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BROADLY NEUTRALIZING ANTIBODIES

AGAINST INFLUENZA NEURAMINIDASE

STATEMENT REGARDING SEQUENCE LISTING

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

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

BACKGROUND

Influenza is an infectious disease which spreads arcund the world 1n yearly
outbreaks, resulting per year in about three million to about five million cases of severe
illness and about 290,000 to 650,000 respiratory deaths {WHO, Influenza (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 influeneza virus, an antigenically and genetically diverse
group of viruses of the family Orthomyxoviridoe that contains a negative-sense, single-
stranded, segmented RNA genome. Of the four types of influenza virus (A, B, € and
D), three types (A, B and C) are known to affect humans. Intfluenza viruses can be
categorized based on the different subtypes of major surface proteins present:
Hemagglutivin (HA) and Neuraminidase (NA). There are at least 18 influenza A

subtypes defined by their hemagglutinin ("HA") proteins. The HAg can be classified
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into two groups. Group | includes Hi, H2, H5 Ho, H8 HO, HIL HI2 H13, H16 and
H17 subtypes, and group 2 includes H3, H4, H7, H10, H14 and H1S subtypes. There
are at least 11 different neuraminidase subtypes (N1 through N11, respectively
{cde.gov/flu/about/viruses/types. htm)). Neuraminidases function in viral mobility and
spread by catalyzing hydrolysis of sialic acid residues 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,
laninamivir}, though naturally acquired mutations of AV subtypes have reduced
susceptibility to current NATs (Hussain ef af., fnfecrion and Drug Resistance 10:121-
134 (2017).

New modalities for treating influenza virus infections are needed.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a workflow for anti-"WNA" {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 mononuclear cell} donor samples (n=124) for
reactivity agaiust 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. Single sorted B cells (8=39,350) were co-cultured with
mesenchymal stromal cells (MSC) in 50 ui 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), and
inhibition of N1, N2, and N9 sialidase activity was measured using a fluorescence-
based assay that measures cleavage of the 2'-(4-Methylumbelliferyl }-o-D-N-
acetylneuraminic acid (MUNANA). "NI activity” refers to neuraminidase inhibition
activity. Binding to NAs from group 1 IAY N1 A/Vietnam/1203/2004, and group 2
[AVs N2 A/Tanzania/205/2010 and N9 A/Hong Kong/56/2018 was evaluated by
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ELISA to determine breadth. Antibody sequences from selected B cells were cloned as
cDNAs and sequenced.

Figures 2A shows VH domain sequence alignments of monoclonal antibodies
{with "FNI" prefix} against Intfluenza A Viruses ("IAV") that were isolated from human
donor PBMCs. Figure 2B shows VH domain sequence alignments of "FNI3" (VH:
SEQ D NGL26; VL SEQ ID NG 32) and "FNIO" (VH: SEQ ID NG .:86; VL. SEGQ ID
NO.: 92) with the unmutated common ancestor, "UCA" (VH: SEQ ID NGO..228; VL.
SEQ D NG.230).

Figures 3A-3C show binding of FNI3 and FNIO to N1 (Figure 3A), N2 (Figure
3B), and N9 (Figure 3C) NAs measured by enzyme-linked immunocsorbent assay
(ELISA), reported as OD versus concentration in ng/ml. Binding by a comparator
antibody, 1G01-LS, and a negative control antibody against an irrelevant antigen, "K-"
was also measured.

Figures 4A-4C show binding kinetics of FNI3 hearing M4281L/N4348 Fe
mutations {("FNI3-LS8" in the figures) and FNI® bearing M4281/N4348 Fc mutations
{("FINIS-LS" in the figures) to N1 (Figure 4A), N2 Figure 4B), and N9 (Figure 4C)
NAs, as measured by Bio-Layer Interferometry (BLE). Dissociation is reported as kdis
(1/s), association is reported as kon (1/Ms), and KD was calculated from the ratio of
kdis/kon. Binding by a comparator antibody, 1G01-LS, was also measured.

Figure 8 summarizes results from flow cytometry assays testing binding by
ENI3 and FNI9, as well as by comparator antibody 1G01, against a panel of group I
IAV, group 1T IAV, and Influenza B Virus (IBV) NAs. Bold font indicates NAs from
influenza 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 chserved.

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

Figures 7TA-TC relate to activity of FNI3 and FNIO against NAs that bear a
glycosylation site. Figure 7A shows glycosylation sites of group 2 1AV N2 subtype

NAs at positions 245 (245Gly+) and 247 (247Gly+} in A/South Australia/34/2019,
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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
(NAT) in A/Switzedand/8060/2017, A/Singapore/INFIMH-16-0019/2016, and
AlSwitzerland/9715293/2013 live virus stocks, reported as EC50 in ug/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 FNIO to NA expressed on mammalian
cells infected with a HIN1 Swine Eurasian avian-like (EA) strain,
AlSwine/hangsu/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. Anti-HA antibody FI6v3 was used as a positive control,
and anti-paramyxovirus antibody MPES was included as a negative control.

Figure 10 summarizes inhibition of sialidase activity {("NAI") by FNI3 and
ENI9 against a panel of group [TAV, group HTAV, and Influenza B Virus (IBV) NAg,
as measured by MUNANA assay. Bold font indicates NAs from influenza viruses
isolated from humans.

Figure 11 shows in vitro whibition of sialidase activity {reported as IC50 in
wg/mi} by FNI3 and FNI9 against group [ (HIN1) IAV, group B (H3NZ} AV, and IBV
NAs.

Figures 12A-12B show 7n vifro mhibition of sialidase activity {reported as IC50
in ug/ml) by FNI3 and FNI9 against group | (HINTYIAV, group H (H3N2} JIAY, and
IBV NAs. Figure 12A depicts inhibition activity against group I TAVs, group HHIAVS,
and IBVs within the same plot and Figure 128 depicts against these 1A Vs in separate
plots.

Figure 13A shows a panel of IAV and IBV sirains tested in an i vigro
inhibition of sialidase activity assay.

Figure 13B shows resulis from the assay (reported as IC50 in pg/ml) for FNI3,
FNIS, FNIT4 (VH: SEQ ID NG 134; VL: SEQ ID NG.: 140), FNIT7 (VH: SEQ ID
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NG 146, VL: SEQ ID NO.: 152), and FNI19 (VH: SEQ ID NO.: 158, VL. SEQ ID
NG 164). Asterisk in figure key indicates a glycosylation site 1s present in position

24

L

Figures 14A-14D show neutralization of antibodies FNI1 (VH: SEQ D NG..2;
VL SEQ D NG 8), FNI3, FNIS, FNI4, FNIT7, and FNIT9 against HIN]
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 14D) NAs
(reported as IC5C in pg/ml}.

Figures 15A and 13B show antibody activation of FeyRIla (Figure 15A; F158
allele) and FeyR1Ha (Figure 15B; H131 allele). Activation was measured using an
NFAT-mediated Luciferase reporier in engineered Jurkat cells. FNI3 and FNI9 were
tested, along with a comparator antibody FMO8 ("FMO8 L.S" in the figure; VH: SEQ
ID NG 194, VL SEQ ID NO.: 195) and a negative control antibody (FYI-GRLR).

Figures 16A and 16B show frequency by year of NA antiviral-resistant
mutations in (Figure 16A) N1 (HIN1, swine HINI, and avian H5N1}) and (Figure 16B)
N2 (H3NZ, 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), FNI9 (Figure 17B}, and
oseltamivir (Figure 17C) were measured, along with comparator antibodies FMO08
(Figure 17D) and 1G0T (Figure 17E}.

Figures 184 and 18B show neutralization of group I {HINT} 1AV, group I
(H3N2) TAV, IBY viruses, and JAV and IBV viruses engineered with reverse genetics
to harbor OSE-resistant mutations (H275Y, EYIOD/H275Y, H2Z7SY/S247N, 1222V, or
N2948}, by anti-NA antibodies {reported as HC50 in ug/ml}. Asterisks in Figure 18A (x-
axis) indicate viruses bearing OSE-resistant mutations. Neutralization activity of FNI3,
FINIO, and a comparator antibody, 1601, was measured. Figure 18A depicts
neutralization of individual viral strains and Figure 18B depicis 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 208 show diagrams constructed from crystal siracture studies
of the heavy chain complementarity-determining region 3 (H-CDR3) of the FNI3 heavy
chain when it is unbound (Figure 20A) or bound to N2 NA {(Figure 20B}. The unbound
FNI3 H-CDR3 orystal structure (Figure 20A) shows a beta sheet conformation and
intact main chain hydrogen bonds between carboxvlic acid groups (CO} and amino
groups {NH} of residues E111 (CG) — D102 (INH), 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 shegt
conformation and one intact maiu chain hydrogen bond between G109 (CO) - F104
{(NH).

Figures 21A and 21B 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 1E01. 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 in complex with N2 NA (upper panel) and 1E0 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, -2, L-3} and heavy chain CDRs (H-1, H-2, H-3}.
The interaction of H-UDR3 with N2 NA is shown in enhanced resolution in the right
panel. Negative numbers are interaction energy in kcal/mol. Proteins were "quick

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 is shown interacting with R292, R371, and
R118 of N2 NA.

Figure 25 shows an alternative view of the crystal structure showing FNI3 in
complex with oseltamivir-bound N2 NA.

Figures 26A and 268 show analysis of FNI3 epitope conservation in N2 NA
sequences from H3NZ {(n=00, 597} isolated between the vears 2000 and 2020. The table
in Figure 20A 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 (K245, 33.69%), and Ser247 (8247,
36.16%). 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 aminoc acids include: asparagine,
glutamine; and polar amino acids include: serine, threonine, glycine, tyrosine. Figure
268 shows interaction of VH Y60 and Y94 from FNI3 with E221, 8245, and 85247 of
N2 NA.

Figure 27 shows a comparison of N2 NA FNI3 epitope conservation {top; as
shown in Figures 26A and 26B) with FNI3 epitope conservation in N1 NA sequences
from HINT (0=57,597)} isolated between the year 2000 and 2020 {(bottom)}. 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
amino actds include: serine, threonine, glycine, tyrosine. Figures 28A and 288 show
the design of an iz vivo 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
AlPuerto Rico/8/34 or A/Hong Kong/B/68. Figure 28A shows the dosing and virus
strains used in the study. Figure 28B 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 administered 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 (00% 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 fifteen days in
BALB/c mice infected with HINT A/Puerto Rico/8/34 following pre-treatment with
FNI9. Antibody was administered at ¢ mg/kg (Figure 304), 2 mg/kg (Figure 30B}), 0.6
mg/kg (Figure 30C), or 0.2 mg/kg (Figure 30D}, one day prior to infection with a LDS0
(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 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), 2 mg/ke (Figure 31B), 0.0
mg/kg (Figure 31C}, or 0.2 mg/kg (Figure 31D), one day prior to infection with a LDS0
{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 H3N2 A/Hong Kong/8/68 following pre-treatment with
FINIS. Antibody was administered at 6 mg/kg (Figure 32A), 2 mg/kg (Figure 32B), 0.6
megfkg (Figure 3203, or 0.2 mg/kg (Figure 32D), one day prior to infection with a LDS0
(90% lethal dose} of A/Hong Kong/8/68. Body weight of mice receiving a vehicle
control was afso measured {left graph in each figure).

Figures 33A and 33B show survival over fifteen days in BALB/c mice infected
with A/Puerto Rico/8/34 (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 {o 14 post-infection
{(reported as area~-under-the-curve in BALB/c mice infected with A/Puerto Rico/8/34
(Figure 34A) or A/Hong Kong/8/08 (Figure 348) following pre-treatment with FINI3 or

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

Figare 36 shows in vivo pharmacckinetics of FNI3 ("FNI3-LS"), FNIS ("FNIS-
LS"y and comparator antibodies FMOB and 1G0T ("1G01-1.S"), all bearing
M4281/N4348 mutations, in tg32 mice. Calculated half-lite is highlighted by a
rectangle.

