising: (i) the human FeyRIHa (optionally, a F158 allele); and (ii) a NFAT
expression conirol sequence operably linked to a sequence encoding a reporter, such as
a luciferase reporter, following incubation {e.g., of 23 hours) of the antibody or antigen-
binding fragment with a target cell {e.g., a AS49 cell) infected with a [AV.

Embodiment 22. The antibody or antigen-binding fragment of Embodiment
21, wherein activation is as determined following an incubation (optionally, for about
23 hours) of the antibody or antigen-binding fragment with the target cell infected with
a HINT IAV, wherein, optionaily, the HINT 1AV is A/PRE/34, and/or wherein,
optionally, the infection has a multiplicity of infection (MOI) of 6.

Embodiment 23 The antibody or antigen-binding fragment of any one of
Embodiments 1-22, which 1s capable of neutralizing infection by an TAV and/or an
IBV.

Embodiment 24. The antibody or antigen-binding fragment of Embodiment
23, wherein the 1AV and/or the IBV is antiviral-resistant, wherein, optionally, the
antiviral 1s oseltamivir.

Embodiment 25 The antibody or antigen-binding fragment of any one of
Embodiments 1-24, wherein the IAY comprises a N1 NA that comprises the amino acid
mutation{s ), H27SY, E119D + H27S5Y; 8247N + H275Y; 1222V and/or N294§,
wherein, optionally, the IAV comprises CA09 or A/Aichi

Embodiment 26. The antibody or antigen-binding fragment of any one of
Embodiments 1-25, wherein the TAV comprises a N2 NA that comprises the amino acid

mutation(s) E119V, Q136K, and/or R292K.
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Embodiment 27 The antibody or antigen-binding fragment of any one of
Embodiments 1-26, wherein the antibody or antigen-binding tragment is capable of
treating and/or preventing (1) an 1AV infection and/or (it} an IBV infection, in a subject.

Embodiment 28. The antibody or antigen-binding fragment of any one of
Embodiments 1-27, wherein the antibody or antigen-binding fragment is capable of
treating and/or attenuating an infection by: (1) a HIN1 virus, wherein, optionally, the
HINI virus comprises A/PR8/34; and/or (i1) a H3N2 virus, wherein, optionally, the
H3N2 virus optionally comprises A/Hong Kong/68.

Embodiment 29 The antibody or antigen-binding fragment of any one of
Embodiments 1-28, wherein the antibody or antigen-binding fragment is capable of
preventing weight loss in a subject infected by the IAV and/or IRV, optionally for () up
to 15 days, or {ii) more than 15 days, following administration of an effective amount of
the antibody or antigen-binding fragment.

Embodiment 30. The antibody or antigen-binding fragment of any one of
Embodiments 1-29, wherein the antibody or antigen-binding fragment is capable of
preventing a loss in body weight of greater than 10% in a subject having an 1AV
infection and/or an IBV infection, as determined by reference to the subject’s body
weight just prior to the IAV and/or IBV infection.

Embodiment 3 1. The antibody or antigen-binding tfragment of any one of
Embodiments 1-30, wherein the antibody or antigen-binding fragment is capabie
extending survival of a subject having an 1AV infection and/or an IBV infection.

Embodiment 32 The antibody or antigen-binding fragment of any one of
Embodiments 1-31, wherein the antibody or antigen-binding fragment has an in vivo
half-life w0 a mouse {e.g., a tg32 mouse). (i} in a range of from: about 10 days to about
14 days, about 10.2 days to about 13 .8 days, about 10.5 days to about 13.5 days, about
11 days to about 13 days, about 11.5 days to about 12.5 days, between 10 days and 14
days, or between 10.5 days and 13 5 days, or between 11 days and 13 days, or of about
10.0, 10,1, 102, 103,104, 105,106,107, 108,109, 11.0, 111, 112, 113, 11 4
115,116,117, 118,119,120, 121,122,123, 124, 125,126, 12.7, 128, 129,
130,13 1,132,133, 134, 135,136, 13,7, 13.8, 139, or 14,0 days; or (i1} in a range
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of from about 12 davs to about 16 days, about 12.5 days to 15.5 days, about 13 days to
15 days, about 13.5 days to about 14.5 days, or between 12 days and 16 days, or
between 13 days and 1S days, or between 13.5 days and 14.5 days, or of about 12.0,
121,122,123, 124,125, 126,127,128, 120,130, 13,1, 13.2, 133, 134, 135,
136,137, 138,139,140, 141,142, 143,144, 145,146,147, 148,148, 150
151,152, 153, 154, 15,5, 1.56, 15.7, 15.8, 15.9, or 16.0 days.

Embodiment 33 The antibody or antigen-binding fragment of any one of
Embodiments 1-32, comprising a heavy chain variable domain (VH) comprising a
complementarity determining region (CORJHI, a CDRH2, and a CDRH3, and a light
chain variable domain (VL) comprising a CDRLI, a CDRLZ, and a CDRL3, wherein:
(1) optionally, the CDRH1 comprises or consists of the amino acid sequence set forth in
any one of SEQ ID NOs.: 147, 3, 15, 27, 39, 51, 63, 75, 87, 99, 111, 123, 135, 159, and
231, or a functional variant thereot comprising ong, two, or three acid substifutions, one
or more of which substitutions 1s optionally a conservative substitution and/oris a
substitution to a germline-encoded amino acid; (i) optionally, the CDRH2 comprises or
consists of the amino acid sequence set forth in any one of SEQ H3 NQOs.: 148, 4, 16,
28,40, 52, 64, 76, 88, 100, 112, 124, 136, 160, and 232, or a functional variant thereof
comprising one, two, or three amingo acid substitutions, one or more of which
substitutions 1s optionally a conservative substitution and/or is a substitution to a
germline-encoded amino acid; (i) the CDRH3 comprises or consists of the amino acid
sequence set forth in any one of SEQ 1D NOs.; 149, 5,17, 29, 172, 41, 53, 65, 77, 89,
184, 101, 113,125, 137, 161, and 233, or a functional variant thereof comprising one,
two, or three amino acid substitutions, one or more of which substitutions is optionally
a conservative substitution and/or 18 a substitution to a germling-encoded amino acid;
{(iv) optionally, the CDRL1 comprises or consists of the amino acid sequence set forth
in any one of SEQ ID NOs.: 153, 9, 21, 33, 45, 57, 69, 81, 93, 105, 117, 129, 141, 165,
and 234, or a functional variant thereof comprising one, two, or three amino acid
substitutions, one or more of which substitutions is optionally a conservative
substitution and/or 18 a substitution to a germline-encoded amino acid; (v} optionally,

the CDRLZ comprises or consists of the amino acid sequence set forth in any one of

102



923

19

i5

20

25

30

WO 2022/109309 PCT/US2021/060155

SEQ ID NOs: 154, 10,22, 34, 46, 58, 70, 82, 94, 106, 118, 130, 142, 166, and 235, or a
tunctional vanant thereof comprising one, two, or three aming acid substitutions, one or
more of which substitutions 13 optionally a conservative substitution and/or s a
substitution to a germline-encoded amino acid; and/or (vi} optionally, the CDRL3
comprises or consists of the amino acid sequence set forth in any one of SEQ ID NQOs.:
155, 11,23, 35, 175, 178, 181, 47, 59, 71, 83, 95, 187, 193, 107, 119, 131, 143, 190,

or three

2

167, and 236, or a functional variant thereof comprising having one, two
aming actd substitutions, one or more of which substitutions is optionaily a
conservative substitution and/or is a substitution to a germline-encoded amino acid.
Embodiment 34. The antibody or antigen-binding fragment of Embodiment
33, compnising CDRHI, CDRH2, CDRH3, CDRLI, CDRL2, and CDRL3 amino acid
sequences set forth in SEQ ID NOs.: (i) 147-149 and 153-155, respectively; (i} 15-17
and 21-23, respectively; {111) 27-29 and 33-35, respectively; {iv) 27, 28, 172, and 33-35,
respectively; (v) 27-29, 33, 34, and 175, respectively; (viy 27-29, 33, 34, and 178,
respectively; (vii) 27-29, 33, 34, and 181, respectively; (viii) 27, 28, 172, 33, 34, and
175, respectively; (1x) 27, 28, 172, 33, 34, and 178, respectively; {x} 27, 28, 172, 33, 34,
and 181, respectively; (xi} 39-41 and 45-47, respectively; (xai} S1-53 and 57-59,
respectively; (xiii} 63-65 and 09-71, respectively,; (xtv} 75-77 and 81-83, respectively,
(xv} 87-89 and 93-95, respectively; (xvi} 87, 88, 184 and 93-95, respectively; (xvii) §7-
89, 93, 94, and 187, respectively; (xviii} 87-89, 93, 94, and 190, respectively; {xix) §7-
89, 93, 94, and 193, respectively; (xx) 87, 88, 184, 93, 94, and 187, respectively; (xxi}
87, 88, 184, 93, 94, and 190, respectively; (xxi1} 87, 88, 184, 93, 94 and 193,
respectively; (xxiti) 87-89, 141, 142, and 131, respectively; (xxiv) 99-101 and 105-107,
respectively; Ooovy 111-113 and 117-119, respectively; (xxvi) 123-125 and 129-131,
respectively; (xxvit) 135-137 and 141-143, respectively; (xxviii} 3-5 and 9-11,

respectively; {xxix} 159-161 and 165-167, respectively; or {(xxx} 231-233 and 234-236,

respectively.
Embodiment 35 The antibody or antigen-binding fragment of any one of
Embodiments 1-34, wherein: (i) the VH comprises or consists of an anmino acid

sequence having at least 80% (e.g., 80%, 85%, 90%, 9156, 92%, 93%, 94%, 95%, 96%,
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7%, 98%, 99%, or more) identity to the anmino acid sequence set forth in any one of
SEQ HD NOs: 199, 2,14, 26, 171, 38, 50, 62, 74, 86, 183, 08 110, 122, 134, 1406, 158,
203, 207, 216, and 228, wherein sequence variation 1s optionally limited to one or more
framework regions and/or sequence variation cComprises COMpPrises one of more
substitution to a germiine~-encoded amine acid; and/or (1) the VL comprises or
consists of an armino acid sequence having at least 80% (e.g., 80%, 85%, 90%, 91%,
02%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more) tdentity to the amino acid
sequence set forth in any one of SEQ H3 NQGs.: 201, &, 20, 32, 44, 56, 68, 80, 92, 104,
116, 128, 140, 152, 174, 177, 180, 186, 189, 192, 164, 205, 209, 217, and 230, wherein
sequence variation is optionally limited to one or more framework regions and/or
sequence variation comprises one or more substitution {o a germline-encoded amino
acid.

Embodiment 36, The antibody or antigen-binding fragment of
Embodiments 1-35, wherein the VH and the VL comprise or consist of the amino acid
sequences set forth in SEQ D NOs.: (i) 199 and 201, respectively; (i1) 14 and 20,
respectively; (111) 26 and 32, respectively; (iv) 26 and 174, respectively; (v) 26 and 177,
respectively; {(vi) 26 and 180, respectively; (vit) 171 and 32, respectively; (viii) 171 and
174, respectively; (ix} 171 and 177, respectively; (x) 171 and 180, respectively; (x1) 38
and 44, respectively; (xi1) 30 and 56, respectively; (i) 62 and 68, respectively; (xiv}
74 and 80, respectively; (xv) 86 and 92, respectively; (xvi) 86 and 189, respectively;
{xvit} 80 and 189, respectively, (xviii} 86 and 192, respectively; (xix} 183 and 92,
respectively; (xx} 183 and 186, respectively; (xx1) 183 and 189, respectively; (xxit) 183
and 192, respectively; {xxiii)} 98 and 104, respectively, (xxiv) 110 and 116,
respectively; Ooovy 122 and 128, respectively; (xxvi} 134 and 140, respectively; {xoovit)
146 and 152, respectively; (xxxviiiy 158 and 164, respectively; (xxix} 2 and 8,
respectively; (xxx) 203 and 205, respectively; (oxxi} 207 and 209, respectively; (xxxii}
216 and 217, respectively; or {(xxxiit) 228 and 230, respectively.

Embodiment 37 The antibody or antigen-binding fragment of any one of

Embodiments 1-36, comprising. (1} a CHI-CH3 comprising or consisiing of the amino
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acid sequence set forth in SEQ ID NO.:210 or SEG ID NO.:215; and/or 2y a CL
comprising or consisting of the amino acid sequence set forth in SEQ ID NO..211.

Embodiment 38, The antibody or antigen-binding fragment of any one of
Embodiments 1-37, comprising: (1} a heavy chain comprising or consisting of the
amino acid sequence set forth in SEQ ID NO..212 or 213, and (23 a light chain
comprising or consisting of the amino acid sequence set forth in SEQ D NO.:214.

Embodiment 39 The antibody or antigen-binding fragment of any one of
Embodiments 1-38, comprising: {1} a heavy chain comprising or consisting of the
amino acid sequence set forth in SEQ ID NO.:212; and {2) a hight chain comprising or
consisting of the amino acid sequence set forth in SEQ ID NG .:214.

Embodiment 40, The antibody or antigen-binding fragment of any one of
Embodiments 1-39, comprising: {1} a heavy chain comprising or consisting of the
amino acid sequence set forth in SEQ ID NG 213; and (2) a light chain comprising or
consisting of the amino acid sequence set forth in SEQ ID NQO..214.

Embodiment 41. An antibody, or antigen-binding fragment thereof,
comprising a heavy chain variable domwain (VH) comprising a CDRHI, a CDRHZ, and
a CDRH3, and a hight chain variable domain (VL) comprising a CDRL1, a CDRL2, and
a CDRL3, wherein: (1) the CDRH1, CBRHZ, and CIXRH3 comprise or consist of the
amino acid sequences set forth in SEQ 1D NOs: 147-149, respectively, and the CDRLY,
CDRL2, and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ
I NOs: 153155, respectively; (1) the CBRHI, CDRHZ, and CIDRH3 comprise or
consist of the amino acid sequences set forth in SEQ ID NQOs: 15-17, respectively, and
the CDRL, CDRL2, and CDRL3 comprise or consist of the aming acid sequences set
forth in SEQ 1D NOs: 21-23, respectively; (it} the CDRHI, CDRH2, and CDRH3
comprise or consist of the amino acid sequences set forth in SEQ 1D NOs: 27, 28, and
29 or 172, respectively, and the CDRL1, CDRLZ, and CDRL3 comprise or consist of
the amino acid sequences set forth in SEQ 1D NOs: 33, 34, and 35 or 175 or 178 or 181,
respectively; (iv) the CDRH1, CDRH2, and CDRH3 comprise or consist of the amino
acid sequences set forth in SEQ 13 NOs: 39-41, respectively, and the CDRL1T, CDRL.2,

and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ 1D NOs:
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45-47, respectively; (v} the CDRHI1, CDRH2, and CDRH3 comprise or consist of the
amino acid sequences set forth in SEQ D NOs: 51-53, respectively, and the CDRL1,
CDRLZ, and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ
I NOs: 57-59, respectively; (vi) the CDRH1, CDRH2Z, and CDRH3 comprise or
consist of the amino acid sequences set forth in SEQ H2 NOs: 63-65, respectively, and
the CDRL1, CDRLZ, and CDRL3 comprise or counsist of the amino acid sequences set
forth in SEQ ID NOs: 69-71, respectively; (vi1) the CDRH1, CDRH2, and CDRH3
comprise or consist of the amino acid sequences set forth in SEQ ID NQOs: 75-77,
respectively, and the CDRLI, CDRL2, and CDRL3 comprise or consist of the amino
acid sequences set forth in SEQ D NOs: 81-83, respectively; (viii} the CBRHU,
CDRH2, and CDRH3 comprise or consist of the amino acid sequences set forth in SEQ
I NQOs: 87, 88, and 89 or 184, respectively, and the CDORLY, CDRL2 and CDRL3
comprise or consist of the amino acid sequences set forth in SEQ ID NOs: 93, 94, and
95 or 187 or 190 or 193, respectively; {ix)  the CDRHI1, CDRH2, and CDRH3
comprise or consist of the amino acid sequences set forth in SEQ 1D NOs: 87, 88, 184,
respectively, and the CDRL1T, CDRLZ, and CDRL3 comprise or consist of the amino
acid sequences set forth in SEQ D NOs: 93-95, respectively; (x} wherein the
CDRHI, CDRH2, and CBRH3 comprise or consist of the amino acid sequences set
forth in SE(Q 1D NOs: 99-101, respectively, and the CDRL, CDRL2, and CDRL3
comprise or consist of the amino acid sequences set forth in SEQ 1D NOs: 105-107,
respectively; (xi} the CDRH1, CDRH2, and CDRH3 comprise or cousist of the amino
acid sequences set forth in SEQ ID NOs: 111-113, respectively, and the CDRLI,
CDRLZ, and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ
ID NOs: 117-119, respectively; (xii} the CDRH1, CDRH2Z, and CDRH3 comprise or
consist of the amino acid sequences set forth in SEQ D NOs: 123-125, respectively,
and the CDRLY, CDRL2, and CDRL3 comprise or consist of the amino acid sequences
set forth in SEQ ID NQOs: 129-131, respectively; (xiti) the CDRHI, CDRH2, and
CDRH3 comprise or consist of the amino acid sequences set forth in SEQ ID NQOs: 135-
137, respectively, and the CDRL1, CDRL2, and CDRL3 comprise or consist of the

amino acid sequences set forth in SEQ ID NOs: 141-143, respectively; {xiv} the
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CDRHI, CDRH2, and CDRH3 comprise or consist of the amine acid sequences set
torth in SEQ 1D NOs: 3-5, respectively, and the CDRLI, CORLZ, and CDRL3
coruprise or consist of the arino acid sequences set forth in SEQ 1D NOs: 9-11,
respectively; (xv) the CORH1, CDRH2, and CDRH3 comprise or consist of the
amino acid sequences set forth tn SEQ 1D NOs: 159-161, respectively, and the CDRILI,
CDRLZ, and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ
ID NOQOs: 165-167, respectively; (xvi) the CDRHI1, CDRH2, and CDRH3 comprise or
consist of the amino acid sequences set forth in SEQ 1D NOs: 87-89, respectively, and
the CDRL1, CDRL2, and CDRL3 comprise or consist of the amino acid sequences set
forth in SEQ ID NOs: 141, 142, and 131, respectively; or {xvii}  the CBRHI,
CDRH2, and CDRH3 comprise or consist of the amino acid sequences set forth in SEQ
I3 NQOs: 231-233, respectively, and the CORL1, CDRLZ, and CDRL3 comprise or
consist of the amino acid sequences set forth in SEQ 1D NOs: 234-236, respectively,
and wherein the antibody or antigen-binding fragment 1s capable of binding to a
neuraminidase (NA) from: (i} an influenza A virus (IAV), wherein the IAY comprises a
Group T TAVY, a Group 2 TAV, or both; and/or (i1} an influenza B virus (IBV).
Embodiment 42. An antibody, or antigen-binding fragment thereof,
comprising a heavy chain variable domain (VH} and a light chain variable domain
(VL), wherein: (1) the VH comprises or consists of the amivo acid sequence set forth in
SEQ ID NO: 199 and the VL comprises or consists of the amino acid sequence set forth
in SEQ D NO: 201, (i) the VH comprises or consists of the amino acid sequence set
torth in SEQ ID NO: 14 and the VL comprises or consists of the amino acid sequence
set forth in SEQ 1D NO: 20; (i11) the VH comprises or consists of the amino acid
sequence set forth in SEQ 1D NG 26 or 171 and the VL coraprises or consisis of the
amine acid sequence set forth in SEGQ 1D NO: 32, 174, 177, or 180; (iv) the VH
comprises or consists of the amino acid sequence set forth in SEQ ID NO: 38 and the
VL comprises or consists of the amino acid sequence set forth in SEQ 1D NO: 44; (v)
the VH comprises or consists of the amino acid sequence set forth in SEQ 1D NG: 50
and the VL comprises or consists of the amino acid sequence set torth in SEQ 1D NO:

56; (vi) the VH comprises or consists of the amino acid sequence set forth in SEQ ID
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NQO: 62 and the VL comprises or consists of the amino acid sequence set forth in SEQ
I3 NQO: 68; (vii} the VH comprises or consists of the amino acid sequence set forth in
SEQ I NG: 74 and the VL comprises or consists of the amino acid sequence set forth
inn SEQ D NO: 80; {vii) the VH comprises or consists of the amino acid sequence set
forth in SEQ ID NO: 86 or 183 and the VL comprises or conststs of the amino acid
sequence set forth in SEQ ID NG: 92, 186, 189, or 192, (ix) the VH comprises or
consists of the amino acid sequence set forth in SEQ ID NO: 98 and the VL comprises
or cousists of the amino actd sequence set forth in SEQ 1D NO: 104; (x) the VH
comprises or consists of the amino acid sequence set forth tn SEQ 1D NO: 110 and the
VL comprises or consists of the amino acid sequence set forth in SEQ D NO: 116; (x1)
the VH comprises or consists of the amino acid sequence set forth in SEQ [D NO: 122
and the VL comprises or consists of the amino acid sequence set forth in SEQ 1D NO:
12&; (xit) the VH comprises or consists of the amino acid sequence set forth 1wy SEQ D
NOG: 134 and the VL comprises or consists of the amino acid sequence set forth in SEQ
I NG 140; (xi11) the VH comprises or consists of the amine acid sequence set forth in
SEQ ID NO: 146 and the VL comprises or consists of the amino acid sequence set forth
in SEQ ID NO: 152; ©av) the VH comprises or consists of the amino acid sequence set
forth in SEQ 1D NO: 158 and the VL comprises or consists of the amino acid sequence
set forth in SEQ ID NO: 164, (xv) the VH comprises or consists of the amine acid
sequence set forth in SEQ ID NO: 2 and the VL comprises or consists of the amino acid
sequence set forth in SEQ ID NG &; (ovi)  the VH comprises or consists of the amino
acid sequence set forth in SEQ ID NO: 203 and the VL comprises or consists of the
aming actd sequence set forth in SEQ 1D N 205, (xvii} the VH comprises or consisis
of the amino acid sequence set forth i SEQ 1D NO: 207 and the VL comprises or
consists of the amino acid sequence set forth in SEQ D NG: 209; or (xviii} the VH
comprises or consists of the amino acid seguence set forth in SEQ ID NO: 228 and the
VL comprises or consists of the amino acid sequence set forth in SEQ 1D NO: 230
Embodiment 43 An antibody, or antigen-binding fragment thereof,
coruprising a heavy chain variable domain {VH) and a light chain variable domain

(VL}, wherein the VH comprises or consists of the amino acid sequence set forth in
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SEQ ID NO.:216 and the VL comprises comprises or consists of the amino acid
sequence set forth in SEQ I NG 217

Embodiment 44. The antibody or antigen-binding fragment of Embodiment
42 or 43, wherein the antibody or antigen-binding fragment is capable of binding to a
neuraminidase (NA) from: (i) an influenza A virus (1AV), wherein the IAY comprises a
Group 1 TAVY, a Group 2 TAV, or both; and/or (1) an 1ofluenza B virus (IBV), and
wherein, optionally, the antibody or antigen-binding fragment is capable of (1}
inhibiting NA sialidase activity and/or {2) neutralizing infection by the AV and/or
IBV.

Embodiment 45. A polypeptide comprising an amino acid sequence
sequence according to SEQ ID NG..219, wherein the polypeptide is capable of binding
to an influenza virus neuraminidase (NA}.

Embodiment 46, The polypeptide of Embodiment 45, wherein the
polypeptide comprises an antibody heavy chain variable domain (VH), or a fragment
thereof, and the amino acid sequence sequence according to SEQ ID NO..219 18
optionally comprised 1u the VH or fragment thereof.

Embodiment 47 The polypeptide of Embodiment 45 or 46, wherein the
amino acid sequence according to SEQ I3 NO.:219 comprises any one of SEQ 1D
NOs: 149, 5,17, 29, 172,41, 53, 65,77, 89, 184, 101, 113, 125, 137, and 161,

Embodiment 48. The polypeptide of any one of Embodiments 45-47,
wherein the polypeptide or VH further comprises: an amino acid sequence sequence
according to SEQ D NO.:220; and/or an anuno acid sequence according to SEQ 1D
N{3..221.

Embodiment 49. The polypeptide of any one of Ewbodiments 45-48,
further comprising an antibody light chain variable domain (VL), wherein, optionally,
the VL comprises: (i} an aming acid sequence according t0 SEQ 1D NO..222; (u)an
amino acid sequence according to SEQ 1D NO 223, and/or (1)  an amino acid
sequence according to SEQ D NG 224

Embodiment 50. The polypeptide of any one of Ewbodiments 46-49,

wherein the VH comprises or consists of an amino acid sequence having at least 90%,
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at least 92%, at least 93%, at least 97%, or at least 99% identity to the amino acid
sequence of any one of SEQ ID NOs.: 199 2 14, 26, 171, 38, 50, 62, 74, 86, 183, 98,
110, 122, 134, 146, 158, 203, 207, 216, and 228,

Embodiment 51. The polypeptide of Embodiment 49 or 50, wherein the
VL comprises or consists of an amino acid sequence having at least 90%, at least 92%,
at least 95%, at least 97%, or at least 99% 1dentity to the amino acid sequence of any
one of SEQ ID NOs. 201, 8, 20, 32, 44, 56, 68, 80, 92, 104, 116, 128, 140, 152, 174,
177, 180, 186, 189, 192, 164, 205, 209, 217, and 230.

Embodiment 52. The polypeptide of any one of Embodiments 45-51,
wheretn the polypeptide comprises an antibody or an antigen-binding fragment thereof.

Embodiment 53 An antibody or an antigen-binding fragment thereof,
comprising a heavy chain variable domain (VH} amino acid sequence and a light chain
variable domain (VL) amino actd sequence, wherein the VH comprises or consists of an
amino acid sequence having at least 90%, at least 92%, at least 95%, at least 97%, or at
least 99% identity to the amino acid sequence of any one of SEQ D NGs.; 199, 2, 14,
26, 171,38, 50, 62, 74, 86, 183, 98, 110, 122, 134, 146, 158, 203, 207, 216, and 228,
and wherein the VL comprises or consists of an amino acid sequence having at least
80%, at least 92%, at least 95%, at lgast 97%, or at least 99% identity to the amino acid
sequence of any one of SEQ} ID NQGs.. 201, §, 20, 32, 44, 56, 68, 80, 92, 104, 116, 128,
140, 152, 174, 177, 180, 186, 189, 192, 164, 205, 209, 217, and 230,

wherein the antibody or antigen-binding fragment thereof is capable of binding
to a neuraminidase (NA) from: (1) an influenza A virus (IAV), wherein the 1AV
comprises a Group 1 1AV, a Group 2 IAV, or both; and/or (i1} an influenza B virus
(IBV).

Embodiment 54. The polypeptide of any one of Embodiments 45-52 or the
antibody or antigen-binding fragment of Embodiment 53, which is capable of binding
to a neuraminidase (NA) from: (1) an influenza A virus (IAV), wherein the 1AV
comprises a Group 1 IAV, a Group 2 1AV, or both; and/or (i1} an influenza B virus
(BV)

and wherein, optionally, the antibody or antigen-binding fragmeunt is capable of

2
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(1) inhibiting NA sialidase activity and/or (2) neutralizing infection by the IAV and/or
BV,

Embodiment 55, Au antibody, or an antigen-binding fragment thereof, that
is capable of binding to: (1) a NA epitope that comprises any one or more of the
following amino acids (N1 NA numbering): R368, R293, E228, H344, S247 D198,
D151, R1IB; and/or (it} a NA epitope that comprises any one or more of the following
amino actds (N2 NA numbering) R371, R292) E227 E344 §247 D198 D151, R11&

Embodiment 56, Ag antibody, or an antigen-binding fragment thereof, that
is capable of binding to: (i)  a NA epitope that comprises the amino acids R368, R293,
H228, D151, and R118 (N1 NA numbering); and/or (i1} a NA epitope that comprises the
amino acids R371, R292, E227, D151, and R118 (N2 NA numbering).

=y
Ji
i

Embodiment 57 An antibody, or an antigen-binding fragment thereof, that
is capable of binding to an epitope comprised in or comprising a NA active site,
wherein, optionally, the NA active site comprises the following amino acids (N2
numbering) R118, D151, R152, R224, E276, R292, R371, Y400, E119, R156, W178,
S179, B/N198, 1222, E227, H274, E277, D293, E42S.

Embodiment 58 The antibody or antigen-binding fragment of any one of
Embodiments 83-85 wherein the epitope further comprises any one or more of the
following NA amine acids (N2 numbering): E344, E227, 8247, and D198,

Embodiment 59 The antibody or antigen-binding fragment of any one of
Embodiments 55-58, which is capable of binding to a NA comprising a 8245N amino
acid mutation and/or a E221D amino acid mutation.

Embodiment 60. Ag antibody, or an antigen-binding fragment thereof, that
i3 capable of binding to an IBV NA epitope that comprises any one or more of the
following amino acids: R116, D149 E226, R292 and R374.

Embodiment 01. An antibody, or an antigen-binding fragment thereof, that
is capable of binding to an IBY NA epitope that comprises the amino acids R116,

D149, E226, R292, and R374.
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Embodiment 62. The antibody or antigen-binding fragment of any one of
Embodiments 55-61, wherein the influenza comprises an influenza A virus, an
influenza B virus, or both.

Embodiment 63. The antibody or antigen-binding fragment of any one of
Embodiments 1-44 and 53-62, or the polypeptide of Embodiment 52, which 13 a Ig(,
IgA, 1gM, Igh, or IgD isotype.

Embodiment 64 The antibody or antigen-binding fragment of any one of
Embodiments 1-44 and 53-03, or the polypeptide of Embodiment 52, which is an IgG
isotype selected from IgGl, IgG2, 1gG3, and [gG4.

Embodiment 05. The antibody or antigen-binding fragment of any one of
Embodiments 1-44 and 53-64, or the polypeptide of Embodiment 52, wherein the
antibody, or the antigen-binding fragment, comprises a human antibody, a monoclonal
antibody, a purified antibody, a single chain antibody, a Fab, a Fab’, a F(ab™)2, or Fv.

Embodiment 66. The antibody or antigen-binding fragment of any one of
Embodiments 1-44 and 53-65, or the polypeptide of Embodiment 52, wherein the
antibody or antigen-binding fragroent is a multi-specific antibody or antigen-binding
tragment.

Embodiment 67, The antibody or antigen-binding fragment of Embodiment
66, or the polypeptide of Embodiment 60, wherein the antibody or antigen-binding
fragment is a bispecific antibody or antigen-binding fragment.

Embodiment 08 The antibody or antigen-binding fragment of Embodiment
66 or &7, comprising: (1) a first VH and a first VL; and (11} a second VH and a second
VL, wherein the first VH and the second VH are different and each independently
coruprise an amino acid sequence having at least 85% 1dentity to the amino acid
sequence set forth in any one of SEQ ID NOs.: 199, 2, 14, 26, 171 38, 50, 62, 74, 86,
183,98, 110, 122, 134, 146, 158, 203, 207, 216, and 228 and wherein the first VL and
the second VL are different and each independently comprise an amino acid sequence
having at least 85% identity to the amino acid sequence set forth in any one of SEQ 1D
NOs. 201, 8, 20,32, 174, 177, 180, 44, 56, 68, 80, 92, 186, 189, 192, 104, 116, 128,
140, 152, 164, 205, 209, 217, and 230, and wherein the first VH and the first VL
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together form a first antigen-binding site, and wherein the second VH and the second
VL together form a second antigen-binding site.

Embodiment 69. The antibody or antigen-binding tfragment of any one of
Embodiments 1-44 and 53-68, or the polypeptide of Embodiment 52, wherein the
antibody or antigen-binding fragment comprises an {e.g., IgG1} Fc polypeptide or a
tragment thereof.

Embodiment 70. The antibody or antigen-binding fragment of Embodiment
69, or the polypeptide of Embodiment 69, wherein the Fc polypeptide or fragment
thereof comprises: (1) a mutation that increases binding affinity to a human FeRn (e.g.,
as measured using surface plasmon resonance (SPR) {e.g., Biacore, e.g., T200
nstrument, using manufacturer’s protocols)), as compared to a reference Fe polypeptide
that does not comprise the mutation; and/or (i) a mutation that increases binding
affinity to a buman FeyR {e.g., as measured using surface plasmon resonance (SPR}
{e.g., Biacore, e g, T200 instrumnent, using manufacturer’s protocols)) as compared to a
reference Fc polypeptide that does not comprise the mutation.

Embodiment 71 The antibody or antigen-binding fragment of Embodiment
70, or the polypeptide of Embodiment 70, wherein the mutation that increases binding
affinity to a buman FcRu comprises: M428L; N43485; N434H; N434A; N4345;

M252Y: 8254T; T256F; T250Q; P257L Q311L D376V, T307A; E380A, or any
combination thereof.

Embodiment 72. The antibody or antigen-binding fragment of Embodiment
70 or 71, or the polypeptide of Embodiment 70 or 71, wherein the mutation that
increases binding affinity to a human FcRa comprises: (1} M428L/N4348; (1)
M282Y/S2S4T/T256E,; (1) T2S0Q/M428L; (iv) P23TV/311E (v) P257I/N434H, (vi)
D376VINA34H; (vit) T30TA/E3IBOA/NA34A; or (viit} any combination of (i)-(vii}.

Embodiment 73. The antibody or antigen-binding fragment of any one of
Embodiments 70-72, or the polypeptide of any one of Embodiments 70-72, wherein the
mutation that increases binding affinity to a human FcRn comprises M428EL/N4348.