Figure 37 summarizes results from flow cytometry assays testing binding by
ENI3, FNIO, FNI17, and FNI19 at the indicated concentrations (pg/mb) against a panel
of group HIAV-, group 11 TAV-, and Influenza B Virus (IBV) NAs transiently 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 i vifro inhibition of sialidase activity (reported as IC30 in
pg/rol) by FINE3, FNI9, FNIL7, and FNI19 against group L{HIND) and group H (H3N2)
NAs from IAVs circulating in humans. Rectangles indicate group I (H3N2Y NAs
harboring glycosylation at position 245 and corresponding sialidase inhibition values
(reported as IC30 in ug/mi).

Figure 39 shows iz vifro inhibition of sialidase activity {reported as IC50 in
wg/miby by FNI3, FNI9, ENI17, and FNI19 against a panel of human ancestral, Victoria-
lincage, and Yamagata-lineage IBY NAs.

Figure 46 shows /n vitro neutralizing activity measured by nucleoprotein (NP}
staining of FNI3, FNI9, FNI17, and FNI19 against group F{HHINT TAV, group I
{(H3NZ} 1AV, and IBY NAs. Neutralizing activity of comparator anti-HA antibodies
"FMO8 LS" and "FHF11v9" was also measured.

Figure 41 shows 7 vitro neutralizing activity, measured by nucleoprotein (INP)
staining, by FNI3, FNI9, FNI17, FNI19, and oseltamivir {OSE) against group [ (HIN1)
IAV, group I HEN2YTAV, and IBV NAs, InM = 150ul.

9
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Figures 42A and 42B show /i vitro inhibition of sialidase activity (reported as
IC30 in pg/ml) by FINI3 and FNI9 against NAs from OSE-resistant influenza viruses, as
measured by MUNANA assay. OSE-reststant IAVs were engineered with reverse
genetics to harbor Oseltamivir (OSE)-resistant mutations. Figure 42A shows inhibition
of sialidase activity against Cal/09 N1 and Cal/09 N1 OSE-resistant (HIN1}. Figure
428 shows inhibition of sialidase activity against Aichi/68 N2 and Aichi/68 N2 OSE-
resisiant NAs (H3N2).

Figure 43 shows antibody activation of FoyRilla (F158 allele} and FoyRlia
(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 multiplicity of infection
(MO of 6. FNI3, FNI9, ENIT7, and FNII9 were tested, along with a comparator
antibody "FMO8 MINS" bearing M428L/N4348 mutations, and a negative control
anttbody (FY1-GRLR).

Figures 44A and 448 show antibody activation of FeyR1ila (V158 allele)
following incubation with AV (Figure 44A) and IBV (Figure 44B) NAs. Activation
was measured using an NFAT-mediated luciferase reporter in engineered Jurkat cells
tollowing incubation with Expi-CHO cells transiently transfected with plasmids
encoding different IAV and IBY NAs. FNI3, FNI9, FNI17, and FNII9 were tested,
along with a negative control antibody (FY1-GRLR).

Figures 45A and 458 show antibody activation of FeyRHa (H131 allele)
tollowing incubation with IAV (Figure 45A) and IBY (Figure 45B) NAs. Activation
was measured using an NFAT-mediated luciferase reporter in engineered Jurkat cells
following incubation with Expi-CHO cells transiently travsfected with plasmids
encoding different IAY and IBY NAs. FNI3, FNI9, FNI17, and FNII9 were tested,
along with a negative control antibody (FY1-GRLR).

Figure 46 shows negative area-under-the-curve peak values {reported as EC50
in pg/mi} 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 FMOS 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 yg/ml.

Figures 47A and 478 show the design of an 2 vive study to evaluate
prophylactic activity of FNI3 MINS ("mAb-03" in Figure 47A) and FNIS MILNS
("mAb-09" in Figure 47A) in DBA/2) mice infected with IBVs B/Victoria/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 FNI®. Antibody was administered at ¢ mg/kg (Figure 48A),
2 mg/kg (Figure 48B), 0.6 mg/kg (Figure 48C), or 0.2 rog/kg (Figure 48D), one day
prior to infection with a LD90 (90% lethal dose) of IBV B/Victoria/564/2000
(Yamagata). Body weight of mice administered a vehicle control was also measured
{left graph in each figure}.

Figures 49A-49D show measurements of body weight over fifteen days in
DBA/2 mice that were infected with IBV B/Brisbane/60/2008 (Victoria) following pre-
treatment with FNI3 or FNIO. Antibody was administered at 6 mg/kg (Figure 49A), 2
mg/kg (Figure 498}, 0.6 mg/kg (Figure 49C), or 0.2 mg/kg (Figure 49D}, one day prior
to infection with a LD90 (90% lethal dose) of IBY B/Brisbane/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 DBA/2Z mice infected with
B/Victoria/504/2000 {Yamagata) (Figure 30A) or B/Brisbane/60/2008 (Victoria)
{Figure S0B} following pre-treatment with FNI3 or FNI9. Body weight loss in mice pre-
treated with a vehicle control was alse measured.

Figures S1A and 51B show survival over fifteen days in DBA/2 mice infected
with B/Victoria/504/2000 (Yamagata) (Figure 51A) or B/Brisbane/60/2008 (Victoria}
(Figure S1B) following treatroent with FNI3 or FNIS. Survival in mice pre-treated with

a vehicle control was also measured.
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Figures 82A and 528 show FNI3 epitope conservation in AV and IBV NAs.
Figure 52A shows an analysis of N2 NA sequences from HIN2Z, HZN2, H3NZ, and
HANZ TAVs (n= 05,5262 {top) versus N1 NA sequences from HINT and H5N1
(N=58,954) (bottom). All sequences were isolated between the vear 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 amino acids include: serine, threonine, glycine, tyrosine. Residues surrounded
by squares in Figure 52A indicate certain amino 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 33 shows FNI3 epitope conservation in IBY NAs. IBV NA sequences
trom 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, ghutamic 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 amino acids include: serine, threonine, glycine,
tyrosine. Residues surrounded by squares indicate primary NA residues interacting with
the FNI3 HCDR3 which are 100% conserved among [AV N1/N2 and IBVs.

Figures S4A and 548 show /n vivo pharmacckinetics of FNI antibodies bearing
MLNS Fo mutations (FNI3 ("FNI3-L8"), FNIO ("FINI9-L8™), FNILT7 ("FNIEI7-L8"),
FINITO ("FNI19-L8"}3, and comparator antibody FMO8 MLNS in SCHY 1g32 mice over
30 days post-administration. Concentration over time (reported as pg/ml} is shown in
Figure 54A. The table in Figure 54B shows half-life (reported in days), AUC (reported
iy day®*ug/ml), clearance {reported in ug/mi), and volume {(reported in mi}.

Figure 35 shows lack of polyreactivity of FNI3, FNID, FNIL7, and FNI19
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 FNI19 antibodies docking with NA. Figure 56C shows VH amino acid
sequence alignments of FNI3, FNI9, FNIT7, and FNIIS with unmutated common
ancestor, "UCA". CDRH3, 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 chain 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 378 shows VH arino acid sequence alignments of FNI3, FNIO, FNIT7,
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 FN{
NA epitope in group 1 1AV, group I {AVs, and IBVs from 2009 t0 2019,

Figure 59 shows in vifro neutralizing activity measured by nucleoprotein (NFP)
staining by FNIS, Oseltamivir {OSE}, and a comparator antibody "FMO8" against H3N2
A/Hong Kong/8/68 virus. Calculated IC50 {in nM}, ICB0 (in oM), and maximum
inhibition (reported as a percentage) are shown below the graph.

Figure 60 shows in vigro inhibition of sialidase activity by FNI17 vasiant
FINIT7-v19 (VH: SEQ ID NG.:199; VL: SEQ ID NO.; 201) and FNIIS variant FNI19-
v3 {VH: SEG 1D NO.:203; VL SEQ 1D NO.: 205) of group T (HIND AV, group I
(H3NZ} AV, Victoria-lineage IBV, and Yamagata-lineage IBY NAs as measured by
ViroSpot microneutralization assay. Rectangles indicate NAs harboring glycosylation at
position 245, Neutralization by a comparator antibody, FM08 LS, was also measured.
Neutralization is reported as IC50 (in ug/ml}.

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

infection (MOI} of 6. FNI3, FNIY, FNI17, and FNII9 were tested, along with FNI3,
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FNI9, FNIL7, and FNI19 antibodies bearing GAALIE mutations (suffix "-GAALIE"}.
A comparator antibody "FMO8 LS" and a negative control antibody (FY 1-GRLR) were
afso tested.

Figure 62 shows the design of an inter-experiment i vive study to compare
prophylactic activity of FMO8 LS with FNI3 LS and FNIS LS in BALB/c mice
infected with IAV 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-290 (FNI3-LS, A/Puerto Rico/8/34), Figures 30A-30D (FNIS-
LS, A/Puerto Rico/8/34), Figures 31A-310 (FNI3-LS, A/Hong Kong/8/68), 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-6410 (FMO08 LS, A/Hong Kong/B/68).

Figures 63A-63D show measurements of body weight over fifteen days in
BALB/c mice infected with HIN1T A/Puerto Rico/8/34 following pre-treatment with
FMOB 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
LD90 (90% lethal dose) of A/Puerto Rico/8/34. Body weight of mice administered a
vehicle control was also measured {(Jeft graph in each figure).

Figures 64A-64D show measurements of body weight over fifteen days in
BALB/c mice infected with HINZ A/Hong Kong/8/08 following pre-treatment with
FMO8 LS. Antibody was administered at 6 mg/kg (Figure 64A), 2 my/kg (Figure 64B),
0.6 mg/kg (Figure 64C), or 0.2 mg/kg (Figure 641}, one day prior to infection with a
L3900 (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 i vive study to compare
prophylactic activity of FNI17-LS and FMOS8 LS in BALB/c mice infected with AV
A/Puerto Rico/8/34.

Figures 66A-660 show measurements of body weight over twelve days in

BALB/c mice infected with HINT A/Puerto Rico/8/34 following pre-treatment with
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FNIL7-LS or FMO8_ LS. Antibody was administered at 1 mg/kg (Figure 66A), 0.5
mg/kg (Figure 668}, 0.25 mg/kg (Figure 66C), or 0.125 mg/kg (Figure 66D), one day
prior to infection with a LD90 (90% lethal dose) of A/Puerto Rico/8/34.

Figure 67 shows survival over twelve days in BALB/c mice infected with
HINT A/Puerto Rico/8/34 following treatment with FNIT7-LS or FMO08 LS. Survival
in mice pre-treated with a vehicle control was also measured.

Figure 68 shows the design of an in vive study to evaluate biclogical potency of
oseltamivir {OSE) in female BALB/c mice infected with 1AV A/Puerto Rico/&/34. The
timeline shows time of infection, OSE dosing, and endpoints of the study. OSE was
administered at 10 me/ke by oral gavage on Day 0 beginning at two hours prior to
infection with 10-fold L350 (50% lethal dose) of A/Puerto Rico/8/34. OSE was
administered at the same dose at & hours post-infection and then twice daily until day 6
post-infection.

Figure 69 shows measurements of body weight over fourteen days in BALB/c
mice infected with HINT A/Puerte Rico/8/34 following pre-treatment with oseltamivir
{OSE)} Weight loss tn mice pre-treated with a vebicle control (H20) was also
measured.

Figure 76 shows survival over fourteen days in BALB/c mice infected with
HIN1 A/Puerio Rico/8/34 following treatment with oseltamivir (OSE). Survival in
mice pre-treated with a vehicle control (H20) was also measured.

Figure 71 shows viral titer in lung homogenates from BALB/c mice treated
with OSE and infected with HIN1 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 (TCID50/g).

Figures 72A-72B show acid sequences of FNI3, FNI9, FNI17, and FNI19 VH
(Figure 72A) and VK (Figure 72B) aligned to unmutated common ancestor, "UCA".

Figures 73A-73E show 7n vitro inhibition of sialidase activity (reported as IC50
in pg/mi}) by FNI3 and eleven FNI3 variants (FNI3-v8 through FNI3-v18; see Tables |
and 2 for amino acid and nucleic acid sequences) agaiust group [ (HIN1) IAV NAs and

IBV NAs. Neutralization activity of FNI3 and FNI3 variants 1s shown for group 1
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(HIND TAV NAT from HSN1 A/Vietnam/1203/2004 (Figure 73A), NAZ2 from H3N2
AfTanzania/205/2010 (Figure 738), and NA? from H7N9 A/Hong Kong/56/2015
(Figure 73C). Neutralization activity of FNI3 and FNI3 variants 1s shown for BNAZ2
from B/Malaysia/2506/2004 (Figure 73D} and BNA7 from B/Perth/211/2011 (Figure
73E).