Embodiment 74. The antibody or antigen-binding tfragment of any one of

Embodiments 70-73, or the polypeptide of any one of Embodiments 70-73, wherein the
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mutation that enhances binding to a FoyR comprises S239D; 1332E; A330L; G236A; or
any combination thereof.

Embodiment 78, The antibody or antigen-binding tfragment of any one of
Embodiments 70-74, or the polypeptide of any one of Embodiments 70-74, wherein the
mutation that enhances binding to a FoyR comprises: (1) SZ3SD/I332E; (1)
S2390/A330L/I332E; (11i) G230A/8239I332E, or (ivy  G236A/A330L/1332E,
wherein the Fc polypeptide or fragment thereof optionally comprises Ser at position
239.

Embodiment 76. The antibody or antigen-binding tragment of any one of
Embodiments 1-44 and 53-75, or the polypeptide of any one of Embodiments 45-52 and
63-75, which comprises a mutation that alters glycosylation, wherein the mutation that
alters glycosylation comprises N297A, N297Q, or N297G, and/or which is

aglycosylated and/or afucosylated.

Embodiment 77, An antibody comprising: {1} a heavy chain comprising or
consisting of the amino acid sequence set forth in SEQ ID NO.:212; and (2} a

light chain comprising or consisting of the amino acid sequence set forth in SEQ 1D
NG 214

Embodiment 78. An antibody comprising: (1) a heavy chain comprising or
consisting of the amino acid sequence set forth in SEQ D NG - 213, and (2) a hight
chain comprising or consisting of the amino acid sequence set forth in SEQ ID
NG.:214.

Embodiment 79. An antibody comprising: (1) two heavy chains, each
comprising or consisting of the amino acid sequence set forth in SEQ ID NQ.:.212; and
(2) two light chains, each comprising or consisting of the arivo acid sequence set forth
in SEQ D NO.214.

Embodiment 80. An antibody comprising: {1} two heavy chains, each
comprising or consisting of the amino acid sequence set forth in SEQ ID NO.: 213; and
(2} two light chains, each comprising or consisting of the aming acid sequence set forth

in SEQ ID NO..214.

114
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Embodiment 81 An isolated polynucleotide encoding the antibody or
antigen-binding fragment of any one of Embodiments 1-44 and 53-80, or encoding a
VH, a heavy chain, a VL, and/or a light chaiu of the antibody or the antigen-binding
fragment.

Embodiment 82. An tsolated polynucieotide encoding the polypeptide of
any one of Embodiments 45-52 and 63-76.

Embodiment 83 The polynucleotide of Embodiment 81 or 82, wherein the
polynucleotide comprises deoxyribonucleic acid (DNA) or ribonucleic acid (RNA),
wherein the RNA optionally comprises messenger RNA (mRNA)

Embodiment 84. The polynuclectide of any one of Embodiments 81-83,
comprising a modified nucleoside, a cap-1 structure, a cap-2 siructure, or any
combination thereof.

Embodiment 85, The polynucleotide of Embodiment 84, wherein the
polynuclectide comprises a pseudoundine, a N6-methyladenonsine, a 5-methyleytidine,
a 2-thiouridine, or any combination thereof.

Embodiment 86 The polymucleotide of Embodiment 84, wherein the
pseudouridine comprises Ni-methylpseudouridine.

Embodiment 87, The polynucleotide of any one of Emboduments 81-86,
which 1s codon-optimized for expression in a host cell.

Embodiment 88. The polynuclectide of Embodiment 87, wherein the host
cell comprises a human cell.

Embodiment 89. The polynucleotide of any one of Emnbodiments 8§1-88,
comprising a polynucleotide having at least 50% {e.g., 50%, 55%, 60%, 65%, 70%,
75%, 80%, B5%, 90%, 91%, 92%, 94%, 94%, 95%, 96%, 97%, 98%, 99%, or more}
identity to the polynuclectide sequence set forth in any one or more of SEQ ID NQOs
198, 200, 1, 13,25, 170, 37, 49, 61, 73, 85, 182, 97, 109, 121, 133, 145, 157, 6, 18, 30,

3

42, 54,66, 78,90, 102, 114, 126, 138, 150, 162, 7, 19, 31, 173, 176, 179, 43, 55, 67, 79,

01, 185, 188, 191, 103, 115, 127, 139, 151, 163, 12, 24, 36,48, 60, 72, 84, 96, 108, 120,
132, 144, 156, 168, 202, 206, 204, 208, 227, and 229.

115
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Embodiment 90. The polymucleotide of Embodiment 89, comprising the
polynucleotide sequence of SEQ 2 NO.:1 198 and/or the polynucleotide sequence of
SEQ D NG.:200.

Embodiment 91. A recombinant vector comprising the polynucleotide of
any one of Embodiments 81-90.

Embodiment 92. A host cell comprising the polynuclectide of any one of
Embodiments 81-90 and/or the vector of Embodiment 91, wherein the polynucleotide 1s
optionally heterologous to the host cell and/or wherein the host cell is capable of
expressing the encoded antibody or antigen-binding fragment or polypeptide.

Embodiment 93, Antsolated human B cell comprising the polynucleotide
of any one of Embodiments 81-90 and/or the vector of Embodiment 91, wherein
polynucleotide is optionally heterologous to the human B cell and/or wherein the
human B cell 1s timmorstalized.

Embodiment 94. A composition comprising: (i) the antibody or antigen-
binding fragment of any one of Embodiments 1-44 and 53-80; (i1) the polypeptide of
any one of Embodiments 45-52 and 63-76; (i1t} the polynucleotide of any one of
Embodiments 81-90; (iv) the recombinant vector of Embodiment 91;

{v) the host cell of Embodiment 92; and/or {vi) the human B cell of Embodiment 93,
and a pharmaceutically acceptable excipient, carrier, or diluent.

Embodiment 95, The composition of Embodiment 94, comprising a first
antibody or antigen-binding fragment and a second antibody or antigen-binding
tragment, wherein each of the first antibody or antigen-binding fragment and the second
anttbody or antigen-binding fragment are different and are each according any one of
Emwbodiments 1-44and 53-80.

Embodiment 96. A composition comprising the polynucleotide of any one
of Embodiments 81-90 or the vector of Embodiment 91 encapsulated in a casrier
molecule, wherein the carrier molecule optionally comprises a lipid, a lipid-derived
delivery vehicle, such as a liposome, a solid lipid nanoparticle, an oily suspension, a

submicron hipid emulsion, a lipid microbubble, an inverse hipid micelle, a cochlear
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liposome, a lipid microtubule, a lipid microcylinder, lipid nanoparticle (LNP}, ora
nanoscale platform.

Embodiment 97. A method of making an antibody or antigen-binding
fragment of any one of Embodiments 1-44 and 53-80, comprising culturing the host cell
of Embodiment 92 or the human B cell of Embodiment 93 for a time and under
conditions sufficient for the host cell or buman B cell, respectively, to express the
antibody or antigen-binding fragment.

Embodiment 98, The method of Embodiment 97, further comprising
isolating the antibody or antigen-binding fragment.

Embodiment 99. A method of treating or preventing an IAV infection
and/or an IBV infection in a subject, the method comprising administering to the
subject an effective amount of: (i} the antibody or antigen-binding fragment of any
one of Embodiments 1-44 and 53-80; (113 the polypeptide of any one of
Embodiments 45-52 and 63-76; (111} the polynucleotide of any one of Embodiments
81-90; (ivy  the recombinant vector of Embodiment 91; (v} the host cell of
Embodiment 92; (vi) the human B cell of Embodiment 93, and/or (vi1) the
composition of any one of Embodiments 94-96.

Embodiment 100 A method of treating or preventing an influenza infection
in a human subject, the method comprising admuinistering to the subject the
polynuclectide of any one of Embodiments 81-90, the recombinant vector of
Embodiment 91, or the composition of Embodiment 96, wherein the polynucleotide
comprises mRNA

Embodiment 101, The method of Embodiment 100, wherein the influenza
infection comprises an IAV wofection and/or an IBV wfection.

Embodiment 102, The method of any one of Embodiments 99-101,
comprising administering a single dose of the antibody or antigen-binding fragment,
polypeptide, polynucleotide, recombinant vector, host cell, or composition to the
subject.

Embodiment 103, The method of any one of Embodiments 99-101,

comprising administering two or more doses of the antibody or antigen-binding
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tragment, polypeptide, polynucleotide, recombinant vector, host cell, or composition to
the subject.

Embodiment 104, The method of any one of Embodiments 99-103,
comprising administering a dose of the antibody or antigen-binding fragment,
polypeptide, polynucleotide, recombinant vector, host cell, or composition to the
subject once yearly, optionally in advance of or during an influenza season.

Embodiment 105. The method of any one of Embodiments 99-103,
comprising administering a dose of the antibody or antigen-binding fragment,
polypeptide, polynucleotide, recombinant vector, host cell, or composition to the
subject two or more times per year, e.g2. about once every 6 months.

Embodiment 106, The method of any one of Embodiments 99-105,
comprising administering the antibody or antigen-binding fragment, polypeptide,
polynucleotide, recombinant vector, host cell, or composition intramuscularly,
subcutaneously, or intravenously.

Embodiment 107, The method of any one of Embodiments 99-106, wherein
the treatment and/or prevention comprises post-exposure prophylaxis,

Embodiment 108, The method of any one of Embodiments 99-107, wherein
the subject has received, is recetving, or will receive an antiviral,

Embodiment 109, The method of Embodiment 108, wherein the antiviral
comprises a neuraminidase inhibitor, an influenza polymerase inhibitor, or both.

Embodiment 110 The method of Embodiment 108 or 109, wherein the
antiviral comprises oseltamivir, zanamivir, baloxavir, peramivir, lantnanivir, or any
combination thereof.

Embodiment 111, The antibody or antigen-binding tfragment of any one of
Embodiments 1-44 and 53-80, the polypeptide of any one of Embodiments 45-52 and
63-76, the polynucleotide of any one of Embodiments 81-90, the recombinant vector of
Embodiment 91, the host cell of Embodiment 92, the human B cell of Embodiment 93,
and/or the composition of any one of Embodiments 94-96, for use in a method of

treating or preventing an IAV infection and/or an IBV infection in a subject.
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Embodiment 112 The antibody or antigen-binding fragment of any one of
Embodiments 1-44 and 53-80, the polypeptide of any one of Embodiments 45-52 and
63-76, the polynucleotide of any one of Embodiments 81-90, the recombinant vector of
Embodiment 91, the host cell of Embodiment 92, the human B cell of Embodiment 93,
and/or the composition of any one of Embodiments 94-96, for use in the preparation of
a medicarent for the treatment or prevention of an IAV infection and/or an IBV
infection in a subject.

Embodiment 113, A method for in virro diagnosis of an AV infection
and/or an IBV mnfection, the method comprising: (1) contacting a sample from a subject
with an antibody or antigen-binding fragment of any one of Embodiments 1-44 and 53-
80; and (i1)  detecting a complex comprising an antigen and the antibody, or
comprising an antigen and the antigen-binding fragment.

Embodiment 114, The method of any one of Embodiments 99-110 and 113
or the antibody or antigen-binding fragment, the polypeptide, the polynucleotide, the
recombinant vector, the host celi, the human B cell, and/or the composition for use of
any one of Embodiments 111 and 112, wherein: (i) the [AV comprises a Group 1 IAY,
a Group 2 TAV, or both, wherein, optionally, the Group 1 IAV NA comprises a Ni, a
N4, a N5, and/or a N8; and/or the Group 2 1AV NA comprises a N2, a N3, a N6, a N7,
and/or a N9, wherein, further optionally, the N1 15 from A/California/07/2009, 1s from
A/California/07/2009 I223R/H275Y, is from A/Swine/Jiangsu/1004/2018, is from
A/Stockholm/18/2007, is from A/Brisbane/02/2018, is from A/Michigan/45/2015, is
trom A/Mississippi/3/2001, 1s from A/Netherlands/603/2009, is from
A/Netherlands/602/2009, 1s from A/Vietnam/1203/2004, is from
AJGA/SW/Shangdong/1207/2016, 1s from A/G4A/SW/Henan/SN13/2018, is from
A/GA/SW/ hangsu/J004/2018, and/or is from A/New Jersey/8/1976; the N4 is from
Almallard duck/Netherlands/30/2011; the NS is from A/aquatic bird/Korea/CN5/2009;
the N8 is from A/harbor seal/New Hampshire/179629/2011; the N2 is from
A/Washington/01/2007, 1s from A/HongKong/68, is from A/HongKong/2671/2019, 15
from A/South Australia/34/2019, is from A/Switzerland/8060/2017, is from
A/Simgapore/INFIMH-16-0019/2016, is from A/Switzerand/9715293/2013, 1s from
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Afleningrad/134/17/57 1s from A/Florida/4/20006, 1s from A/Netherlands/823/1992 1
from A/Norway/466/2014, is from is from A/Texas/50/2012, is from
A/Victoria/361/201 1 is from A/SW/Mexico/SG1444/2011, is from A/Aichi/2/1968, 13
from A/Bilthoven/21793/1972, 1s from A/Netherlands/233/1982, is from
A/Shanghat/11/1987, is from A/Nanchang/933/1995, is from A/Fukui/45/2004,
A/Brisbane/10/2007 is from A/Tanzania/205/2010; the N3 1s from
A/Canada/rv504/2004; the NG is from A/swine/Ontario/01911/1/99; the N7 is from
A/Netherlands/078/03; and/or the N9 1s from A/Anhui/2013, is from A/Hong
Kong/56/2015; and/or {it) the IBV NA 1s from: B/Lee/10/1940 (Ancestral);
B/Brisbane/60/2008 (Victoria), B/Malaysia/2506/2004 (Victoria),
B/Malays1a/3120318925/2013 (Yamagata), B/Wisconsin/1/2010 (Yamagata),
B/Yamanashi/166/1998 (Yamagata), B/Brisbane/33/2008 (Victoria);
B/Colorado/06/2017 (Victoria), B/Hubei-wujiang/158/2009 {Yamagata),
B/Massachusetts/02/2012 {(Yamagata), B/Netherlands/234/2011;
B/Perth/211/2001(Yamagata), B/Phuket/3073/2013 (Yamagata), B/Texas/06/2011
{Yamagata), B/HonglKong/05/1972; B/Harbin/7/19%4 (Victoria),
B/Washington/02/2019 (Victoria), B/Perth/211/2011, or any combination thereof.
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TABLE §. TABLE OF CERTAIN SEQUENCES AND SEQ ID NUMBERS

AGAGGCCTGGGTCCTCGGTGAGGATCTCCTGCAA
GOCCTCTGGTGACACCTICAACAACTATGTTCTC
AGCTGOGUTGUGACAGGUCCCTGOACAAGGGOTTG
AGTGGATGGOGGOGAATCATCCCTATCTCTGGTA
TCCCACATTACGCACAGAAGTTCCAGGGUAGAGT
CGCAATTATCGCGGACGAATCCGLCGAGCACAGTC
TACATGGAGTTOGAGCAGCCTACGATCTGAGGACTC
GOCCOTATATTACTOTGCGAGAGUGGTTTCCGAT
TATTTTAATCGAGACCTOGGUTGGGATGATTAL
TACTTTCOTTTGTGGGGUCAGGGLACCCTGHTCA
CCOGTCTCCTCAG

SEQ Sequence fdentifier

13

NO

1 CAAGTTCAGCTGGTGCAGTCTGGGGCTGAGGTGA PN VH (wi-nt)

GGCCAGGATCCAGCGTGCGGATCAGCTGCAAGGCTTC
TCGOCGACACCTTCAACAATTACGTGCTGTCCTGOGUGTGA
GOGCAGGCTCCAGGACAGGGACTGOAGTGGATGGOOGE
CATCATCCCCATCAGCGGCATCCOTCACTACGCCCAGA
AGTTTCAGGGCAGGGTGGCCATCATCGCTGACGAGTC
COCTAGCACAGTGTATATGGAGCTGTCTTCCCTGAGAT
CTGAGGATTCCGCOGTGTACTATTIGTGCCAGAGCCGTG
TCCGACTATTTCAACCGCGATCTGGOGUTGGGACGATTA
CTATTTTCCACTGTGGGOGACAGGGCACCCTGGTGACAG
TCGAGCTCT

2 QVOLVOSGAEVKRPGSSVRISCKASGDTFNNYVLS [FNIT VH (aa)
WYVROQAPGOGLEWMGGHIPISGIPHY AQKFQGRVAT
ADESASTVYMELSSLRSEDSAVYYCARAVSDYFNR
DLGWDDYYFPLWGQGTLVTVSS

3 GDTFNRYY NI CDRHI (aa)

4 HPISGIP FINEL CDRHZ2 (aa)

S ARAVSDYFNRDLGWDDYYFPL FINEE CDRH3Z (aa)

& CAGOTGCAGCTGUGTOGCAGTCTGCAGUTGAGGTGAAGA FNIT VH (co-nt)
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SEL} [Sequence Identifier
D
NO

/

GAAATAGTGATGACGCAGTCTCCAGCCACCCTGT
CTGTGTCTCCAGGOGAAAGAGCCACCOTOTTCTGC
AGGGCCAGTCGGAGTGTTAGTGACAACTTAGCC
TGOGTACCAGCAGAAACCTOGUCAGGUTCCCAGGE
TCCTCATCTTTIGGTGCCTCCACCAGGGCCACTGE
TGTCCCAGCCAGOTTCGGTGOGCAGTGOUTOTGGE
ACACAGTTCACTCTCACCATCAGCAGCCTGCAGTC
TGAAGATTTTGCAGTTITATTACTGTCAGCATTATA
ATACCTGGOCTCCGTGGACCTTOGGUCAAGGGA
CCAAGGTGGAAATCAAAC

FNIT Vk (wt-nt}

CGTOTCCCCAGOGCGAGAGGGUCACACTGTTOTGC
AGGOGCTAGCAGGTCCGTGTCCGACAACCTGGCCT
GUGTACCAGCAGAAGCCAGGUCAGGUTCCCAGACT
GCTGATCTTTOGAGUTTCCACCAGAGUTACAGGC
GTGCCAGCTAGGTTCGGAGGAAGCGGATCTGGCA
CCCAGTTTACCCTGACAATCTCCAGCCTGCAGAGC
GAGCATTTCGCCGTGTACTATTGTCAGCACTATAA
TACCTGOGCCCCCTTGGACATTTGGCCAGGGLACC
AAGGTGGAGATCAAG

8 FIVMTQSPATLSVSPGERATLFCRASRSVSDNLAWY NI VK (a2)
QQKPGQAPRLLIFGASTRATGVPARFGGSGSGTOFT
LTISSLOSEDFAVYYCOHYNTWPPWTFGOGTKVEL
K

& RSVSDN FNIT CDRLaa)

10 #GAS FNIT CDRLZ(aa)

1T HYNTWPPWTY FNIT CDRL3(aa)

12 IGAGATCGTGATGACCCAGTCTCCTGCCACACTGTC FNIL Vk {co-nt)
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SEL} [Sequence Identifier
D
NO
13 [CAGGTTCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGA FNIZ VH (wi-nt)

GGCCTGOGUTCCTCGOTGAGGOGTCTCCTGUAAGGCTTICT
GGAGUCACCTTCAATAACCATGTTCTCACCTGOUGTG
CGACAGGUCCCTGGACAAGGOGCTTGAGTGGATGGGAG
GUATCATCCCTGTCTCTGGAAAAACAACCTACGCAC
AGAAGTTCCAGGGCAGAGTCGCGATAAGCACGGACGA
ATCCGCGAGCACAGCCTATATGGAGTTGAGCAGCCTG
AGATCTGAGGACTCOGCCATATATTACTGTGUCGAGAG
CGGTTITCCGATTACTTTAATCGAGACCTOGGOTGG
GAAGATTATTACTTTCCGATCTGOGOGCCAGGGCACC
CTGOGTCACCGTCTCTTCAG

AGAGGUCAGGATCCAGCGTOCGOGGTGAGCTGCAA
GOCTTCTGGAGCTACCTTCAACAATCACGTGCTGA
CATGGOTGAGGCAGGCTCCAGGACAGGGACTGGA
GTGGATGOGCGGCATCATCCCCOGTGTCCOGGCAAG
ACCACATACGCCCAGAAGTTTCAGGGCAGGGTGE
CTATCAGCACCGATGAGTCCGUCAGCACAGUTTA
TATGOAGCTGTCTTCCCTGAGATCTGAGGACTCCG
CCATCTACTATTOTGCCAGAGCCGTOTCCGACTALC
TTCAACCGCGATCTGGGUTGGGAGGACTACTATTT
TCCCATCTGGGGCCAGGGCACCCTOGGTGACAGTG
AGCTCT

14 QVOLVOSGAEVKRPGSSVRVSCKASGATFNNHVLT FNI2 VH (aa)
WVRQAPGQGLEWMGGHPVSGKTTY AQKFQGRVAL
STDESASTAYMELSSLRSEDSAIYVCARAVSDYFNR
DLGWEDYYFPIWGQGTLYTVSS

15 |[GATFNNHY FNIZ CDRHI (aa)

16 JIPVSGKT FNIZ CDRHZ (aa)

17 IARAVSDYFNRDLGWEDYYFPI FNIZ CDRH3 (aa)

18 ICAGGTGCAGCTGGTGCAGTCTGGAGCTGAGGTGA FNIZ VH (co-nt)
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SEL} [Sequence Identifier
D
NO
19 IGACGTAGTGATGACGCAGTCTCCAGCCACCCTGT FNIEZ Vk (wi-nt)

CTGTGTCTCCAGGOGGAAAGAGCCACCCTOTCCTG
CAGGGCCAGTCAGAGTGTTAGTAGCAACTTGGC
CTGGTACCAGCAGAAACCTGOGCCAGGCTCCCAGE
CTCCTCATCTATGGTGCATCCACCAGGGCCACTG
GTGTCCCAGCCAGOGTTCAGTGGCAGTGOGOTCTGE
GACACAGTTCACTCTCACCATCAGCAGCCTGCAG
TCTGAAGATTTTGCAGTTITATTACTGTCAGCACTA
TAATAACTGGCOTCOGTGGACGTTUGGCCAAGG
GACCAAGTTGGAAATCAAAC

GCOTGTCTCCAGGAGAGAGGGCCACCCTOTCCTG
CAGOGCTTCCCAGAGCGTOGTCCAGCAACCTGGOC
TGGTACCAGCAGAAGUCCAGGUCAGGUTCCCAGGC
TGCTGATCTATGGAGCTAGCACCAGAGCTACAGG
CGTOGCCAGCTCOGCTTCTCTGGATCCGGAAGCGGC
ACACAGTTTACCCTGACAATCTCTTCCCTGCAGTC
TGAGGATTTCGCCGTGTACTATTOGTCAGCACTACA
ACAATTGGCCCCCTTGGACCTTTGGUCAGGGCAC
AAAGCTGGAGATCAAG

20 IDVVMTQSPATLSVSPGERATLSCRASQSVSSNLAW [FNI2 VK (az)
YOOKPGQAPRLLIYGASTRATGVPARFSGSGSGTOF
TLTISSLOSEDFAVYYCQHYNNWPPWITFGQGTKLE
K

21 IQSVSSN FINIZ CDRL1{aa)

02 IGAS FNIZ CDRL2(aa)

73 (QHYNNWPPWT FNIZ CDRL3(aa)

P4 IGACGTGGTCATGACCCAGTCTCCTGCCACACTGA  [FNI2 Vk (co-nt)
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SEL} [Sequence Identifier
D
NO
25 WAGGTTCAGCTGGTGCAGTCGGGGGCTGAGGTGA FNIE3 VH (wi-nt)

AGAGGUCTGGOTCCTCGGTGAAGGTCTCCTGCAA
GOCTTCTGGAGUCCACCTTCAGCAACAATGTTAT
AGCCTOGGOTGUGACAGGUCCCTGGACAAGGOGCTT
GAGTGOATGGOOGOGOATCCACCCTATOTCTGOT
ACAGCAACCTACGCACAGAAGTTCCAGOGGUAGAG
TCGCGATTOGCCGCGGACGAATTAACGAGCACAGC
CTACATOGGAGTTGAATOGGUCTGAGATCTGAGGACT
COGOCCOGTOTATTACTOTGUGAGAGUGGGGTOCG
ATTACTTTAATAGAGACCTOGGUTGHGAAAATT
ACTACTTTGACTCCTGGGGCCAGGGAACCCTGET
CACCOGTCTCGTCAG

AGAGGUCCAGGATCCAGCGTGAAGOGTOTCUTGCAA
GOCCAGUOGGUGCTACCTTCAGCAACAATGTGATC
GCTTGGOTGAGACAGGCTCCAGGACAGGGACTGE
AGTGOATOGGOAGGAATCCACCCTATCAGCGCCAL
CGCTACATACGCCCAGAAGTTITCAGGGCAGAGTG
GUTATCGUCOGCTGACGAGCTGACCTCTACAGCCT
ATATGGAGCTGAACGGUCTGCGCAGCGAGGATIC
COCCOGTOTACTATTGTGCCAGGOGCTGOGCTCTGACT
ACTTCAACCGGGATCTGOGUTGGGAGAATTACTA
TTTTGACTCCTGOGOCCAGGGCACCCTGGTGACA
GTGTCTTCC

26 OVOLVOSGAEVKRPGSSVKVSCKASGATFSNNVIA FNI3 VH (aa)
WYVRGAPGOGLEWMGGTHPISATATYAQKFQGRVA
IAADELTSTAYMELNGLRSEDSAVYYCARAGSDYF
NRDLGWENYYFDSWGOGTLVTVSS

77 IGATFSNNV FNI3 CDRI (aa)

08 WHPISATA FNI3 CDRIT2 (aa)

20 IARAGSDYFNRDLGWENYYFDS FNI3 CORHS (aa)

50 ICAGGTGCAGCTGGTGCAGTCCGGAGCTGAGGTGA FNI3 VH (co-nt)




WO 2022/109309 PCT/US2021/060155
SEL} [Sequence Identifier
D
NO
31 IGAAATATTGATGACGCAGTCTCCAGCCACCOTGT FNI3 Vk {wt-nt)

CTGTGTCTCCAGGOGGAAAGAGCCACCCTOTCCTG
CAGGGCCAGTCAGGATGTTAGCGGCAACTTAGC
CTGGTACCAGCAGAGACCTGGCCAGGCTCCCAGE
CTCCTTATCTATGGTGCATCCACGAGGGCCACTG
GTGTCCCAGCCAGOGTTCACTGOCGCTGGOTCTGG
GACAGAGTTCACTCTCACCATCAGCAGCCTGCAG
TCTGAGOATTTTGCACTTTATTACTOGTCAGCACTA
TAATAACTGGUOTCOCGTGGACCTTCOGUCAAGE
GACCAAGOTGGAAATCAAAC

CGTGTCCCCAGGAGAGAGGOGCCACCCTGAGCTGO
AGGOCTTCTCAGGACGTOTCCGGCAACCTGGUOTG
GTACCAGCAGAGACCAGGACAGGUTCCAAGGCTG
CTOGATCTATGGAGUCTTCCACCAGGGUTACAGGCGT
GCCAGUTAGATTCACCGGCGCTGHGAAGUGGCACA
GAGTTTACCCTGACAATCTCCAGCCTGCAGTCTGA
GOATTTCGUTCTGTACTATTOTCAGCACTACAACA
ATTGGCCCCCTTGGACCTTTGOGUCCAGGGCACAAAG
GTGGAGATCAAG

32 EILMTOSPATLSVSPGERATLSCRASQDVSGNLAWY N3 Vi (aa)
CGOQRPGOAPRLLIYGASTRATGVPARFTGAGSGTEFT
LTISSLQSEDFALYYCQHYNNWPPWTFGOQGTKVE]

14

33 QDVSGN FNI3 CDRL H{aa)

34 HGAS FNI3 CDRL2(aa)

35 WQHYNNWPPWT FNI3 CDRL3{aa)

36 GAGATCCTGATGACCCAGTCCCCTGCCACACTGTC FNI3 Vi {cont)




WO 2022/109309 PCT/US2021/060155

SEL} [Sequence Identifier

D

NO

37  KCAGGAGCAGCTGGTACAGTCTGGGGCTGAGGTGA FNI4 VH (wt-nt)
AGAAGCCGOGOTCCTCGOTCGAGGGTCTCCTGCAA
GGCCTCTGGAGACACCTTCAGUCAGATATACTAT
CAGCTOGOGTTCGACAGGUCCCCGGACAAGGACTT
GAGTGOATGGOAGGGATCATCGUTCTCTCTCGA
AGAGUGACATACGCACAGAAGTTCCAGGGCAGA
GTTACCATTACCGCGOACGAATCCGCGACCACAG
CCTACATACAACTGAGCGGCCTGACATCTGACGALC
ACGGCCGTATATTACTGTGUCGAGAGCACACTCCG
ATTACTTTAATAGAGACCTCGGOTGGGAAGATT
ACTACTTTGACTACTGGGGCCAGGGAACCCTGET
CACCOGTCTCCTCAG

38 WQEQLVOSGAEVKKPGSSVRVESCKASGDTESRYTIS  FNI4 VH (aa)
WYVYRQAPGOGLEWMGGIHIALSRRATYAQKFQGRVTI
TADESATTAYIQLSGLTSDDTAVYYCARAHSDYFN
RODLGWEDYYFDBYWGQGTLVTVSS

39 GDTFSRYT FINI4 CDRH1 (aa)

40 HIALSRRA ENI4 CDRHZ (aa)

41 JARAHSDYFNRDLGWEDYYFDY FINI4 CDRH3 (aa)

42 ICAGGAGCAGCTGOTGCAGTCCGGAGCTGAGGTGA FNI4 VH (co-nt)

AGAAGCCAGGATCCAGUGTCGAGAGTGAGCTGCAA
GGCTTCTGGCGACACCTTICTCTAGATACACAATCT
CCTGOUGTGCGCCAGGUTCCTGGACAGGGACTGGA
GTGOATGGOAGGAATCATCGCTCTGAGCAGGCGH
GCCACCTACGCTCAGAAGTTTICAGGGCCGCGTGA
CCATCACAGCCGATGAGTCTOGCCACCACAGCTTA
TATCCAGCTGTCCGGUCCTGACCAGCGACGATACA
GUCOTGTACTATTGTGCCAGGOGCTCACAGCGACT
ACTTCAACCGGGATCTGGGCTGOGAGGACTACTA
TTTTGATTATTGGGGUCAGGGCACCCTGOTGACA
OGTGTCTTCC




WO 2022/109309 PCT/US2021/060155
SEL} [Sequence Identifier
D
NO
43 IGAAGTAGTGCTGACGCAGTCTCCAGCCACCCTGT FNH Vk (wi-nt)

CTGTGTCTCTAGGGOAAAGAGCCATCCTCTCCTGE
AGGOGCCAGTCAGAGTGTTAGCACCAACTTAGCC
TGOGTACCAGCAGAGACCTOGUCAGGUTCCCAGGE
TCCTCATCTCTGGTGCATCCACCAGGGCCACGGE
TATCCCAGCCAGOGTTCAGTGOGCAGTGOGOTOTGGE
ACAGAGTTCACGUTCACCATCAGCAGCCTGCAGT
CTGAAGATTTTGCAGTTTATTACTGTCAGCAGTA
TAATAACTGGCOTCOGTGGACGTTUGGCCAAGG
GACCAAGOTGGAAATCAGAC

CCGTOGTCCOTGGGAGAGAGGGCTATCCTGAGCTG
CAGGGCTAGCCAGTCCOGTGTCCACCAACCTGGLC
TGGTACCAGCAGAGACCAGGACAGGUTCCAAGGC
TGCTGATCAGCGGAGCTTCTACCAGGGUTACAGE
CATCCCAGCCAGATTCAGCGGCTCTGGUTCCGOO
ACAGAGTTTACCCTGACAATCTCCAGCCTGCAGTC
TGAGGACTTCGCCGTOTACTATTGTCAGCAGTATA
ACAATTGGUCCCCTTGGACCTTTGGUCAGGGCALC
AAAGGTGGAGATCAGG

44 [EVVLTQSPATLSVSLGERAILSCRASQSYSTNLAWY [FNI4 VK (aa)
QQRPGQAPRLLISGASTRATGIPARFSGSGSGTEFTL
TISSLOSEDFAVYYCQQYNNWPPWIFGOQGTKVEIR

45 JQSVSTN FNI4 CDRLI (aa)

46 JGAS FNI4 CDRL2 (aa)

47 JQOYNNWPPWT FNI4 CDRL3 (aa)

48 IGAGGTGGTGCTGACCCAGTCCCCTGCCACACTGT FNI4 VK (co-nt)




WO 2022/109309 PCT/US2021/060155
SEL} [Sequence Identifier
D
NO
49 [CAGGTGCAGUTGATACAATCTGAGGUTGAGGTGAAGA [FNIS VH (whnt)

AGCCTGOOTCCTCGOTGAGGOGTCTCCTGCAAGGCTICT
GGAGACACCTTCAGUAAATATACTATCGOGUTGOGTG
CGACAGGUCCCCGUACAAGGGUTTGAGTGGATGGGAG
GGATCATCCCTICTCTCTCGAACAGUGACCTACGCAC
AGAAGTTCCAGGGCAGAGTCACGATTACCGCGGACGA
ATCCACGACCACAGTTTACATGCAACTGAGCGGCOTG
AGATCTGACGACACGGCCGCATATTACTOGTGCGAGAG
CACGCTOGGATTACTTITAATAGAGACCTOGGLOTGG
GACGATTACTACTTTGATTACTGOGOGGCCAGGGAACC
CTGOGTCACCGTCTCUTCAG

AGAAGUCAGGCTCCAGCGTGAGGGTGAGCTGCAA
GOCTTCTGGUGACACATTCTCTAAGTACACCATCG
GATGGOTGCGGCAGGCTCCAGGACAGGOCCTGGA
GTGGATGOGCGGCATCATCCCTCTGTCTAGAACA
GCCACCTACGCTCAGAAGTTTICAGGGUCGCGTGA
CAATCACCGUTGACGAGTCCACCACAACCGTOTA
TATGCAGUTGTCCGGUCTGAGAAGUGACGATACA
GCCGCTTACTATTGTGCCAGGGUCTCGGTCUGACTA
CTTCAACCGUGATCTGGGUTGGOGACGATTACTATT
TTGATTATTGGGOGCCAGGGCACACTGGTGACCGT
GTCTTCC

50 IQVQLIQSEAEVKKPGSSVRVSCKASGDTRSKYTIGW [FNIS VH (aa)
VROAPGOGLEWMGGHPLSRTATYAQKFQGRVTIT
ADESTTTVYMOLSGLRSDDTAAYYCARARSDYFN
RDLGWDDYYFDYWGQGTLVTVSS

ST IGDTESKYT ENIS CDRHI {(aa)

52 HIPLSRTA ENIS CDDRHZ (aa)

53 ARARSDYFNRDLGWDDYYFDY FNIS CDRH3 (aa)

54 ICAGGTGCAGCTGATCCAGAGCGAGGCCGAGGTGA FNIS VH (co-nt)

129




WO 2022/109309

PCT/US2021/060155

SEQ
D
NG

Sequence

fdentifier

53

GAAATAGTGATGACGCAGTCTCCAGCCAACCTGT
CTGTGTCTCCAGGOGGAAAGAGCCACCCTOTCCTG
CAGGGCCAGTCAGACTGTTAGCACCAACTTAGC
CTGGTACCAGCAGAAGCCTGGCCAGGCTCCCAGE
CTCCTCATCTCTGGTGCATCCACCAGGGCCACTG
GTATCCCAGCCAGOGTTCAGTGGCAGTGOGOTCTGE
GACAGAGTTCACGCTCACCATCAGCAGCCTGCAG
TCTGAAGATTTTGCAGTTTATTACTGTCAGCAGTA
TAATAATTIGGUUCTCOGTGGACGTTCOGGUCAAGE
GACCAAGOTGGAAATCAGAC

FINIS Vk (wt-nt}

HEIVMTOQSPANLSVSPGERATLSCRASQTVSTNLAWY
QOURKPGQAPRLLISGASTRATGIPARFSGSGSGTENTL
TISSLOSEDFAVYYCQOQYNNWPPWITGOGTKVEIR

FNIS VK (aa)

QTYSTN

FNIS CDRL1(aa)

GAS

FNIS CDRL2(aa)

QOYNNWPPWT

FNIS CDRL3(aa)

GAGATCOGTGATGACCCAGTCCCCTGUTAACCTGTC
CGTOTCCCCAGUGAGAGAGGOGCCACACTOTCCTGO
COGOCTAGCCAGACCGTOTCTACAAATCTGGCCT
GGTACCAGCAGAAGCCAGGACAGGCTCCAAGGCT
GUTGATCAGUGGAGCTTCTACCAGAGCTACAGGE
ATCCCAGCTCGUTTCAGCGGATCTGGATCCGGLA
CCGAGTTTACCCTGACAATCTCCAGCCTGCAGAG
COAGGACTTCGUCOGTGTACTATTGTCAGCAGTATA
ACAATTGGCCCCCTTGGACCTTTGGUCAGGGCAC
AAAGGTGGAGATCAGA

FINIS Vk (co-nt)




WO 2022/109309 PCT/US2021/060155
SEL} [Sequence Identifier
D
NO
61 HCAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGA FNI6 VH (wt-nt)

AGAAGUCTGGOTCCTCGGTGAAGGTCTCCTGCAA
GOCCTCTGGAGGCACCTTCAGTAGTCAAGTTAT
CAGUTOGGOGTOUCGAGAGGUCCCAGGACAAGGOGCOTT
CAGTGGATGGGAGGGATCATTCCTATCACTGGA
ATAGUGAACAACGCACAGAAGTTCCAGGGCAGA
GTCACGATTACCGCGGACGOATCCACGGGCACAG
TCTACATGGAGTTGAGUAGCCTGAGATCTGGOGA
CACGGUCOTCTATTACTOTGUGAGAGUGGGTTC
GGATTATTTTAATAGAGACCTUGGUTGGGAAA
ATTACTACTTTGAATATTGOGGCCAGGGAACCCT
GOGTCACCGTCTCCTCAG

AGAAGCCAGGUCTCCAGUGTGAAGGTOTCTTGCAA
GGUTTCCOGCGGLCACCTTCTCTTCCCAGGTCATOT
CTTGGGTCGAGGOAGGUTCCAGGACAGGGACTGGA
GTGOATGGOGCGGCATCATCOCTATCACAGGCATCG
CCAACAATGCTCAGAAGTTTCAGGGCAGAGTGAC
CATCACAGCCGACGGCAGCACCOGGCACAGTGTAC
ATGGAGCTGAGUTCTCTGCGUTCTGGUGATACCGE
CGTGTACTATTGTGCCAGGGCTGGCTCCGACTACT
TCAACCGGGATCTGOGUTGGOAGAATTACTATTTT
GAGTATTGGOGCCAGGGCACCCTGOTGACAGTGT
CCAGC

62 JOVOLVOSGAEVKKPGSSVKVSCKASGGTFSSQVIS [FNI6 VH (aa)
WVREAPGQGLEWMGGHPITGIANNAQKFQGRVTI
TADGSTGTVYMELSSLRSGDTAVYYCARAGSDYFN
RDLGWENYYFEYWGQGTLVTVSS

63 IGGTFSSQV FNIG CDRHI (a2)

64 HIPITGIA FNI6 CDRHZ (az)

55 IARAGSDYFNRDLGWENYYFEY FNI6 CDRH3 (aa)

66 ICAGGTGCAGCTGGTGCAGAGCGGAGCTGAGGTGA FNI6 VH {co-nt)




WO 2022/109309 PCT/US2021/060155
SEL} [Sequence Identifier
D
NO
67 IGAAATCGTGATGACACAGTCTCCAGCCACCCTGT FNI6 VK {wi-nt}

CTGTATCTCCAGGOGAAAGAGUCATCCTOTCCTEC
AGGGCCAGTCAGAGTGTTAGCACCCACTTAGCC
TGOTACCAGCAGAAACCTGGCCAGGETCCCAGALC
TCCTCOGTTTITTGATGCATCCACCAGGGCCACTGE
TGTCCCAGCCAGATTCGGTGOGCAGTGGOTOTGGE
ACAGAGTTCACTCTCACCATCAGCAGUCCTGCAGT
CTGAAGATTCTOCTGTTTATTACTOTCAACACTAT
AATAACTGGUOTCOGTGGACGTTCGGUCAAGGG
ACCAACGTGGAAATCAGAC

GTCCCCAGGAGAGAGGGCTATCCTGTCCTGCAGGGLT
AGCCAGTCCGTGTUCACCCACCTGGUCTGUTACCAGCA
GAAGCCAGGUCAGGUTCCCAGGCTGCTGGTGTITCGAL
GCTAGCACCAGAGCTACAGGCGTGCCAGCTAGGTTCG
GAGGAAGCGOGATCTGGCACAGAGTTTACCCTGACAAT
CTCCAGCCTGCAGTCCGAGGATTCCGCCGTGTACTATT
GTCAGCATTATAACAATTGGCCCCCTTGGACCTTTIGGC
CAGGGUACAAACGTGGAGATCAGA

6% [EIVMTOSPATLSYSPGERAILSCRASQSYVSTHLAWY [FNI6 VK (aa)
QOKPGOAPRLLYFDASTRATGVPARFGGSGSGTEFT
LTISSLQSEDSAVYYCQHYNNWPPWTFGQGTNVEL
R

59 JQSYSTH FNI6 CDRL1(aa)

70 DAS FNI6 CDRL2(aa)

71 QHYNNWPPWT FNI6 CDRL3(aa)

72 JGAGATCGTGATGACCCAGTCTCCTOLCACACTGTCCGT FNI6 VK (co-nt)




WO 2022/109309 PCT/US2021/060155
SEL} [Sequence Identifier
D
NO
7 CAAGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGA NI VH (wt-nt)

AGAAGUCTGGOTCCTCOGGTGAAAGTCTCOTGTAA
GACTTCTGGAGGCACCTTICAATAGGCAAGTTAT
CAGUTOGGOGTOGCGACAGGCCCCAGGACAAGGACTT
GAGTGOATGOGGAGGGATCCTCCCTCTTACTGGT
AGAGGGGACGAGGCAGAGAGGTTTCAGGGCAGA
GTCACCATTACCGUCGOACGAATCTGAGAGTACAG
TCTACATGGACTTGAGCAGCCTGAGATCTGGGGA
CACGGUCOTCTATTACTOTGUGAGAGUGCGTTC
GGATTACTTTAATAGAGACCTCGGUTGGGAAA
ATTACTACTTTGAATCTTGOGGCCAGGGAACCCT
GOGTCACCGTCTCCTCAG

AGAAGCCAGGCTCCAGCGTGAAGGTGTCTTGCAA
GACCTCCGGCGGCACATTICAACAGGCAGOGTCATC
AGCTGGUTGUGGCAGGUTCCAGGACAGGOACTGE
AGTGGATGGGAGGAATCCTGCCTCTGACCGGCAG
GOGGCGACGAGGCCGAGAGATTITCAGGGCCGUGTG
ACCATCACAGUTOGATGAGTCCGAGAGCACCGTGT
ACATGGACCTGTCTTCCCTGAGAAGCGGCGATAC
AGCCOGTGTACTATTOGTGUCAGGGCTCGOTCTGACT
ATTTCAACCGCGATCTGGGCTGGGAGAATTACTA
TTTTGAGTCTTGGOGCCAGGGCACCCTGGTGACA
GTGAGCTCT

74 KQVOQLVOSGAEVKKPGSSVKVSCKTSGGTEFNRQVIS FNI7 VH (aa)
WYVROQAPGOGLEWMGGILPLTGRGDEAERFQGRVT
ITADESESTVYMDLSSLRSGDTAVYYCARARSDYF
NRDLGWENYYFESWGQGTLVTVSS

75 IGGTERRQY FINE7 CDRHT (aa)

76 HLPLTGRG FNI7 CDRYHZ (aa)

77 ARARSDYFNRBLGWENYYFES FINE7 CDRH3 (aa)

78 ICAGGTGCAGCTGGTGCAGTCCGGAGCTGAGGTGA FNLT VH {(co-nt)
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SEL} [Sequence Identifier

D

NO

7 GAAATCOTGATGACGCAGTCTCCAGCCACCCTGT FNIT Vk (wt-nt)
CTGTATCTCCAGGOGAAAGAGUCACCCTCTCCTG
CAGGGCCAGTCAGAGTGTTAGTACCGACTTAGT
CTGGTACCAGCAGAAACCTGGCCAGGCTCCCEGE
CTCCTCATTTATGATGCATCCACTAGGGCCACTG
GTATCCCAGCCAGOGTTEGGTGGCAGGGGGTCTGE
GACAGAGTTCACTCTCACCATCAGCAGCUTGCAG
TCTGAAGATTICTGCTGTTTATTACTGTCAGCACTA
TTCTTACTGGCCTCCGTGGACATTICGGCCAAGG
GACCAAAGTGGAAATCAATC

80  EIVMTQSPATLSVSPGERATLSCRASQSVSTBLVWY FNI7 VK (aa)
QOKPGOAPRLLIYBASTRATGIPARFGGRGSGTEFTL
TISSLOSEDSAVYYCOQHYSYWPPWTFGQGTKVEIN

81 ISVSTD ENT7 CDRL(aa)

32 IDAS FINT7 CDRL2(aa)

R3  WHYSYWPPWT FINT7 CDRL3{aa)

R4  IGAGATCGTGATGACCCAGTCCCCTGCCACACTGT  FNIT Vk {co-nt)

CCGTOTCCCCAGGAGAGAGAGCCACCCTGAGCTG
CAGGGCTAGCCAGTCCOGTGTCCACAGACCTGOTG
TGGTACCAGCAGAAGUCCAGGACAGGUTCCAAGGC
TGCTGATCTATGATGCCTCTACCAGAGCTACAGGC
ATCCCAGCTAGGTTCGGAGGAAGGGGATCCGGCA
CCGAGTTTACCCTGACAATCTCCAGUCTGCAGAG
CGAGGACTCCGCCGTOGTACTATTIGTCAGCACTAC
AGCTATTGGUCCCCCTTGOACCTTOGGUCAGGHGCA
CAAAGGTGOAGATCAAC




WO 2022/109309 PCT/US2021/060155
SEL} [Sequence Identifier
D
NO
85 ICAGGTCCACCTGGTGCAGTCTGGGGCTGAGGTGAAGG NI VH (wi-nt)

AGCCTGOGOTCCTCGUTGACGGTCTCCTGCAAGGCATCT
GGAGGCAGUTTCAACAACCAGGUTATTAGCTGGOGTG
CGACAGGUCCCAGGACAAGGCCTTGAGTGGATGGGAG
GGATCTTCCCTATCTCTGGCACACCGACCAGUGCAL
AGAGOTTCCAGGGCAGAGTCACATTTACCGCGGACGA
GTCCACGACCACAGTCTACATGGATCTGAGCAGCCTG
AGATCTGACGACACGGCCGTCTACTACTGTGCGAGAG
CGGOGTTCGGATTACTTTAATAGAGACCTCGGOTGG
GAAAACTACTACTTTGOGTCCTGGUGGCCAGGGAACC
CTGOGTCACCGTCTCUTCAG

AGGAGCCAGGATCCAGCGTGACAGTOTCTTGCAA
GOGCTTCCGGCGGLCAGCTTCAACAATCAGGCTATC
TCCTGGGTGAGGCAGGUTCCAGGACAGGGACTGG
AGTGGATGGGCGGCATCTTTCCCATCTCTGGCACA
CCTACCTCCGUCCAGAGGTTCCAGGGAAGGGTGA
CCTTCACCGUTGACGAGAGCACCACAACCGTGTA
CATGGATCTGTCTTCCCTGAGATCTGACGATACCG
CCGTGTACTATTGTGCCAGAGUTGGCTCCGACTAT
TTCAACCGCGATCTGGGCTGGGAGAATTACTATTT
TGCTTCCTGOGGGCCAGGGUCACACTGOTGACCOGTG
AGCTCT

86 QVHLVQSGAEVKEPGSSVTVSCKASGGSFNNQAIS NI VH (aa)
WYRQAPGQGLEWMGGIFPISGTPTSAQRFQGRVTF
TADESTTTVYMDLSSLRSDDTAVYYCARAGSDYFN
ROLGWENYYFASWGQGTLVTVSS

87 IGGSFNNQA FNIO CDRH1 (aa)

8% WFPISGTP FNIO CDRH2 (aa)

80 |ARAGSDYFNRDLGWENYYFAS FNI9 CDRI3 (aa)

00  ICAGGTGCACCTGGTGCAGAGCGGAGCTGAGGTGA FNIO VH {co-nt)

135




WO 2022/109309 PCT/US2021/060155
SEL} [Sequence Identifier
D
NO
91 IGAAATCGTGATGACGCAGTCTCCAGCCACCCTGT  FNIS Vk {wi-nt}

CTCTATCTTCAGGGGAAAGAGUCACCCTCTCCTGO
AGGGCCAGTCGGAGTGTTAGTAGCAACTTAGCC
TGOGTACCAGCAGAAACCTOGUCAGGUTCCCAGGE
TCCTCATTTATGATGCATCCACCAGGGCCACTGE
TTTTTCAGCCAGOGTTCOUTGGCAGTGOOTCTGGGA
CAGAGTTCACTCTCACCATCAGCAGCCTGCAGTCT
GAAGATTCTGCTATTTATTACTGTCAGCAGTATA
ATAACTGGOCTCCGTGGACGTTCGOLCCAAGGHA
CCAAGGTGGAAATCAAAC

GCCTGTCCAGCGGAGAGAGGOCCACCCTOGTCCTG
CAGGOGCTTCCCGGAGCOTGTCTTCCAACCTGGCCT
GOTACCAGCAGAAGUCAGGCCAGGCTCCCAGACT
GCTGATCTATGACGCCTCTACCAGAGCTACAGGC
TTCTCCGCCAGGTTTGCTGGATCTGGATCUGGLAC
AGAGTTCACCCTGACAATCAGCTCTCTGCAGAGC
GAGGATTCTGCTATCTACTATTGTCAGCAGTACAA
CAATTGGUCCCCCTTGGACCTTTGGUCAGGGCACA
AAGGTGOAGATCAAG

02 EIVMTQSPATLSLSSGERATLSCRASRSYSSNLAWY FNIO VK (aa)
QOKPGOAPRLLIYDASTRATGFSARFAGSGSGTEFT
LTISSLOSEDSAIYYCQOYNNWPEPWTFGOGTKVEIK

03 RSVSSN FNIS CDRL(aa)

04 IDAS FINI9 CDRL2(aa)

05 IQOYNNWPPWT FNIO CDRE3(za)

96  (GAGATCGTGATGACCCAGTCCCCAGCCACACTGA FNIS Vi (co-nt)




WO 2022/109309 PCT/US2021/060155

SEL} [Sequence Identifier

D

NO

97  WCAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGA FNILO VH (wi-nt)
AGAAGCCTGGOTCCTCGGTGAAAGTCTCCTGCAA
GGCTTCTGGAGGCACCTTGAGTAGTCAAGTTATY
TAGCTGOGTGCGACAGGCCCCAGGACAAGGACTG
GAGTGGATCGGAGGGATCATCCCCACCACTGGT
ACAGGGGGCGCGECAGAGGGUTTCCAGGGCAGA
GTCTCCATTTCCGCGGACGAATCCAGGAGCACAG
TCTACATGGAACTGACCAGCCTGACTTCTGGGGA
CACGGCCGTCTATTATTIGTGUCGAGAGUGGTTITCG
GATTACTTTAATAGAGACCTOGGUTGGGAAAA
TTACTACTTTGAATCTTGGGGCCAGGGAACCOTG
GTCACCGTCTCCTCAG

98 IOVOLVOSGAEVKKPGSSVEKVSCKASGGTLSSQVIS FNITC VH (aa)
WVROAPGOQGLEWIGGHPTTGTGGAABEGFQGRVSIS
ADESRSTVYMELTSLTSGDTAVYYCARAVSDYFNR
DLGWENYYFESWGQGTLVTVSS

09 WGGTLSSOY FNILO CDRHI (aa)

100 HIPTTGTG FINTTO CBRH2 (aa)

101 IARAVSDYFNRDLGWENYYFES FNTEO CDRHS3 (aa)

102 ICAGGTGCAGCTGGTGCAGAGUCGGAGCTGAGGTGA FINEEO VH {co-nt)

AGAAGCCAGGUTCCAGCGTGAAGGTGTCCTGCAA
GGCTAGCGGUGGCACCCTGTCTTCCCAGGTCATCT
CTTGGOTGAGOGCAGGCTCCAGGACAGGGACTGGA
GTGOATCGGUGGCATCATCCCTACCACAGGCACA
GGUGGAGCTOGCTGAGGGATTCCAGGOGCAGAGTGT
CCATCAGCGCCGACGAGTCTCGUTCCACCGTGTAC
ATGOGAGCTGACCAGCCTGACATCTGGCGATACAG
CCGTOGTACTATTGTGUCCAGGOGCCGTOGTCCGACTAT
TTCAACCGGGATCTGGOGCTGOGGAGAATTACTATTT
TGAGTCCTGGGGCCAGGGCACCCTGGTGACAGTG
AGCTCT
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103 IGAAATCGTGATGACGCAGTCTCCAGCCACCCTET FNITG Vk (wt-nt)

CTGTGTCTCCAGGOGAAAGAGCCACCOTOTOTTGC
AGGOGCCAGTCGGAGTGTTAGTATCAACTTAGCC
TGOGTACCAACAGAAACCTGGUCAGGUTCCCCGHT
TCCTCATTTATGATGCATCTACGAGGGCCACTGG
CATCCCAGCCAGGTTCOGTGGCAGGGOGUGTOTGGA
ACAGAGTTCACTCTCACCATCAGCAGUCCTGCAGT
CTGAAGATTCTOCTGTTTATTACTOTCAGCACTAT
AATAACTGGUOTCOGTGGACATTICGGUCAAGGE
ACCAGAGTGGAAATCAAAC

104

EIVMTQSPATLSVSPGERATLSCRASRSYSINLAWY(
QRPGOAPRLLIVBASTRATGIPARFGGROGSGTEFTLTE
SSLOSEDSAVYYCQHYNNWEPPWTFGOQGTRVEIK

FNEIO VK (aa)

105

RSVESIN

FNIIO CDRL I{aa)

106

DAS

ENILO CDRL2(aa)

107

CHYNNWPPWT

FNI10 CDRL3(aa)

108

GAGATCGTGATGACCCAGTCCCCTGCCACACTGTCCGT
GTCCCCAGGAGAGAGAGCCACCCTGAGCTGCAGGGCT
AGCAGGTCCGTGTCCATCAACCTGGUCTOGTACCAGCA
GAAGCCAGGCCAGGCTCCCAGGCTGCTGATCTATGACG
CTTCTACCAGGGCTACAGGCATCCCAGCTAGATTCGGA
GUAAGGGOATCCGGAACAGAGTTTACCCTGACAATCT
CCAGCCTGCAGAGCGAGGATTCCGCCOGTGTACTATICT
CAGCACTACAACAATTGGCCACCTTGGACCTTCGGLCA
GGOAACACGCOTGGAGATCAAG

FINEEO Vk (cont)

109

CAGGTGCACCTGOGTACAGTCTGOGGUTGAGGTGA
AGAAGUCTOGOTCCTCGOTGAGGGTCTCCTGCAA
GOGCTTCTGGAGACTCCTTCAACAAATATGAAGTC
AGUTOGGOTGCGACAGOGCCCCCGOACATGHACTTG
AGTGOATOGGOAGGOATCATCOCTCTCTCTOCTATY
AGCGAGGTACGCAGAGAAATTTCAGGGCAGAGTC
ACGATTACCGUCGGACGAATTCACGAGCACGOTCT
ATATACAACTGACCAGCCTGAGATCTGACGACAC
CGUCCGTATACTACTOTGUGACAACACGTTCGGAT
TACTTTAATAGAGACCTCOGGUTGGGAAGATTAC
TTCTTTGACCACTGGGGCCAGGGAACCCTGGTICA
CCGTCTCCTCAG

FINEE2 VH (wi-nt)

138
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110

OVHLVOSGAEVKEKPGSSVRVSCKASGDRSFNKYEVS
WYRQAPGHGLEWMGGIHIPLSPIARY AEKFQGRVTIT
ADEFTSTVYIOQOLTSLRSDDTAVYYCATTRSDYFNRD
LGWEDYFFDHWGQGTLVTVSS

FNIT2 VH (aa)

GDSFRRYE

FNIL2 CDRHI (aa)

HIPLSPIA

FNITZ CDRHZ (aa)

ATTRSDYFNRDLGWEDYFFDH

FNI12 CDRID (aa)

114

CAGOTGCACCTGOTGCAGTCTGGCGCCGAGGTGAAGA
AGCCAGGCTCCAGCGTCGAGGOGTGTCCTGCAAGGCTAG
CGGCGACTCTTTCAACAAGTACGAGGTGAGCTGGGTGA
GACAGGUTCCAGGACATGGACTGOGAGTGGATGGGCGE
CATCATCCCCCTGTCTCCTATCGUCAGATACGCTGAGA
AGTTCCAGGGUCGCGTGACCATCACAGCTGATGAGTTT
ACCTCCACAGTGTATATCCAGCTGACCTCCCTGAGGAG
CGACGATACAGCCGTGTACTATTOTGUTACCACAAGGA
GCCACTACTTTAATCOGGCGATCTGGGCTGGGAGGACTAT
TTCTTTCGATCACTGOGGCCAGGGLACCCTGOGTGACAGT
GTCTTCC

FNIZ VH (co-nt)

GAAATAGTGATGACGCAGTCTCCAGCCACCCTGTC
TGTGTCTCCAGGGGAAAGAGCCACCCTCTICCTIGC A
GGOCCAGTCAGAGTATTAGCACCAACTTAGCCTG
GTACCAGCAGAAACCTGOGCCAGGCTCCCAGGLTC
CTCATCTCTGGTGCATCCACCAGGGCCACTGOTA
TCCCAGCCAGOGTTCAGTGGCAGTGGGTCTGOGGAC
AGAGTTCACTCTCACCATCAGCAGCCTGCAGTCTG
AAGATTTTGGAGTTTATTACTGTCAGCACTATAAT
AACTGGCCTCOCGTGGACGTTICGGCCAAGGGACC
AAGOGTGGAAATCAAAC

FNIT2 VK (wit-nt)

116

EIVMTOSPATLSVSPGERATLSCRASQSISTRLAWYQ
ORKPGOAPRLLISGASTRATGIPARFSGSGSGTEFTLTT
SSLOQSEDFGVYYCOQBYNNWPPWTFGOGTKVEIK

FINIT2 VK (aa}

117

QSISTN

FNITZ CDRL{(aa)

118

GAS

FNITZ CDRL2(aa)

119

gQieWNNWPPWT

FNI1Z CDRL3(aa)

139




WO 2022/109309

PCT/US2021/060155

SEQ
D
NG

Sequence

fdentifier

120

GAGATCOTGATCGACCCAGTCCCCTGCCACACTGTC
COGTGTCCCCAGGAGAGAGOGUCACCCTGAGCTGO

COOGOCTAGCCAGTCTATCTCCACAAACCTGGOCTG
GTACCAGCAGAAGCCAGGACAGGCTCCAAGGCTG

CCCAGCTCOCTTCAGCGOGATCTGGATCCGGAACCG
AGTTTACCCTGACAATCTCCAGCCTGCAGTCTGAG
CACTTCOGGCOTGTACTATTGTCAGCACTATAACAA
TTGGCCCCCTTGGACCTTIGOUCCAGGGCACAAAGG
TGGAGATCAAG

CTGATCAGCGOAGCTTCTACCAGAGCTACAGGCAT

FNIL2 VK {co-nt)

121

CAGOTTCAGCTGGTGCAATCTGGGGCTGAGGTGA
AGAGGCCTGGGTCCTCGGTGAGGGTCTCCTGCAA
GOGTTCTGGAGACACCTTCAACAACTATGTTATC
AGTTGOOTGUGACAGGCUCCTGGCCAAGGGUTTG
AGTGGATOGOGOOGOGOATCATCCCTATCTTTICAAAC
ACCAAACTACGCAGAGAAGTTCCAGGGUCAGAGTC
GCGATTACCGCGGACGAATCCACGAGCACGGCCT
ACATGOAGTTGAGCAGCCTGAGATCTGAGGACTC
GOCCATTTATTACTGTGUGAGAGUGAATTCCGAT
TACTTTAATAGAGACCTUGGUTGGGAAAATTALC
TACTTTGAAGACTGGGGCCAGGGAACCCTGGTCA
CCGTCTCCTCAG

FNIT3 VH (wi-nt)

OVOLVOSGAEVRRPGSSVRVSCKGSGDTRENNY VIS
WVROAPGOGLEWMGGHPIFQOTPNY AEKFOGRVAT
TADESTSTAYMELSSLRSEDSAIYYCARANSDYFNR
DLGWENYYFEDWGOGTLYTVSS

FINEES VH (aa)

GDTFNRYY

FNIL3 CDRHI (aa)

HPIFQTP

FINIE3 CDRH2 (aa)

ARANSDYFNRDLGWENYYFED

FINEE3 CDRH3 (aa}

140




WO 2022/109309 PCT/US2021/060155
SEL} [Sequence Identifier
D
NO
126 [CAGGTGCAGCTGGTGCAGTCCGGAGCTGAGGTGAAGA [FNI13 VH (co-nt)

GGCCAGGATCCAGCGTGCGGUETGAGCTGCAAGGGATC
TGOCOACACCTTCAACAATTACGTGATCAGCTGOGOTGA
GGCAGGCTCCAGGACAGGGACTGGAGTGGATGOGGUGH
CATCATCCCCATCTTCCAGACCCCTAACTACGUTGAGA
AGTTTCAGGGUCAGGOTGGUCATCACAGCTGACGAGTCC
ACCAGCACAGCCTATATGGAGUTGTCTTCCCTGAGATC
TCGAGGATTCCGUTATCTACTATTIGTGCCAGAGCTAACLT
CTGACTATTTCAATCGCCGATCTGGOGCTGGGAGAATTAC
TATTTTGAGGATTGGGGUCAGGGCACCCTGGTGACAGT
GAGCTCT

COGTGAGCCCAGGAGGAAGGOGCTACCCTOTCCTGO
AGOGUTTCTCAGTCCGTGOGAAGCAACCTGGUTTG
OTACCAGCAGAAGCCAGGCCAGGCCCCCAGACTG
CTGATCTATGACGCTTCCGCTAGAGCTACCGGCGT
GCCAGCTCGUTTCAGCGGATCTGOGCTCCGGCACAG
AGTTTAGCCTOGTCTATCAACTCCCTGCAGAGUGAG
CATTCTGCCGTGTACTATTGTCAGCACTACAATAT
CTOGGUCACCTTGOGACCTTCGOCCAGGGAACAAAG
GTGGAGATCAAG

127 (GAAAGAGTGATGACGCAGTCTCCAGCCACCCTTTCENIIS VK (wi-nt)
TGTGTCTCCAGGGGGAAGAGCCACCCTCTCOTGCA
GGGCCAGTCAGAGTGTTGGTAGCAACTTAGCCT
GGTACCAGCAGAAACCTGGCCAGGCTCCCAGGCT
CCTCATCTATGATGCTTCTGCCAGGGCCACTGGT
GTCCCAGCCAGGTTCAGTGGCAGTGGGTCTGGGA
CAGAGTTCTCTCTCTCCATCAACAGCCTGCAGTCT
GAAGATTCTGCAGTTTATTACTGTCAGCACTATAA
TATCTGGCCGCCGTGGACGTTCGGCCAAGGGAC
CAAGGTGGAAATCAAAC

128 [ERVMTQSPATLSVSPGGRATLSCRASQSVGSNLAW JFNII3 VK (aa)
YOOKPGQAPRLLIYDASARATGVPARFSGSGSGTEFS
LSINSLOSEDSAVYYCOQHYNIWPPWTIFGOGTKVEIK

120 [QSYGSN FNI113 CDRL1(aa)

130 DAS FNII3 CDRL2(aa)

131 (QHYNIWPPWT FNII3 CDRL3(aa)

132 [GAGAGAGTGATGACCCAGTCTCCTGCTACACTGTCIFNILS VK (cont)

141




WO 2022/109309 PCT/US2021/060155
SEL} [Sequence Identifier
D
NO
133 ICAAGTTCAGTTGGTGCAGTCTGGGGCTGAGCTGAAIFNITA VH (wi-nt)

GCGOCCTGGOTCCTCGOTGAGGATCTCCTGCAAGH
CCTCTGGTGTCACCTTCAACAAGTATGTTCTCAG
CTGGGTGCGACTGGCCCCTGGACAAGGOGUTTGAG
TGGATGOGGAGGAATCATCCCTATTITCTGGTATAC
CACATTACGCAGAGAAGTTCCAGGGCAGAGTCGC
GATTACCGCGGACGAATCCACGAGCACAGTCTALC
ATGGAGTTCGAGCAGCCTACGATCTGAGGACTCGE
CCCTATATTACTOTGCGAGAGCGGTCTCCGATTA
TTTTAATCGGGACCTOGGUTGGGATGATTACTA
CTTTCCTTTGCTGGGOCCACGGCACCCTGHTCALCC
GTCTCCTICAG

OVOLVOSGAELKRPGSSVRISCRKASGYTFRNEY VLS
WYVRLAPGQGLEWMGGHPISGIPHY AEKFQGRVAIT
ADESTSTVYMELSSLRSEDSALYYCARAVSDYENRD
LGWBDYYFPLWGHGTLVTVSES

FNIL4 VH (aa)

GYTENKYVY

FNE4 CDRHI (aa)

HPISGIP

FINET4 CDRH2 (aa}

ARAVSDYFNRDLGWDDYYFPL

FNI14 CDRID (aa)

CAGGTGCAGCTGGTGCAGTUTGGAGUTGAGCTGAAGA
GGCCAGGATCCAGCGTGCGOGATCAGCTGCAAGGCTTCT
GGCOGTGACCTTCAACAAGTACGTGCTGTCCTGGOGTGAG
GCTOGOGCTCCAGGACAGGGACTGGAGTGGATGGGCGGC
ATCATCCCCATCAGCGGCATCCCTCACTACGCTGAGAA
GTTTCAGGGCAGGGTGGLCATCACAGCTGACGAGTCCA
CCAGCACAGTOTATATGGAGCTGTCTTCCCTGAGATCT
GAGGATTCCGCCCTGTACTATTIGTGCCAGAGCCGTOTC
CGACTATTTCAATCGCGATCTGGGCTGGGACGATTALCT
ATTTTCCCUTOTGOGGCCATGGUACCCTGOTGACAGTG
AGCTCT

FINT14 VH (co-nt)