Figures 74A-74E show /n vifro inhibitioo of sialidase activity {reported as IC50
in ug/ml} by FNI9 and five FNIS variants (FNI19-v3 through FNI9-vY; see Tables 1 and
2 for amino acid and nucleic acid sequences) against IAV NAs and IBY NAs,
MNeutralization activity of FNIO and FNI9 variants is shown for group I (HIN1) IAV
NAT from H5NT A/Vietnany/1203/2004 (Figure 74A), NAZ from H3N2
A/Tanzania/205/2010 (Figure 74B), and NAS from HTN9 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 7SA-7SE show in vifro inhibition of sialidase activity {reported as ICS0
in ug/ml) by FNI17 and eleven FNI117 variants (FNI17-v6 through FN{17-v16; see
Table 2 for amino acid and nucleic acid sequences) against IAV NAs and IBYV NAs.
Neutralization activity of FNI17 and FNII7 variants is shown for group T{HIN1} 1AV
NAT from HSN1 A/Vietnam/1203/2004 (Figure 75A), NA2 from H3NZ
A/Tanzania/205/2010 (Figure 75B), and NA9 from H7NS 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 BNAT from B/Perth/211/2011 (Figure 7SE).

Figures 7T6A-76E show 7n vifro mhibition of sialidase activity {reported as IC50
in pg/ml) by FNIT9 and five FNI19 variants (FNI 9~v1 through FNI19-v5; see Table 2
for amino acid and nucleic acid sequences) against 1AV NAs and IBV NAs.
Neutralization activity of FNI19 and FNI19 variants is shown for group { (HIN1) IAY
NAT from HSNT 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 FNI19 and FNIIO variants is shown for BNAZ
from B/Malaysia/2506/2004 (Figure 76D3) and BNA7 from B/Perth/211/2011 (Figure
76E).
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Figures 77A-77D show binding of FNI3, FNI9, FNIT7, and FNII9 variants to
IAY 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 N1 from
A/California/07/2009 123R/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/Ontaric/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-T8E show additional characteristics of certain FNI antibodies.
Figure 78 A shows an alignment of FNI3, FNI9, 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 1o FNI3, FNI9, FNIL7, and FNI19. Overall
surface charge maps generated using PyMOL are shown for FINI3 (Figure 78B), FNI9
{(Figure 78C), FNI17 (Figure 78D), and FNII9 (Figure 78E) along with pK values and
resolution (reported in A).

Figures 79A-798 show pK data for FNIT7-LS, FNIT9-LS, FNI17-v19-L8, and
FINI19-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 (AUC), steady state clearance (Clss), and total volume analyzed {(Volume} for
FNIL7-LS and FNH9-LS (Experiment ! "PK1"), and FNI17-v19-LS and FNI19-v3-LS
(Experiment 2 "PK2"). Figure 79B shows average half-life {reported in days) plus
standard ervor for FNIT7-LS, FNI19-LS, FNIT7-v19-LS, and FNI19-v3-LS.

Figure 80 shows the desipgn of an in vive study to evaluate prophylactic activity
of FNI17-v19-rigG1-LS compared with oseltamivir (OSE} in BALB/c mice infecied
with 1A Vs or IBVs. Mice were pre-administered FNIT7-v19-rigG1-L5 (9,3, 0.9, 0r 0.3
MPK} 24 hours prior to infection at LI90 (90% lethal dose}. OSE was orally
admivistered daily at 10 mg/kg from 2 hours before infection to 3 or 4 days post-

challenge. Mice were administered IAVs (HIN1 A/Puerto Rico/8/34 or H3INZ A/Hong
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Kong/R/68) or IBVs (B/Victoria/504/2000 (Yamagata) or B/Brisbane/60/2008
(Victoria)}). A version of FNI17-v19 containing a Fo mutation that abrogates binding by
FoyRs and complement (FNI7-v19-rigGT-GRLR) was also tested in groups recetving
AV viruses (HIN1 A/Puerto Rico/8/34 or H3NZ A/Hong Kong/8/68). Lung plaque
forming units (PFU) were evaluated in mice euthanized at 3 days post-infection.

Figures 81A-81D show lung viral titres in BALB/c mice euthanized at 3 days
post-infection from the i vive study described in Figure 80, Lung viral titers following
infection with HIN1 A/Puerto Rico/B/34 (Figure 81A) or H3N2 A/Hong Kong/8/68
(Figure 81B) and IBVs B/Victoria/504/2000 (Yamagata; Figure 81C) or
B/Brisbane/00/2008 (Victoria; Figure 8113} are shown.

Figure 82 shows the design of an @ vive study to evaluate prophylactic activity
of FNI17-v19 in humanized FoyR mice infected with HINT A/Puerto Rico/8/34. Mice
were pre-administered antibody 24 hours prior to infection at SLDS0 (five times 50%
lethal dose).

Figures 83A-83C show measurements of body weight over fourteen days in
bumanized 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 8343, 0.3 mg/kg
{(Figure 83B), or 0.09 mg/kg (Figure 830}, one day prior to infection with SLI350 of
A/Puerto Rico/8/34. Body weight of mice administered a vehicle control was also
measured (left graph in each figure).

Figure 84 shows the pre-infection concentration of human Ig( in sera from
humanized FoyR mice pre-treated with FNI17-v19 from the study described in Figure
82. Sera was collected from mice 2 hours prior to infection with SLDS0 HINT A/Puerio
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, FNIT7, and FNI19 to NA expressed on

mammalian cells infected with a HINT Swine Eurasiav aviav-like (EA) strain,
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A/Swine/Jiangsu/J004/2018, measured by flow cytometry. Mock antibody staining is
shown as a negative control.

Figures 87A-87D show s vifro intubition of sialidase activity {reported as 050
in nM) by FNI17-v19 or OSE against group H H7N3

/chicken/Jalisco/PAVX1T7170/2017 IAV (Figure 87A), group I HSNG
Afchicken/Suzhou/i6/2019 AV (Figure 87B), group H HTN7
Alchicken/Netherlands/621572/03 1AV (Figure 87C), and group I HANZ
Alchicken/Russia/3-29/2020 JAV (Figure 87D} NAs.

Figure 88 shows binding kinetics 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 is dissociation calculated as (1/s) and kon i3 association
calculated as (1/Ms}).

Figure 89 shows in vigro inhibition of sialidase activity {reported in ng/ml) by
FNI3, FNI9, FNIL7, FNI17-v19, FNI9, and FNI19-v3 against group H HTNS
A/Aphui/1/2013 AV NA.

Figare 90 shows antibody activation of FoyRIlla (V138 allele) following
incubation with group I H7NS A/Anhui/1/2013 TIAV. Activation was measured using
an NFAT-mediated luciferase reporter in engineered Jurkat cells following incubation
with Expt-CHO cells transiently transfected with plasmids encoding N9 from
A/Anhui/1/2013 TAVY. FNI3, FNIS, FNIT7, and FNITO 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 II HINZ 1AVs (Figure
91B)} from 2007 to 2019,

Figures 92A-92B show i vifro neutralizing activity by FNI17, FNI19, and
Oseltamivir (OSE) against group F HINT JAV strains (Figure 92A) and group 11 H3NZ
IAV 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, E119D, or
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both S247N and H275Y. Figure 92B shows activity against A/Hong Kong/8/68
("HK/68" in the figure) and A/Hong Kong/8/68 engineered with reverse genetics to
harbor OSE-resistant mutations 1222V or N2948.

Figure 93 shows binding of FNI17-v19 to NAs from N1 Vic 2019,

N2 HK 2019, B/Phuket/3073/2013 {Yamagata) {("B/Phuket 2013(Yam)" in the
figure), B/Malaysia/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 24A-248 show viral titer in tung homogenates from BALB/c mice
treated with varying doses of FNI17 or OSE and infected with HIN1 A/Puerio
Rico/8/34 (Figure 94A) or H3INZ A/Hong Kong/8/68 (Figure 948). Lung tissue was
collected at four (Figure 94A) or three days (Figure 94B) post-infection. Titer is
reported as log 50% tissue culture infections dose per gram tissue (Log TCIDS0/g) in
Figure 94A Titer is reported as log plaque-forming units per gram tissue (Log pfu/g) in
Figure 94B. In Figures 94A and 948, the left-to-tright arrangement of dot plots in the
graph corresponds to the top-to-bottom orientation in the figure key. For example,
Vehicle is the lefi-most cluster of dots in the graph, and OSE is the right-most cluster of
dots 1 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 HINT A/Puerto Rico/8/34
(Figure 95A) or H3N2A/Hong Kong/8/68 (Figure 95B) following treatment with FNI17
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 lefi-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 964-96B 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/e
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mice infected with HIN1 A/Puerto Rico/8/34 (Figure 96A) or H3N2 A/Hong
Kong/8/68 (Figure 96B} following treatment with FNIET7 or OSE. ICS50, IC70, and {C90
are reported in pg/ml.

Figures 97A-978 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
H3NZA/Hong Kong/8/68 (Figure 97B) following treatment with FNI17 or OSE
(reported in peripheral capiliary oxygen saturation (SpGa)). 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 exarmple,
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 HIN2 A/Hong Kong/8/68 (Figure 98B)
following treatment with FNI17. Pearson coefficients were calculated to gquantify
correlation.

Figures 99A-99C show in vivo pharmacokinetics of FNI17-v19 and FNI19-v3
for three individual mice (15017 - “1503”, “25017 - “2303"}. Data for individual mice
over a span of 1500 hours is shown for FNI17-v19 (Figure 99A) and FNII9v3 (Figure
SOB) treatment groups, and combined in Figure 99C over 64 days.

Figure 100 summarizes i» vive pharmacokinetic properties of FNI17-v19 and
FNE19-v3 as evaluated in mice. FMO8 LS is shown as a comparator antibody.

Figures 101A-101B show lack of off-target binding by FNI17-v19 (Figure
101 A) and FNI19-v3 (Figure 101R), as measured using an array of 6,000 buman
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 163A-103C show antibody activation of FeyRIla (H131 allele) by
"GAALIE" Fe variant 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
transfected with plasmids encoding different IAV (HINT A/California/07/2009 1o
Figure 103 A; H3N2 A/Hong Kong/8/68 in Figure 103B) and IBV
(B/Malaysia/2506/2004 in Figure 103C) NAs. FNI3, FNIS, FNIT7, and FNI19 were
tested, along with FNI3, FNI9, FNI17, and FNITQ antibodies bearing GAALIE
mutations {suftix "-GAALIE" in the figure}. A comparator antibody "FMO8 18" and a
negative control antibody (FY1-GRLR) were also tested. FMO8 LS and FYI-GRLR
had the lowest measured values in Figures 103A-103C.

Figure 104 shows /n vifro inhibition of sialidase activity by FNI17-v19 of group
FTHIND AV, group H{(H3N2Y IAY, Victoria-lineage [BV, and Yamagata-lineage IBV
NAs as measured by ViroSpot microneutralization assay.

Figure 165 shows in vitrro inhibition of sialidase activity by FNI17-v19 of group
THEIND AV, group H{H3NZ)Y TAV, Victoria-lineage IBV, and Yamagata-lineage IBV
NAs as measured by ViroSpot microneutralization assay. B/Brisbane/2008 is
highlighted by a rectangle.

Figures 106A-106B shows viral titer in lung homogenates from BALB/c mice
treated with varying doses of FNI17 or OSE and infected with H3N2 A/Hong
Kong/8/68 (Figure 100A) or HINT A/Puerto Rico/8/34 (Figure 106B). Lung tissue was
collected at three (Figure 106A) or four days (Figure 106B) post-infection. Titer is
reported as log plagque-forming units per gram tissue (Log pfi/g) in Figure 106A. Titer
is 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 fung
reduction as OSE. In Figures 106A and 106B, 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 (SE is the right-most
cluster of dots in the graph.