142




WO 2022/109309 PCT/US2021/060155
SEL} [Sequence Identifier
D
NO
139 IGAAATAGTGATGACGCAGTCTCCAGCCACCCTGTCIFNITG Vk (wt-nt)

TGTGTCTCCAGGGGAAAGUCGUCACCOTCTTCTGCA
GGOGCCAGTOGGAGTGTTAGTGACAACTTAGCCT
GOTACCAGCAGAAACCTGGCCAGGCTCCCAGGCT
CCTCATCTTTGGTGUTTCCACCAGGGUCACTGET
GTCCCAGCCAGGTTCGGTGOCAGTGGGTUTOGGA
CACAGTTCACTCTC A;CC ATCAGCAGCCTGCAGTCT
CAAGATTTTGCAGTTTATTACTGTCAGCATTATAA
TAACTGGCCTCC%TG&AQ%TTC@G(LAAQ@QAQ
CAAGOGTGGAGATCAAAC

140

EIVMTQSP ATLQVQPGES ATLFCRASRSVSDNLAWY

TISSLOQSEDFAV YYQQ} IYNNWPPWTIFGOOGTKVEIK

QURKPGOQAPRLLIFGASTRATGVPARFGOGSGSGTOFTL

FNI4 VK (aa)

RSVSDN

FNE4 CDRL1(aa)

142

GAS

FINET4 CDRLZ(aa)

143

QHYNNWPPWT

FNI14 CDRL3(za)

144

GAGATCOTGATCGACCCAGTCCCCTGCCACACTGTC
COGTGTCCCCAGGAGAGAGUGCCACCCTOTTCTGCA
GOGGCTAGCAGGTCCGTGTCCGACAACCTGOOCTG
GTACCAGCAGAAGCCAGGCCAGGCTCCCAGGCTG
CTGATCTTTGGCGCCTCTACCAGAGCTACAGGCGT
GUCAGCTAGOGTTCGOAGGAAGCGOATCTGGCACA
CAGTTTACCCTGACAATCTICCAGCCTGCAGTCCGA
GOGATTTCOGCCOTGTACTATTGTCAGCACTATAACA
ATTQQCCCCCTTGGALQTTTGQQLAG@GQACAAAG
GTGGAGATCAAG

FNIL4 Vk (co-nt)

145

CAGGTTCAACTGOGTGCAGTCTGOGGGUTCGAGGTGAAGA
GGCCTGOGOTCCTCGUGTGAAGGTCTCCTGCAAGCOTTCC
GGAGGUACCTTCAGCAACAATGTTATCAGUTGGGTG
COACAGGCCCUTGGACAAGGOCTTGAGTGGATGGGAG
GUATCATCCCCACCTCTGOTATAGCAAACTACGCGO
AGAAGTTCCAGGGCAGAGTCGCGATTATTGCGGACAA
ATCTACGAGCACAGTCTACATGGCGTTGAGCAGCCTGA
GATCTGAGGACTCGGLCGTOTATTTICTGTGUCAGAGC
GUGGTCCGACTACTTCAATAGAGACCTOGGLTGGE
AACATTACTACTTTGAGAACTGOOGCCAGGGAACCCT
GGTCACCGTCTCCTCAG

FNEL7 VH (wi-ni)




WO 2022/109309 PCT/US2021/060155

SEL} [Sequence Identifier

D

NO

146 WVOLVOSGAEVKRPGSSVKVSCKPSGGTFSNNVISWIFNILT VH (aa)
VROAPGOGLEWMGGHPTSGIANYAQKFQGRVAHA
DKSTSTVYMALSSLRSEDSAVYFCARARSDYFNRD
LGWEDYYFENWGQGTLVTVSS

147 (GGTEFSNNY FINIT7 CBRHI (aa)

148 HIPTSGIA FINIT7 CDRH2 (aa)

149 ARARSDYFNRBLGWEDYYFEN FINIL7 CDRHS3 (aa)

150 ICAGGTGCAGCTGGTGCAGTCCGGAGCTGAGGTGA FNILT VH (co-nt)
AGAGGCCAGGCTCCAGCGTGAAGGTGAGUTGCAA
GCCTTCTGGCGGCACCTTCTCCAACAATGTGATCA
GCTGGOTGAGACAGGCTCCAGGACAGGGACTGGA
GTGGATGGGAGGAATCATCCCCACATCTGGCATC
GCCAACTACGCTCAGAAGTTTCAGGGCAGGGTGE
CCATCATCGCTGATAAGTCCACCAGCACAGTGTAT
ATGGCCCTGTCTTCCCTGAGATCTGAGGACTCCGO
CGTGTACTTCTGTGCCAGGGCTCGGTCCGACTACT
TCAACCGUCGATCTGGGUTGGGAGGACTACTATTTC
GAGAATTGGGGCCAGGGCACCCTGGTGACAGTGA
GCTCT

151 IGAAATAGTGATGACGCAGTCTCCAGCCACCCTGTOIFNITT Vk (wt-nt)
TGTOGTCTCCAGGGGAAAGAGCCACCCTCTCCTGCA
GGOGCCAGTCAGAGTGTTGGCAGCAGCTTAGTCT
GOTACCAGCAGAAACCTGGCCAGGCTCCCAGGOT
CCTCATCTATGGTGUCATCCACCAGGGCCACTGGT
GTCCCAGCCAGGTTCAGTGGCAGTGGGTICTGGGA
CAGAGTTCACTCTCACCATCAGCAGCCTGCAGTCT
GAAGATTTTGCAGTTTATTACTGTCAGCACTATAA
TAACTGGCUCTCOCGTGGACGTTICGGCCAAGGGAL
CAAGGTGGAAATCAAAC

152 EIVMTQSPATLSVSPGERATLSCRASQSVGSSLYVWY FNITT7 VK (aa)
QQKPGOQAPRLLIYGASTRATGVYPARFSGSGSGTEFTL
TISSLOSEDFAVYYCQHYNNWPPWTFGOQGTKVEIK

153 WISVGSS FNIL7 CDRL1(aa)

154 1GAS FNTE7 CDRL2(aa)

i55 ;QHYNNW}’PW’E‘ FNTE7 CDRL3(aa)

144




WO 2022/109309
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SEQ
D
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Sequence

fdentifier

156

GAGATCOTGATGACCCAGTCTCCTGCCACACTGAG
COGTGTCTCCAGGAGAGAGGGCCACCCTOTCCTGUA
GGOGCTTCCCAGAGCOGTGOGOATCCAGCCTGOTOTG
GTACCAGCAGAAGCCAGGACAGGCTCCAAGGCTG
CTGATCTATGGAGCTAGCACCAGAGCTACAGGUG
TGCCAGCTCOCTTCTCTGOGATCCGGAAGCGGCACA
CAGTTTACCCTGACAATCTCTTCCCTGCAGTCTGA
GGACTTCGUCGTGTACTATTIGTCAGCACTACAACA
ATTGGUCCCCTTGGACCTTTGGCCAGGGCACAAAG
GTGGAGATCAAG

FNILT7 VK {co-nt)

CAAGTTCAGCTGOTGCAGTCTOGOGOGUTGAGGTGA
AGAGGCCTGGGTCCTCGOTGAGGGTCTCCTGCAA
GGUTTCTGAAGGCACCTTCAACAAGTATACTCIC
ACCTGOUTGCGACAGGCCCCTGGACAGGGACTTG
AGTGGATGGGAGGAATCATCCCTATCTCCGGTA
TAGCAAACTACGCACAGAAGTTCCAGGGCAGAGT
CGCOATTACCGCGGACGAATCCACGACCACAGCC
TACATGGAATTGAGCAGUCCTAAGATCTGAAGACT
COGUCGTATATTACTGTGUGACAGCGGTOTCCGA
TTATITTAATCGAGACCTCGGUTGGGAAGATTA
CTACTTTCOGTTOCTGGGGUCAGGOGCACCCTGHTC
ACCOGTCGCCTCAG

FINIT9 VH (wi-nt)

i38

QVOLVQSGAEVKRPGSSVRVSCKASEGTFNKYTLT
WVROAPGQGLEWMGGHPISGIANY AQKFQGRVAIT
ADESTTTAYMELSSLRSEDSAVYYCATAVSDYFNR
DLGWEDYYFPFWGQGTLVTVAS

FNEEO VH (aa)

EGTEFNKYT

FNI1IS CDRHI (aa)

160

HPISGIA

FNITO CDRHZ (aa)

161

ATAVSDYFNRDLGWEDYYFPF

ENITS CDRH3 (aa)

145




WO 2022/109309 PCT/US2021/060155
SEL} [Sequence Identifier
D
NO
162 ICAGGTGCAGCTGGTGCAGTCCGGAGCTGAGGTGA FNIES VH (co-nt)

AGAGGCCAGGATCCAGCGTGCGGETGTCOTGCAA
GGCTAGUGAGGOCACATTCAACAAGTACACACTG
ACCTGGOTGAGGCAGGCTCCAGGACAGGGACTGG
AGTGGATGOGGUGGCATCATCCCTATCTCTGGCATC
GUCAATTACGCTCAGAAGTTTCAGGGCAGAGTGE
CCATCACAGCTGATGAGTCCACCACAACCGCCTAT
ATGGAGCTGTCTTCCCTGAGAAGCGAGGACTCCGC
COTGTACTATTOTGCCACCGUTGTGAGCGACTATT
TCAACCGUGATCTGGGUTOGGGAGGACTACTATTTC
CCCTTTTGGOGUCAGGHCACACTOOTGACCGTGOO
TTCT

163

GAAATAGTGATGACGCAGTCTCCAGCCACCCTGTC
TGTGTCTCCGGOGGGUCCAGAGCCACCCTCTTICTGCA
GGOCCAGTCGGAGTGTTAGTGACAACTTAGCCT
GOTACCAGCAGAAACCTGGCCAGGCTCCCAGGCT
CCTCATCTTTGGTGCATCCACCAGGGCCACTGOT
GTCCCAGCCAGGTTCAGTGOAAGTOGOTCTGGGA
CACAGTTCACTCTCACCATCAGCAGCCTGCAGTCC
CAAGATTTTGCAGTTTATTACTGTCAGCATTATAA
TATTTGGOCTCCGTGGACGTTCGOGUCCAAGGGAC
CAAGGTGGAGATCAAAC

FINEEO Vk (wt-nt)

164

EIVMTQSPATLSVSPGARATLFCRASRSVSDNLAWY
QUKPGOAPRLLIFGASTRATGVPARFSGSGSGTQFTL
TISSLOSEDFAVYYCOQHYNIWPPWTFGOQOTRKVEIK

FNEID VK (aa)

RSVSDN

FNEO CDRL1(aa)

160

GAS

FNIT9 CDRLZ(aa)

167

QHYNIWEPPWT

FNIT9 CDRL3(zaa)

168

GAGATCOTGATCGACCCAGTCCCCTGCTACACTGTC
COTGTCCCCAGGAGUTAGGGUTACCCTGTTOTGCA
GGOCTAGCAGGTCUGTGTCCOACAACCTGGOTTGH
TACCAGCAGAAGCCAGGCCAGOGCCCCCAGACTOL
TGATCTTTGOAGCTAGCACCAGAGCTACAGGUGTG
CCAGCTCGCTTCAGCGGATCTGOATCCGGCACACA
GTTTACCCTGACAATCTCCAGUCCTGUCAGTCTGAGG
ATTTCOGCCGTGTACTATTGTCAGCACTATAATATC
TGGCCCCCTTGGACCTTTGGUCAGGGCACAAAGGT
GOAGATCAAG

FNIES Vk {co-nt)

146




WO 2022/109309 PCT/US2021/060155
SEL} [Sequence Identifier
D
NO
169 HReserved]
170 KCAGGTGCAGCTOGTGCAGTCCGGAGUTGAGGTGA FNIB-VH-WTIOF

AGAGGCCAGGATCCAGCGTGAAGGTOTCCTGCAA
GOCCAGUGGUGUTACCTTCAGCAACAATGTGAT
CGCTTGGOTGAGACAGGCTCCAGGACAGGGACTG
GAGTGGATGOGAGOGAATCCACCCTATCAGOGCC
ACCGUTACATACGCCCAGAAGTTTCAGGGCAGAG
TGGUTATCGCCGUTOGACGAGUTGACCTCTACAGCC
TATATGGAGCTGAACGGCCTOUCGLCAGCGAGGATT
CCGCCOTGTACTATTGTGCCAGGGUTGGUTCTGA
CTACTTCAACCGGGATCTGGGUTTCGAGAATTA
CTATTITGACTCCTOGOGGUCAGGOGCACCCTGHTG
ACAGTGTCTTCC

(1t}

i71

QVOLVOSGAEVKRPGSSVK VSCK ASGATFSNNVIA
WVROAPGOGLEWMGGIHPISATATYAQKFQGRVAL
AADELTSTAYMELNGLRSEDSAVYYCARAGSDYFN
RDLGFENYYFDSWGQGTLVTVSS

FNI3-VH-W110F
(2a)

ARAGSBYFNRDBLGFENYYFDS

FNI3-VH-W110F
CDRH3 (aa)

GAGATCCTGATGACCCAGTCCCCTGCCACACTGTC
COGTOTCCCCAGGAGAGAGGGUCCACCCTGAGUTGC
AGOGGCTTCTCAGGACGTGTCCGGCAACCTGOOCT
GGTACCAGCAGAGACCAGGACAGGCTCCAAGGCT
GCTGATCTATGGAGUTTCCACCAGGGUTACAGGC
GTGUCCAGCTAGATTCACCOGGUOGCTGHAAGCGGLA
CAGAGTTTACCCTGACAATCTCCAGCCTGLAGTCT
CGAGGATTTCGCTCTGTACTATTGTCAGCACTACAA
CAATTTTCCCCCTTGGACCTTTGGCCAGOGGCACA
AAGGTGOAGATCAAG

FINE3-VK-WO4F (nt)

174

EILMTOSPATLSVSPGERATLSCRASQDVSGNLAWY
QORPGOAPRLLIVGASTRATGVPARFTGAGSGTEFT
LTISSLOSEDFALYYCQHYNNFPPWTFGQGTRKVEIK

FNI3-VK-WO4F (aa)

i7s

QHYNNFPPWT

FNI3-VK-WO4F
CDRL3 {aa)

147




WO 2022/109309 PCT/US2021/060155
SEL} [Sequence Identifier
D
NO
176 IGAGATCCTGATGACCCAGTCCCCTGUCACACTGTC FNI3-VE-WITF (ut)

COGTGTCCCCAGGAGAGAGOGUCACCCTGAGCTGO
AGGGCTTCTCAGGACGTGTCOGGLAACCTGGOCT
GOTACCAGCAGAGACCAGGACAGGCTCCAAGGCT
GUTOGATCTATGGAGUTTCCACCAGGGUTACAGGC
GTGCCAGCTAGATTICACCGGCGCTGGAAGUGGCA
CAGAGTTTACCCTGACAATCTCCAGCCTGCAGTCT
GAGGATTTCOGCTCTGTACTATTGTCAGCACTACAA
CAATTGGCCCCCTTICACCTTTGGCCAGGGLCACA
AAGOGTGGAGATCAAG

177 EILMTQOQSPATLSVSPGERATLSCRASQDVSGRLAWY FNI3-VK-WOTF (aa)
QORPGQAPRLLIYGASTRATGYVPARFTGAGSGTEFRT
LTISSLOSEDFALYYCQHYNNWPPFTFGOGTEKVEIK

178 IQHYNNWPPFT FINI3-VE-WaOTH

CDRL3 (aa)

179 I GAGATCCTGATGACCCAGTCCCCTGCCACACTGTIC FNIZ-VK-Wo4E -
CGTGTCCCCAGGAGAGAGGGCCACCCTGAGCTGC WITF (ur)
AGGOCTTCTCAGGACGTGTCCGGLAALCCTOEECT
GGTACCAGCAGAGACCAGGACAGGUCTCCAAGGCT
GUTGATCTATGGAGCTTCCACCAGGGUTACAGGC
GTGCCAGCTAGATTCACCOOGLCGUTOGGAAGCGGCA
CAGAGTTTACCCTGACAATCTCCAGCCTGCAGTCT
GAGGATTTCGCTCTGTACTATTGTCAGCACTACAA
CAATTTTCCCCCTITCACCTTITGGCCAGGGLCACA
AAGGTGGAGATCAAG

130 EILMTOSPATLSVSPGERATLSCRASGDBYSGRLAWY FNIBB-VK-Wo4F-
QORPGQAPRLLIYGASTRATGVPARFTGAGSGTEFT IW9TF (2a)

L EISSLOSEDFALYYCQHYNNFPPFTFGOGTKVEIK
181 IQHYNNEPPFY N3~V -WOo4F-

WOTF CDRL3 (aa)

1438
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fdentifier

182

CAGGTGCACCTGGTGCAGAGCGGAGCTGAGGTGA
AGOAGCCAGGATCCAGCGTGACAGTGTCTTGCAA
GGUTTCOGGUGLGCAGCTTCAACAATCAGGCTAT
CTCCTGOGGTGAGGCAGGCTCCAGGACAGGGACTG
GAGTGGATGGOCGGCATCTTTCCCATOTCTGGCA
CACCTACCTCCGCCCAGAGGTTCCAGGGAAGGOT
CACCTTCACCGCTGACGAGAGCACCACAACCGTG
TACATGGATCTOTCTTCCCTGAGATCTGACGATAC
COCCOGTOTACTATTGTGUCAGAGUTGGUTCCGAC
TATTTCAACCGUCGATCTGGGOTTCGAGAATTAC
TATTTTGCTTCCTGOGGGCCAGGGCACALTGGTGA
CCGTGAGCTCT

FINIO-VH-W110F
(nt})

183

OVHLVOSGAEVKEPGSSVTVSCEKASGGSFNNAILS
WYVROQAPGOQGLEWMGGIFPISGTPTSAQRFQGRVTE
TADESTTTVYMDLSSERSDDTAVYYCARAGSDYFN
RDLGFENYYFASWGQGOTLVTVSS

FNIO-VH-W110F
(aa)

184

ARAGSBYFNRBDLGFENYYFAS

FNIO-VH-W110F
CDRH3 (aa)

185

OAGATCOGTGATGACCCAGTCCCCAGUCACACTGA
GCCTOGTCCAGCGGAGAGAGGGCCACCCTGTOCTG
CAGGGCTTCCCGGAGUGTGTCTTCCAACCTGHCC
TGGTACCAGUCAGAAGCCAGGCCAGGCTCCCAGAL
TGCTGATCTATGACGUCCTCTACCAGAGCTACAGG
CTTCTCCGCCAGOTTTGCTGGATCTGGATCCGGCA
CAGAGTTCACCCTGACAATCAGUTCTCTGCAGAGC
GAGCGATTCTGCTATCTACTATTGTCAGCAGTACA
ACAATTTCCCCCCTTGGACCTTTOGUCAGGOGCAL
AAAGGTGGAGATCAAG

FNIS-VK-WO4F (nt)

186

EIVMTOSPATLSLSSGERATLSCRASRSVSSNLAWY()
QKPGOAPRLLIVBDASTRATGFSARFAGSGSGTEFTLT
ISSLOSEDSAIYVYCQOQYNNYPPWTIFGOOGTEVEIK

FNI9-VEK-WO4F (aa)

187

QOYNNFPPWT

FINIG-VE -WO4F
CDRL3 (aa)

149
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SEL} [Sequence Identifier
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188 IGAGATCGTGATGACCCAGTCCCCAGCCACACTGA FNIS-VE-WITF (ut)

GCCTGTCCAGCGGAGAGAGGOCCACCCTOGTCCTG
CAGOGCTTCCCGGAGUCGTGTCTTCCAACCTGOOC
TGGTACCAGCAGAAGCCAGGCCAGGCTCCCAGAL
TGCTGATCTATGACGCCTCTACCAGAGCTACAGE
CTTCTCCGUCAGGTTTOGUCTGGATCTGGATCCGGLA
CAGAGTTCACCCTGACAATCAGCTCTCTGCAGAGC
GAGGATTCTGCTATCTACTATTIGTCAGCAGTACA
ACAATTGGCCCCOCTTTICACUTTTGOGCCAGGGCALC
AAAGGTGGAGATCAAG

189

EIVMTOQSPATLSLASGERATLSCRASRSVESNLAWY(Q
QKPGQAPRLLIYBASTRATGFSARFAGSGSGTEFTLT
ISSLOSEDSAIY YCQOQYRNWPPFTFGOGTKVEIK

FNIS-VK-WOTF (aa)

190

CQOYNNWPPET

FNIO-VI-WOTF
CDRL3 (aa)

191

GAGATCGTGATGACCCAGTCCCCAGUCACACTGA
GCCTOTCCAGUCOGGAGAGAGOGGLCCACCCTGTCCTG
CAGGOCTTCCCGGAGUGTGTCTTCCAACCTGGLC
TGGTACCAGCAGAAGCCAGGCCAGGCTCCCAGALC
TGCTGATCTATGACGUCTUTACCAGAGUTACAGG
CTTCTCCGCCAGOTTTGCTGGATCTGGATCCGGCA
CAGAGTTCACCCTGACAATCAGCTCTCTGLAGAGC
GAGOATTCTGUTATCTACTATTOTCAGUCAGTACA
ACAATTTTCCCCCTTTCACCTTTIGOCCAGGGLAC
AAAGOGTGGAGATCAAG

ENI9-VK-WH4E-
WOTF (ut)

EIVMTQSPATLSESSGERATLSCRASRSYVSSNLAWYQ
QKPGOAPRLLIVBASTRATGFSARFAGSGSGTEFTLT
ISSLOSEDSAIVYCQOQYNNFPPFTFGOGTKVEIK

FNIO-VK-WO4F-
WOTT (aa)

QOYNNFPPFT

FNIO-VE-WO4F-
WOTF CDRL3 (aa)

iodg

QVQLOQSGPGLVKPSQTLSLTCAISGDSVISYNAVW

NWIRQSPSRGLEWLGRTYYRSGWYNDYAESVKSRIT
INPDTSKNQFSLOUNSVTPEDTAVYYCARSGHITVIG
YNVYDAFDMWGQOTMVTVYSS

FMOS VH

150
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SEQ
D
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195

ORKPGKAPKLLIYAASSRGSGVPSRESGSGSGTDFTLTI
SSLOQPEDFATYYCQOSRTFGOGTEVEIK

DIQOMTQSPSSLSASVGDRVTITCRTSGSLSSYTHWYQ MO8 VL

APELLGGPSVELFPPKPKDTLMISRTPEVTICVVVIRVS
HEDPEVKINWYVDOGVEVHNAKTRKPREEQYNSTYRY
VSVL T\f’LHQD‘W LNGKEYK CKVSNKALPAPIEKTISK
AKGQOPREPOQVYTLPPSRDELTKNQVSLTCLVEGKEFYP
SDIAVEWESN GQPE}JNYKTTPP\/ID SDGSFFLYSKLT
VDKSRWQQGNVESCSVMHEALHNHY TQKSLSLSPG
K

WT higGl Fe

197

ESKYGPPCPPCPAPPVAGP

Chimeric hinge
sequence

198

CAGGTCCAGCTGGTCCAGAGTGGGGCAGAGGTICA
AAGAGCCAGGGTCTTCAGTCACAGTCTCATGCAA
AGCAAGCGGAGGAACATTTTICCAACAATGTGATC
AGCTGOUOTGAGGCAGGCTCCAGGACAGGGACTGG
AGTOGATGOGUGGCATCATCCCTACCTCTGGCATC
GCCAACTACGCTCAGAAGTTCCAGGGCAGAGTGG
CCATCATCGCTGACAAGTCTACCTCCACAGTGTAT
ATGGCCCTGTCCAGCCTGAGAAGCGAGGATTCCG
CCGTGTACTTCTGCGLCCAGGGUTCOGOTCCGACTALC
TTCAACCGCGATCTGGGTTGGGAGGACTATTACTT
TGAAAACTGGGGGCAGGGCACACTGGTICACTEIC
TCATCAGC

FNIT7-v1i9-VH (co-
nt}

199

OVOLVQSGAEVKEPGSSVTVSCKASGGTRSNNVISW
VROAPGOGLEWMGGIHIPTSGIANY AQKFQGRVAIIA

DKSTSTVYMALSSLRSEDSAVYFCARARSDYFNRD

LGWEDYYFENWGOGTLVTVSS

FNI17-v19-VH (aa)

200

GAAATTGTGATGACCCAGTCTCCAGCCACTCTGIC
AGTCTCTCCAGGGGAACGAGUCACTCTGTICATGTC
GGGLCTCTCA(}TCCGTCGGLTLCA(JCCTGGCTTG(}

TACCAGCAGAAGCCAGGACAGGCTCCTAGGUTGC
TGATCTATGGAGCTAGCACCAGOGGCTACAGGLGT
GCCAGUTCGGTTCAGCGGATCTGGATCCGGCACCG
AGTTTACCCTGACAATCTCTTICCCTGCAGTICTGAG
GACTTCGCCOTGTACTATTGCCAGCACTACAATAA
CTGGUCTCCOTTGGACATTCGGGCAGGGGACAAAA
OTCGAGATTAAG

FNIE7-v19-VK {co-
nt)

151
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SEQ
D
NG

Sequence

fdentifier

201

EIVMTOSPATLSVSPGERATLSCRASQSVGSSLAWY
CGQKPGQAPRLLIYGASTRATGVYPARFSGSGSGTEFTL
TISSLOSEDFAVYYCQBYNNWPPWTFGOGTKVEIK

FNI17-v19-VK (aa)

CAGOTCCAGUTGGTGCAGAGTGGTGCCGAGGTCA
AAAAGCCAGGGTCAAGTGTCAAAGTCAGTTGTAA
AGCATCAGAGGOAACATTCAACAAGTACACAATC
AGCTGOGGTGAGACAGGCTCCAGGACAGGGACTGE
AGTGGATGOGGUGGCATCATCCCTATCTCTGGCATC
GUCCAATTACGCTCAGAAGTTCCAGGGCCGCGTGE
CCATCACAGCTGACGAGTCCACCACAACCGCCUTAT
ATGGAGCTOTCCAGUCTGAGGTCTGAGGATTCCGO
COGTGTACTATTGCGCCACCGCTOTGAGCGACTACT
TCAACCGGGATCTGOGUTGGOAGGACTATTATTTT
CCATTCTGGGOGTCAGGGGACACTGOTCACCGTCTC
TTCC

FNIIS-v3-VH (co-
nt)

DD
[}
[

OVOLVOSGAEVKEKPGSSVEVSCKASEGTRFNKYTIS
WYRQAPGOQGLEWMGGHPISGIANY AQKFQGRVAIT
ADESTTTAYMELSSLRSEDSAVYYCATAVSDYFNR
DLGWEDYYFPFWGQOQGTLVTVSS

FNI19-v3-VH (aa)

GAGATCGTGATGACCCAGTCCCCTGCTACACTGTC
CGTOTCCCCAGOGAGCTAGGOCTACCCTGTTCTGLA
GOGCTAGCAGOTCCGTOTCCGACAACCTOGUTTOG
TACCAGCAGAAGUCAGGUCAGGUCCCCAGACTGO
TGATCTTTGGAGCTAGCACCAGAGUTACAGGCETG
CCAGCTCGCTTCAGCGGATCTGGATCCGGCACACA
GTTTACCCTGACAATCTCCAGCCTGCAGTCTGAGG
ATTTCGCCOTOGTACTATTGTCAGCACTATAATATC
TGGCCCCCTTGOACCTTTGGUCCAGOGGLCACAAAGGT
GGAGATCAAG

FNTEO-v3-VK {co-
nt)

P
j»
L

EIVMTOSPATLSVSPGARATLFCRASRSVSDNLAWY
QOKPGOAPRLLIFGASTRATGVPARFSGSGSGTOFTL
TISSLOSEDFAVYYCQHYNIWPPWTFGQGTK VEIK

FINEEO-v3-VK (aa)
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D
NO
206 WCAGGTGCACCTGGTGCAGAGCGGAGCTGAGGTGA FNIS-vE-VH {co-nt)

AGOAGCCAGGATCCAGCGTGACAGTGTCTTGCAA
GGUTTCCOGCGGLCAGCTTCAACAATCAGGCTATCT
CCTGGGTCGAGGCAGGUCTCCAGCGACAGGGACTGGA
GTGOGATOGGOCGGCATCTTTCCCATCTCTGGCACAL
CTACCTCCGUCCAGAGGTTCCAGGGAAGGGTGALC
CTTCACCGCTGACGAGAGCACCACAACCGTGTAC
ATGGATCTGTCTTCCCTGAGATCTGACGATACCGE
COTGTACTATTGTGCCAGAGCTGGCTCCGACUTATT
TCAACCGUGATCTGOGGCTGGGAGAATTACTATTTT
GUTTCCTOGGOGUCAGGGCACACTGOGTGACCGTGA
GCTCT

DD
]
~1

OVHLVOSGAEVKEPGSSVTVSCKASGGSFNNQAIS
WYRQAPGOQGLEWMGGIFPISGTPTSAQRFQGRVTE
TADESTTTVYMDLSSERSDDTAVYYCARAGSDYFN
RDLGWENYYFASWGOGTLVTVSS

FINIS-v3-VH {(aa)

GAGATTGTGATGACCCAGTCCCCTGCTACCCTGAG
CGTOTCCCCCGGAGAGAGAGUTACCCTGAGTTGCC
GUGCCAGUCGCAGTGTCTCTGACAACCTGGCTTOE
TACCAGCAGAAGUCCAGGACAGGCTCCTAGGCTGC
TGATCTATGGCGCCTCCACCAGGGCTACAGGLATC
CCAGCTCGOGTTCTCTGGATCCGOAAGUGGCACCGA
GTTTACCCTGACAATCTCCAGCCTGCAGAGCGAGE
ATTTCGCCGTGTACTATTGCCAGCATTACAACATC
TGGCCTCCTTGGACATTCGGTCAGGGAACTAAAGT
CGAAATTAAG

FNIO-vS-VE (co-nt)

209

EIVMTOSPATLSVSPGERATLSCRASRSVSBNLAWY
QOURPGOQAPRLLIVGASTRATGIPARFSGSGSGTEFTL
TISSLOSEDFAVYYCQHYNIWPPWTFGQOTKVEIK

FINIO-v3-VK (aa}

210

ASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPY
TVSWNSGALTSGVHTFPAVLQSSGLYSLESVVTVPSS
SLGTOTYICNVNHKPSNTKVDKRVEPKSCDKTHTCP
PCPAPELLGGPSVELFPPEKPKDTLMISRTPEVICVVY
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNST
YRVYVSVLTVLHOQDWLNGKEYKCKVSNKALPAPIEK
TISKAKGQOPREPQVYTLPPSREEMTRKNQVSLTCLVEK
GFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFRLY,
SKLTVDKSRWQOQONVFSCSVLHEALHSHYTQKSLSE
SPGK

[gHG1*01, Glm3
CHI1-CH3 with
MAZBE and N43435
mutations and C-
terminal lysine
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SEL} [Sequence Identifier
D
NO

211 RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREA Kappa light chain CL
KVOWKVDNALQGSGNSQESVTEQDSKDSTYSLSSTLT
LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

[
[\9)

OVOLVOQSGAEVKEPGSSVTIVSCEASGGTFSNNVISWIFNIT7-v19 heavy
VROAPGQGLEWMGGHPTSGIANYAQKFQGRVAIIA hain with M428L
DKSTSTVYMALSSLRSEDSAVYFCARARSDYFNRD Lind N434S outations
LGWEDYYFENWGQGTLYTVSSASTKGPSVFPLAPS b 013 and o C-
SKSTSGGTAALGCLYVKDYFPEPVTVSWNSGALTSGV
HTFPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNYNH
KPSNTKVDKRVEPKSCDK THTCPPCPAPELLGGPSVE
LFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKENW
Y VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHOD
WELNGKEYKCKVSNKALPAPIEK TISK AKGQPREPQV
YTLPPSREEMTKNQVSLTCLYKGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQG
NVFSCSVLHEALHSHYTQKSLSLSPGK

terminal bysine

013 [OVOLVOQSGAEVKEPGSSVTVSCEASGGTFSNNVISWIFNIT7-v19 heavy
VRQAPGQGLEWMGGHPTSGIANY AQKFQGRVAIA lohain with MA428L
DKSTSTVYMALSSLRSEDSAVYFCARARSDYFNRD Lo N434S mutations
LGWEDYYFENWGQGTLVTVSSASTKGPSVFPLAPS Ly CH3 without C-
SKSTSGGTAALGCLYVKDYFPEPVTVSWNSGALTSGV
HTFPAVLOSSGLYSLSSVVTVPSSSLGTQTYICNYNH
KPSNTK VDKRVEPKSCDK THTCPPCPAPELLGGPSVF
LFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKENW
Y VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHOD
WELNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV
YTLPPSREEMTKNQVSLTCLYKGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOOQG
NVFSCSVLHEALHSHYTQKSLSLSPG

terminal bysine

214 EIVMTOSPATLSVSPGERATLSCRASQSVGSSLAWY FNIT7-v19 hight
CGQKPGQAPRLLIYGASTRATGVPARFSGSGSGTEF T L ichain
TISSLOSEDFAVYYCOQHYNNWPPWTFGOGTKVEIK
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREA
KVOWKVDNALQSGNSQESVTEQGDSKDSTYSLSSTLT
LSKADYEKHKVYACEVTHOGLSSPVTSFNRGEC
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215 JASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVY igHG1*01, GIm3

TVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVESS
SLGTOTYICNVNHKPSNTKVDKRVEPKSCDKTHTCP
PCPAPELLGGPSVELFPPKPKDTLMISRTPEVICVYY
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNST
YRVVSVUTVEHODWLNGKEYKCKVSNKALPAPIEK
TISKAKGQPREPQVYTLPPSREEMTENGYSLTCLVK
GEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY!
SKLTVDKSRWQOGNVESCSVLHEALHSHYTOKSLSL
SPG

CH1-CH3 with
V4281 and N4348
muiations, without
C-terminal lysine

216

QVOLVOQSGARVKEPGSSVEVSCKASGGTEFSRNVIS
WYRQAPGQGLEWMGGHPTSGIANYAQKFQGRVAL
ADKSTSTVYMALSSLRSEDSAVYFCARARSDYFRR
DLGWEDYYFENWGQGTLVTVSS

FNT17-v13 VH (aa)

217

EIVMTOSPATLSVSPGERATLSCRASQSVGSSLAWY
QQKPGQAPRLLIYGASTRATGVPARFSGSGSGTEFTL
TISSLOSEDFAVYYCQHYNNWPPWTFGQGTKVEIK

FINEE7-v13 VK (aa}

218

ACCGGTGTACATTCTCAGOGTCCAGCTGOGTCCAGAG
TGGGGCAGAGOGTCAAAgAGUCAGGOGTCTTCAGTC
ACAGTCTCATGCAAAGCAAGCGUGAGGAACATTTTC
CAACAATGTGATCAGUTGGOTGAGGCAGGUTCCA
GGACAGGGACTGGAGTGGATGOGCGGCATCATCC
CTACCTCTGGCATCGCCAACTACGCTCAGAAGTTC
CAGOGGCAGAGTGGCCATCATCGUTGACAAGTCTA
CCTCCACAGTGTATATGGCCCTOTCCAGCCTGAGA
AGCGAGGATTCCGCCOGTGTACTTCTGCGUCAGGHC
TCGOTCCGACTACTTCAACCGUGATCTGGETTOG
AGGACTATTACTTTGAAAACTGGGGGCAGGGCAC
ACTGOGTCACTOGTCTCATCAGCGTCGAC

Codon-optimized
nucieotide sequence
encoding FNI1L7-
v10-VH with N-
terminal amino acids
T-G-V-H-S and C-
terminal amino acids
A-S

219

AX;X;)Q; SDYF NRDLGX4X5X6YX7FX3X9

wherein

Ki=RorT,xx=AorT, =V GHR orN,xs-WorF,;
ss=DorE xs=DorNoxv=Y or ¥, xs=P, I} E, or A;
andxo=1, [ S, Y, H. D N, or F

FINT antibody
consensus CDRH3
amine acid sequence

155
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SEL} [Sequence Identifier
HE
NG
220 P Rp0OX3X4K5KeXTXS FINT antibody
. consensus CDRH]I
vherein . .
amino acid sequence
1 =GorE =D, A GorV,m=To§, xa=Forl;x;s
=NorS; xe=N,R K, or8; x:=Y.H Q, or N, and xg=V,
T, A, orE
221} EXiXoKaxaXsXexy FNT antibody
. consensus CDRH2Z
wherein ] ;
amino acid sequence
=L H oo Foxo=PorArxs=L V, L, or T, x¢=§, T,
o F.xs=G, AR P oarQixe=L K R orT,andx7=P, T,
A ot
222 BEiXaXiX4Xs¥es FNT antibody
consensus CDRLT
Wh@f?m ] ] aming actd sequence
= Qor R =T, 5D a=Voalu=Soa G a=2S5,
G LT, orDandos=N, D, H or 8
223 KiAS FINT antibody
consensus CDRL2
wherein amino acid sequence
=y or
224 K YNxoxaPPxy T FNT antibody
consensus CDRL3
vherein amino acid sequence
=0 orH, =N, T orLxs=WorF, andxs =W or F,
225 Reserved]
36 iReserved]
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SEQ
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Sequence

fdentifier

227

CAGGTGCAGCTGGTGCAGTUTGGCGCCCGAGGTGAAGA
AGCCAGGCTCCAGCGTGAAGGTGAGCTGCAAGGCTTCT
GGCGGCACCTTCTCTICCTACGCTATCTOCTGGGTGAG
GCAGGCTCCAGGACAGGGACTGGAGTGCGATGGGOGGO
ATCATCCCTATCTTCGOGCACAGCCAACTACGCTCAGAA
GTTTCAGGGCAGAGTGACCATCACAGCCGACGAGTCTA
CCTCCACAGCTTATATGGAGCTGAGCTCTCTGCGCTCC
GAGGATACCGCCGTGTACTATTGTGCCAGGGUTGGCAG
COCACTACTTCAACCGGOGATUTGGGUTGGGAGAATTACT
ATTTTGACTATTGOGGGCCAGGGCACCCTGGTGACAGTG
TCCAGC

FNI-UCA-IGH
(wi-nt)

223

QVOLVOQSGAEVEKKPGSSVKVSCKASGGTFSSYAILS
WYRQAPGQGLEWMGGHPIFGTANYAQKFQGRVTI
TADESTSTAYMELSSLRSEDTAVYYCARAGSDYFN
RDLGWENYYFDYWGOQGTLVTVSS

FNI-UCA VH (aa)

229

GAGATCOTGATGACCCAGTCTCCTGCCACACTGAG
COTGTCTCCAGGAGAGAGGOGCCACCCTGTCCTGCA
GOGGCTTCCCAGAGCGTOGTCCAGCAACCTOGCCTOG
TACCAGCAGAAGCCAGGCCAGGCTCCCAGGCTGE
TGATCTATGGCGUCAGCACCAGAGCTACAGGCAT
CCCAGCTCGCTTCTCTGGATCCGHAAGUCGGCACAG
AGTTTACCCTGACAATCTCTTCCCTGCAGTUTGAG
GACTTCGCCGTOTACTATTGTCAGCAGTACAACAA
TTGGCCCCCTTGGACCTTTOGUCAGGGCACAAAGE
TGGAGATCAAG

FNI-UCA-IGK
(wi-nt)

EIVMTQSPATLSVSPGERATLSCRASQSVSENLAWY
QURPGUAPRLLIYVGASTRATGIPARFSGSGSGTEFTL
TISSLOQSEDFAVYYCQOQYNNWPPWTFGOGTKVEIK

FINE-UCA VK {aa)

GGTESSYA

ENI-UCA CDRHI
{aa)

HPIFGTA

FNI-UCA CDRH2
(aa)

ARAGSDYFNRDLGWERYYFDY

FNI-UCA CDRH3
(aa)

ISVEEN

ENI-UCA CORLE
{aa)

GAS

FINI-UCA CDRLZ

(aa)
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NO
236 QOQYNNWPPWT FNI-UCA CDRL3

(aa)
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Table 2, Sequence Key —~ SEQ ID NOs. of certain antibodies
SEQ ID NG
Ab YHiVH ! CDR { CDRH | CDR VH VL | VL | CDR | CDR | CDR YL
(nt) | (aa) | HI 2¢aq) | H3 (co- (VK| (VK| L1 L2 L3 | (Vk
{aa) {aa) nt) {nt) } {aa) {aa) {aa) {co-~
{aa) nt)
FNi ] 2 3 4 5 G 7 8 9 10 i1 12
FNiZ 13 114 |15 16 17 18 15 200 1 21 22 23 24
FNI3 25 26 27 28 29 30 31 32 {33 34 35 36
FNI3- 1714 27 28 17 170 32 133 34 33 36
VH-
WIIGF
FNE3- 25 126 27 28 29 30 174 | 33 34 175 173
VK-
Wo4F
FNE3- 25 126 27 28 29 30 177 | 33 34 178 176
VK-
WI7F
FNE3- 25 126 27 28 29 30 180 | 33 34 181 179
VK-
WO4E-
WoTF
FNi4 37 138 |39 4G 41 42 43 44 1 45 46 47 4%
FNIS 49 150 151 S2 53 54 55 56 |57 5% 59 50
FNis 6 162 |63 64 65 66 &7 68 | 69 70 71 7
FNI7 73 174 |75 76 77 7 75 2348l 82 83 84
FNIS 35 186 |87 88 89 Gl 91 92 193 04 a5 96
FINIS- 183 87 &8 184 182 91 a2 193 94 93 96
VH-
WHIGK
FNIS- 35 | &8 | 87 38 89 G{) 186 | 93 94 187 185
VK-
Wo4F
FNIS- 35 | &8 | 87 38 89 G{) 189 | 93 94 190 188
VK-
Wa7F
FNIS- 85 {8 |87 38 89 G{) 192 | 93 94 193 191
VK-
WO4F-
WaTF
FNiig 97 198 |99 100 101 102 163 | 104 | 105 106 107 108
FNiiz 109 1 110 | 111 112 113 1i4 P15 | 1le | 117 118 119 120
FNii3 121§ 122 | 123 124 125 126 127 | 128 | 129 130 131 132
FNiid 133§ 134 | 135 136 137 138 139 | 140 | 141 142 143 144
FNiL7 145 ¢ 146 | 147 148 149 150 {51 {152} 133 134 155 136
FNitoe 157 { 158 | 159 160 161 162 163 | 164 | 165 166 167 168
FNii7- 199 1 147 148 149 19% 200 | 153 134 155 200
vi9
FNiig- 203 1 159 160 161 202 205 | 165 166 167 204
v3
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SEQID NG
Ab VEIiVH | CPR | CDRHE | (DR VR VL | VL | CDR | CBR | CDR VL
(nt) | (aa) Hi 2 {(aa} H3 {co- {{VKy | (Vk| 11 L2 L3 {(Vk)
{aa) {aa) nt) {ni} 3 {aa) {aa) {aa) {co-
{aa) nt)
FNiS- 207 1 87 8% R4 206 209 | 141 142 131 208
Vs
FNiiT- 216 | 147 148 149 217 1 153 154 155
vi3
FNI- 227 1 228 | 231 232 233 229 1230 1 234 2358 236
UCA

Table 3.

California.07.2609 to HINZ New York.392.2004)

residue N1 | position N1 | residue N2 | position N2
M i M i
N 2 N 2
P 3 P 3
N 4 N 4
G 5 0O 5
K 6 K &

I 7 i 7

i & i 8
T 9 T G

i 10 i 10
G 11 O 11
S 12 S i2
\i 13 A4 13
C 14 S i4
M 15 L 15
T 16 T 16
i 17 i 17
G 18 S 18
M 19 T 19
A 20 i 20
N 21 C 21
L 22 F 22
i 23 H 23
L 24 M 24
0 25 0 5

160
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residue N1 | position N1 | residue N2 | posiion N2
i 26 ] 26
G 27 A 27
N 28 i 28
i 29 L 29
i 30 i 30
S 31 T 31
i 32 T 32
W 33 V 33
I 34 T 34
S 35 L 35
H 36 H 36
S 37 i 37
I 38 K 38
0 39 0 39
L 40 Y 40
{ 41 E 41
N 42 ¥ 42
Q 43 N 43
N 44 S 44
Q 45 P 45
i 46 P 46
E 47 N 47
T 48 - NA
C 49 ~ NA
N 50 N 48
0 51 0 49
S 52 Y 30
Y S3 M 51
i 54 i 52
T 35 C 53
Y 56 E 34
B 37 Iy 55
N 58 T 50
N 39 i 57
T 60 i 58
W o1 E 59
N 62 R 60
N 63 N 61
Q 64 i 2

161



WO 2022/109309

residue Ni

position N1

residue N2

posttion N2

65

63

- NA E 64
Y 66 1 65
y 67 v 66
N 6% Y 7
I 69 L 68
S 70 T 69
N 71 N 70
T 7 T 71
N 73 T 72
F 74 ] 73
A 75 B 74
A 76 K 75
G 77 E 76
0 73 M 7
J 79 C 78
y 80 P 79
v 81 K $0
5 82 L 31
\ 83 A 82
K 84 B 83
L 85 Y 84
A 86 R 85
G 87 N 86
N 8% W 87
S 89 S 88
S 90 K §9
- NA p 90
L 91 0 91
C 92 C 92
P 93 D 93
V 94 I 94
S 95 T 05
G 96 G 96
W 97 ¥ 07
A 98 A 98
I 99 P 99
Y 100 F 100
S 101 S 101

162
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residue N1 | position N1 | residue N2 | posiion N2
K 102 K 102
D 103 D 103
N 104 N 104
S 105 S 105
N4 106 i 106
R 107 R 107
i 108 L 108
S 109 S 109
S 110 A 110
K 11 G 111
G 112 & 112
D 113 D 113
vV 114 i 114
¥ 115 W 118
\i 116 A4 116
i 117 T 17
R 118 R 118
E 119 E 119
P 120 P 120
¥ 121 Y 121
i 122 V 122
S 123 S 123
C 124 9 124
S 125 D 123
P 126 P 126
L 127 D 12
E 128 K 123
C 129 C 129
R 130 Y 130
T 131 Q 131
¥ 132 F 132
F 133 A 133
L 134 L 134
i 135 G 135
Q 136 0 136
G 137 G 137
A 138 T 138
L 139 T 139
L 140 L 140
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residue Ni

position N1

residue N2

posttion N2

N 141 N 141
D 142 N 142
K 143 v 143
H 144 H 144
S 145 S i45
N 146 N 146
G 147 D 147
i 148 T 148
H 149 Y 149
K 150 H 150
D 151 D 5

R 132 R 152
S 153 T 153
P 154 P 154
Y 155 Y 155
R 156 R 156
T 1587 T 157
L 158 L i38
M 159 L 159
S 160 M 160
C 161 N 161
P 162 E 162
i 163 L 163
G 164 O 164
15 165 - NA
vV 166 \ 163
P 167 P 166
S 163 F 167
P 169 H 163
Y 170 L 169
N 171 G {70
S 172 T 171
K 173 K 172
¥ 174 Q 173
E 175 Y 174
S 176 C 175
vV 177 i 176
A 178 A 177
W 179 W 178

PCT/US2021/060155
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residue N1 | position N1 | residue N2 | posiion N2
S 180 S 179
A 131 S 180
S 182 S ig81
A 183 S 182
C 184 C 183
H 185 H 184
D 186 D i85
G 187 G 186
I 188 K 187
N 189 A 188
W 196 W 189
i 191 L 190
T 192 H 191
i 193 V 192
G 194 C 193
i 195 V 194
S 196 T 195
G 197 G 196
P {98 D 197
D 199 D 198
N 200 K 199
G 201 N 200
A 202 A 201
vV 203 T 202
A 204 A 203
vV 205 S 204
L 206 1N 205
K 207 1 206
Y 208 Y 207
N 209 N 208
G 210 G 209
i 211 R 210
I 212 L 211
i 213 V 212
D 214 D 213
T 215 S 214
I 216 i 215
K 217 vV 216
S 218 S 217

165
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residue Ni

position N1

residue N2

posttion N2

219

213

W W
R 220 S 219
N 221 K 220
N 222 K 221
I 203 1 202
L 224 L 223
R 225 R 224
T 226 T 225
Q 227 0 226
B 228 B 227
S 229 S 228
E 230 B 229
) 231 C 230
A 232 v 231
C 233 C 232
% 234 I 233
N 235 N 234
G 236 G 235
5 237 T 236
C 238 C 237
F 239 T 238
T 240 s 239
% 241 % 240
M 242 M 241
T 243 T 242
D 244 D 243
G 245 G 244
p 246 S 245
S 247 A 246
N 248 S 247
G 240 G 248
Q 250 K 249
A 251 A 250
S 252 D 251
Y 253 T 257
K 254 K 233
I 255 i 254
¥ 256 L 255
R 257 F 256

166
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residue N1 | position N1 | residue N2 | posiion N2
i 258 ] 257
B 259 E 258
K 260 E 2359
G 261 G 260
K 262 K 261
i 263 i 262
N4 264 i 263
K 265 H 264
S 266 T 265
Y 267 S 266
B 268 T 207
M 269 [} 263
N 270 S 269
A 271 G 270
P 272 S 271
N 273 A 72
Y 274 Q 273
H 275 H 274
Y 276 N4 275
E 277 E 270
B 278 E 277
C 279 C 278
S 280 S 279
C 281 C 280
Y 282 Y 281
P 233 P 282
D 284 R 283
S 235 Y 284
S 286 P 2385
B 287 G 286
i 288 Y 287
T 289 R 288
C 296 C 289
Y 291 V 290
C 292 C 261
R 293 R 292
D 294 D 283
N 295 N 254
W 296 W 295
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residue N1 | position N1 | residue N2 | posiion N2
H 297 K 296
G 298 O 297
S 299 S 208
N 300 N 299
K 301 R 300
P 302 Iy 301
W 303 i 302
Y 304 \ 303
S 305 D 304
¥ 306 i 305
N 307 N 3006
~ NA 1 307
Q 308 K 308
N 309 1 309
L 310 Y 310
E 311 5 31
Y 312 1 312
8] 313 Y 313
i 314 S 314
G 313 S 315
Y 316 Y 316
I 317 Y 317
C 318 9 318
N 319 S 319
G 320 G 320
I 321 L 321
¥ 322 Y 322
G 323 O 323
D 324 D 324
N 325 T 325
P 326 P 326
R 32 R 327
P 328 K 328
N 329 N 329
D 330 D 330
K 331 S 331
T 332 S 332
{ 333 5 333
N 334 S 334
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residue N1 | position N1 | residue N2 | posiion N2
9 335 S 335
- NA H 336
~ NA y 337
- NA L 338
G 336 D 339
P 337 Iy 340
N4 338 N 341
S 339 N 342
S 340 E 343
N 341 E 344
G 342 & 343
A 343 G 346
N 344 H 347
& 343 G 348
N 346 A4 349
K 347 K 350
G 348 G 351
¥ 349 W 352
S 350 A 353
¥ 351 F 354
K 352 D 355
Y 353 D 350
G 354 G 357
N 355 N 358
{ 356 D 359
vV 357 4 360
W 358 W 361
I 359 M 362
{ 360 G 363
R 361 R 364
T 362 T 365
K 363 1 366
S 364 S 367
i 365 E 368
S 366 K 369
S 307 L 370
R 368 R 371
N 369 5 372
G 370 O 373
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residue N1 | position N1 | residue N2 | posiion N2
¥ 371 Y 374
B 372 E 375
M 373 T 376
i 374 ¥ 377
W 375 K 378
D 376 vV 379
P 377 i 380
N 378 E 381
G 379 G 382
W 380 W 333
T 381 S 384
{ 382 K 385
T 383 P 380
D 384 N 387
N 335 S 388
N 386 K 389
F 387 L 390
g 388 O 391
i 389 1 392
- NA N 363
K 390 R 394
G 391 0 395
D 392 V 396
I 393 i 397
N 394 vV 398
G 395 i) 399
i 396 R 400
N 397 O 401
E 398 N 402
W 399 R 403
S 400 S 404
G 401 G 405
Y 402 Y 400
S 403 S 407
¥ 404 G 408
S 405 i 400
¥ 406 F 410
N 447 - NA
0 408 ) NA
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residue N1 | position N1 | residue N2 | posiion N2
H 409 - NA
P 410 - NA
E 411 S 411
L 412 v 412
T 413 E 413
G 414 G 414
L 415 K 415
D 416 S 416
C 417 C 417
i 418 I 418
R 419 N 419
P 420 R 420
C 421 C 421
¥ 422 K 422
W 423 Y 423
v 424 V 424
B 425 E 425
L 426 L 426
i 427 1 427
R 428 R 428
G 429 G 429
R 430 R 430
P 43 K 431
K 432 E 432
B 433 E 433
N 434 T 434
T 435 B 435
I 436 Y 436
~ NA i 437
W 437 W 438
T 438 T 439
S 439 S 440
G 446 N 441
S 441 S 442
S 442 i 443
i 443 V 444
S 444 Y 445
¥ 445 i 446
C 446 C 447

PCT/US2021/060155
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residue N1 | position N1 | residue N2 | posiion N2
& 447 G 443
/ 448 T 449
N 449 S 450
S 450 G 451
D 451 T 452
i 452 Y 453
N4 433 G 454
G 454 T 455
W 455 G 456
S 456 S 457
W 457 W 458
P 458 P 459
D 459 D 460
& 460 G 461
A 461 A 462
E 462 D 463
L 463 1 464
P 464 N 465
F 465 L 466
T 466 - NA
i 467 M 467
D 468 P 468
K 469 I 469
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EXAMPLES

EXAMPLE §

IDENTIFICATION AND TESTING OF ANTI-NA MONOUCLONAL ANTIBODIES

Peripheral blood mononuclear cells (PBMCUs) from anonymous donors were
selected based on binding of the corresponding serum against N1 and N4 {(G1}; and N2,
N3 and N9 (G2) influenza psendoviruses. Donors were selected by screening serum
from tonstllar donor samples (n=50) for reactivity against neuraminidase subtype N1
and N2 antigens, and serum tfrom PBMC donor samples (n=124) for reactivity against
neuraminidase subtype N4, N3, and N9. Neuraminidase antigens for screening were
expressed in mammalian cells and binding was evaluated by flow cyiometry.

B memory cells from five donors were sorted by flow cytometry for input into
the discovery workflow (Figure 1}. Single sorted B celis (n=39.350) were co-cultured
with mesenchymal stromal cells (MSC) in SO ul cultures to stimulate antibody
secretion. Secreted antibodies were evaluated by binding and NA inhibition assays.
Inhibition of N1 sialidase activity was evaluated using ELLA {(enzyme-linked lectin
assay), an absorbance-based assay that utilizes a large glycoprotein substrate, fetuin, as
a substrate for sialic acid cleavage by NA (Lambre et al. J fmmunol Methods. 1990},
Inhibition of N1, N2, and N9 stalidase activity was measured using a fluorescence-
based assay that measures cleavage of the 2'-(4-Methylumbelliferyl }-o-D-N-
acetylneuraminic acid {MUNANA) by the NA enzyme (Potier er af. Anal. Biochem.
1979.).

Binding to NAs from group 1 JAV N1 A/Vietnany/1203/2004, and group 2 [AVs
N2 A/Tanzania/205/2010 and N9 A/Hong Kong/S6/2015 was evaluated by ELISA to
determine breadth. Antibody sequences from selected B cells were cloned as ¢cDNAs
and sequenced.

Fourteen clonally related monoclonal antibodies resulted from the discovery
workflow (Figure 2A). FNI3 (VH: SEQ ID NO..26; VL: SEQ ID NQO.: 32) and FNIS
{(VH: SEQ ID NO.:86; VL SEQ ID NG.: 92) were selected for further evaluation and

sy
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testing. Alignment of FNI3 and FNI9 VH with that of the unmutated common ancestor,
"UCA", is shown in Figure 2B. The UCA binds to a breadth of IAV and IBV NAs {data
not shown). Binding of FNI3 and FNI9 to NA subtypes was evaluated. ELISA
{enzyme-linked immunosorbent assay} was used to measure binding of FNI3 and FNI©
to N1 (Figure 3A), N2 (Figure 3B), and N9 (Figure 3C) and reported as optical density
{OD) versus concentration in ng/ml. Bio-Layer Interferometry (BLT) was used to
measure KD, association {kon), and dissociation {(kdis) of FNI3 and FNIO for N1
binding (Figure 4A), N2 (Figure 4B}, and NO (Figure 4C). Binding by a comparator
anttbody, 1GO1-LS (1GO1 1s described by Stadibauver ef af. (Science 366(064643:499-504
{2019); see Figure 1B, the VH and VL amino acid sequences of antibody 1G01, as well
as 1HOL, and 1G04, are incorporated herein by reference), and in these experiments
bore M428L and N4348 Fc mutations), was also measured by ELISA and BLI assays.
A negative control antibody, K-, tested in the ELISA assays,

Binding of FNI3 and FNI® to NAs from group LAV, group H IAVs, and IBVs
is summarized in Figure 5 {with comparator 1G01). Binding was quantified using a
FACS-based assay in which NAgs were expressed on the surface of mammalian celis.
Briefly, Expi-CHO cells were transiently transtected with plasnuds encoding different
AV and IBY NAs. At 48 hours post-transfection cells were incubated with the serial
dilutions of the different mAbs. After 60 minutes incubation, the cells were washed and
then incubated with an anti-Human IgG-AF647 secondary antibody. Cells were then
washed twice and antibody binding was evaluated at the FACS, 1G0T was used asa
comparator.

Phylogenetic relatedness of NAs from group 1 IAVs, group 2 IAVS, and
Influenza B Viruses is shown in Figure 6.

Glycosylation of influenza neuraminidase has implications for immune evasion
and viral fitness in a host population. Glycosylation sites can occur at positions 245
(245Gly+) and 247 (247Gly+) (Wan et al. Nat Microbiology. 2019). Exemplary
245GlHy+ and 247+ Gly modification sites in A/South Australia/34/2019,
A/Switzerland/8060/2017, A/Singapore/INFIMH-16-0019/2016, and

A/Switzerland/9715293/2013 are shown in Figure 7TA Figure 7B shows inhibition of

i
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sialidase activity (NAT) activity against A/Switzerland/8060/2017,
A/Singapore/INFIMH-16-0019/2016, and A/Switzerland/9715293/2013 live virus
stocks, reported as ECSO in pg/ml. Binding of FNI3 and FNI9 to N2 in mammalian
cells infected with A/South Australia/34/2019 (245Gly+) was measured by flow
cviometry (Figure 7C}. Eurasian avian-like influenza virus strains isolated from swine
are gevetically diverse (Sun et al. Froc Natl Acad Sci U S AL 2020). Binding of FNI3
and FNI9 to NA in mammalian cells infected with a HIN1 Swine Eurasian avian-like
(EA) strain, A/Swine/Jiangsu/J004/2018 was measured by flow cytometry, as shown in
Figure 8.

The potential for polyreactivity of FNI3 and FNI9 was evaluated in human
epithelial type 2 (HEP-2) cells (Figure 9). A comparator anti-HA antibody, FIov3, was
used as a positive conirol, and anti-paramyxovirus antibody "MPEE" (Corti ef af.
Nature 301{7467}.439-43 (2013} was included as a negative control.

Inhibition of sialidase activity in NAs was measured using a MUNANA assay
against group I IAVs, group H IAVs, and IBVs, with resulis summarized in Figure 10
Sialidase inhibition of antibody (reported as ICS50 in pg/ml) aganst multiple group 1
[AVs, group U IAVs, and IBVs strains s summarized in Figure 11, Figures 124 and
128 show in vifro inhibition of stalidase activity (reported as ICS0 in pg/ml) by FNI3 or
FINIS against group T{HINT) TAV, group T H3N2) [AV, and IBY NAs. Figure 12A
depicts group IAVs, group H 1A Vs, and 1BV within the same plot, and Figure 12B
depicts the groups in separate plots. FNI3, FNIS, FNI14 (VH: SEQ D NG 134; VL
SEQ ID NO.: 140), FNII7 (VH: SEQ ID NO.:146; VL: SEQ ID NO.: 152), and FNII9
(VH: SEQ ID NGO 158, VL SEQ 1D NO.: 164) were also evaluated for their ability to
inhibit sialidase activity (Figure 13B) of NAs from a panel IAV and IBV straios (Figure
13A), some of which harbor a glycosylation site at position 245, as indicated by an
asterisk. Figures 14A-14D show neutralization curves for FNIT (VH: SEQ ID NO..2;
VL: SEQ ID NO.- 8), FNI3, FNIO, FNIi4, FNI17, and FNI19 against HIN1
A/California/07/2009 (Figure 14A), H3NZ A/Hong Kong/8/68 (Figure 14B},
B/Malaysia/2506/2004 (Figure 14C), and B/JIangsu/10/2003 (Figure 14D) NAs

(reported as IC50 (ug/ml).
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FNI3 and FNI9 were evaluated for activation of FeyRIHa (Figure 15A) and
FeyRila (Figure 15B) using a NFAT-driven huciferase reporter assay. Activation of
Furkat-FeyRIHla (F158 allele) and Jurkat-FeyRIMa (H131 aliele) cell lines was assessed
following a 23 hour incubation with AS49 cells infected with HIN1 influenza strain
A/Puerto Rico/8/1934 at a multiplicity of infection (MO} of 6. Comparator antibodies
FY1-GRLR and IgGl antibody FMOE LS, the latter baving a VH of SEQ HD NO 194
and a VL of SEQ ID NO.: 195, and comprising M428L and N434S (EU numbering) Fc

mutations, were also tested.

EXAMPLE 2

STRUCTURAL AND FUNCTIONAL STUDIES OF ANTI-NA ANTIBODIES

Neurarsimdase (NA) mutations respounsible for influenza resistance to
oseltamivir can vary according to the NA subtype (see, e.g., Hussain ef af., fnfection
and Divug Kesistance 10.121-134 (2017)). Figures 16A and 16B show frequency by
year of NA antiviral-resistant mutations in (Figure 16A) N1 (HIN1, swine HINI, and
avian HSN1) and (Figure 16B) N2 (H3N2, HZN2).

A reverse genetics approach was used to engineer HINT A/California/07/2009
to harbor oseltamivir {OSE }-resistant mutations (H275Y, E119D and H275Y, S247N
and H275Y). Neutralization of reverse-engineered HINT A/California/07/2609 virus by
FNI3 (Figure 17A), FNIS (Figure 17B), and oseltamivir (Figure 17C) was measured,
along with neutralization by comparator antibodies FMOE (Figure 17D} and 1G0O1
(Figure 17E) antibodies aund reported as % inhibition in uM. These data suggest a
structural basis for the lack of susceptibility of FNI3 and FNIS to OSE-resistant NA
mutations. Next, additional viruses, including Group I {HINI} 1AV, group I (H3NZ)
[AV, and IBV viruses were engineered with reverse genetics to bear OSE-resistant
mutations {H275Y, E119D/H275Y, H27S5Y/S247N, 1222V, and N2948). Neutralization
activity of FNI3, FNI9, and comparator antibody 1G0T was measured and reported as
ICS50 i ug/ml Figure 18A depicts neutralization of individual viral strains and Figure

188 depicts neutralization of viral strains grouped by neutralizing anti-NA antibody.

i
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The crystal structure of FNI3 (alone or in complex with NA) was determined to
investigate binding function. A relatively flat docking angle of the FNI3 antigen-
binding fragment {Fab)} domain in complex with NA 18 shown in Figure 19, Crystal
structure analysts of the complementarity-determining region 3 (CDR3) of the FNI3
heavy chain was performed for unbound (Figure 204} or NZ NA-bound states (Figure
20B). From these studies, unbound FNI3 crystal structure (Figure 20A) shows a beta
sheet conformation and intact main chain hydrogen bonds between carboxylic acid
groups {CO) and amino groups {NH) of residues E111 {(CO) - D102 (NH), E111 (NH)
~ D102 (CO), G109 (CO) — F104 (NH), G109 (NH) — N105 (CO), and L108 (NH) —
N105 (COy; bound FNI3-N2 crystal structure {(Figure 20B) shows disruption of the beta
sheet conformation and one intact main chain hydrogen bond between (G109 (CO) -
F104 (NH). Without being bound by theory, absence of beta sheet structure in the
FNI3-N2 erystal structure might be explained by two potential scenarios: (1) disruption
of beta sheet may occur due to induced fit by binding to N2 NA; (2) beta sheet
formation may occur due to induced fit by crystal contacts tor the Fab domain alone.

Crystal structure and angle of docking of the Fab domain of the FNI3 antibody
in complex with NA subtypes was compared to analogous properties of other anti-NA
anttbodies to further characterize docking properties of FNI3. Figure 21A shows
coraparator antibodies: 1G0T in complex with N1 NA (upper panel); and 1G04
{Stadlbauer ef af., supray in complex with N9 NA (lower panel). Figure 21B shows
FNI3 in complex with N2 NA (upper panel) wherein the docking angle is the same as
shown in Figure 19, but the Fab domain is 1n a different orientation. Figure 218 also
shows a comparator antibody, 1EOT {(Stadlbauner ef o/, supra), in complex with N2 NA
(lower panel}. Lines indicate angle of docking and Protein Data Bank (PDB)
identification codes are shown for comparator antibodies. From these studies, FNI3 has
a similar docking angle to 1EO01, but a different Fab orientation.

FNI3 complementarity-determining region (CDR) mteractions are shown
schematically in Figure 22, from "quick prepped” protein using MOE (Molecular
Operating Envirooment by the Cherical Computing Group, www.cherscomp.com ).

From this analysis, CDRH3 bends at an almost 90° angle to occupy the NA binding
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pocket and CDRH2 lays flat on the NA surface. From this analysis, CDRHZ2 does not
appear to energetically contribute to binding and CDRLs do not appear to contribute to
the binding nteraction. From this study, within the CDRH3, D107 and R106 appear to
contribute to N2 NA binding (Figure 23). Negative numbers are interaction energy in
keal/mol.

The crystal structure of FINI3 was overlaid on the structure of oseltamivir-bound
NZ NA (Figure 24, Figure 25), showing that oseitamivir interacts with R118, R292, and
R371.

Conservation of the FNI3 epitope was investigated using N2 NA sequences
from H3NZ viruses (n=60,597) isolated between the years 2000 and 2020. The epitope
region consensus amino acid sequence is shown in Figure 264, with a table showing
the frequency of an amino acid at a particular position in the group of analyzed N2 NA
sequences. Circled values indicate amino acids appearing at the lowest three
frequencies, Glu221 (B221, 17.41%), Ser245 (8245, 33.69%), and Ser247 (8247,
36.16%). Figure 26B (lower portion) shows interaction of Y60 and Y94 from FNI3
with residues E221, 8245, and §247 of N2 NA Using simple modeling, a S245N
mutation increased binding, a 82477 mutation decreased binding, and a E221D
mutation was neutral in effect (data not shown).

Conservation of the FNI3 epitope was investigated using N1 NA sequences
from HIN1 viruses (n=57 597) isolated between the years 2000 and 2020. Figure 27
shows a comparison of N2 NA FNI3 epitope conservation analysis {shown in Figures
26A and 26B) with analysis of FNI3 epitope conservation in N1 NA sequences from
HINI. Pairs of consensus residues were tdentified, R11& (N2j and R11& (N1}, D151
(N2) and D151 (N1}, E227 (N2 and E228 (N1), R292 (N2) and R293 (N1}, and R371
(N2) and R368 (N1). Important FNI3-interacting residues within N2 NA and
counterpart FNI3 CIDRH3 residues are shown in the table tn the lower panel. Residues
R371, R292, and R118 interact with D107 of FNI3 CDRHS3 and residues D151 and
E227 interact with R106 of FNI3 CDRH3.

i
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EXAMPLE 3

PROPEYLACTIC ACTIVITY OF ANTI-NA MONGULONAL ANTIBODIES

Prophvlactic activity of FNI3 and FNI9 was evaluated in a murine BALB/c
model of AV infection. Briefly, BALB/c mice, 7-8 weeks of age, were administered
(iv.) FNI3 ("mAb-03" in Figure 28A), FNI9 ("mAb-09" in Figure 28A), or vehicle
control one day prior to intranasal infection at LD90 (90% of a lethal dose) with HINI
subtype A/Puerto Rico/8/34 or HIN2 subtype A/Hong Kong/1/68 (Figures 28A and
28B). Antibody was administered (i v.) at 0.2. 0.6, 2, or 6 mg'kg. Baseline serum was
collected at the start of 1nfection, and both body weight and mortality were evaluated oo
cach of Days 2-14 post-infection (Figure 28B). Body weight measurements over fifteen
days are shown in Figures 29A-29D (A/Puerto Rico/8/34 FNI3 test group), 30A-30D
{A/Puerto Rico/8/34 FNID test group), 31A-31D (A/Hong Koug/1/68 FNI3 test group)
and 32A-32D (A/Hong Kong/1/68 FNI9 test group). Overall mortality was also
measured (Figure 33A, A/Puertto Rico/8/34-intected muce; Figure 33B, A/Hong
Kong/1/68-infected roice). Figures 34A and 348 show body weight loss reported as
area-under-the-curve in mice infected with A/Puerto Rico/8/34 (Figure 34A) or A/Hong
Kong/8/68 (Figure 34B). Negative area-under-the~curve peaks compared with IgG 1o
serum from area-under-the-curve analyses of body weight loss in BALB/¢ mice
infected with A/Puerto Rico/8/34 (Figure 35A) or A/Hong Kong/8/68 (Figure 35B) are
also shown. Pharmacokinetics of FNI3 ("FNI3-LS"), FNIS ("FNI9-LS") and comparator
antibodies FMO8 LS and 1G01 ("1GO1-LS ") in tg32 mice is shown in Figure 36.
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EXAMPLE 4

PHARMACOKINETIC STUBY

Pharmacokinetic analysis of Fc variants (M4281L/N4348 mutations) of FNI3
("FNI3-L8"), FNIO ("FNI9-LS"), and comparator antibodies FMO8 L8 and 1G01-LS
was peformed 1o in tg32 muce, and half-life was performed, with results summarized 1o
Figure 36. Plasma concentration of the antibodies was determined in vifro using an
ELISA assay. Goat anti-human IgG antibody (Southern Biotechnology: 2040-01) was
diluted to 10 pg/ml in PBS and 25 ul was added to the wells of a 96-well tlat bottom Va-
area ELISA plate for coating over night at 4°C. After coating, the plates were washed
twice with 0.5x PBS supplemented with 0.05% Tween20 {wash solution} using an
automated ELISA washer. Then, plates were blocked with 100 pyl/well of PBS
supplemented with 1% BSA (blocking solution} for 1 h at room temperature (RT) and
then washed twice. Samples were then diluted 1:2 stepwise in duplicates for a total of §
dilutions. Standards for each antibody to be tested were prepared similarly via diluting
the antibodies to 0.5 pg/ml. Standards were then diluted 1.3 stepwise in blocking
solution in duplicates for a total of § dilutions. Twenty-tive yl of the prepared samples
or standards were added to Goat anti human IgG-coated wells and incubated for 1 h at
RT. After four washes, 25 ul of polyclonal anti-lgG-alkaline phosphatase conjugated
antibodies {Southern Biotechnology: 2040-04) diluted in blocking solution 1:500 were
added per well for detection and incubated at RT for 1 h. After four washes, plates were
developed by adding 80 ul/well of substrate solution {1 tablet of p-NitroPhenyi
Phosphate (Sigma-Aldrich: N2765-100TAB) in 20 mi bicarbonate buffer). After 30 min
incubation at RT, the absorbance was measured at 405 nm using a specirophotometer.

To determine the concentration of the antibodies in mouse plasma, (D values
trom ELISA data were plotted vs. concentration in GenS software (BioTek). A non-
linear curve fit was applied using a variable slope model, four parameters, and the
equation: Y={A-D}/ (1+ {X/Cy"B} +D). The OD values of the sample dilutions that feli
within the predictable assay range of the standard curve %4 as determined in setup

experiment by quality controf samples in the upper, medium, or lower range of the
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curve ¥ were wnterpolated to quantify the samples. Plasma concentration of the
antibodies were then determined considering the final dilution of the sample. If more
than one value of the sample dilutions fell within the linear range of the standard curve,
an average of these values was used. Pharmacokinetics (PK) data were analyzed by
using WINNONLIN NONCOMPARTMENTAL ANALYSIS PROGRAM (8.1.0.3530
Core Version, Phoenx software, Certara) with the following settings: Model: Plasma
Data, 1.v. Bolus Administration; Number of non-missing observations: 8; Steady state
interval Tau: 1.00; Dose time: 0.00; Dose amount: 5.00 mg/kg, Calculation method:
Linear Trapezoidal with Linear Interpolation; Weighting for lambda_z calculations:
Uniform weighting, Lambda_z method: Find best {it for lambda_z, Log regression.
Graphing and statistical analyses (linear regression or outlier analysis} were performed

using Prism 7.0 software {GraphPad, La Jolla, CA, USA).

EXAMPLES

GENERATION OF FNIE3 AnD FNES VARIANT ANTIBODIES

Variants of FNI3 and FNIS were generated by mutating amino acids in the

variable regions. See Tables 1 and 2.

EXAMPLE 6

ADDITIONAL STUDIES

FNI antibodies were evaluated for binding and NAT activity against a panel of
[AV NAs and 1BV NAs (Figure 37). FNI17 and FNI19 bound NA from human IAV
circulating straius {e.g. N1 from A/California/07/2009 or N2 from
A/Washington/01/2007) at a lower concentration than FNI3 and FNIO (see data
highlighted by rectangle in Figure 373 FNI3 and FNI9 displaved higher cross-reactivity
toward NAs from zoonotic strains {e.g. N9 from A/Anhui/1/2013, see data hughlighted
by rectangle in Figure 37). All FNI antibodies bound to N1 from

AlSwine/Tiangsu/J004/2018 (see data highlighted by rectangle, secound from top o
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Figure 37) which has been characterized as having pandemic potential (Sun et al. Proc
Nat! Acad 5ci U § A, 2020). The FNI sequence variants were analyzed for function.
FINI antibodies were tested in further neutralization and NAT studies against [AVs and
viruses bearing OSE-resistant mutations. FNI antibodies were tested for activation of
FeyRs following incubation with IAV and BY NAs. Epttope counservation studies and
in vitro resistance selection studies were performed. fn vivo prophylaxis studies of
FNI3 and FNIS against IAVs and against B/Victoria/504/2000 and B/Brisbane/60/2008
were performed in Balb/c and DBA/2 mice, respectively. /i vivo pharmacokinetics of
FNI antibodies bearing MLNS Fe mutations was tested in SCID Tg32 muce. Data trom
the above-mentioned studies are shown 1n Figures 37-55.

Further studies {cryo-EM, resistance vs. HINT A/California/07/2009, PK in
NHP, efficacy) are performed using FNI9, FNI7, and FNIIO.

EXAMPLE 7

BINDING STUDIES USING FNI MABS

Binding interactions between anti-NA antibodies and NA were evaluated by
crystal structure studies and docking avalysis. FNI3 docking on N2 NA 13 shown 1o
Figure 56A. An overlay of FNI3, FNI17, and FNI19 antibodies docking with NA 1s
shown in Figure 56B. The codes indicated in Figure 508 correspond with the ribbon
structures of FNI3, FNII7 | and FNI19. CDRH3, which interacts with NA, 1s
highlighted by a rectangle in Figure S6C, which shows VH amino acid sequence
alignments of FNI3, FNI9, FNI17, and FNIT9 with unmutated common ancestor,
"UCA" No major differences in the angle of approach were observed between NA and
FNI3, FNIO, FNI17, and FNI19 antibodies.

The crystal structure of FNIT7 in complex with N2 NA| including residues of
light chain CDRs (L-1, L-2, £.-3) and heavy chain CDRs (H-1, H-Z, H-3) is shown in
Figure STA. CDRH3 residues D107 and R106 of FNI17 are wuserted within the NA
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enzymatic pocket, mimicking the sialic acid receptor. The sequence location of D107
and R106 1s shown in the rectangle of Figure 578,
Conservation of the top five interacting residues within the FNI NA epitope in

group HIAVs, group H AVSs, and IBVs from 2009 to 2019 are shown in Figure 58

5 EXAMPLE 8

N ViR POTENCY: COMPARISON OF FRE ANTIBODIES WiTH FMVO8 AND

OSEFLTAMIVIR

In vitro potency of FNI antibodies was evaluated in comparison with potency of
OSE and FMOS. /n vifre neutralizing activity of FNI9, OSE, and a comparator antibody
10 "FMOB", measured by nucleoprotein (NP} staining against H3IN2 A/Hong Kong/8/68
virus, 1s shown in Figure 59.
In vitro inhibition of sialidase activity by FNI17 variant FNIT7-v1iS (VH: SEQ
B3 NG 199, VL0 SEQ 1D NG 201), FNIIS vartant FNIT9-v3 (VH: SEQ ID NG..203;
VL SEQ ID NQO.: 205), and FMOB-LS of group I (HIND TAY, group H (H3N2) 1AV,
15 Victoria-lineage IBY, and Yamagata-lineage IBV NAs, as measured by ViroSpot
maicroneutralization assay, 15 shown in Figure 60, The ViroSpot microneutralization
assay 1s a tool for the detection and phenotypic characterization of influenza viruses. In
brief, the technique involves microtiter-format virus culture combined with automated

detection of immunostained virally-infected cells (Baalen et al |, Vaccine. 35:46, 2017).

20 EXAMPLE 9

v Vivo POTENCY: COMPARISON OF FRE ANTIBODIES WiTH FMOS AxD

OSELTAMIVIR

{n vive potency of FNI antibodies was evaluated in comparison with potency of
QSE and FMO03.
25 Antibody activation of FoyR1la and FeyRIla by "GAALIE" variant antibodies
(G236A/A330L/1332E vanants) was tested, as shown in Figure 61 Activation of
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FeyRIfTa (F158 allele) and FoyRila (H131 allele) was measured using an NFAT-
mediated Luciferase reporter in engineered Jurkat cells. Activation was assessed
following incubation with AS49 cells infected with HINT influenza sirain A/Puerto
Rico/8/34 at a multiplicity of infection (MOI) of 6. FNI3, FNIS, FNII7, and FNIIO
were tested, along with FNI3, FNIS, FNI17, and FNI19 antibodies bearing GAALIE
mutations {suffix "-GAALIE"). A comparator antibody "FMOB _LS8" and a negative
control antibody (FY 1-GRLR) were also tested.

An inter-experiment i vivo study was designed to compare prophylactic activity
of FM08 LS with FNI3 and FNIS in BALB/c mice infected with HIN1 TAV A/Puerto
Rico/8/34 or H3NZ IAV A/Hong Kong/8/68 (Figure 62). Antibody was administered at
6 mg'kg, 2 mglkg, 0.6 mg/kg, or 0.2 mg/kg, one day prior to infection with a LD90
(90% lethal dose} of A/Puerto Rico/8/34 or H3NZ IAV A/Hong Kong/8/68. The
timeline, data collection, and endpoeints of the study are the same as those seen in Figure
28B. In Experiment A ("Exp-A") BALB/c mice were infected with A/Puerto Rico/8/34
foliowing pre-treatment with FNI3 (Figures 29A-29D) or FNI9 (Figures 30A-30D). In
another atm of Experiment A, BALB/c mice were infected with A/Houng Kong/8/68
tollowing pre-treatment with FNI3 (Figures 31A-31D) or FNI9 (Figures 32A-32D). In
Experiment B ("Exp-B"} BALB/c mice were tnfected with A/Puerto Rico/8/34 (Figures
63A-63D) or A/Hong Kong/8/68 (Figures 64A-641D) following pre~-treatment with
FMO8 LS.

Body weight measurements over fifteen days are shown tn Figures 29A-29D
{A/Puerto Rico/8/34 FNI3 test group), 30A-30D {(A/Puerto Rico/8/34 FNIO test group),
31A-31D {A/Hong Kong/1/68 FNI3 test group}, 32A-32D {A/Hong Kong/1/68 FNI9
test group), 63A-63D (A/Puerto Rico/8/34 FMOB LS test group), and 64A-64D
{A/Puerto Rico/8/34 FMOS LS test group).  Negative area-under-the-curve peak values
compared with Ig(s in serum from area-under-the-curve analysis of body weight loss in
BALB/c mice infected with A/Puerto Rico/8/34 (HIN1) or A/Hong Kong/8/68 (H3N2)
toliowing treatment with FNI3 or, FNI9, or FMOS LS are shown in Figure 46.

An in vivo study was designed to compare prophylactic activity of FMOB 1S

with FNT17 in BALB/c mice infected with HINT 1AV A/Puerto Rico/8/34 (Figure 65).
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Antibody was administered at 1 mg/kg (Figure 60A), 0.5 mg/kg (Figure 66B), 0.25
mg/kg (Figure 66CY, or 0.125 mg/kg (Figure 66D}, one day prior to infection with a
LD390 (90% lethal dose) of A/Puerto Rico/8/34. Body weight measurernents over twelve
days are shown in Figures 66A-66D and survival over twelve days is shown in Figure
67.

An in vivo study was designed to evaluate biological potency of oseltamivir
(OSE) in female BALB/c mice infected with IAV A/Puerto Rico/8/34 (Figure 68). OSE
was administered at 10 mg/kg by oral gavage on Day 0 beginning at two hours prior to
infection with 10-fold LDS0 (50% lethal dose) of A/Puerto Rico/8/34. OSE wasg
administered at the same dose at 6 hours post-infection and then twice daily until day 6
post-infection. Body weight moeasurements over fourteen days are shown in Figure 69
and survival over fourteen days is shown in Figure 70. Viral titers in lung homogenates
trom OSE-treated mice were measured from samples obtained at two and four days

post-infection (Figure 71).

EXAMPLE 10

GENERATION AND CHARACTERIZATION OF FNi3, Fni9, Fril7, Anp Fril®

TARIANT ANTIBODIES

Varaible domain sequence variants were generated from FNI3, FNIS, FNI17,
and FNI119 and characterized for binding and neutralization. A total of thirty-two (32}
variant antibodies were generated, in which tweoty-six (26) variants contained a
reversion of VH and/or VL framework amino acid(s) to germline sequence, three (3)
FNI17 variants contained a reversion of VH framework regions to germling sequence
and a WOT7A/L/Y mutation in VL, and three (3) FNI17 variants contained a wild-type
VH and a WOTA/L/Y mutation in VL. A total of 11 variants were generated from FNI3,
S variants from FNIO, 11 variants from FNIT7, and S variants from FNI19. Figures
72A-72B show acid sequences of FNI3, FNI9, FNIL7, and FNI19 VH (Figure 72A) and

VK (Figure 72B) aligned to unmutated common ancestor, "UCA”.
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Ii vitro inhibition of sialidase activity against JAV NAs (NAT from HSN1
AfVietnam/1203/2004; NAZ from H3N2 A/Tanzana/205/2010; NAS from HTNS
A/Hong Kong/56/2015) and IBV NAs (BNA7 from B/Malaysia/2506/2004; BNAZ
from B/Perth/211/2011) by the developability variants was measured. Inhibition activity
is shown in Figures 73A~73E (FNI3 and vartants FNI3-v8 through FNI3-v18; see Table
2 for amno acid and nucleic acid sequences), Figures 74A-74E (FNI9 and variaonts
FNIO-v5 through FNI9-v9; see Table 2 for amino acid and nucleic acid sequences),
Figures 75A-75E (FNI17 and variants FNI17-v6 through FNI17-v16; see Table 2 for
amino acid and nucleic acid sequences), and Figures 70A-TOE (FNII9 and varnants
ENIIO-vT through FNI19-v5; see Table 2 for amino acid and nucleic acid sequences).

Binding of all thirty-two (32) variants to JAV NAs and IBV NAs was evaluated
by FACS to exclude potential loss of breadth due to reversion to germline of mAb
tramework regions. Binding was measured against N1 from A/Stockholm/18/2007,
A/California/07/2009, and A/California/07/2009 I23R/H27SY (Figure 77A), N2 from
A/South Australia/34/2019, A/Leningrad/134/17/57, and A/Washington/01/2007
{(Figure 77B); N3 from A/Canada/rv504/2004 (Figure 77C); N6 from
Alswine/Ontario/01911/1/99 (Figure 77C); N7 from A/Netherlands/078/03 (Figure
77CY, IBV NA from B/Yamanash/106/1998 {Yamagata), B/Malaysia/2506/2004
(Victoria), and B/Lee/10/1940 {Ancestral) (Figure 77D

Surface charge and pharmacokinetic (pK} values were determined for FNI3,
FNIS, FNI17, and FNITSG. Figure 78A shows an alignment of FNI3, FNIS, FNI17, and
FNII9 VH amino acid sequence with that of the unmutated common ancestor, "UCA",
wherein the vertical rectangles indicate positively charged Lys12 and Lys19 residues in
the UCA sequence and corresponding residues at the same position in germ-ling
reverted FNI3, FNIO, FNI17, and FNI19. Overall surface charge maps generated using
PyMOL {The PyMOL Molecular Graphics System, Version 1.2r3pre, Schrodinger,
LLC) are shown for FNI3 (Figure 78B), FNIS (Figure 78C), FNII7 (Figure 78D}, and
FINI19 (Figure 7SE), along with pK values and resolution (reported in A). Decreases in
overall positive charge on the surface of the antibody may serve to reduce sequestration

of the antibedy by pinocytosis on the cell surface. FNIS presented a more negative
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surface charge and a correspondingly improved pK value in comparison to FNI3,
FNIT7, and FINEIO.

Two varianis {expressed as rigGl with MLNS muations o Fc) were selected for
pharmacokinetic evaluation: FNIT7-v19-LS (VH: SEQ ID NG 199, VL. SEQ ID NG .-
201} and FNI19-v3-LS (VH: SEQ H2 NG.203; VL: SEQ 1D NG 205} FNIT7-v19 was
generated by further engineering FNI17-v13 to incorporate somatic mutations within
the framework 1 (FR1) region of the heavy chain (R/E and K/T) to reduce the positive
charge and decrease pinocytosis thus increasing the half-life. Inter-experiment
pharmacckinetic analyses were performed between FNIT7-LS and FNIIO-LS ("PK 1"y,
and FNI19-v3-L8 and FNI17-v19 ("PK2"}. Tg32 mice were intravenously injected with
5 mg/kg antibody. Halt-life (Figure 79A) as well as area-under-the~curve (AUC),
steady state clearance (CLss), and total volume analyzed (Volume) (Figure 79B) were

determined.

EXAMPLE 11

N Vivo POTENCY: COMPARISON OF FNI17-v19 ANTIBODY WITH OSELTAMIVIR

{n vivo potency of ENT17-v19 was evaluated in comparnison with that of OSE.
An in vivo study was designed to evaluate prophylactic activity of FNH 7-v19-rlgGl1-LS
compared with oseltamivir (OSE} in BALB/c mice infected with IAVs and IBVs, as
shown in Figure 80. Treatment groups were administered 9 mg/'kg 3 mg/kg, 0.9 mg/kg
or 0.3 mg/kg of FNI17-v19-rigG1-LS 24 hours prior to infection at LID90 (90% lethal
dose}. FNI17-v19-tlgG1-GRLR was also tested at 9 mg/kg and 0.3 mg/kg for mice
administered IAV viruses (HINT A/Puerto Rico/8/34 or H3NZ A/Hong Kong/8/68).
The GRLR mutation abrogates binding by FcgRs and complement thus abrogating
activation of effector functions. Twenty-four hours afier antibody administration, mice
were infected at LD90 (90% lethal dose} with IA Vs, HINT A/Puerto Rico/8/34 or
H3N2 A/Hong Kong/8/68, or IBVs, B/Victoria/504/2000 (Yamagata) or

B/Brisbane/60/2008 (Victoria). OSE was orally admirnistered daily at 10 mg/kg trom 2
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hours before infection to 3 days post-infection to mimic dosing regimens used for
human treatment in a prophylactic setting,

Viral titer in the fungs was evaluated in mice from the iz vivo model described
inn Figure 80. At day 3 post-infection, mice were euthanized, lungs were collected, and
lung viral titres were measured using plaque assay following tnfection with HINI
A/Puerto Rico/8/34 (Figure B1A), H3N2 A/Hong Kong/8/68 (Figure 818B),
B/Victoria/504/2000 (Yamagata, Figure 81C), or B/Brisbane/60/2008 (Victoria, Figure
811»). Administration of OSE resulted in a 1 log reduction 1n viral titres in comparison
to the vehicle with all the virus tested with exception of the B/Brisbane/60/2008. A
single administration of FNI17-v19-rlgG1-LS at 0.3 mg/kg outperformed the
prophylactic activity of oseltarivir with all tested viruses, further, reduction 1o viral
lung titre by FNI17-v19-rlg(G1-LS was dose-dependent. Administration of the GRLR
version of the mAb (FNI17-vi9-rlgG1-GRER) resulted in a lower level of protection in
comparison to the parental antibody. The decrease in prophylactic activity associated to
the abrogation of the effector functions appeared consistent and independent of the dose
used. It was observed that the difference 1o reduction of PFU between the FNIT7-v19-
tigG1-LS and FNIL7-vI9-rIgG-GRLR mAbs was the same when comparing these

mAbs at the doses of @ mg/kg and 0.3 mg/ka.

EXAMPLE 12

Iv ¥Vivo POTENCY: PROPHYLACTIC ACTIVITY OF FNII7-VI9 ANTIBODY IX

Humanizen FeyR MiCe

In vivo potency of FNI17-v19 was evaluated in an FoyR-humanized mouse
model.

The design of an i1 vive study to evaluate prophylactic activity of FNI17-v19
humanized FeyR mice infected with HINTA/Puerto Rico/8/34 1s shown in Figure 82.
Mice were pre~administered FNIT7-v19 mAb at 0.9 mg/kg, 0.3 mg/ke, or 0.0% mg/kg,

24 hours prior to intranasal infection at SLD5G (five times 50% lethal dose) of HINI
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A/Puerto Rico/8/34. Animals were then monitored for body weight loss and mortality
over the course of 14 days. Mice losing more than 30% body weight were euthanized.
Figure 84 shows pre-infection concentration of human Ig(s in sera from

humanized FoyR mice pre-treated with FNI17-v19 from the study cutlined in Figure 82.

923

Sera was collected from mice 2 bours prior to infection with SLDS0 HINT A/Puerto
Rico/8/34. Body weight over fourteen days 1s shown in Figures 83A-83C.

Animals administered FNI17-v19 displayed limited to moderate body weight
loss {and no mortality) down to 0.3 mg/kg. Human IgG gquantification in the sera
collected from the amimals 2 hours before infection showed that mice receiving
10 different doses of the mAb have similar human Ig(s concentrations, thus excluding

potential problerus associated to the administration of the antibody.

EXAMPLE 13
FURTHER STUDIES
15

Additional studies were performed, as described and shown 1n Figures 80-115D.

20
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The various embodiments described above can be combined to provide further
embodiments. All of the U S, patents, U.S. patent application publications, 1.8, patent
applications, foreign patents, foreign patent applications and non-patent publications
referred to in this specification and/or listed in the Application Data Sheet, including
U.S. Provisional Application No. 63/117,448, filed November 23, 2020; U.S.
Provisional Application No. 63/123,424, filed December 9, 2020; U.S. Provisional
Application No. 63/197,160, filed June 4, 2021 and U.S. Provisional Application No.
63/261,463, filed September 21, 2021 are incorporated heretn by reference, in their
entirety. Aspects of the embodiments can be modified, if necessary to employ concepts
of the various patents, applications and publications to provide vet further

embodiments.

These and other changes can be made to the embodiments in light of the above-
detailed description. In general, in the following claims, the terms used should not be
construed to Hmit the claims to the specific embodiments disclosed in the specification
and the claims, but should be construed to include all possible embodiments along with
the fuil scope of equivalents to which such claims are entitted. Accordingly, the claims

are not limited by the disclosure.
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CLAIMS

What is claimed is:

i An antibody, or an antigen-binding fragment thereof, that i1s capable of
binding to a nevranunidase (NA)} from:

{t) an influenza A virus (IAV), wherein the IAV comprises a Group | AV,
a Group 2 AV, or both; and

(i)  aninfluenza B virus (IBV).

2. The antibody or antigen-binding fragrnent of claim 1, which 1s human,

humanized, or chimeric.

3. The antibody or antigen-binding tragment of claim 1 or 2, wherein:
{t) the Group 1 IAY NA comprises a N1, a N4, a NS, and/or a N8, and/or
(i) the Group 2 TAV NA comprises a N2, a N3, 8 N6, a N7, and/or a N9,

4. The antibody or antigen-binding fragment of claim 3, wherein:
(i} the N1is a N1 from any one or more of. A/California/07/2009,

A/California/07/2000 I223R/H275Y, A/Swine/Jiangsu/1004/2018,
A/Stockholm/18/2007, A/Brishane/02/2018, A/Michigan/45/2015,
A/Massissipp/3/2001, A/Netherlands/603/2009, A/Netherlands/602/2009,
AlVietnam/1203/2004, A/G4/SW/Shangdong/1207/2016, A/G4/SW/Henan/SN13/2018,
A/GA/SWiTangsu/J004/2018, and A/New Jersey/8/1976;

(i1}  the N4 is from A/mallard duck/Netherlands/30/2011;

(iti}  the N5 is from A/aquatic bird/Korea/CN5/2009;

(ivy  the N8 is from A/harbor seal/New Hampshire/179629/2011;

{v} the N2 is a N2 from any one or more of: A/Washington/01/2007,
A/HongKong/08, A/South Australia/34/2019, A/Switzerland/8060/2017,
A/Singapore/INFIMH-16-0019/2016, A/Switzerland/9715293/2013,
Alleningrad/134/17/57, A/Flonda/4/2000, A/Netherlands/823/1992,
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A/Norway/466/2014, A/Switzerland/8060/2017, A/Texas/S0/2012,
AfVictoria/361/2011, A/HongKong/2671/2019, A/SW/Mexico/SG1444/2011
A/Tanzama/205/2010, A/Aichi/2/1968, A/Bilthoven/21793/1972,
A/Netherlands/233/1982, A/Shanghai/11/1987, A/Nanchang/933/1995,
AlFukui/45/2004, and A/Brisbane/10/2007;

{vi)  the N3 is from A/Canada/rv504/2004;

k2

(v} the N6 is from A/swine/Ontario/01911/1/99;
(viy  the N71s from A/Netherlands/078/03; and/or
{vit} the N9 1s a N9 from any one or more oft A/Anhui/2013 and A/Hong

Kong/56/2015.

5. The antibody or antigen-binding fragment of any one of claims 1-4,
wherein the IBV NA 1s a NA from any one or more of B/Lee/10/1940 (Ancestral},
B/Brishane/60/2008 (Victona), B/Malaysia/2506/2004 (Victoriay;
B/Malaysia/3120318925/2013 (Yamagata), B/Wisconsin/1/2010 (Yamagata),
B/Yamanashy/166/1998 (Yamagata), B/Brisbane/33/2008; B/Colorado/06/2017,
B/Hubei-wuiiang/158/2009; B/Massachusetts/02/2012; B/Netherlands/234/2011;
B/Perth/211/2001; B/Texas/06/2011 (Yamagata), B/Perth/211/2011;
B/HongKong/05/1972; B/Phuket/3073/2013, B/Harbin/7/1994 (Victoria), and
B/Washington/02/2019 (Victoria).

6. The antibody or antigen-binding fragment of any one of claims 1-5,
wherein the antibody or antigen-binding fragment is capable of binding to each of

{1 a Group 1 TAV NA;

(i1} a Group 2 IAV NA; and

(it} alBVNA
with an ECso in a range from about 0.1 yg/mL to about 50 pg/ml, or in a range from
about 0.1 ng/mLb to about 2 pg/ml, or inn a range from C.1 pg/mL to about 10 ug/mL, or
in a range from 2 yg/ml to about 10 pg/rol., or in a range from about 0.4 pg/ml to

about 30 pg/mL, or in a range from about 0.4 yg/mL to about 2 ug/mL, or in a range
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trom 0.4 pg/mL to about 10 pg/ml, or in a range trom 2 pg/mb to about 10 pg/md, or

in a range from 0.4 pg/mL to about 1 pg/mL., or 0.4 ug/mL or less.

7. The antibody or antigen-binding fragment of claim 6, wherein the
antibody or antigen-binding fragment is capable of binding to:

(i} the Group 1 IAV NA with an ECso in a range frors about 0.4 pg/mlL to
about 50 pg/mL, from about 0.4 pg/mL to about 10 yg/mL, from about 0.4 yg/mbL to
about 2 ug/ml, from about 2 ug/mk to about 50 ug/ml, from about 2 pg/mk to about
10 pg/ml, or from about 10 ug/mk to about S0 ug/mi,;

i1y the Group 2 AV NA with an ECso in a range from about 0.4 pg/mlL to

ST

about SO pg/ml., or fromw about 0.4 pg/ml o about 10 pg/ml, or from about 0.4 ug/mL
to about 2 pg/mL, or from about 2 pg/mL to about 50 pyg/mi., or from about 2 pg/mtb to
about 10 pg/ml., or from about 10 ug/mL to about 50 pg/ml,; and/or

(i}  the IBY NA with an ECsg of about 0.4 ng/mL, or in a range from about
0. 1pg/mL to about 1.9 ug/mL, or from about 0.1pg/mL to about 1.5 yg/mL, or from
about 0.1 pg/mL to about 1.0 pg/mL, orabout 0.1,02,03,04,05,06,07,08,09, or
10 pg/mL.

3. The antibody or antigen-binding fragment of claim 7, wherein the
antibody or antigen-binding fragment is capable of binding to:

{i) a N1 with an ECsq of about 0.4 pg/mL, or tn a range from about 0.4
ug/mL to about SOug/ml, or in a range from about 0. 1pg/mk to about 1.9 pg/ml, or
from about 0. Tug/mL to about 1.5 pg/ml., or from about 0.1 pg/mL to about 1.0 pg/ml.,
orabout 0.1,02,03,04,05,06,07,0.8,09, or 1.0 ug/mL;

{i1} a N4 with an ECso of about 0.4 yg/mL, or in a range from about
0. 1pg/mL to about 1.9 ug/mL, or from about 0. 1pg/ml to about 1.5 uyg/ml., or from
about 0.1 pg/mi to about 1.0 ug/mL, orabout 0.1,02,03,04,05,06,07,08,09, or
1.0 yg/mL;

(iii}  a N3 with an ECso in a range from about 0.4 ug/mL to about 2 ug/mi,;

{ivy  a N8 with an ECs¢ of about 50 pg/mL;
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(v} a N2 with an ECso in a range from about 0.4 pg/mL to about 20 pg/mL,
or from about 0.4 pg/mL to about 10 ug/mL, or from about 0.4 ng/mL to about 2
ug/ml, from about 1 pg/mL to about 10 pg/mL, or from about 1 pg/mL to about 20
ug/mkb, or from about 1 yg/ml to about 5 yg/mi orabout1,2,3,4,5, 6,7, 8,9, 10,
15, or 20 ug/mb.;

{(vi)  a N3 with an ECso of about 0.4 pg/mL, or in a range from about
0. 1pg/mb to about 1.9 ug/mL, or from about 0. 1pg/mL to about 1.5 pyg/mb, or from
about 0.1 pg/mi to about 1.0 ug/mi., orabout 0.1,02,03,04,05,06,07, 08,09, or
1.0 ug/mi;

{vii} a N6 with an ECso of about 0.4 pg/mL, or in a range from about
0. 1pg/ml to about 1.9 ug/mL, or from about 0. 1ug/ml to about 1.5 yg/ml., or from
about 0.1 pg/mi to about 1.0 ug/mb, orabout 0.1,02,03,04,05,06,07, 08,09, or
1.0 ug/mb,;

{viti} a N7 with an ECso in a range from about 2 pg/mL to about 50 ug/mL;

{ix}  a N9 with an ECs of about 0.4 ug/mL, or in a range from about
0. 1pg/ml to about 1.9 ug/mL, or from about 0. 1ug/ml to about 1.5 yg/ml., or from
about 0.1 pg/mi to about 1.0 ug/mL, orabout 0.1,02,03,04,05,06,07,08,09, or
1.0 ug/mlL,; and/or

{xi}y alIBV NA with an ECs of about 0.4 pg/ml, or in a range from about
0. 1ug/mL to about 1.9 ug/mL, or from about 0. 1pg/mL to about 1.5 yg/mLb, or from
about 0.1 pg/mL to about 1.0 ug/mL, orabout 0.1,0.2,03,04,05,06,07,08,09, or

10 pg/mL.