Figure 107 shows "% Protection” compared with IgG in serum in BALB/c mice
infected with influenza and treated with FNIT7 or OSE. 150, IC70, and C90 are

reported in pug/ml.
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Figure 108 shows body weight loss from dav 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 FMOS LS. Body weight loss in mice
pre-treated with a vehicle control was also measured. For the 1 mg/kg dose (left-most
set of three bars), the left-to-right order of the bars corresponds to the top-to-bottom
orientation in the figure key (i.e., Vehicle is the left-uost bar in the Img/kg quadrant;
FMO8 LS isright-most bar). At the other doses, the left bar represents FNI17 and the
right bar represents FMOB LS.

Figure 169 shows survival over thirteen days in BALB/c mice infected with
HINT A/Puerto Rico/8/34 following treatment with FNI17 or FMO8 LS. Survival in
mice pre-treated with a vehicle conirol (shortest survival curve) was also measured.

Figure 110 shows antibody titers of certain FWNI3, FNI9, FNIL7, or FNI19
mAbs, including gain/loss for variants as compared to witd-type.

Figure 111 shows binding to group 1IAV, group HHIAV, and IBYV NAs as
measured by flow cytometry {reported as MFI) for FNI3 and 11 FNI3 variants (FNI3-
v8 to FNI3-vi8) MFI values for variants were normalized to MFI values for wild-type
FNI3.

Figure 112 shows binding to group T IAV, group HIAV, and IBV NAs as
measured by flow cytometry {reported as MFT) for FNI9 and five FNIO variants (FNIO-
v5 to FNI9-v9). MFI values for variants were normalized to MFI values for wild-type
FNIS.

Figure 113 shows binding to group L IAV, group HIAV, and IBV NAs as
measured by flow cytometry (reported as MF1) for FNIT7 and 11 FNI17 variants
(FNI17-v6 to FNI17-v16). MFI values for variants were normalized to MFI values for
wild-type FINI17.

Figure 114 shows binding to group 1 IAV, group I AV, and [BY NAs as
measured by flow cytometry {reported as MFI) for FNI19 and five FNII9 variants
(FNEI9-v1 to FN119-v5). MFI values for variants were normalized to MF{ values for

wild-type FNI19.
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Figures 115A-1158D show binding kinetics of FNI3-LS, FNIO-LS, FNII7-LS,
and FNI19-LS, along with FNI3-LS, FNIo-LS, FNIT7-LS, and FNI19-LS antibodies
bearing GAALIE mutations (suffix "-GAALIE" in the figure) to different FcyRs, as
measured by Bio-Layer Interferometry (BLI). Arrows indicate curves for FNI17-LS and
ENIT7-LS-GAALIE. Figure 115A shows binding to FoyRIA(H), Figure 115B shows
binding to FeyRIIA(R), Figure 115C shows binding to FeyRUIA(F), and Figure 115D
shows binding to FoyRHIA(V).

DETAILED DESCRIPTION

Provided herein are antibodies and antigen-binding fragments that can bind to
and potently neutralize infection by vartous influenza viruses, such as influenza A
viruses (1AVs) and influenza B viruses (IBVs). Also provided are polvnucieotides 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 nurober of clonally related antibodies were
identified that bind to a breadth of IAV and 1BV NAg, and have neutralizing/inhibitory
functions against 1AV and IBV viruses. Seguence variants of the antibodies were
generated and characterized. Certain disclosed embodiments relfate 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 definitions of certain terms to be used herein.
Additional definitions are set forth throughout this disclosure.

in the present description, any concentration range, percentage range, ratio
range, or integer range is 10 be undersiood to include the value of any integer within the
recited range and, when appropriate, fractions thereof (such as one tenth and one
hundredth of an integer), unless otherwise indicated. Alsg, any number range recited

herein relating to any physical feature, such as polymer subunits, size or thickness, are
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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. It 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 alternaiives. As used herein, the terms "include,” "have,”
and "comprise” are used synenymously, which terms and variants thereof are intended
1o be construed as non-limiting.

"Optional"” or "optionally” means that the subsequently described element,
component, event, or circumstance may ot may not occur, and that the description
includes instances 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 " is not equivalent to "comprising” and refers
1o 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 {g.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., arnino acids at the amino- or carboxy-terminus or between domains) that, in
combination, contribute to at most 20% (e.g., at most 13%, 10%, 8%, 6%, 5%, 4%, 3%,
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),

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

N2
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As used herein, "amino actd" 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 naturally occurring amino acids. Naturally occurring arvino 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 bave the same basic chemical structure as a vaturally occurring
amino actd, i.e., an g-carbon that is bound to a hydrogen, a carboxyl group, an aming
group, and an R group, e.g., homoserineg, norleucine, methionine sulfoxide, methionine
methyl sulfonium. Such analogs have modified R groups (e.g., norleucine) or modified
peptide backbones, but retain the same basic chemical structure as a naturally occurring
amino acid. Amino acid mimetics refer to chemical compounds that have a siructure
that is different from the general chemical structure of an amino acid, but that functions
in a manner similar to a naturally oceurring amino acid.

As used herein, "mutation” refers to a change in the sequence of a nucleic acid
molecule or polypeptide molecule as compared to a reference or wild-type nucleic acid
molecule or polypeptide rmolecule, respectively. A mutation can result in several
different types of change in sequence, including substitution, insertion or deletion of
nuclectide(s) or amine 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
A), Glycine (Gly or G), Serine {Ser or 8), Threonine (Thr or T); Group 2: Aspartic acid
{Asp or D), Glutamic acid (Glu or Z); Group 3. Asparagine {Asn or N), Glutamine (Gln
ot {11, Group 4: Arginine (Arg or R}, Lysine (Lys or K), Histidine (His or H);, Group 5:
Isoleucine {(Ite or 1), 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 into conservative 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, Ley, and He. Other conservative
substitutions groups tnclade: sulfur-containing: Met and Cysteine (Cys or C); acidic:
Asp, Glu, Asn, and Gin; small aliphatic, nonpolar or shightly polar residues: Ala, Ser,
Thr, Pro, and Gly; polar, negatively charged residues and their amides: Asp, Asn, Glu,
and Gln; polar, positively charged residues: His, Arg, and Lys; large 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 herein, "protein” or "polypeptide” refers to a polymer of amino acid
residues. Proteins apply to vaturally occurring amino acid polymers, as well as to
amino acid polymers in which one or more amino acid residue is an artificial chemical
mimetic of a corresponding naturally occurring amino acid, and non-naturally occurring
amino acid polymers. Varants 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 is at least 70%, 75%,
80%, B5%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 99.9%
identical to an amino acid sequence of a defined or reference amino acid sequence as
described herein.

*Nucleic acid molecule" or "polynuclestide” or "polynucleic acid" refers to 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 include uracil, thymine, and cytosine. Nucleic acid molecules
include polyribonucleic acid (RNA), which includes mRNA, microRNA | siRNA, viral
genomic RNA, and synthetic RNA, and polydeoxynibonucieic 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 sirand 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 mechanismws. 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-methvladenonsine, 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 in, for example, Zhavg ef al. Front. Immunol.,
DOI=10.3389/fimmu.2019.00594 (2019); Evler ef of. PNAS 116(40). 230068-23071;
DO 10.1073/pnas. 1821754116 (2019}, Nance and Meier, ACS Cent. Sci. 2021, 7, 5,
748-756; dot.org/10. 102 Vacscentsci. 1¢00197 (2021), and van Hoecke and Roose, J
Transiational Med 17:54 (2019); https://doi.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. Variant nucleic acid
molecules are at least 70%, 75%, 80%, 85%, 90%, and are preferably 95%, 96%, 97%,
9R%%, 99%, or 99.9% identical 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 chioride, ¢.0015M sodium citrate at about
65-68°C or .015M sodium chioride, 0.0015M sodium citrate, and 50% formamide at
about 42°C. Nucleic acid molecule variants 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 introduced in one or both of a first and a second amino acid or nucleic
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acid sequence for optimal alignruent). Further, non-homologous sequences may be
disregarded for comparison purposes. The percent sequence identity referenced herein
is 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 prograro (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 originally
{oad with the software when first initialized.

The term "isolated" means that the material is removed from its original
environment {e.g., the natural environment if 1t 18 naturally occurning). For example, a
naturally occurring nucleic acid or polypeptide present in a living animal is not isolated,
but the same vucleic actd or polypeptide, separated from some or all of the co-existing
materials in the natural system, is isolated. Such nucleic acid could be part of a vector
and/or such nucleic acid or polypeptide could be part of a composition {e.2., a cell
lysate), and still be 1solated 10 that such vector or composition is not part of the natural
environment for the nucleic acid or polypeptide. "fsolated” can, in some embodiments,
also describe an antibody, antigen-binding fragment, 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; i certain contexts, it includes regions preceding and following the
coding region {e.g., & untransiated region {L'TR} 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 slighily in composition {e.g., ove base, ators ot

functional group is 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 feast 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 functiconal variant of a polypeptide or encoded polypeptide of this
disclosure has "similar binding,” "similar affinity” or "similar activity” when the
functional variant displays no more than a 50% reduction in performance in 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 & dissociation (Kp) constant).

As used herein, a "functional portion” or "functional fragment” refersto a
polypeptide or polynucleotide that comprises 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%, 85%, 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 fragrent” 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 in performance n 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).

As used herein, the term "engineered,” "recombinant,” or "non-natural” refers to
an organism, microorganism, cell, nucleic acid molecule, or vector that includes at least
one geuvetic 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 {i.e., human intervention}. Genetic alterations
include, for example, modifications introducing expressible nucleic acid molecules
encoding functional RNA, proteins, fusion proteins or enzymes, or other nucleic acid
molecule additions, deletions, substitutions, or other functional disruption of a cell’s

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

As used herein, “heterologous” or "non-endogenous” or "exogenous” refers to
any gene, protein, compound, nucieic 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 is different as
hetween the native and altered genes, proteins, compounds, or nucleic acid molecules.
fn certain embodiments, heterologous, non~endogencus, or exogenous genes, proteins,
or nucleic acid molecules (e.g., receptors, ligands, 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 plasroid or other self-replicating vector). The terro "homologous” or
"homolog" refers to a gene, protein, compound, nucleic acid molecule, or activity found
in or derived from a host cell, species, or strain. For example, a heterclogous or
exogenous polynucieotide or gene encoding a polypeptide may be hormologous to a
native polynuclectide 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 thereof. A non-endogenous polynuclectide or gene, as well
as the encoded polypeptide or activity, may be from the same species, a different
species, of 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 it has been altered or
mutated, or a nucleic acid molecule native to a host cell may be considered
heterologous 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

31



u

10

15

20

30

WO 2022/109309 PCT/US2021/060155

"heterologous" can refer to a biological activity that is different, altered, or not
endogenous to a host cell. As described herein, more than one heterologous nucleic
acid molecule can be introduced into a host cell as separate nucleic acid molecules, as a
plurality of individually controlied 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 s polyonucleotide,
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 is produced based on the encoding sequence of a nucleic acid molecule,
such as a gene. The process may include transcription, post-transcriptional coutrol,
post-transcriptional modification, translation, post-translational control, post-
translational modification, or any combination thereof. An expressed nucleic acid
molecule is typically operably linked to an expression control sequence {e.g., a
promoter).

The terma "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.¢, 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 oune
does not affect the other,

As described herein, more than one heterologous nucleic acid molecule can be
introduced into a host cell as separate nucleic acid molecules, as a plurality of
individually controlied genes, as a polycistronic nucleic acid molecule, as a single
aucleic actd molecule encoding a protein {e.g., a heavy chain of an antibody), or any
combination thereof. When two or more heterologous nucleic acid molecules are
introduced into a host cell, it is understood that the two or more heterologous nucleic
acid roolecules 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 heterclogous
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 "consiruct” refers to any polynuclectide that contains a recombinant
nucleic acid molecule (or, when the context clearly indicates, a fusion protein of the
present disclosure}. A (polynuclectide) construct may be present in a vector {(e.g., a
bacterial vector, a viral vector) or may be integrated info a genome. A "vector” is a
nucleic acid molecule that is capable of transporting another 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 nucleic acid molecules. Vectors of the present disclosure
also include transposon systems {e.g., Sleeping Beauty, see, e.g., Geuris ef ai., Mol
Ther, 8108, 2003: Matés er af., Nat. Genet. 41753, 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 nucletc acid molecule that 1s operably linked to a 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 simaply 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 inio the genome
itself or deliver the polynucleotide contained in 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, plasmid, plastid, or mitochondrial DNA), converted into an autonomous
replicon, or transiently expressed {e.g., transfected mRNA).