9. The antibody or antigen-binding fragment of clairn 7 or 8, wherein the
antibody or antigen-binding fragment is capable of binding to:

{i) one or more of: N1 A/Califorma/07/2009, N1 A/California/07/2009
223R/H275Y, N1 A/Stockholm/18/2007, N1 A/Swine/Hangsu/J004/2008, N4
A/mallard duck/Netherlands/30/2011, NS A/aquatic bird/ Korea/CN5/2009, N2 A/Hong
Kong/68, N2 A/l.eningrad/134/17/57, N3 A/Canada/rv504/2004, N6
A/Swine/Ontario/01911/1/99, N9 A/Anhui/1/2013, B/Lee/10/1940 {Ancestral),
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B/Brisbane/60/2008 (Victoria), B/Malaysia/2506/2004 (Victorna),
B/Malaysia/3120318925/2013 (Yamagata), B/Wisconsin/1/2010 (Yamagata), and
B/Yamanashi/166/1998 (Yamagata), with an ECso of about .4 pg/mL, or wn a range of
from about O 1ug/mL to about 1.9 pg/mL, or of from about 0. 1pg/mb to about 1.5
ug/ml., or of from about 0.1 ug/mk to about 1.0 ug/mL, orabout 01,02, 03,04, 05,
$.6,07,08 09, or 1.0 yg/ml;

(i1} N5 A/aguatic bird/ Korea/CNS/2000 with an ECso of about 2 pg/mL, or
in a range of from about 2 pg/mL to about 10 pg/mi;

(iii}  NRB A/harbor seal/New Hampshire/179629/201 1 with an ECse of about
50 pg/mi;

(iv) N2 A/Washington/01/2007 with an ECso in a range from about 2 pg/ml
to about 10 pg/mL;

(v} N7 A/Netheriands/078/03 with an ECs0 tn a range from about 2 pg/mb
to about SO ug/mL;

{vi) N2 A/South Australia/34/2019 with an ECso in a range of from about 0.4
ug/ml to about 50 pug/ml;

{(vit) N2 A/Switzerland/8060/2017 with an ECso in a range of from about 9.5
ug/ml to about 3.8 pg/mi;

(vit) N2 A/Singapore/INFIMH-16-0019/2016 with an ECso 10 a range of fromn
about 18.4 yg/mL to about 2.2 pg/ml;

{iv) N2 A/Switzerland/9715293/2013 with an ECss 10 a range of from about
1.6 ug/mL to about 1.2 ug/ml,; and/or

(v} NI A/Swine/liangsu/J004/2018 with an ECso in a range of from about

0.4 ug/mL to about S0ug/ml, or about 0.4, about 2, about 10, or about SO ug/ml.
10, The antibody or antigen-binding fragment of any one of claims 1-9,

wherein the NA 1s expressed on the surface of a host cell {e.g., a CHO cell) and binding

to NA is according to flow cytometry.
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It The antibody or antigen-binding tragment of any one of claims 1-10,
which is capable of binding to a NA with a KD of less than 1.0E-12 M, less than 1.0E-
11 M, less than 1LOE-11 M, or of 1.0E-12M or fess, 1.0E-11M or less, or 1.0E-10 or
less, or with a KD between 1.0E-10 and 1.0E-13, or with a KID between 1.0E-11 and
1.0E-13, wherein, optionally, the binding is as assessed by biolayer interferometry

(BLI),

12, The antibody or antigen-binding fragment of claim 11, wherein the NA

isaMNl, aN2 and/ora N9

13. The antibody or antigen-binding fragment of any one of claims 1-12,
which is capable of binding to:

(1) {1} a NA eptiope that comprises any one or more of the following amino
acids (N1 NA numbering): R368, R293, E228, E344, 5247, D198, D151, R118; and/or
(it} a NA epitope that comprises any one or more of the following amino acids (N2 NA
numbering): R371, R292, E227, E344, 8247, D198, D151, R118;

and/or

(2} {1} a NA eptiope that comprises the amino acids R368, R293, E228,
Di51, and RUIB (N1 NA numbenng); and/or (11} a NA epitope that comprises the
amine acids R371, R292, E227 D151, and R118 (N2 NA numbering);

and/or

{3}  an epitope comprised in or comprising a NA active site, wherein,
optionally, the NA active site comprises the following amino acids (N2 sumbering}.
R118, D151, R1S2, R224, E276, R292, R371, Y406, E119, R156, W178, S179,
D/NT98, 1222, E227, H274, E277, D293, E425;

and/or

(4 an IBV NA epitope that comprises: (1) any one or more of the following
amino acids: R116, D149, E226, R292, and R374; or (11} the amino acids R110, D149
H226, R292, and R374.

2
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14 The antibody or antigen-binding tragment of claim 13, wherein:

(1} the epitope further comprises any one or more of the following NA
amino acids (N2 numbering): E344, E227, 5247, and D198, and/or

{2y  the antibody or antigen-binding fragment is capable of binding to a NA

comprising a S245N amino acid mutation and/or a E22110 amino acid mutation.

15. The antibody or antigen-binding fragment of any one of claims 1-14,
which is capable of binding to a NA comprising a S245N amino acid mutation and/or a

E221D amino acid mutation.

16. The antibody or antigen-binding fragment of any one of clairos 1-15,
wherein the antibody or antigen-binding fragment is capable of inhibiting a sialidase
activity of (i} an IAY NA, wherein the IAV NA comprises a Group 1 IAV NA, a Group
2 TAV NA, or both, and/or of (i1) an IBV NA in an in vitre model of infection, an in

vivo animal model of infection, and/or in a human.

17. The antibody or antigen-binding tragment of claim 16, wherein:

{t) the Group 1 IAY NA comprises a HINI and/or a HSNT;

(i1} the Group 2 IAV NA comprises a H3NZ and/or a H7N9; and/or

{iit)y  the IBY NA comprises one or more of: B/Lee/10/1940
{ Ancestral ) B/HongKong/05/1972; B/Taiwan/2/1962 (Ancestral}, B/Brisbane/33/2008
{(Victoria), B/Brisbane/60/2008 (Victoria), B/Malaysia/2506/2004 (Victoria), B/New
York/1056/2003 (Victoria), B/Florida/4/2006(Yamagata), B/Hangsu/10/2003
(Yamagata), B/Texas/06/2011 (Yamagata), B/Perth/211/2011; B/Harbin/7/1994
{(Victoria), B/Colorado/06/2017 (Victoria), B/Washington/02/2019 (Victoria),
B/Perth/211/2001 (Yamagata}, B/Hubet-wujtagang/158/2009 (Yamagata),
B/Wisconsin/01/2010 (Yamagata), B/Massachusetts/02/2012 (Yamagata); and

B/Phuket/3073/2013 (Yamagata).
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i8. The antibody or antigen-binding tragment of any one of claims 1-17,
wherein the antibody or antigen-binding fragment is capable of inhibiting a sialidase
activity by: a Group 1 AV NA; a Group 2 JAV NA; and/or a IBY NA,

with an IC50 in a range of

from about 0.0008 pg/mL to about 4 ug/ml., from about 0.0008 ug/ml to about
3 pug/md., from about 0.0008 pg/ml to about 2 pg/ml, from about 0.0008 pg/ml to
about I yg/mL, from about 0.0008 ug/mL to about 0.9 ng/mlL., from about 0.0008
ug/ml to about 0.8 pg/mi, from about 0.0008 pg/ml to about 0.7 ug/mL, from about
0.0008 pg/ml to about 0.6 ug/mL, from about 0.0008 pg/ml to about 0.5 ug/mL, from
about 0.0008 pg/mL to about 6.4 yg/mL, from about 0.0008 pg/ml. to about 0.3 pg/mi,
tfrom about 0.0008 pg/ml to about 0.2 pg/mL, from about 0.0008 png/ml to about 0.1
ug/mL, from about 0.0008 ug/mL to about 0.09 pg/mL, from about 0.0008 pg/ml to
about (.08 pg/mL, from about 0.0008 ug/mL to about 0.07 pug/ml., from about 0.0008
ug/mL to about 0.06 pg/mb, about 0.0008 uyg/mL to about 0.05 ug/ml, about 0.0008
ug/mL to about 0.04 pg/mL, about 0.0008 yg/mL to about 0.03 ug/mL, about 0.0008
ug/ml to about 0.02 pg/ml., about 0.0008 pug/ml. to about 0.01 pug/mL, from 0.002
ug/mL to about 4 ug/mL, from about 0.001 pg/mb to 50 pg/mL, from about 0.1 yg/mL
to about 30 pg/mi, from about 0.1 pg/ml. to about 20 pg/mi., from about 0.1 pe/mL to
about 10 pg/ml, from about 0.1 pg/ml to about 9 pug/mL, from about 0.1 pg/ml to
about 8 pg/ml, from about 0.1 pg/mL to about 7 pg/mL, from about 0.1 pg/ml to
about 6 pg/ml., from about 0.1 pg/ml to about 5 pg/ml, from about 0.1 pg/ml to
about 4 ug/mL, from about 0.1 pg/ml to about 3 pg/ml, from about 0.1 pg/ml to
about 2 ug/ml, from about 0.1 pg/mL to about 1 ug/ml, from about 0.1 pg/ml to
about 0.9 pgfral, from about 0.1 pg/mL to about 0.8 ug/ml., from about 0.1 pg/ml. to
about 0.7 ug/mL, from about 0.1 pg/mL to about 0.6 ug/mkb, from about 0.1 pg/mL to
about 0.5 pg/mi, from about 0.1 pe/mL to about 0.4 yg/ml., from about 0.1 pg/mL to
about 0.3 pg/mL, from about 0.1 pg/mL to about 0.2 yg/mL., from about 0.8 pg/mL to
about 30 pg/mL, from about 0.8 pg/mL to about 20 ug/mL, from about 0.8 yg/mbL to
about 10 pg/ml, from about 0.8 pg/ml to about 9 pug/mL, from about 0.8 pg/ml to

about § pg/ml, from about 0.8 ug/mL to about 7 pg/mL, from about 0.8 pg/ml to
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about 6 ug/mL, from about 0.8 pg/ml to about 5 pg/mL, from about 0.8 pg/ml to
about 4 yg/mL, from about 0.8 pg/mL to about 3 pg/ml, from about 0.8 pg/mL to
about 2 ug/ml., from about 0.8 pg/ml to about 1 pg/ml, or of about 0.1 ug/ml., about
0.2 ug/mb, about 0.3 pg/mb, about 0.4 ug/mL, about 0.5 ug/mL, about 0.6 pg/mi,
about 0.7 yg/ml, about 0.8 pg/ml., about 0.9 pg/ml, about 1.0 pg/ml, about 1.5
ug/ml, about 2.0 pg/ml, about 2.5 pg/ml, about 3.0 pg/mL, about 3.5 pg/ml, about
4.0 ug/mL, about 4.5 pg/mi. about 5.0 yg/mL, about 5.5 ug/mL, about 6.0 pg/mi,
about 6.5 pg/mi, about 7.0 pg/ml, about 7.5 ug/ml, about 8.0 pg/mi., about 8.5
ug/mkb, about 9.0 yg/mL, about 10 ng/mL, about 11 ug/mL, about 12 yg/mL, about 13
ug/ml, about 14 pg/mi, about 15 pg/ml, about 16 yg/mi., about 17 ug/mL., about 18

ug/ml., about 19 ug/ml, about 20 pg/ml., about 25 pg/mi., and/or about 30 pg/ml.

19, The antibody or antigen-binding fragment of claim 18, which is capable
of inhibiting NA sialidase activity of one or more Group 1 and/or Group 2 AV, and/or
of one or more IBY, with an IC50 in a range of from: about 00001 pg/mli to about 25
pg/ral, or about 0.0001 pg/ml to about 10 pg/md, or about 0.0001 pg/mi to about 1
ug/ral, or about 0.0001 pg/ml to about 0.1 pg/ml, or about 0.0001 pg/ml to about 0.01
pg/ml, or about 0.0001 pg/mi to about 001 pg/mi, or about 0.0001 pg/ml to about
G001 pg/ml, or about 0001 pg/mi to about 25 pg/ml, or about 0001 ug/ml to about 10
ug/mi, or about 0001 ug/ml to about 1 pg/mli, or about 0001 pe/ml to about 0.1 pg/mi,
ot about 0001 pg/ml to about 0.01 ug/ml, or about 001 ug/ml to about 25 pg/mi, or
about 001 ug/ml to about 10 ug/mli, or about 001 ug/ml to about 1 ug/ml, or about
001 pg/mi to about 0.1 ug/mi, or about 001 ug/mi to about 0.01 yg/ml, or about .01
pg/mi to about 25 pg/ml, or about 01 pg/ml to about 10 pg/ml, or about .01 ug/ml to
about 1 pg/mi, or about .01 pg/ml to about 0.1pg/ml, or about 1 pg/ml to about 25
ug/mi, or about 1 pug/mi to about 10 ng/mi,

orofabout 1, 15,2, 2.5.3,3.5,4,45,5,55,6.65,7.7.5.8 85,995, 10,
105,11, 11.5, 12, 125, 13, 13.5, 14, 145, or 15 pyg/ml.
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20. The antibody or antigen-binding tragment of any one of claims 1-19,

which is capable of activating a human FeyRifla.

2% The antibody or antigen-binding fragment of claim 20, wherein
activation is as determined using a host cell (optionally, a Jurkat cell) comprising: (1)
the human FeyRila (optionally, a F158 allele); and (1) a NFAT expression control
sequence operably linked to a sequence enceding a reporter, such as a luciferase
reporter, tollowing incubation {e.g., of 23 hours) of the antibody or antigen-binding

fragment with a target cell (e.g., a A549 cell) infected with a IAV.

22. The antibody or antigen-binding tfragment of claim 21, wherein
activation is as determined following an incubation (optionally, for about 23 hours) of
the antibody or antigen-binding fragment with the target cell infected with a HIN1
TAV, wherein, optionally, the HINT TAV 15 A/PR&/34, and/or wherein, optionally, the

infection has a muitiplicity of infection (MO} of 6.

23. The antibody or antigen-binding tragment of any one of claims 1-22,

which is capable of neutralizing infection by an 1AV and/or an IBY.

24 The antibody or antigen-binding fragment of claim 23, wherein the IAV

and/or the IBY is antiviral-resistant, wherein, optionally, the antiviral is oseltamivir,

25. The antibody or antigen-binding fragment of any one of claims 1-24,
wherein the IAV comprises a N1 NA that comprises the amino acid mutation{(s).
H275Y; E119D + H275Y,; S247N + H275Y; 1222V, and/or N2948, wherein,

3

optionally, the IAV comprises CAO9 or A/Aicht.
26. The antibody or antigen-binding fragment of any one of claims 1-25,
wherein the AV comprises a N2 NA that comprises the amino acid mutation{s) E119V,

Q136K, and/or R292K.
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27. The antibody or antigen-binding tragment of any one of claims 1-26,
wherein the antibody or antigen-binding fragment is capable of treating and/or
preventing (1) an IAV infection and/or (11) an IBV infection, in a subject.

28. The antibody or antigen-binding fragment of any one of claims 1-27,
wherein the antibody or antigen-binding fragment is capable of treating and/or
attenuating an infection by:

{t) a HINT virus, wherein, optionally, the HIN1 virus comprises A/PRB/34;

and/or

{i1) a H3NZ virus, wherein, optionally, the H3N2 virus optionally comprises
b J 2 S e

A/Hong Kong/68.

29, The antibody or antigen-binding fragment of any one of claims 1-28,
wherein the antibody or antigen-binding fragment 1s capable of preventing weight loss
i a subject infected by the IAV and/or IBY, optionally for (i} up to 15 days, or (it}
morte than 15 days, following admunisiration of an effective amount of the antibody or

antigen-binding fragment.

30. The antibody or antigen-binding fragment of any oune of clairus 1-29,
wherein the antibody or antigen-binding fragment is capable of preventing a loss in
body weight of greater than 10% in a subject having an IAV infection and/or an IBV
infection, as determined by reference to the subject’s body weight just prior to the IAV

and/or BV infection.
31 The antibody or antigen-binding fragment of any one of claims 1-30,

wherein the antibody or antigen-binding fragment is capable extending survival of a

subject having an AV infection and/or an IBV infection.
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32. The antibody or antigen-binding tragment of any one of claims 1-31,
wherein the antibody or antigen-binding fragment has an i# vivo half-life in a mouse
{e.g., 81832 mouse):

{i) in a range of from: about 10 days to about 14 days, about 10.2 days to
about 13.8 days, about 10.5 days to about 13.5 days, about 11 days to about 13 days,
about 11.5 days to about 12.5 days, between 10 days and 14 days, or between 10.5 days
and 13.5 days, or between 11 days and 13 days, or of about 10.0, 10.1, 10.2, 10.3, 10.4,
105,106,107, 108,109,110, 11,1, 112, 113, 114, 115, 116, 117, 118, 119,
12.0,12.1,122,123, 124,125,126, 127,128,129, 13.0, 13,1, 132,133, 13 4

13.5,13.6, 13.7, 13.8, 13.9, or 14.0 days; or

(i)  inaraonge of from about 12 days to about 16 days, about 12.5 days to
15.5 days, about 13 days to 15 days, about 13.5 days to about 14.5 days, or between 12
days and 16 days, or between 13 days and 15 days, or between 13.5 days and 14.5 days,
or of about 12.0, 12.1, 12.2, 123,124, 125, 12.6, 12.7. 12.8, 12.9, 13.0, 13.1, 13.2,
133,134,135, 1.36, 137, 13.8,13.9, 14.0, 14.1, 142, 143,144, 145 146, 147,
14.8, 149, 150 151, 152, 153,154, 155, 1.56, 157,158, 159, or 16.0 days.

33. The antibody or antigen-binding fragment of any one of claims 1-32,
coruprising a heavy chain variable domain (VH) comprising a complementarity
determining region {CDRIHL, a CDRH2, and a CDRH3, and a light chain variable
domain (VL) comprising a CORLY, a CORLZ, and a CDRL3, wherein:

(i} optionally, the CDRH1 comprises or consists of the amino acid sequence
set forth in any one of SEQ ID NOs.: 147, 3, 15, 27,39, 51, 63,75, 87,99, 111, 123,
135, 159, and 231, or a functional vanant thereof comprising one, two, or three acid
substitutions, one or more of which substitutions is optionally a conservative
substitution and/or 1s a substitution to a germling-encoded amino acid;

(i)  opuonally, the CDRH2 comprises or consists of the amino acid sequence
set forth in any one of SEGQ 1D NOs.: 148, 4, 16, 28, 40, 52, 64, 76, 88, 100, 112, 124,

136, 160, and 232, or a functional variant thereof comprising one, two, or three amino
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acid substitutions, one or more of which substitutions is optionally a conservative
substitution and/or is a substitution to a germline-encoded amino acid;

(iti}y  the CDRH3 comprises or consists of the amino acid sequence set forth in
any one of SEQ ID NOs.: 149, 5, 17, 29, 172, 41, 53, 65, 77, 89, 184, 101, 113, 125,
137, 161, and 233, or a functional variant thereof comprising one, two, or three amino
acid substitutions, one or more of which substitutions is optionally a conservative
substitution and/or is a substitution to a germline-encoded amino acid;

(tvy  optionally, the CDREL1 comprises or consists of the amino acid sequence
set forth in any one of SEQ ID NOs.: 153, 9, 21, 33, 45, 57, 69, 81, 93, 105, 117, 129,
141, 165, and 234, or a functional variant thereof comprising one, two, or three amino
acid substitutions, one or more of which substitutions is optionally a conservative
substitution and/or is a substitution to a germline-encoded amino acid;

(v} optionally, the CIDRLZ comprises or consists of the amino acid sequence
set forth in any one of SEQ ID NOs : 154, 10, 22, 34, 46, 58, 70, 82, 94, 106, 118, 130,
142, 166, and 235, or a functional variant thereof comprising one, two, or three amino
acid substitutions, one or more of which substitutions is optionally a conservative
substitution and/or is a substitution to a germline-encoded amino acid; and/or

(viy  optionally, the CDRL3 comprises or consists of the amino acid sequence
set forth in any one of SEQ ID NOs : 155, 11, 23, 35, 175, 178, 181, 47, 59, 71, 83, 95,
187,193,107, 119, 131, 143, 190, 167, and 236, or a functional variant thereof
comprising having one, two, or three aming acid substitutions, one or more of which
substitutions is optionally a conservative substitution and/or is a substitution to a

germline~-encoded amino acid.

34 The antibody or antigen-binding fragment of claim 33, comprising
CDRHY, CDRHZ, CDRH3, CDRLIL, CDRL2, and CDRL3 amino acid sequences set
torth in SEQ ID NOs.: (1) 147-149 and 153-155, respectively; (i1} 15-17 and 21-23,
respectively; (it} 27-29 and 33-35, respectively; (iv) 27, 28, 172, and 33-35,
respectively; (v) 27-29, 33, 34, and 175, respectively; (vi) 27-29, 33, 34, and 178,

respectively; (viiy 27-29, 33, 34, and 181, respectively; (viui} 27, 28, 172, 33, 34, and
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175, respectively: (1x) 27, 28, 172, 33, 34, and 178, respectively; (x) 27, 28, 172, 33, 34,
and 181, respectively; (xi} 39-41 and 45-47, respectively; (xi1} 51-53 and 57-59,

{xv) 87-89 and 93-95, respectively; {xvi} 87, 88, 184 and 93-95, respectively; {xvii} 87-
89, 93, 94, and 187, respectively; (xviii} 87-89, 93, 94, and 190, respectively; {xix} 87-
89, 93, 94, and 193, respectively, (xx) 87, 88, 184, 93, 94, and 187, respectively; (xxi}
87, 88, 184, 93, 94, and 190, respectively; {xxi1} 87, 88, 184, 93, 94 and 193,
respectively; (xxiti) 87-89, 141, 142, and 131, respectively; (xxiv) 99-101 and 105-107,
respectively; Coovy 111-113 and 117-119, respectively; (xxvi) 123-125 and 129-131,
respectively; (xxvii} 135-137 and 141-143, respectively; (xxviii} 3-5 and 9-11,

respectively; (oxix} 159-161 and 165-167, respectively; or (oxx) 231-233 and 234-236,

respectively.

3S. The antibody or antigen-binding fragment of any one of clairas 1-34,
wherein:

(i) the VH comprises or consists of an amino acid sequence having at least

80% (e.g., 80%, 83%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
more} identity to the amino acid sequence set forth 1y any one of SEQ 1D NQOs.: 199, 2,
14,26, 171, 38, 50, 62, 74, 86, 183, 98, 110, 122, 134, 146, 158, 203, 207, 216, and
228, wherein sequence variation 1s optionally limited to one or more framework regions
and/or sequence variation comprises comprises one ot more substitution to a germliine-
encoded amino acid; and/or

(11}  the VL comprises or conststs of an amino acid sequence having at least
B0% (e.g., 80%, BS%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 8%, 99%, or
more) identity to the amino acid sequence set forth in any one of SEQ 1D NOs.: 201, 8,
70,32, 44, 56, 68, 80,92, 104, 116, 128, 140, 152, 174, 177, 180, 186, 189, 192, 164,
208, 209, 217, and 230, wherein sequence variation 1s optionally limited to one or more
tramework regions and/or sequence variation comprises one or more substitution to a

germline-encoded amino acid.
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36. The antibody or antigen-binding fragment of claims 1-35, wherein the
VH and the VL comprise or consist of the amino acid sequences set forth in SEQ 1D
NOs.: (i) 199 and 201, respectively, (11} 14 and 20, respectively; (111} 26 and 32,
respectively; (iv} 26 and 174, respectively; (v} 26 and 177, respectively; {vi) 26 and
180, respectively; (vii) 171 and 32, respectively; (vii1) 171 and 174, respectively; {(ix)
171 and 177, respectively; ()171 and 180, respectively; (xi} 38 and 44, respectively;
(xii} 50 and 56, respectively; (xiii) 62 and 68, respectively; (xiv) 74 and 80,
respectively; (xv} 86 and 92, respectively; (xvi} 86 and 186, respectively; (xvii} &6 and
189, respectively; {xviit) 86 and 192, respectively; (ax) 183 and 92, respectively; (ox)
183 and 186, respectively, (xxi) 183 and 189, respectively; (xxii) 183 and 192,
respectively; (xxiit) 98 and 104, respectively; Ooxivy 110 and 116, respectively, {(xxv)
122 and 128, respectively; (xxvi} 134 and 140, respectively; (xxvii} 146 and 152,
respectively; Ooxvitl) 158 and 164, respectively; (xxix) 2 and 8, respectively; (oox) 203

and 208, respectively; (oxxi) 207 and 209, respectively; (xxxii} 216 and 21

Ed

respectively; or (xxxiii} 228 and 230, respectively.

37. The antibody or antigen-binding tragment of any one of claims 1-36,
comprising:

(1) a CHI1-CH3 corprising or consisting of the amino acid sequence set
forth in SEQ ID NO.:210 or SEQ ID NGO 215, and/or
{2} a CL comprising or consisting of the amino acid sequence set forth in

SEQ ID NO.:211.

38 The antibody or antigen-binding fragment of any oune of clairus 1-37,
comprising:

{1) a heavy chain comprising or consisting of the amino acid sequence set
forthin SEQ ID NG ..212 or 213; and

(2} a light chain comprising or consisting of the amino acid sequence set

forthin SEQ IB NG 214
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39. The antibody or antigen-binding tragment of any one of claims 1-38,
comprising;

(1) a heavy chain comprising or consisting of the amino acid sequence set
forth in SEG ID NO.:212; and

{2} a light chain comprising or consisting of the amino acid sequence set

forth in SEQ ID NG..214.

40. The antibody or antigen-binding fragment of any one of claims 1-39,
COMmprising:s

{1) a heavy chain comprising or consisting of the amino acid sequence set
forth in SEQG ID NG 213; and

(2} a light chain comprising or consisting of the amino acid sequence set

forthin SEQ D NG .214.

41 An antibody, or antigen-binding fragment thereof, comprising a heavy
chain variable domain {VH) comprising a CORH1, a CORH2, and a CDRH3, and a
light chain variable domain (VL) comprising a CDRU1, a CDRL2, and a CDRL3,
wherein:

{1 the CDRHI, CDRHZ, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ D NOs: 147-149, respectively, and the CDRLY, CDRL2,
and CIXRL3 comprise or consist of the amino acid sequences set forth tn SEQ 1D NOs:
153-155, respectively;

(11}  the CDRHI, CDRHZ2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ ID NOs: 15-17, respectively, and the CDRL1, CDRL2, and
CDRL3 comprise or consist of the amino acid sequences set forth in SEQ ID NQs: 21-

3, respectively;

(iity  the CDRHI, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ ID NQs: 27, 28, and 29 or 172, respectively, and the
CDRL, CDRLZ, and CDRL3 comprise or consist of the amino acid sequences set forth

in SEQ 1D NOs: 33, 34, and 35 or 175 or 178 or 181, respectively;
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(ivy  the CDRHI, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ ID NQOs: 39-41, respectively, and the CDRL1, CDRI2 and
CDRL3 comprise or consist of the amino acid sequences set forth in SEQ 1D NQs: 45-
47, respectively;

{vi  the CDRHI, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ 1D NOs: 51-53, respectively, and the CDRL1, CDRL2, and
CDRL3 comprise or consist of the amino acid sequences set forth in SEQ ID NOs: 57-
59, respectively;

{vi) the CDRHI1, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEG D NQOs: 03-65, respectively, and the CDRL1, CDRLZ, and
CDRL3 comprise or consist of the amino acid sequences set forth in SEQ ID NOs: 69-
71, respectively;

(vit} the CDRHI, CDRHZ2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ ID NOs: 75-77, respectively, and the CDRU1, CDRL2, and
CDRL3 comprise or consist of the amino acid sequences set forth in SEQ ID NQs: 81-
83, respectively;

(viii) the CDRHI, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ D NOs: 87, 88, and 89 or 184, respectively, and the
CDRL, CDRLZ, and CDRL3 comprise or consist of the amino acid sequences set forth
inn SEQ D NOs: 93, 94, and 95 or 187 or 190 or 193, respectively;

{ix) the CDRHI, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ 1D NQOs: 87, 88, 184, respectively, and the CDRU1, CDRL2,
and CDRE3 comprise or consist of the amino acid sequences set forth in SEQ 1D NOs:
93-95, respectively,

{x}  wherein the CORH1, CDRH2, and CDRH3 comprise or consist of the
amino acid sequences set forth in SEQ 1D NGs: 99-101, respectively, and the CBRL,
CDRL2Z, and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ
I NOs: 105-107, respectively;

{xi} the CDRHI, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ ID NOs: 111-113, respectively, and the CDRL1, CDRL2,
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and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ 1D NQs:
117-119, respectively;

{xit) the CDRHI, CDRHZ, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ D NOs: 123-125, respectively, and the CDRLY, CDRL2,
and CIXRL3 comprise or consist of the amino acid sequences set forth tn SEQ 1D NOs:
129-131, respectively;

(xiti) the CDRH!, CDRH2 and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ 1D NOs: 135-137, respectively, and the CDRL1, CDRLZ,
and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ 1D NOs:
141-143, respectively;

{xiv} the CDRHI, CDRH2, and CDRH3 comprise ot consist of the amino acid
sequences set forth in SEQ ID NQs: 3-5, respectively, and the CDRLT, CDRL2, and
CDRL3 comprise or consist of the amino acid sequences set forth tn SEQ 1D NOs: 9-
11, respectively;

{(xv) the CDRHI, CDRH2, and CDRH3 comprise or consist of the anmuino acid
sequences set forth in SEQ 1D NQOs: 159-161, respectively, and the CDRL, CDRL2,
and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ 1D NQs:
105-167, respectively;

{xvi} the CDRHI, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ D NOs: 87-89, respectively, and the CDRL1, CDRLZ, and
CDRL3 comprise or consist of the amino acid sequences set forth in SEQ ID NQOs: 141,
142, and 131, respectively; or

(xvii} the CDRHI, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ ID NOs: 231-233, respectively, and the CDRLI, CDRLZ,
and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ ID NOs:
234-2306, respectively

and wherein the antibody or antigen-binding fragment is capable of binding to a
neuraminidase (NA) from: (i} an influenza A virus (JAV), wherein the AV comprises a

Group 1 TAV, a Group 2 AV, or both; and/or (11} an influenza B virus (IBV}.
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42. An antibody, or antigen-binding fragment thereof, comprising a heavy
chain variable domain (VH) and a light chain variable domain (VL), wherein: (i} the
VH comprises or consists of the amino acid sequence set forth in SEQ ID NO: 199 and
the VL comprises or consists of the amino acid sequence set forth in SEQ 1D NG: 201,
{11} the VH comprises or consists of the amino acid sequence set forth in 8EQ 1D NO:
14 and the VL comprises or consists of the amino acid sequence set forth o SEQ 1D
NO: 20; (111) the VH comprises or consists of the amino acid sequence set forth in SEQ
ID NO: 26 or 171 and the VL. comprises or conststs of the amino acid sequence set
forth in SEQ ID NO: 32, 174, 177, or 180; (iv) the VH comprises or consists of the
amino acid sequence set forth in SEQ ID NO: 38 and the VL comprises or consists of
the amino acid sequence set forth in SEQ 1D NO: 44; (v) the VH comprises or consists
of the amino acid sequence set forth in SEQ ID NG: 50 and the VL comprises or
consists of the amino acid sequence set forth in SEQ 1D NGO 56; (vi} the VH comprises
or consists of the amino acid sequence set forth 1o SEQ ID NO: 62 and the VL
comprises or consists of the amino acid sequence set forth in SEQ ID NO: 68; (vii} the
VH comprises or cousisis of the armino acid sequence set forth in SEQ 1D NO: 74 and
the VL comprises or consists of the amino acid sequence set forth in SEQ ID NO: 80;
{(viit} the VH comprises or consists of the amino acid sequence set forth in SEQ D NO:
86 or 183 and the VL comprises or cousisis of the amino acid sequence set forth 1n SEQ
I NG: 92, 186, 189, or 192; (ix) the VH comprises or consists of the aming acid
sequence set forth in SEQ ID NO: 98 and the VL comprises or consists of the amino
acid sequence set forth in SEQ ID NGO 104; (x) the VH comprises or consists of the
amino acid sequence set forth tn SEQ 1D NG 110 and the VL comprises or consists of
the amino acid sequence set forth 1o SEQ ID NO: 116; (xi) the VH comprises or
consists of the amino acid sequence set forth in SEQ 2 NO: 122 and the VL comprises
or conststs of the amino acid sequence set forth in SEQ ID NO: 128; (x11} the VH
comprises or consists of the amino acid sequence set forth in SEQ ID NO: 134 and the
VL comprises or consists of the amino acid sequence set forth in SEQ D NO: 140,
(xiit) the VH comprises or consists of the amino acid sequence set forth in SEQ 1D NG

146 and the VL comprises or consists of the amino acid sequence set torth in SEQ ID
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NQO: 152; (xiv) the VH comprises or consists of the amino acid sequence set forth in
SEQ 2 NO: 158 and the VL comprises or consists of the amino acid sequence set forth
i SEQ I NG 164, (ovy  the VH comprises or consists of the amino acid sequence
set forth in SEQ ID NG: 2 and the VL comprises or consists of the amino acid sequence
set forth in SEQ D NG: B, (xvi}  the VH comprises or consisis of the amino acid
sequence set forth in SEQ ID NG: 203 and the VL comprises or consists of the amino
acid sequence set forth in SEQ D NG: 205; (xvii} the VH comprises or consists of the
amino acid sequence set forth in SEQ 1D NG 207 and the VL comprises or consists of
the amino acid sequence set forth in SEQ 1D NO: 209; or (xviii) the VH comprises or
consists of the amino acid sequence set forth in SEQ H2 NO: 228 and the VL comprises

or consists of the amino acid sequence set forth in SEQ ID NO: 230.

43, An antibody, or antigen-binding fragment thereof, comprising a heavy
chain variable domain (VH) and a light chain variable domain (VL), wherein the VH
comprises or consists of the amino acid sequence set forth in SEQ D NO.:216 and the
VL comprises comprises or consists of the amino acid sequence set forth in SEQ 1D

NO.217.

44, The antibody or antigen-binding fragrnent of claim 42 or 43, wherein the
antibody or antigen-binding fragment is capable of binding to a neuraminidase {(NA)
from: (i} an influenza A virus (IAV), wherein the IAV comprises a Group 1 1AV, a
Group 2 TAV, or both; and/or (i) an influenza B virus {IBV), and wherein, optionally,
the antibody or antigen-binding fragment is capable of (1} inhibiting NA sialidase

activity and/or (2} neutralizing infection by the JAV and/or IBV.
45 A polypeptide comprising an amins acid sequence sequence according

to SEQ ID NO 219, wherein the polypeptide 15 capable of binding to an intluenza virus

neuraminidase (NA).
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46. The polypeptide of claim 45, wherein the polypeptide comprises an
antibody heavy chain variable domain (VH), or a fragment thereof, and the amino acid
sequence sequence according to SEQ ID NGL219 1s optionally comprised in the VH or

fragment thereof.

47.  The polypeptide of claim 45 or 46, wherein the amino acid sequence
according to SEGQ ID NO.:219 comprises any one of SEQ ID NOs.: 149, 5 17,29, 172,
41, 53,65, 77,89, 184, 101, 113, 125, 137, and 161.

48.  The polypeptide of any one of claims 45-47, wherein the polypeptide or
VH fusther comprises:
{i} an amino acid sequence sequence according to SEQ ID NO.:220; and/or

(1}  an amino actd sequence according to SEQ 1D NG 221

49. The polypeptide of any one of claims 45-48, further comprising an
anttbody light chain variable domain (VL), wherein, optionally, the VL comprises:

(i} an amino acid sequence according to SEQ 1D NG.:222;

(1}  an amino actd sequence according to SEQ 1D NG .:223; and/or

(t1i}  an amino acid sequence according to SEQ 1D NO..224.

50, The polypeptide of any one of claims 46-49, wherein the VH comprises
or consists of an amino acid sequence having at least 90%, at least 92%, at least 95%, at
least 97%, or at least 99% identity to the amino acid sequence of any one of SEQ 1D
NOs.: 199, 2, 14, 26, 171, 38, 50, 62, 74, 86, 183, 98, 110, 122, 134, 146, 158, 203,

207,216, and 228,
51, The polypeptide of claim 49 or 50, wherein the VL comprises or consists

of an amino acid sequence having at least 90%, at least 92%, at least 95%, at least 97%,

or at feast 99% identity to the amino acid sequence of any one of SEQ 1D NOs.: 201, 8,
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20, 32, 44, 56, 68, 80, 92, 104, 116, 128, 140, 152, 174, 177, 180, 186, 189, 192, 164,
205, 209, 217, and 230.

$2.  The polypeptide of any one of claims 45-51, wherein the polypeptide

comprises an antibody or an antigen-binding fragment thereof.

53, An antibody or an antigen-binding fragment thereof, comprising a heavy
chain variable domatn (VH) amino acid sequence and a light chain variable domain
(VL) amino acid sequence, wherein the VH comprises or consists of an amino acid
sequence having at least 90%, at least 92%, at least 95%, at least 97%, or at least 99%
identity to the amino acid sequence of any one of SEQ I3 NQs.: 199, 2, 14, 26, 171, 38,
50, 62, 74, 86, 183, 98, 110, 122, 134, 146, 158, 203, 207, 216, and 228, and wherein
the VL comprises or consisis of an amino acid sequence having at teast 90%, at least
92%, at least 95%, at least 97%, or at least 99% identity to the amino acid sequence of
any one of SEQ ID NOs.: 201, 8, 20, 32, 44, 56, 68, 80, 92, 104, 116, 128, 140, 152,
174, 177, 180, 186, 189, 192, 164, 205, 209, 217, and 230,

wherein the antibody or antigen-binding fragment thereof is capable of binding
to a neuraminidase (NA} from: (i) an influenza A virus (IAV), wherein the JAY
coraprises a Group 1 1AV, a Group 2 TAV, or both; and/ot (31) an influenza B virus

(1BV)

54, The polypeptide of any one of clairns 45-52 or the antibody or antigen-
binding fragment of clatm 53, which is capable of binding t0 a neuraminidase (NA}
from: (1) an influenza A virus (IAV), wherein the TAV comprises a Group 1 AV, a
Group 2 1AV, or both; and/or (i1) an influenza B virus (IBV), and wherein, optionally,
the antibody or antigen-binding fragment is capable of {1} inhibiting NA sialidase

activity and/or {2) neutralizing intection by the IAV and/or IBY.

S5, Anantibody, or an antigen-binding fragment thereof, that is capable of

binding to:
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(i) a NA epitope that comprises any one or more of the following amino acids
(N1 NA numbering}: R368, R293, E228 E344, 8247 D198, D151, R118; and/or
(i1} a NA eptiope that comprises any one or more of the following amino acids

(N2 NA numbering): R371, R292, E227, £344, 8247, D198, D151, R118.

56, Awnantibody, or an antigen-binding fragment thereof] that is capable of
binding to:

{1} a NA epitope that comprises the amino acids R36&, R293, E228, D151,
and R118 (N1 NA numbering); and/or

{ii}  a NA epitope that comprises the amino acids R371, R292, E227, D151,
and R118 (N2 NA numbering).

7. Anantibody, or an antigen-binding fragment thereof, that is capable of
binding to an epitope comprised in or comprising a NA active site, wherein, optionally,
the NA active site comprises the following aminc acids (N2 numbering): R118, D151,
RS2, R224, H276, R292, R371, Y406, E119, R156, W178, 5179, D/N198, 1222, E227,
H274, E277. D293, F425.

58, The antibody or antigen-binding fragment of any ouve of clairns 83-85
wherein the epitope further comprises any one or more of the following NA amino

acids (N2 numbering): E344, B227, $247, and D198,

59. The antibody or antigen-binding fragment of any oue of claims 55-58,
which 1s capable of binding to a NA comprising a S245N amino acid mutation and/or a

E221D amino acid mutation,
60, An antibody, or an antigen-binding fragment thereof, that is capable of

binding to an IBY NA epitope that comprises any one or more of the following amino

acids: R116, D149, E226, R292, and R374.
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61, An antibody, or an antigen-binding fragment thereof, that is capable of
binding to an IBV NA epitope that comprises the amino acids R116, D149, E226,
R292, and R374.

62, The antibody or antigen-binding fragment of any one of claims 55-61,

wheretn the influenza comprises an nfluenza A virus, an influenza B virus, or both,

63, The antibody or antigen-binding fragment of any one of claims 1-44 and

53-62, or the polypeptide of claim 52, which 1s a IgG, IgA, IgM, IgE, or gD isotype.

64. The antibody or antigen-binding fragment of any one of claims 1-44 and
53-03, or the polypeptide of claim 52, which is an IgG isotype selected from 1gGl,

19G2, 1gG3, and 1gG4.

65. The antibody or antigen-binding fragment of any one of claims 1-44 and
53-64, or the polypeptide of clairo 52, wherein the antibody, or the antigen-binding
fragment, comprises a human antibody, a monoclonal antibody, a purified antibody, a

single chain antibody, a Fab, a Fab’, a F{ab")2, or Fv.

66, The antibody or antigen-binding fragment of any one of claims 1-44 and
53-65, or the polvpeptide of claim 52, wherein the antibody or antigen-binding

tragment 1s a multi-specific antibody or antigen-binding fragment.

67. The antibody or antigen-binding fragment of claim 66, or the
polypeptide of claim 66, wherein the antibody or antigen-binding fragmentisa

bispecific antibody or antigen-binding fragment.
68. The antibody or antigen-binding fragment of claim 66 or 67, comprising:
(i} a tirst VH and a first VL, and

(i1} a second VH and a second VL,
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wherein the first VH and the second VH are different and each independently
comprise an aming acid sequence having at least 85% identity to the amino acid
sequence set forth in any one of SEQ 1D NQs.: 199, 2, 14, 26, 171 38, 50, 62, 74, 36,
183,98, 110, 122, 134, 146, 158, 203, 207, 216, and 228 and

wherein the first VL and the second VL are different and each independently
comprise an aminoe acid sequence having at least 85% wdentity to the amino acid
sequence set forth in any one of SEQ 1D NOs . 201, &, 20,32, 174, 177, 180, 44, 56, 68,
80,92, 186, 189, 192, 104, 116, 128, 140, 152, 164, 205, 209, 217, and 230,

and wherein the first VH and the first VL together form a first antigen-binding
site, and wherein the second VH and the second VL together form a second antigen-

binding site.

69, The antibody or antigen-binding fragment of any one of claims 1-44 and
53-68, or the polypeptide of claim 52, wherein the antibody or antigen-binding

fragment comprises an (e.g., {gG1) Fc polypeptide or a fragment thereof.

70. The antibody or antigen-binding tragment of claim 69, or the
polypeptide of claim 69, wherein the Fc polypeptide or fragment thereof comprises:

(i} a mutation that increases binding affinity to a human FcRn (e.g., a8
measured using surface plasmon resonance (SPR) (e.g., Biacore, e.g., T200 instrument,
using manufacturer’s protocols)), as compared (o a reference Fc polypeptide that does
not comprise the mutation; and/or

(1}  amutation that increases binding affinity to a human FeyR (e.g., as
measured using surface plasmon resonance (SPR) {e.g., Biacore, e.g., T200 1nstrument,
using manufacturer’s protocels)) as compared to a reference Fe polypeptide that does

not comprise the mutation.

7t The antibody or antigen-binding fragment of claim 70, or the

polypeptide of clairn 70, wheretn the mutation that increases binding affinity to a

215



WO 2022/109309 PCT/US2021/060155

human FcRa comprises: M428L; N4348; N434H, N434A; N4348; M252Y,; S254T;
T256E; T250Q; P2571, Q3111 D376V, T307A; E380A; or any combination thereof.

72. The antibody or antigen-binding fragment of claim 70 or 71, or the
polypeptide of claim 70 or 71, wherein the mutation that increases binding affinity to a
hurman FeRo comprises: (1) M428L/N4348S,; (11) M232Y/S254T/T256E; (1)
T250Q/M428L; (iv)y P2STUQ311L (v) P2STYNAS4H; (vi) D376V/N434H, (vii)
TI0TAEIBOA/MNAZ4A; or {viii} any combination of {1)~{vii).

73. The antibody or antigen-binding fragment of any one of claims 70-72, or
the polypeptide of any one of claims 70-72, wherein the routation that tncreases binding

affinity to a human FcRa comprises M4281/N4345.

74. The antibody or antigen-binding fragment of any one of claims 70-73, or
the polypeptide of any one of claims 70-73, wherein the mutation that enhances binding

to a FoyR comprises 82390, 1332, A330L; G236A; or any combination thereof.

75, The antibody or antigen-binding fragment of any one of claims 70-74, or
the polypeptide of any one of clairns 70-74, wherein the mutation that enhances binding
to a FeyR comprises: (1} S239D/1332E; (1) S239D/A330L/1332E; (ii1)
G230A/S82391/I332E, or (iv)y G230A/A330L/1332E, wherein the Fe polypeptide or
tragment thereof optionally comprises Ser at position 239,

76. The antibody or antigen-binding fragment of any oue of claims 1-44 and
53-75, or the polypeptide of any one of claims 45-52 and 63-75, which comprises a
mutation that alters glvcosylation, wherein the mutation that alters glycosylation
comprises N297A, WN297Q, or N297(, and/or which 18 aglycosylated and/or

afucosylated.

77. An antibody comprising
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(1 a heavy chain comprising or consisting of the amino acid sequence set
forth in SEQ ID NG ..212; and
(2} a light chain comprising or consisting of the amivo acid sequence set

forth in SEGQ ID NO..214.

78. Au antibody comprising:

(1} a heavy chain comprising or consisting of the amino acid sequence set
forth in SEQ D NG 213; and

{2) a light chain comprising or consisting of the amino acid sequence set

forth in SEG ID NO..214.

79. An antibody comprising:

(1) two heavy chains, each comprising or consisting of the amino acid
sequence set forth in SEQ 1D NG .:212; and

{2y two light chains, each comprising or consisting of the amino acid

sequence set forth in SEQ ID N3 ..214.

80.  Anantibody comprising

(1) two heavy chaing, each coruprising or consisting of the amino acid
sequence set forth in SEQ ID NGO 213; and

{2y  two light chains, each comprising or consisting of the amino acid

sequence set forth in SEQ ID NG..214.

81,  Anisolated polynucleotide encoding the antibody or antigen-binding
fragment of any one of claims 1-44 and 53-80, or encoding a VH, a heavy chain, a VL,
and/or a light chain of the antibody or the antigen-binding fragment.

82. An isclated polynuclectide encoding the polypeptide of any one of

claims 45-52 and 63-76.
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83 The polynucleotide of claim 81 or 82, wherein the polynucleotide
comprises deoxyribonucleic acid (DNA) or ribonucleic acid (RNA), wherein the RNA

optionally comprises messenger RNA (mRNA).

84 The polvnucleotide of any one of claims 81-83, comprising a modified
J J > S

nucleoside, a cap-1 structure, a cap-2 structure, or any combination thereof.

3S. The polynuclectide of claim 84, wherein the polynuclestide comprises a
pseudouridine, a N6-methyladenonsine, a S-methyleytidine, a 2-thiouridine, or any

combination thereof

86.  The polynuciectide of claim 84, wherein the pseudouridine comprises

Ni-methvipseudournidine.

&7.  The polynucleotide of any one of claims 81-86, which is codon-

optimized for expression in a host cell.

88.  The polynuciectide of claim 87, wherein the host cell comprises a buman

cedl.

&3 The polynucleotide of any one of claims 81-88, comprising a

polynucleotide having at least 50% {e.g., 50%, 55%, 60%, 65%, 70%, 75%, 80%, 853%,

80%, 91%, 92%, 94%, 94%, 95%, 96%, 97%, 98%, 99%, or more) identity to the
polynuclectide sequence set forth in any one or more of SEQ 1D NQOs.: 198, 200, 1, 13,
23,170, 37,49, 61, 73, 85, 182, 97, 109, 121, 133, 145, 157, 6, 18, 30, 42, 54, 66, 78,
90, 102, 114, 126, 138, 150, 162, 7, 19,31, 173, 176, 179, 43, 55, 67, 79, 01, 185, 188,
191, 103, 118, 127, 139, 151, 163, 12, 24, 36, 48, 60, 72, 84, 96, 108, 120, 132, 144,
156, 168, 202, 206, 204, 208, 227, and 229.

218



WO 2022/109309 PCT/US2021/060155

90. The polynucleotide of claim 89, comprising the polynucleotide sequence

of SEQ ID NO.. 198 and/or the polynucleotide sequence of SEQ 1D NG 200

91 A recombinant vector comprising the polynuclectide of any one of

claims 81-90.

92. A host cell comprising the polynuclectide of any one of claims 81-90
and/or the vector of claim 91, wherein the polynucleotide is optionally heterologous to
the host cell and/or wherein the host cell 1s capable of expressing the encoded antibody

or antigen-binding fragment or polypeptide.

93, Anisolated human B cell comprising the polynucleotide of any one of
claims 81-90 and/or the vector of claim 91, wherein polynucleotide is optionally

heterologous to the human B cell and/or wherein the human B cell 1s immortalized.

94, A cornposition comprising:

(i} the antibody or antigen-binding fragment of any one of claims 1-44 and

(i} the polypeptide of any one of claums 45-52 and 63-76;
{iit)  the polynucleotide of any one of claims 81-90;

{iv)  therecombinant vector of claim 91;

(v} the host cell of claim 92; and/or

(vi}  the human B cell of claim 93,

and a pharmaceutically acceptable excipient, carnier, or diluent.

95, The composttion of claim 94, comprising a first antibody or antigen-
binding fragment and a second antibody or antigen-binding fragment, wherein each of
the first antibody or antigen-binding fragment and the second antibody or antigen-
binding fragment are different and are each according any oune of claims 1-44 and 53-

80
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96. A composition comprising the polynucleotide of any one of claims §1-90
or the vector of claim 91 encapsulated in a carrier molecule, wherein the carrier
molecule optionally comprises a lipid, a lipid-denived delivery vehicle, suchas a
liposome, a solid lipid nanoparticle, an oily suspension, a submicron lipid emulsion, a
lipid microbubble, an tnverse lipid micelle, a cochlear liposome, a liptd microtubule, a

lipid microcyhinder, lipid nanoparticle (LNP), or a nanoscale platform.

97. A method of making an antibody or antigen-binding fragment of any one
of claims 1-44 and 53-80, comprising culturing the host cell of claim 92 or the human B
cell of claim 93 for a time and under conditions sufficient for the host cell or human B

cell, respectively, to express the antibody or antigen-binding fragment.

93, The method of claim 97, further comprising isclating the antibody or

andigen-binding fragment.

99, A method of treating or preventing an IAV infection and/or an IBY
infection in a subject, the method comprising administering o the subject an effective

amount of;

{t) the antibody or antigen-binding fragment of any ove of claims 1-44 and
53-80;
{11}  the polypeptide of any one of claims 45-52 and 63-76;

(i) the polynucleotide of any one of claims §1-90;
(ivy  the recombinant vector of claim 91,

(v} the host cell of claim 92;

{vi})  the human B cell of claim 93; and/or

{vii}  the composition of any one of claims 94-96.

100. A method of treating or preventing an influenza infection in a human

subject, the method comprising adrinistering to the subject the polynucleotide of any
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one of claims 81-90, the recombinant vector of claim 91, or the composition of claim

96, wherein the polynucieotide comprises mRNA.

101, The method of claim 100, wherein the influenza infection comprises an

FAY infection and/or an IBV infection.

102, The method of any one of claims 99-101, comprising administering a
single dose of the antibody or antigen-binding fragment, polypeptide, polynucleotide,

recombinant vector, host cell, or composition to the subject.

103, The method of any one of claims 99-101, comprising administering two
or more doses of the antibody or antigen-binding fragment, polypeptide,

polynucleotide, recombinant vector, host cell, or composition to the subject.

104.  The method of any one of claims 99-103, comprising administering a
dose of the antibody or antigen-binding fragment, polypeptide, polynucleotide,
recombinant vector, host cell, or composition to the subject once yearly, optionally in

advance of or during an influenza season.

105, The method of any one of claims 99-103, comprising administering a
dose of the antibody or antigen-binding fragment, polypeptide, polynucleoctide,
recombinant vector, host cell, or composition to the subject two or more times per year,

e.g. about once every 6 mounths.

106, The method of any one of claims 99-105, comprising administering the
antibody or antigen-binding fragment, polypeptide, polvnucleotide, recombinant vector,
host cell, or composition wntramuscularly, subcutaneously, or intravenously.

107, The method of any oune of claims 99-106, wherein the treatment and/or

prevention comprises post-exposure prophylaxis.
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108, The method of any one of claims 99-107, wherein the subject has

received, is receiving, or will receive an antiviral.

109, The method of claim 108, wherein the antiviral comprises a

neuraminidase inhibitor, an mfluenza polymerase inhibitor, or both.

116, The method of claim 108 or 109, wherein the antiviral comprises

oseltamivir, zanamivir, baloxavir, peramivir, laninamivir, or any combination thereof

111, The antibody or antigen-binding fragment of any one of claims 1-44 and
53-80, the polypeptide of any one of claims 45-52 and 63-76, the polynucleotide of any
one of claims §1-90, the recombinant vector of claim 91, the host cell of claim 92, the
human B cell of claim 93, and/or the composition of any one of claims 94-96, for use in
a method of treating or preventing an IAV infection and/or an IBV infection in a

subject.

112, The antibody or antigen-binding tragment of any one of claims 1-44 and
53-80, the polypeptide of any one of claims 45-52 and 63-76, the polynucleotide of any
one of claims 81-90, the recombinant vector of claim 91, the host cell of claim 92, the
human B cell of claim 93, and/or the composition of any one of claims 94-96, for use in
the preparation of 3 medicament for the treatment or prevention of an AV infection

and/or an IBV infection in a subject.

113, A method for in visro diagnosis of an IAV infection and/or an 1BV
infection, the method comprising:

{i) contacting a sample from a subject with an antibody or antigen-binding
tragment of any one of claims 1-44 and 53-80; and

(i) detecting a complex comprising an antigen and the antibody, or

coruprising an antigen and the antigen-binding fragment.
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114, The method of any one of claims 99-110 and 113 or the antibody or
antigen-binding fragment, the polypeptide, the polynuclectide, the recombinant vector,
the host cell, the human B cell, and/or the composition for use of any one of claims 111
and 112, wherein:

{t) the AV comprises a Group 1 1AV, a Group 2 IAY, or both, wherein,
optionally, the Group 1 TAV NA comprises a N1, a N4, a N5, and/or a N; and/or the
Group 2 IAV NA comprises a N2, a N3, a No, a N7, and/or a N9, wherein, further
optionally, the N1 s from A/California/07/2009, is from A/California/07/2009
I223R/H2Z7SY, 1s from A/Swine/Jiangsu/J004/2018, 15 from A/Stockholm/18/2007, 18
fromy A/Brisbane/02/2018, is from A/Michigan/45/2015, is from A/Mississippi/3/2001,
is from A/Netherlands/603/2009, 1s from A/Netherlands/602/2009, 1s from
A/Vietnam/1203/2004, is from A/G4/SW/Shangdong/1207/2016, is from
A/GA/ SW/Henan/SN13/2018, is from A/GA/SW/Hangsu/J004/2018, and/or s from
A/New Jersey/8/1976; the N4 1s from A/mallard duck/Netherlands/30/2011; the N5 1s
from A/aquatic bird/Korea/CN5/2009; the N8 is from A/harbor seal/New
Hampshire/179629/201 1; the N2 is from A/Washington/01/2007, s from
A/HongKong/68, is from A/HongKong/2671/2019, is from A/South Australia/34/2019,
is from A/Switzerland/8060/2017, is from A/Singapore/INFIMH-16-0019/2016, is from
A/Switzerland/9715293/2013, 18 from A/Leningrad/134/17/57, 1s from
A/Florida/4/2006, is from A/Netherlands/823/1992 1s from A/Norway/466/2014, 1s
from is from A/Texas/50/2012, is from A/Victoria/361/201 1, 1s from
A/SW/Mexico/S(G1444/2011, 1s from A/Aichi/2/1968, 1s from
A/Bilthoven/21793/1972, 1s from A/Netherlands/233/1982, is from
A/Shanghat/11/1987, 1s from A/Nanchang/933/1993, is from A/Fukui/45/2004,
A/Brisbane/10/2007 is from A/Tanzania/205/2010; the N3 is from
A/Canada/rv304/2004; the N6 18 from A/swineg/Ontario/01911/1/99; the N7 is from
A/Netherdands/078/03; and/or the N9 is from A/Anhw/2013, 18 from A/Hong
Kong/56/2015; and/or

{11} the 1BV NA 1s from: B/Lee/10/1940 {Ancestral}, B/Brisbane/60/2008
(Victoria), B/Malaysia/2506/2004 (Victona), B/Malaysia/3120318925/2013
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(Yamagata), B/Wisconsin/1/2010 (Yamagata), B/Yamanashi/166/1998 {Yamagata);
B/Brisbane/33/2008 (Victoria), B/Colorado/06/2017 (Victoria), B/Hubei-
wujiang/158/2009 (Yamagata), B/Massachusetts/02/2012 (Yamagata),
B/Netherlands/234/2011; B/Perth/211/2001(Yamagata), B/Phuket/3073/2013
{Yamagata}, B/Texas/06/2011 (Yamagata), B/HongKong/05/1972; B/Harbin/7/1994
{Victoria), B/Washington/02/2019 (Victoria), B/Perth/211/2011, or any combination

thereof.
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SROUP i){(}SE Rsq POINTS LAMBDA_Z|HALF-UFE] AUCLAST Vz (mi) Clss
{ug) FTS (108} | (DAY) {(DAY*ug/mL) (mL/DAY)

0.3 088 5 0.05 151 | 33788 3022 1.3

61 083 5 006 | 1149 | 19119 4684 2.83

FNI3-LS 60.3 084 5 0.06 114 | 23748 2622 18
708 096 5 0.06 | 1173 | 29155 2938 174

475 095 5 007 | 1046 | 17468 2967 197

MEAN 5998 0811 5 0.058 | 12034 | 253.697 3247 1902

SD 8277 0.052 0 0008 | 1781 | 69.01 8183 0558

548 082 5 005 | 1423 | 24218 3836 187

523 095 5 006 | 1104 | 24853 2388 149

FNIg—LS 56 085 4 0.04 | 1664 | 29993 4524 188
533 084 5 005 | 1465 | 23335 5354 253

533 079 5 005 | 1442 | 24792 4038 195

MEAN 5304 087 4B 005 | 14198 | 254583 40281 1944

SO 1457 0062 0447 0008 | 2014 | 26431 10952 0.376

535 087 4 007 | 1029 | 20454 1744 117

528 083 5 0.08 858 | 27551 1272 103

FMOB_LS 545 087 5 0.09 8 27584 1257 1.8
513 087 5 0.12 6 17386 1202 1.39

513 041 5 0.09 749 | 20407 1716 158

MEAN 5268 091 48 0083 | 8072 | 226764 14381 1.253

SO 1307 0.043 0447 0018 | 1567 | 46348 2677 023

FI1G. 36
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RESIDUES ON THE N2 RESIDUES ON FNIS HCDR3
R118 D107
D151 R1086
£227 R106
R2G2 D107
R371 D167

THE ENZYME ACTVE SITE:

& FUNCTIONAL AMINO ACIDS (R118, D151,

R152, R2Z4, £276, R282, R371, AND Y406~
N2 NUMBERING THROUGHOUT) THAT FORM THE
CATALYTIC CORE AND DIRECTLY CONTACT THE

SIALIC ACID

11 STRUCTURAL AMINO ACIDS (E119, R158, W178,
5179, D/N198, 1222, £227, H274, £277, D293, AND
E425) THAT FORM THE ACTVE SITE FRAMEWORK
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HINZ HK/68 NEUTRALIZATION

-Cr FMOB
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[DRUG] (nM)

FM0B FNI9 OSE
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EXP-A | EXP-B TREATMENT INFLUENZA INFECTION ENDPOINTS
VEHICLE CONTROL | A/PUERTO RICO/8/34
5 mg/kg A/PUERTO RICO/B/34
NS | FHOBLS 2 mg/kg A/PUERTO RICO/8/34
0.6 mg/kg A/PUERTO RICO/B/34 | BODYWEIGHT,
0.2 mg/kg A/PUERTO RICO/8/34 | MORTALITY
8 mg/kg A/PUERTO RIC0/8/34
ENIG—LS 2 myg/kg A/PUERTO RICO/B/34
0.6 mg/kg A/PUERTO RICO/8/34
0.2 mg/kg A/PUERTO RICO/8/34
54 MICE TOTAL
VEHICLE CONTROL A/HONG KONG/8/88
6 mg/kg A/HONG KONG/8/68
NE=LS | FMOB=LS 2 mg/kg A/HONG KONG/B/68
0.6 mg/kg A/HONG KONG/B/68 RODYWEIGHT,
0.2 mg/kg A/HONG KONG/8/68 MORTALITY
& mg/kg A/HONG KONG/B/68
ENIG-LS 2 mog/kg A/HONG KONG/8/68
0.6 mg/kg A/HONG KONG/8/68
0.2 mg/kg A/HONG KONG/B/68
54 MICE TOTAL

FIG. 62
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TREATMENT GROUP DOSE N
VEHICLE - &
FMOB_LS 1mg,/kg 6
FMOB_LS 0.5mg/kg &
FMOS_LS 0.25mg,/%g 5
FMOB_LS 0.125ma/kg 8
FNIT7~LS 1mg/kg 6
FNIT7-LS 0.5mag/kg 6
FNiT7-LS 0.25mg/kg 6
FNIT7~LS 0.125mg/kg 6
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HALF~LIFE AUC Clas VOLUME
(DAYS) (DAY*ug /mi} (mi/DAY) {mi)
oK FNI7-1S 888 £ 057 1 BH138 + 7447 |+ 124 + 023 | 1602 + 3HB
FNI19-1S 11.75 + 0631 54847 + 7701 1 151 + 027 | 2518 + 410
oK FNIT7-VIO-IS5 ) 1488 4 3271 58260 4+ 9863 | 180 + 025 ) 38.02 + 11.07
FNIT9-V3~1S | 14.40 4+ 213 73200 + 112481 1.84 + 025 | 3853 + 865
v INJECTION - 5mg/Kg
FIG. 79A
20 ~: -
1T
i g T
15 H |
[ A
o = ! H E
e Bl L
. e |
Lad i o= | |
= o L
i i i H
e I g E
e i i
= o o
P P
e
. E
o L
P b
i i i |
D L
i i i i
i i E
& o
AP P _
A & FIG. 798

/{\
Y,




WO 2022/109309 PCT/US2021/060155

185/249

Group Treatment Influenza Infection Endpoints
Control Vehicle Control
FNIT-v19-rigGl-LS 9 mg/ko
FNU17-v109-rlpgGl-LS 3 mg/ke
FNI17-919-1lgGl-LS 0.9 mprkg ) S Dray 3/4
FNI17-v19-rigGl-18 0.3 me/kg AfPucrto Rico/8/34 Lung PFU
Oseltamivir 1 ma/kg
ENH?NE%‘IgGLGRLR 9 mo/kg
FNH7-v19-rleGI-GRER 4.3 mg/ks
N=6 mice/group (4% suce total)
Control Vehicle Control
FNI17-v19-rIgGl-LS 9 mg/kg
FNI17-v109-rlgGE-LS 3mg/kg
FNI17-919-1igGl-LS 0.9 mprkg o Day 3/4
FNI v 191120118 0.3 mejks (L/Hong Kong/8/68 31 o PFU
Oseltamivir 10 me/ke T T
FNI7-vi9aGI-GRLR 9 mg/kg
FNI7-vi0-rloGI-GRLR 0.3 mg/ks
N=6 muce/group (48 guce total)
Control Vehicle Control
FNIT-v19-rigGl-LS 9 mg/ko
FNI17-v19-r1o(G1-LS 3 mgike e e i Day 3/4
PN T 1 9-deG LS 09 roo/ke BVictoria/304/2000 1y o prU
FNIT7-v19-rigGl-LS 0.3 mg/kg
Oseltamivir 10 mg/kg
N=6 mice/proun (36 muce total)
Control Vehicle Control
FNU17-v109-rlpgGl-LS 9 mo/ko
FNI17-v19-1IoGl-LS 3 mgiky . ; Day 3/4
FNI17v10-1G L8 0.0 me/ks @am/é@ Lung PFU
FNI7-viO9-rloGI-LS 0.3 mo/ke
Oseltamivir 10 mo/ke
N=6 mice/group {36 mice total)

FiG. 80
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Log pfu/g lung (day 3 p.i.)

LOD
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Mann-Whitney test

Vehicle

FNI17-v18-LS ~ 0.3 mg/kg
FNIM17-v18-GRLR ~ 0.3 mg/kyg
FRI17-v19-L8 —~ 0.9 mg/kg
FNIM7-v18-L.8 —~ 3 mg/kg
FNIM7v18-L8 ~ 8 mg/kg
FNI17-v18-CGRLR ~ 8@ mg/kg
O8E ~ 10 mofkg daily

9 Or DB 18 O

FiIG. 814
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Mann-Whitney test

O Vehicle

& FNI17-v19-LS - 0.3 mg/kg

1 FNH7-vi8-GRLR ~ 0.3 mg/kg

B FNI17-v18-18 - 0.9 mo/kg

A FNI7-v18-LS ~ 3 mg/kg

& FNM7-v19-LS — 8 mgikg

<> FRNIT-v18-GRLR -~ 8 mg/kg

€ OSE ~ 10 mg/kg daily

FiIG. 818
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LOD
Mann-Whitney test
< Vehicle
e FNI17-v19-LS - 0.3 mg/kg
m FNIM7-v19-LS - 0.9 mgikg
A FNM7-v19-LS ~ 3 mg/kg
& FNIM7-v19-LS ~ 9 mg/kg
& OSE ~ 10 mg/kg daily
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Mann-Whitnhey test

Vehicle

FRNIT7-v18-L8 - 0.3 mg/kg
FNIT7-v18-L8 ~ 0.8 mygikg
FNI17-v18-LS ~ 3 mg/kg

FNI17-v19-LS — @ mg/kg

% » > B @ O

O8E —~ 10 mg/kg daily

FiG. 81D
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Setting Prophylaxis
Age range 7-11 weeks
mADb delivery LV,
Injection/Timing |Single / Day -1
Virus H1N1 PR8
infection route LN,

Viral input 5LD50

FiG. 82
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