In certain embodiments, polynucleotides 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 initiation, termivation, promoter, and enhancer
sequences; efficient RNA processing signals such as splicing and polvadenylation
signals; sequences that stabilize cytoplasmic mRNA, sequences thai enhance transiation
efficiency (i.e., Kozak consensus sequences); sequences that enhance protein stability;
and possibly sequences that enhance protein secretion. Expression control sequences
may be operatively linked if they are contiguous with the gene of interest and
expression control sequences that act in frans or at a distance to control the gene of
interest.

In certatn 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 sirand
RNA viruses such as ortho-myxovirus {e.g., influenza virus), thabdovirus {e.g., rabies
and vesicular stomatitis virus), paramyxovirus {e.g., measles and Sendai)}, positive
strand RNA viruses such as picornavirus and alpbavirus, and double-stranded DNA
viruses including adenovirus, herpesvirus {e.g., Herpes Simplex virus types 1 and 2,
Epstein-Basr virus, cytomegalovirus), and poxvirus {e.g., vaccinia, fowlpox, and
canarypox). Other viruses include, for example, Norwalk virus, togavirus, flavivirus,
reoviruses, papovavirus, hepadnavirus, and hepatitis virus. Examples of retroviruses
include avian leukosis-sarcoma, mammalian C-type, B-type viruses, D type viruses,

HTLV-BLV group, lentivirus, spumavirus (Coffin, J. M., Retrovinidae: 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 is reverse-transcribed
into DNA using a reverse transcriptase enzyme, the reverse-transcribed DNA is then
incosporated into the host cell genome. "Gammaretrovirus” refers to a genus of the
retroviridae family. Examples of gammaretroviruses include mouse 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 iransduce a range of different cell types. Lentiviral vectors are usually
generated following transient transfection of three (packaging, envelope, and transfer)
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 is 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 {MLV }-derived vectors. In other embodiments, the
viral vector can be a more complex retrovinus-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 anemia 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, tn: US. Patent 8,119,772, Walchli ef af , PLoS One 6:327930, 2011; Zhao ef
al, J. Immunol 1744415, 2005; Engels ef al, Hum. Gene Ther. 141155, 2003; Frecha
et al, Mol Ther. 181748, 2010, and Verhoeyen ef ol , 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 dertved from herpes simplex
viruses (HSVs), including amplicon vectors, replication-defective HSV and attenuated
HSV (Krisky et af, Gene 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 §. 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 fransposon 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. Examples 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 {e.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-dextrau,

electroporation, microinjection, or other methods. See, for example, Sambrook er af
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Molecutar Cloning: A Laboratory Manual 2d ed. (Cold Spring Harbor Laboratory,
1989}

in the context of an influenza wfection, 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 immune response. This imunune response may involve antibody
production, activation of specific immunologicaliy-competent cells, activation of
complement, antibody dependent cytotoxicicity, or any combination thereof. An
antigen (immunogenic molecule) may be, for example, a peptide, givcopeptide,
polypeptide, glycopolypeptide, polynucleciide, polysaccharide, lipid, or the like. Itis
readily apparent that an antigen can be synthesized, produced recombinantly, or derived
tfrom 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,
amino acid sequence, or protetn determinant that is recogrized and specifically bound
by a cognate binding molecule, such as an immunoglobulin, or other binding molecule,
domain, of 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 characteristics, 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.
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Antibodies, Anfigen-Binding Fragments, and Composifions

In one aspect, the present disclosure provides an isolated an antibody, or an
antigen-binding fragment thereof, that is capable of binding to a neuraminidase (NA)
from: (i} an influenza A virus (JAVY), wherein the 1AV comprises a Group 1 AV, a
Group 2 1AV, or both; and (i1) an influenza B virus JBV}.

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 fragrment to an avtigen with
an affinity or K, (f.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 [Kor] for this association reaction), while not
significantly associating or uniting with any other molecules or components in a
sample. Alternatively, affinity may be defined as an equilibrium dissociation constant
{¥4) of a particular binding interaction with units of M {e.g., 107 Mto 107 M),
Antibodies may be classified as "high-affinity” antibodies or as "low-affinity"
anttbodies. "High~affinity” antibodies refer to those antibodies having a K, of at least
107 M at least 108 MY, at least 10° M™', at least 1019 M, at least 10! M, at least 10"
M orat least 10V M. "Low-affinity” antibodies refer to those antibodies having a K,
of up to 10'M™ up to 10° M, up to 10° M™Y. Alternatively, affinity may be defined as
an equilibrium dissociation constant (K¢) of a particular binding interaction with units
of M {e.g., 10° M to 1072 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®) analysis (see, e.g., Scatchard ef of., Ann. N.Y.

Acad. Sci. 51:660, 1949, Wilson, Science 295:2103, 2002; Wolff ¢r ol , Cancer Res.
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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.

In certain examples, 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 Avnalyzer (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 IC50 or EC50 values. In certain embodiments, the
IC50 1s the concentration of a composition {e.g., antibody) that results in half-maximal
inhibition of the indicated binlogical or biochemical function, activity, or response. In
certain embodiments, the ECS0 is 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 EC30 are used interchangeably.

in certain embodiments, an antibody of the present disclosure is capable of
neutralizing infection 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 vifre model of infection and/or in an 7 vive animal model of infection
and/or in a human.

In certain emwbodiments, the antibody, or antigen-binding fragrent thereof, is

human, humanized, or chimeric.
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In certain embodiments, (i) the Group T IAV NA comprises a N1, a N4, a N5,
and/or a N&; and/or (i1} the Group 2 TAV NA comprises a N2, a N3, a N6, a N7, and/or
a N9. In some emabodiments: (i) the N1 is a N1 from any oune or more of,
A/California/07/2009, A/California/07/2009 1223R/H275Y,
A/Swing/Hangsu/J004/2018, A/Stockholm/18/2007, A/Brisbane/02/2018,
A/Michigan/45/2018, A/Mississippi/3/2001, A/Netherlands/603/2009,
A/Netherlands/602/2009, A/Vietnam/1203/2004, A/G4/SW/Shangdong/1207/2016,
A/GAIEW Henan/SN13/2018, and A/New Jersey/8/19706; (ii) the N4 is from A/mallard
duck/Netherlands/30/2011; (i1} the NS is from A/aguatic bird/Korea/CNS5/2009; (iv) the
N8 is from A/harbor seal/New Hampshire/179629/2011; (v the N2 is a N2 from any
oune or wore of: A/Washington/01/2007, A/HongKong/68, A/South Australia/34/2019,
A/8witzerland/8060/2017, A/Singapore/INFIMH-16-0019/2016,
A/Switzerdand/9715293/2013, A/leningrad/134/17/57, A/Florida/4/2006,
A/Netherlands/823/1992, A/Norwav/466/2014, A/Switzerland/8060/2017,
AlTexas/50/2012, AfVictoria/361/2011, A/HongKong/2671/2019,
A/SW/Mexico/S(G1444/2011, 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 13 from A/swine/Outario/01911/1/99; (vi) the N7 s
from A/Netherlands/078/03; and/or (vii) the N© is a N9 from any one or more of:
A/Anhui/2013 and A/Hong Kong/S6/2015. In certain embodiments, the IBV NAisa
NA from any one or more of. B/Lee/10/1940 (Ancestraly, B/Brisbane/60/2008
(Victoria), B/Malaysia/2506/2004 (Victoria); B/Malaysia/31203 18925/2013
(Yamagata), B/Wiscousin/ /2010 (Yamagata), B/Yamanashi/166/1998 (Yamagata),
B/Brisbane/33/2008; B/Colorado/06/2017; B/Hubei-wujiang/158/2009;
B/Massachusetis/02/2012; B/Nethertands/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}.

40



u

10

15

20

25

30

WO 2022/109309 PCT/US2021/060155

In certain embodiments, the antibody or antigen-binding fragment is capable of
binding to each of: (i) a Group 1 TAV NA; (i1) a Group 2 1AV NA; and (i) a IBY NA
with an ECso 1n a range of from about 0.1 pg/mL to about 50 pg/mi, orina range of
from about 0.1 ug/mL to about 2 yg/ml, or in a range of from 0.1 pg/mL to about 10
ug/ml., or in a range of from 2 pg/mL to about 10 pg/mi, or in a range of from about
0.4 ug/ml. to about 50 ug/ml., or tn a range of from about 0.4 pg/ml. to about 2 pg/mi,
or in a range of from 0.4 pg/mb to about 10 pg/ml, or in a range of from 2 yg/mkb to
about 10 pg/ml., or in a range of from 0.4 pg/mL to about 1 pg/ml, or 0.4 pyg/mL or
less.

in certain embodiments, the antibody or antigen-binding fragment is capable of
binding to: (i) the Group 1 1AV NA with an ECso in a range of: from about 0.4 pg/rol
to about 50 pg/ml, from about 0.4 pg/ml to about 10 pg/mL, from about 0.4 pg/mb to
about 2 pg/mL, from about 2 pg/mkl to about 50 ug/ml, from about 2 pg/mk to about
10 pgfml, or from about 10 ug/mL to about 50 ug/ml; (1) the Group 2 TAYV NA with
an ECso in a range from about 0.4 ug/mlb to about 50 ug/mL, or from about 0.4 ug/mlL
to about 10 pg/ml, or from about 0.4 pug/ml. to about 2 ug/ml., or from about 2 pg/mlL
to about 30 pg/mL, or from about 2 ug/mL to about 10 ug/mL, or from about 10 ug/mL
to about 5O pg/ml; and/or {iii) the IBV NA with an ECs of about 0.4 pg/ml, orina
range from about 0. Tug/ml. to about 1.9 pg/mL, or from about 0. lpg/mL to about 1.5
ug/mb, or from about 0.1 pg/mL to about 1.0 yg/mb, orabout 0.1, 0.2,0.3,04, 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: (i) 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., or in a range of: from about
0.1pug/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/mL to about 1.0 ug/ml, orabout 0.1, 0.2,03,04,05,06,07, 08,09, or
1.0 pg/mb; (it) a N4 with an BCso of about 0.4 pg/ml., orin a 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, or about 0.1,0.2,03,04,05,06,07 08,09, or
1.0 ug/ml; (i) a N5 with an ECso in a range of from about 0.4 pg/ml to about 2

wg/mb; vy 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 pg/mL to about 20 ug/mL, or from about 0.4 ug/mL to about 10
ug/mL, or from about 0.4 pg/mL to about 2 pg/ml., from about 1 pg/mL to about 10
ug/ml, or from about 1 pg/ml. to about 20 pg/rl., or from about 1 pg/ml to about 5
ug/mi, orabout1,2,3,4,5,6,7, 8,9, 10, 15, or 20 yg/mL; {vi) a N3 with an ECs of
about 0.4 pg/ml, or in a range of: from about 0. 1pug/mL to about 1.9 pg/mi., or from
about 0. lpg/mL to about 1.5 ug/ml, or from about 0.1 ug/ml to about 1.0 ug/ml, or
about 0.1,02 03,004,035 06,07,08,09, or 1.0 ug/mL; (vii} a N6 with an ECso of
about 0.4 pg/ml, or in a range of from about 0. 1ug/mL 1o about 1.9 ug/ml., or from
about 0. 1ug/mL to about 1.5 pg/mL, or from about 0.1 ug/mL to about 1.0 ug/mL, or
about0.1,0.2,0.3,04,05,06,0.7,08,09, or 1.0 ug/mb; {viii} a N7 with an ECse in a
range of: from about 2 pg/ml. to about 50 pg/ml.; (ix) a N9 with an ECso of about 0.4
ug/ml, orin a range of: from about 0.1ug/mb to about 1.9 pg/mL., or from about
0.1ug/mi to about 1.5 pg/ml., or from about 0.1 pg/mL to about 1.0 ug/mi., or about
0.1,02,03,04,05 06,07, 08,09, or10 pg/mL; and/or {(xiya IBV NA with an
FCsp of about 0.4 ug/mL, or in a range of from about 0. 1ug/mL to about 1.9 yg/mL, or
from about 0. Tug/ml. to about 1.5 pg/mlL, or from about 0.1 ug/mL to about 1.0 pg/mi,
or about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, or 1.0 pg/mL.

In certain embodiments, the antibody or antigen-binding fragment is capable of
binding to: (1) one or more oft N1 A/California/07/2009, N1 A/California/07/2009
I223R/H2TSY, N1 A/Swine/langsw/J004/2008, N1 A/Stockholm/18/2007, N4
Almallard duck/Netherlands/30/2011, N5 A/aquatic bird/ Korea/CUNS/2009, N2 A/Hong
Kong/o8, N2 A/Leningrad/134/17/57, N3 A/Canada/rv504/2004, N6
A/Swine/Ontaric/01911/1/99, N9 A/Anhui/1/2013, B/Lee/10/1940 {Ancestral),
B/Brisbane/60/2008 (Victoria), B/Malaysia/2506/2004 (Victoria},
B/Malaysta/3120318925/2013 (Yamagata), B/Wisconsin/1/2010 (Yamagata), and
B/Yamanashi/166/1998 (Yamagata}, with an ECso of about 0.4 ug/mi., or in a range
from about 0. 1pug/mL to about 1.9 pg/mL, or from about 0. lug/mL to about 1.5 pg/ml,
or from about 0.1 pg/mL to about 1.0 yg/mL, orabout 0.1, 0.2, 03,04, 0.5, 06,07,
0.8, 0.9, or 1.0 ug/mL; (i1) NS Alaguatic bird/ Korea/CN5/2009 with an ECso of about 2

wg/mL, or in a range from about 2 pg/ml to about 10 pg/ml, (i1i) N8 A/harbor
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seal/New Hampshire/179629/2011 with an ECso of about 50 pyg/mL; (ivy N2
A/Washington/01/2007 with an ECso in a range from about 2 yg/mL to about 10
ug/ml,; (v} N7 A/Netherdands/078/03 with an ECse in a range from about 2 pg/ml to
about 50 pg/ml; (vi) N2 A/South Australia/34/2019 with an ECso in a range from about
0.4 pg/mk to about 50 pg/ml; {(vii) N2 A/Switzerland/8060/2017 with an ECsoin a
range from about 9.5 ug/mL to about 3.8 ug/ml; (viii) W2 A/Singapore/INFIMH-
16-0019/2016 with an ECso in a range from about 18.4 pg/ml to about 2.2 ug/mL; (iv)

NZ A/Switzertand/9715293/2013 with an ECso in a range from about 1.6 pg/mkL
to about 1.2 pug/mlb; and/or (v} N1 A/Swine/Jiangsu/J004/2018 with an ECse in a range
from about 0.4 ug/mk 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 or less, 1.OE~11M or less, or 1.0E-10 or {ess, 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 NZ, 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 ong or more of the following amine
acids (NI NA numbering): R368, R293, E228, E344, $247, D198, D151, R118; and/or
(2) a NA epitope that comprises any one or more of the following amino acids (N2 NA
numberingy: R371, R292, E227, E344, 8247 D198, 3151, R118. It will be understood
that the antibodies and antigen-binding fragments may also bind to intluenza
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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numbered, 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 vs N2 position numnbering {using
HIN1 California. 07 2009 and H3NZ NewYork 392.2004) is provided in Table 3.

in certain embodiments, the antibody or antigen-binding fragment is capable of
binding to: (1} a NA epitope that coroprises the amino acids R368, R293, E228, D151,
and R118 (N1 NA numbering}; and/or (2} a NA epitope that comprises the amino acids
R371, R292, H227, D151, and R118 {IN2 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
tramework), wherein, optionally, the NA active site comprises the following amino
acids (NZ numbering): R118, D151 R152, R224 E276, R292, R371, Y406, E119,
R156, W178, 8179, D/N198, 1222 H227 H274, E277, D293, E425. In certain
embodiments, R118, D151, R152, R224, E276, R292, R371, and Y406 form the
catalytic core and directly contact sialic acid. In certain embodiments, E119, R156,
W78, 8179, IWN198, 1222 E227, H274, E277, D293, and H425 form the active site
framewaork.

in certain embodiments, the epitope comprises or further comprises any one or
more of the following NA amino acids (N2 numbering): H344, E227, 8247, and D198,

In certain embodiments, the antibody or antigen-binding fragment is capable of
binding to a NA comprising a S245N amino acid mutation and/or a E2210 amino acid
mutation (N2 numbering).

i certain embodiments, the NA comprises an IBV 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 (IBV
numbering; e.g., as for FluB Victeoria and FluB Yamagata): R116, D149, E226, R292,
and R374. In some embodiments, the epitope comprises the amino acids R116, D149,

E226, R292, and R374.
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In certain embodiments, 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 1 TAV NA, a Group 2 TAV NA, or both, and/or of (ii) an IBYV NA, in an i viro
model of infection, an in vivo animal model of infection, and/or in a human. In fusther
embodiments: (i) the Group 1 IAV NA comprises a HINT and/or a HSN1, (ii) the
Group 2 TAV NA comprises a H3NZ and/or a H7TN9; and/or (i11) the IBV NA comprises
otte or more oft 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/4/2000( Yamagata), B/Hangsu/10/2003 (Yamagata), B/Texas/06/2011
{(Yamagaia), B/Perth/211/201 1; B/Harbin/7/1994 (Victoria);, B/Colorado/06/2017
(Victoria), B/Washington/02/201%9 (Victoria);, B/Perth/211/2001 (Yamagata), B/Hubei-
wujiagang/158/2009 (Yamagata)y, 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 IAV NA; and/ora [BV
NA, with an ICSO in a range of: from about 0.0008 ug/mL to about 4 ug/ml, from
about 0.0008 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/mk, from about 0.0008 pgiul to about 0.9
ug/mi, from about 0.0008 ug/mL to about 0.8 pg/mL, from about 0.0008 pg/mL to
about 0.7 pg/ml., from about ¢.0008 pg/ml. to about 0.6 pg/mk., from about 6.0008
ug/mk to about 0.5 pg/ml, from about 0.0008 pg/mL to about 0.4 ug/ml., from about
0.0008 pug/mkL to about 0.3 pg/mL, from about 0.0008 pg/ml to about 0.2 pg/ml, from
about 0.0008 pg/ml. to about 0.1 ug/ml, from about 0.0008 ug/mL to about 0.09
ug/mk., from about 8.0008 pg/mb to about 0.08 pg/ml, from about 0.0008 pg/ml to
about 0.07 ug/mL, from about 0.0008 yg/mL to about 0.06 pug/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/mlL to about 0.03 ug/mk., about 0.0008 pg/mk to about 0.02 ug/mlL, about 0.6008
ug/ml. to about 0.01 pg/mL., from 0.002 pg/ml to about 4 yg/ml, from about 0.001
wg/mL to S0 ug/mL, from about 0.1 pg/ml to about 30 pg/mb, from about 0.1 pg/mL
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to about 20 pg/mL, from about 0.1 pg/mml to about 10 pg/ml, from about 0.1 pg/mb to
about 9 pg/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/mk., from about 0.1 pg/mL to about 4 pg/ml., from about 0.1 pg/mb to
about 3 pg/ml., from about 0.1 pg/ml to about 2 pg/ml, from about 0.1 pg/ml to
about 1 ug/ml., from about 0.1 pg/ml to about 0.9 pg/ml, from about 0.1 pg/ml to
about 0.8 pg/mb, from about 0.1 pg/mb to about 0.7 pg/mL, from about 0.1 ug/ml t©
about .6 pg/ml, from about 6.1 pg/mL to about 0.5 ug/mi, from about 0.1 pg/mb to
about 0.4 pg/mL, from about 0.1 pg/mL to about 0.3 pg/ml, from about 0.1 ug/mi to
about 0.2 pg/ml., from about 0.8 pg/mL to about 30 pg/mk, from about 0.8 pg/mi. 1o
about 20 pg/ml., from about 0.8 pg/ml to about 10 ug/ml, from about §.8 ug/mk io
about 9 pg/mL, from about 0.8 pg/ml to about 8 pg/ml, from about 0.8 pg/ml to
about 7 pg/mL, from about 0.8 pg/ml to about 6 pg/ml, from about 0.8 pg/ml. to
about 5 pg/mL, from about 0.8 pg/mL to about 4 pg/ml, from about 0.8 pg/mL to
about 3 pg/mk, from about 0.8 pyg/mL to about 2 pg/ml, of from about 0.8 pug/mk to
about 1 ug/ml, or of about 0.1 pg/ml, about 0.2 ug/mi, about 0.3 pg/md, about 0.4
ug/mi, about 0.5 pg/mL, about 0.6 pg/ml, about 0.7 ug/ml, about 0.8 pg/ml, about
0.9 ug/mk., about 1.0 pg/mi, about 1.5 ug/ml., about 2.0 pg/ml., about 2.5 ug/mi.,
about 3.0 pg/ml, about 3.5 pg/rul, about 4.0 yg/mi, about 4.5 pg/ml, about 5.0
ug/mb, about 5.5 pg/mL, about 6.0 pg/mL., about 6.5 yg/mL, about 7.0 ug/mb, about
7.5 ug/mk, about 8.0 pg/mlL, about 8.5 pg/mi, about 9.0 yg/ml., about 10 pg/ml,
about 11 pg/mL, about 12 ug/mL, about 13 ug/mL, about 14 ug/ml, about 15 yg/ml,
about 16 pg/ml., about 17 ug/mL., about 18 pg/mi, about 19 ug/ml, about 20 yg/mL.,
about 25 ug/mlL, and/or about 30 ug/ml. In further embodiments, the antibody or
antigen-binding fragment is capable of inhibiting NA sialidase activity of one or more
Group 1 and/or Group 2 1AV, and/or of one or more IBY, with an ICS0 1n a range of’
from about 00001 pg/ml to about 25 pg/ml, or about 0.0001 pg/ml to about 10 pg/mli,
or about 0.0001 ug/ml to about 1 pg/mi, or about 0.0001 pg/ml to about 0.1 pg/mi, or
about 0.0001 pg/ml to about 0.01 pg/ml, or about 0.0001 pg/mi to about 001 pg/ml, or

about 0.0001 pg/m! to about 0001 ug/ml, or about 0001 pg/ml to about 25 pg/mi, or
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about G001 pg/ml to about 10 ng/ml, or about 0001 pug/ml to about | pg/mi, or about
0001 pg/mi to about 0.1 pg/mli, or about 0001 ug/mi to about 0.01 pg/ml, or about
001 pg/mid to about 25 ug/mi, or about .00 ug/ml 1o about 10 pg/ml, or about 001
wg/mi to about 1 pg/ml, or about 001 pug/m! to about 0.1 ug/mi, or about 001 ug/ml to
about 0.01 ug/ml, orabout .01 pg/ml to about 25 png/ml, or about .01 yg/ml to about 10
pg/ml, or about .01 pg/ml to about 1 pg/mi, or about .01 pg/ml to about 0. 1pg/ml, or
about 1 pug/mi to about 25 pg/ml, or about 1 ug/ml to about 10 pg/ml, or of about 1, 1.5,
2,25,3,35,4,45,5,55,6,65,7,75/8,85,9,95, 10, 10.5,11,11.5,12, 12,5, 13,
135, 14, 14.5 or 15 pg/ml.

in certain embodiments, the antibody or antigen-binding fragment is capable of
activating a human FoyRIHa. Io further embodiments, activation is as determined using
a host cell (optionally, a Jurkat cell} comprising: (i} the human FeyRIlla (opticnally, a
F1358 aligle); and (it} a NFAT expression control sequence operably linked to a
sequence encoding a reporter, such as a huciferase 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 2 AV, In still further embodiments, 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 [AV, wherein, optionally,
the HINT [AV s A/PRE/34, and/or wherein, optionally, the infection has a multiphicity
of infection (MOY) of 6.

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

in certain embodiments, the AV comprises a N1 NA that comprises the amino
acid mutation{s): H275Y; E119D + H275Y; 8247N + H275Y; 1222V and/or N2948
wherein, optionally, the 1AV comprises CA09 or A/Aichi. In certain embodiments, the
TAY comprises a N2 NA that comprises the amino acid mutation(s) E119V, (3136K,
and/or R202K.

In certain emwbodiments, the antibody or 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 viras, wherein, optionally, the
HINT virus comprises A/PRB/34; and/or (i) 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 loss in a subject infected by the AV and/or IBV, optionally for (i} up
to 15 days, or {i1) 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 AV
infection and/or an IBV infection, as determined by reference to the subject’s body
weight just prior to the [AV and/or IBY infection.

in certain embodiments, the antibody or antigen-binding fragment is capable
extending survival of a subject having an IAV infection and/or an 1BV nfection.

in certain embodiments, the antibody or antigen-binding fragment has an in vivo
half-life in a mouse {e.g., a 1g32 mouse): (1) 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, 10.5, 10.6, 107, 108, 109, 11.0, 111, 11.2, 113, 11 4,
115, 116, 1107, 118, 119, 12.0, 12,1, 12,2, 123,124, 125,126, 12.7, 128, 129,
13.0, 13,1, 132,133, 134, 135, 13,6, 13.7,13.8, 13.9, or 14.0 days; or (i1} in a range
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,
121,122,123, 12,4, 125,126,127, 128,129, 13.0, 13,1, 132,133, 13 4, 13.5,
136, 13.7, 13.8, 13.9, 140, 14.1, 14.2, 143, 144, 145, 14.6, 14.7, 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 herein. For example,
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the term "antibody” refers to an intact antibody comprising at east 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 tutact antibody that has or retains the abiity
to bind to the antigen target molecule recognized by the intact antibody, such as an
sckv, 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 therecf, including fragment
antigen binding (Fab) fragments, F{ab")2 fragments, Fab' fragments, Fv fragments,
recombinant IgG (rigG) fragments, single chain antibody fragments, including single
chain variable fragments (scFv}, and single domain antibodies (e.g., sdAb, sdFv,
vanobody) fragments. The term encompasses genetically engineered and/or otherwise
modified forms of immunoglobulins, such as intrabodies, peptibodies, chimeric
antibodies, fully human antibodies, humanized antibodies, and heteroconjugate
antthodies, multispecific, e.g., bispecific antibodies, diabodies, triabodies, tetrabodies,
tandem di-scFv, and tandem tri-scFv. Unless otherwise stated, the term "antibody”
should be understood o encompass functional antibody fragments thereof. The terro
also encorpasses intact or full-length antibodies, including antibodies of any class or
sub-class, including IgG and sub-classes thereof (IgG1, IgG2, 1gG3, IgG4), IgM, Igk,
IgA, and Igh.

The terms "Vi" or "VL" and "Vg" or "VH" refer to the variable binding region
from an antibody light chain and an antibody heavy chain, respectively. In certain
embodiments, a VL is a kappa (x} class {also "VK" herein). In certain embodiments, a
VL is a fambda (A} class. The variable binding regions comprise discrete, well-defined
sub-regions knowu as "complementarity determiving 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 amino
acids within antibody variable regions, which, in general, together confer the antigen
specificity and/or binding affinity of the antibody, wherein consecutive CDRs (e,
CDRI1 and CDR2, CDR2 and CDR3) are separated from one another in primary

structure by a framework region. There are three CDRg in each vartable region
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(HCDR1, HCDR2, HCDR3; LCDR1, LCDRZ2, LCDR3; also referred to as CDRHs and
CDRLs, respectively). In certain embodiments, an antibody VH comprises four FRs
and three CDRg as follows: FRI-HCDRI-FR2Z-HCDR2-FR3-HCDR3-FR4; and an
antibody VL comprises four FRs and three CDRs as follows: FR1I-LCDRI-FR2-
LCDR2-FR3-LCDBR3-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 CDR 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.

Numbering of CDR and framewaork 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. Aol. Biol. 196:901-917
(1987 Lefranc et al |, Dev. Comp. Immunol. 27.55, 2003; Honegger and Plisckthun, /.
Mol Bio. 309:657-670 (2001}, North ef of. J Mol Biol (2011} 406:228-56,;
dot:10.1016/] jmb 2010.10.030; Abhinandan and Martin, Ao/
fmpminod. (20083 45:3832-9. 10,1016/ ruolimm 2008.05.022). The astibody and CDR
numbering systems of these references are incorporated herein by reference. Equivalent
residue positions can be annotated and for ditferent molecules to be compared using
Antigen receptor Numbering Aund Receptor Classification (ANARCI) software tool
(2016, Bicinformatics 15:298-300). Accordingly, identification of CDRs of an
exemplary variable domwain (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 antibody 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 NQOs.: 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, 208, 209, 217, and 230, in accordance with any known CDR numbering methad,
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 rmethod 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 CDRH1, a CDRH2, a CDRH3, a CDRL1, a CDRL2, and
a CDRL3, wherein each CDR is independently selected from a corresponding CDR of
an NA-specific antibody as provided in Table 1 and/or Table 2. That is, all
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 embodiments, the present disclosure provides an antibody, or antigeo-
binding fragment thereof, comprising a heavy chain variable domain (VH) comprising a
complementarity determining region (CDRYH1, a CDRHZ, and a CDRHS3, and a light
chain variable domain (VL) comprising a CDRLY, a CDRL2, and a CDRL3, wherein:
(1) optionally, the CDRHY comprises or consists of the amino acid sequence set forth in
any one of SEQ 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/oris a
substitution to a germline-encoded amino acid; (31} 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 ID NQs.: §, 17,29, 172, 41, 53, 65, 77, 89, 184,
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101, 113, 125,137, 149, 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 germlive-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 vatiant thereof comprising ouve, 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 CDRL2 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
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 (vi) optionally, the CDRL3
comprises or consists of the amino acid sequence set forth in any one of SEQ ID 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 variant thereof 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 emnbodiments, CBRHI, CDRH2, CDRH3, CDRLI, CDRL2, and
CDRL3 comprise or consist of the amino acid sequences set forth in SEQ ID NOs.: (i)
3-5 and 9-11, respectively; (i) 15-17 and 21-23, respectively; (i) 27-29 and 33-35,
respectively; (ivy 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; (vili} 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; {xii} 51-53 and 57-59, respectively; (xiii) 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,
(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; (;oxi) 87, 88, 184, 93, 94, and 199,
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respectively; (xxii} 87, B8 184, 03, 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)y 123-125 and 129-131, respectively, {xovil) 135-137 and 141-
143, respectively; (xxviii) 147-149 and 153-155, respectively; (xxix} 159-161 and 165-
167, respectively; or (xxx) 231-233 and 234-236, respectively.

The term "CL" refers to an "imrunoglobulin light chain constant region” or a
"light chain constant region," i.e., a constant region from an antibody light chain. The
term "CH" refers to an "ummunoglobulin 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, Ig(G), or CHY, CH2, CH3, and CHA4 domains (IgE,
IgM). The Feregion of an antibody heavy chain is described further berein. Inany of
the presently disclosed embodiments, an antibody or antigen-binding fragment of the
present disclosure comprises any one or more of CL, a CH1, 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 CHZ, and a CH3. In
certain embodiments, a CL comprises an amino actd sequence having 90%, 91%, 92%,
93%, 94%, 95%, 96%, 975, 98%, 99%, or 100% identity to the amino acid sequence of
SEQ H NG.211 In certain embodiments, a 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 I3 NG. 210 or SEG D NO.:215 Tt will be
understood that, for example, production in a mammalian cell line can remove one or
more C-terminal lysine of an antibody heavy chatn (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 Fc
polypeptide wherein a C-terminal lysine residue is present or is absent; in other words,
encompassed are embodiments where the C-terminal residue 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 embodiments, a composition comprises a plurality of an
antibody 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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terminal end of the heavy chain, CH1-CH3, or Fc polypeptide, and wherein one or more
antibody or antigen-binding fragment comprises a lysine residue at the C-terminal end
of the heavy chain, CH1-CH3, or Fc¢ polypeptide.

A "Fab" (fragment antigen binding) is the part of an antibody that binds to
antigens and includes the variable region and CH1 of the heavy chain linked to the light
chain via an inter-chain disulfide bond. Each Fab fragment is monovalent with respect
to antigen binding, i.e., it has a single antigen-binding site. Pepsin treatment of an
antibody yields a single large F{ab")2 fragment that roughly corresponds to two
disulfide linked Fab fragments having divalent antigen-binding activity and is still
capable of cross-linking antigen. Both the Fab and F(ab™)2 are examples of "antigen-
binding fragments." Fab' {ragments 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'in which the
cysteine 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 couplivgs of antibody fragments are also known.

Fab fragments may be joined, .g., by a peptide linker, to form a single chain
Fab, alsc referred to herein as "scFab." In these embodiments, an inter-chain disulfide
bond that i3 present in a native Fab may not be present, and the hinker 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 + (L) 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 — Hnker — 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. This fragment generally consists 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 fower
atfinity than the entive 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 Vy and Vi domains that enables the scFv to retain or
form the desired structure for antigen binding. Such a peptide linker can be
incorporated into a fusion polypeptide using standard techniques well known in 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
fragment comprises a scFv comprising a VH domain, a2 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 a2 VH-linker-
VI otientation or in a VL-linker-VH orientation. Any scFv of the present disclosure
may be engineered so that the C-terminal end of the VL domain is linked by a short
peptide sequence to the N-terminal end of the VH domain, or vice versa {i.e,
(MHVLLC-lnker-ODVHC) or (NIVH(C)-linker-(N3VE(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
1o 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 site. In certain embodiments, peptide linker sequences contain, for

example, Gly, Asn and Ser residues. Other near neutral amino acids, such as Thr and

W
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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 46
(1985); Murphy et al., Proc. Natl. Acad. Sci. USA 83:8258 8262 {1986); U8 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-Ser-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-Gln-Leu-Ala-Gin-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 tirmes, 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
hetween 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
buman. ScFvs can be coustructed using any combination of the VH and VL sequences
or any combination of the CDRH1, CDRH2, CDRH3, CDRLI1, CDRLZ, and CDRL3
sequences disclosed herein. In some embodiments, Hnker sequences are not required,;
for example, when the first and second polypeptides have non-essential N-terminal
amino acid regions that can be used to separate the functional domains and prevent
steric interference.

During antibody development, DNA in the germline variable (V), joining (J),
and diversity (I2) 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 tnfluenza 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

germiine-encoded amino acid, or by a different amino acid, so that a desirable property
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of the antibody is improved or maintained and the undesirable property of the antibody
is reduced or abrogated. Thus, in some embodiments, the antibody or antigen-binding
fragment of the present disclosure comprises at least oue more germline-encoded amino
acid in a variable region as compared to 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 exeruplary 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{-
6O¥Q I or IGHVI-60D*0IF FGHI4*02F, and IGHD1-26%01F, and/or the VL is
encoded by or derived from human FGRV3ID-15%01 F and Homsap [GKJ2¥02 (F).
Polynucleotide sequences and other information of these and related hurnan IG alieles
are available at, for example, IMGT .org {sec 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
oxidation, dearidation, and/or isomerization.

Also provided herein are varntant 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 antibody 13 capable of
binding to a NA antigen.

i certain embodiments, {i) the VH comprises or conststs of an amino acid
sequence having at least 80% (e.g., 80%, 853%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or more) identity to the amino acid sequence set forth in any one of
SEQID NOs.: 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 or more
substitution to a germline-encoded amino acid; and/or (it} 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

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, 180, 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 comptises one of more substitution to a germline-encoded amino acid.

in some embodiments, the VH and the VL comprise or consist of amino acid
sequences having at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at leagt
09%, to SEQ D NGs.: (1) 2 and 8, respectively; (it} 14 and 20, respectively; (iii} 26 and
32, respectively; (iv} 26 and 174, respectively; (v} 26 and 177, respectively; {(vi} 26 and
180, respectively; (vi) 171 and 32, respectively; {(viti} 171 and 174, respectively; (ix)
171 and 177, respectively, (x) 171 and 180, respectively; {xi) 38 and 44, respectively;
{xi1} SO and 56, respectively; (xiii} 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) 86 and 192, respectively; {xix) 183 and 92, respectively; (xx}
183 and 186, respectively; (xoxi) 183 and 189, respectively; (xxit) 183 and 192,
respectively; (xxiit) 98 and 104, respectively; (xxiv) 110 and 116, respectively; {xxv}
122 and 128, respeciively; (xxvi) 134 and 140, respectively; {oovii) 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 (ooxiii) 228 and 230, respectively.

in certain embodiments, the VH comprises or consists of any YH amino acid
sequence set forth in Table 1 and/or Table 2, and the VL comprises or consists of any
VL amino acid sequence set forth in Table | 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; (i) 14 and 20,
respectively; (iti) 26 and 32, respectively; {(iv) 26 and 174, respectively; (v) 26 and 177,
respectively; (vi} 26 and 180, respectively; (vii} 171 and 32, respectively; {(viii} 171 and
174, respectively; (ix) 171 and 177, respectively; () 171 and 180, respectively; (xi) 38
and 44, respectively; (xi1) 50 and 56, respectively; (xii1} 62 and 68, respectively; (xiv)
74 and 80, respectively; (xv) 36 and 92, respectively, {xvi) 86 and 186, respectively;

(xvii} 86 and 189, respectively; (xviii} 86 and 192, respectively; {(xix) 183 and 92,
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respectively; (xx} 183 and 186, respectively; (o) 183 and 189, respectively; (uxii) 183
and 192, respectively; (xxiii) 98 and 104, respectively; (xxiv} 110 and 116,
respectively; Ooov) 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 (xxxiii} 228 and 230, respectively.

Also provided herein is a polypeptide comprising an amino acid sequence
sequence according to SEQ 3 NQG.:219, wherein the polypeptide is capable of binding
to an influenza virus neuraminidase (NA). As demonstrated in the present Examples, a
CDRH3 according to the exemplified clonally related antibodies binds it an active site
cavity {i.e., enzymatic 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 NG .:219 is optionally comprised in the VH or fragment thereof In
further embodiments, the amino acid sequence accerding to SEQ 1D 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, In certain embodiments, the polypeptide or VH further
comprises: (i) an amino acid sequence sequence according to SEQ 1D NG.:220; and/or
(1t} an amino acid sequence according to SEQ ID NG .:221

in certain embodiments, the polypeptide further comprises an antibody Hght
chain variable domain (VL), wherein, optionally, the VL comprises: (i} an amino acid
sequence according to SEQ ID NG.:222; (it) an amino acid sequence according to SEQ
ID NG.:223; and/or (111} an amino acid sequence according to SEQ 1D NO.:224.

in 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 H> 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 ID NQOs.: 201, 8, 20, 32, 44, 56, 68, 80, 92,
104, 116, 128, 140, 152, 174, 177, 180, 186, 189, 102, 164, 205, 209, 217, and 230.

in certain ernbodiments, the VH comprises or consists of an amino acid
sequence having at least 90%, at least 92%, at feast 95%, at least 97%, or at least 99%
identity to the amino acid sequence of SEQ I3 NG.: 199, and the VL comprises or
congsists of an amino actd 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
NG 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 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% 1dentity to the amino acid sequence of any one of SEQ D 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 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 NOs.. 201, §, 20, 32, 44, S, 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 IAV comprises a Group 1 IAV,
a Group 2 1AV, or both; and/or (ii) an influenza B virus (IBV).

Also provided is an antibody, or av antigen-binding fragment thereof, that
comprises a VH and a VL, wherein the VH comprises any combination of the VH
aminoe acid residues shown in Figure 2A, Figure 56C, Figure 57B, and 724, 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 FNI antibodies comprise a different amino acid at a VH or a VL position

compared to one or more other FNT antibodies. Accordingly, disclosed embodiments
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include those antibodies and antigen-binding fragments that include a consensus VH
amino acid 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 amino acid residues shown in the
foregoing figures. Also provided is an antibody, or an antigen-binding fragment thereof,
that is capable of binding to: (i) a NA epitope that comprises any one or more of the
following amino acids (N1 NA numbering): R368, R293, E228, £344, 8247, D198,
D151, R118; and/or (i1} a NA epitope that comprises any one ot more of the following
amino acids (N2 NA numbering): R371, R292, E227, E344, 8247, D198, D151, R118.

Also provided is an antibody, or an antigen-binding fragment thereof, that is
capable of binding to: (1) a NA epitope that comprises the amino acids R368, R293,
E228, D151, and R118 (N1 NA numbering); and/or (i1) a NA epitope that comprises the
amino actds R371, R292, E227 13151, and R118 (N2 NA numbering}.

Also provided 1s 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 nombering):
R118, D151, R152, R224, E276, R292, R371, Y406, E119, R156, W178, 8179,
D/N198, 1222, B227, H274, 277, 13293, F425. In some embodiments, the epitope
further comprises any one or more of the following NA amino acids (N2 numbering):
H344 E227 8247 and D198, In some embodiments, the antibody or antigen-binding
fragment is capable of binding to a NA comprising a §245N amino acid mutation
and/or & E221D amino acid mutation.

Also provided is an antibody, or an antigen-binding fragment thereof, that is
capable of binding to an IBV NA epitope that comprises any one or more of the
following amino acids: R116, D149 E226, R202 and R374.

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

In 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, mAbs 9{23:182-212 (2017), which formats and methods of making the
same are incorporated herein by reference and include, for example, Bispecific T cell
Engagers (BiTEs), DARTs, Knobs-Into-Holes (KiH]} assemblies, scFv-CH3-KIH
assemblies, KIH Common Light-Chain antibodies, TandAbs, Triple Bodies, TriBi
Minibodies, Fab-scFv, scFv-CH-CL-sclFv, F(ab'12-scFvZ, tetravalent HC abs,
Intrabodies, CrossMabs, Dual Action Fabs (DAFs) {two-in-one or four-in-one),
DutaMabs, DT-1gG, Charge Pairs, Fab-arm Exchange, SEEDbodies, Triomabs, LUZ-Y
assemblies, Feabs, ki-bodies, orthogonal Fabs, DVID-lgs (e.g., US Patent No.

8,258 208, which formats are incorporated herein by reference in their entirety),
lgG{H)-scFv, scFv-(H)igG, IgG(L}-scFv, scFv-(L}gG, lgG(L H)-Fv, IeGH-V, V(H)-
IeG, 1gG-V, V{L)-gG, KIH IgG-scFab, 2ecFv-Ig(, IgG-2scFy, scFvd-lg, Zybody,
and DVI-1gG (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 WuxiBody formats {e.g., PCT Publication No. W0 2019/057122, which formats
are incorporated herein by reference in their entirety), and so-called In-Hlbow-Insert Ig
formats (1EI-Ig; ez, PCT Publication Nos. W 2019/024979 and WO 2019/0253%1,
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 domains, 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-VL-~
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
combivation or orientation. For example, the antigen-binding fragment can comprise
the format VL-linker-VH-linker-VL-linker-VH, VH-linker-VL-linker-Vi-linker-VH, or
VE-linker-VH-linker-VH-linker-VL.

Monospecific or roultispecific 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 CORH1, CBRH2, CDRH3, CDRL1Y, CDRLZ, and
CDRL3 sequences disclosed herein. A bispecific or multispecific antibody or antigen-
binding fragment may, in some embodiments, comprise one, two, of more antigen-
binding domains (e.g., a VH and a VL) of the tustant 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
fragment can be multispecific; e.g., bispecific, trispecific, or the like.

In certain embodiments, the antibody or antigen-binding fragment comprises a
F¢ polypeptide, or a fragment thereof The "F¢" fragment or Fc polypeptide comprises
the carboxy-terminal portions (i.e., the CH2 and CH3 domains of 1g(3}) 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 o the Fe region (a native sequence Fe region or
amino actd sequence variant Fo region) of an antibody, and vary with the antibody
isotype. Examples of antibody effector tunctions include: Clq binding and complement
dependent cytotoxicity; Fe receptor binding, antibody-dependent cell-mediated
cytotoxicity {ADCC)Y; phagoceytosis; 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 F¢ 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 complement binding. Amino acid
modifications that modify {e.g., improve, reduce, or ablate) Fc functionalities include,
for example, the T250Q/M4281., M252Y/S254T/T256E, H433K/N434F,
M4281/NA348, E233P/L234V/L235A/G236 + A327G/A3308/P331S, E333A,
S239D/A330L/1332E, P257VQ3 11, K320W/E333S, S239D/1332E/G236A, N297Q),
K322A, S228P, L235E + E31BA/K320A/K322A, L234A/L235A (also referred to
herein as "LALA"Y), and L234A/L235A/P329G mutations, which mutations are
summarized and annotated in "Engineered Fc Regions", published by lavivoGen (2011)
and avaiiable online at invivogen. com/PDF/review/review~-Engineered-Fc-Regions-
invivogen. pdflutm_source=review&utm_medium=pdf&utm
campaign=reviewsutm_content=tngineered-Fc-Regions, and are incorporated herein
by reference.

For example, to activate the complement cascade, the Clq protein complex can
bind to at least two molecules of 1gG1 or ove ruolecule of 1gM when the
immunoglobulin molecule(s) is attached to the antigenic target (Ward, E. 8, and
Ghetie, V., Ther. Immunol. 2 (1995) 77-94). Burton, 1. R, described (Mol Immunol.
22 (19835} 161-206) that the heavy chain region comprising amino acid residues 318 to
337 is involved in complement fixation. Duncan, A R, and Winter, G. (Narure 332
(1988) 738-740), using site directed mutagenesis, reported that Glu3 18, Lys320 and
Lys322 form the binding site to Clg. The role of Glu318, Lys320 and Lys 322 residues
in the binding of Clq was confirmed by the ability of a short synthetic peptide
containing these residues to inhibit complement mediated lysis.

For example, FcR binding can be mediated by the interaction of the Fc moiety
(of an antibody) with Fec receptors (FeRs), 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 immuuve coroplexes, 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, I G, and Anderson, C.
L., L Leukoc. Bicl 49 (1991} 511-524). FcRs are defined by their specificity for
immunoglobulin classes; Fe receptors for IgG antibodies are referved to as FoyR, for
IgE as FeeR, for IgA as FcoR and s0 on and neonatal Fe receptors are referred to as
FcRn. Fereceptor binding is described for example in Ravetch, J. V., and Kinet, J. P,
Apny. Rev. Immunol. 9 (1991) 457-492; Capel, P. 1, et al., Imoumomethods 4 (1994)
25-34; de Haas, M, et al, J Lab. Clin. Med. 126 (1995) 330-341; and Gessner, §. £, et
al., Ann. Hemarol 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
celtular cytotoxicity, and release of inflammatory mediators, as well as immune
complex clearance and regulation of antibody production. Fe moieties providing cross-
linking of receptors {e.g., FeyR) are contemplated herein. In humans, three classes of
FoyR have been characterized to-date, which are: (i) FeyRI (CD64), which binds
monomeric g with high affinity and is expressed on macrophages, monocytes,
neutrophils and eosinophils; (i) FoyRH {(CD32), which binds complexed IgG with
medium to low affinity, is widely expressed, in particular on leukocytes, is believed to
be a central player in antibody-mediated immunity, and which can be divided into
FoyRIA, FoyRIB and FeyRIIC, which perform different functions in the immune
system, but bind with similar low affinity to the IgG-Fe¢, and the ectodomains of these
receptors are highly homologuous, and (i1} FoyRHI (CD106), which binds 1gG with
medium to low affinity and has been found in two forms: FeyRIUA, which has been
found on NK cells, macrophages, eosinophils, and some monocytes and T cells, and is
believed to mediate ADCC, and FoyRIIB, which is highly expressed on neutrophils.

FeyRHA is found on many cells involved in killing {e.g. macrophages,
monocytes, neutrophifs) and seems able to activate the killing process. FeyRIB seems
to play a role 1n inhibitory processes and is found on B-cells, macrophages and on mast
cells and eosinophils. Importantly, it has been shown that 75% of all FeyRIUB is found
in the liver (Ganesan, L. P. et al | 2012: "FeyRHb on liver sinusoidal endothelium clears

small immune complexes,” Journal of Immunology 189: 4981-4988). FeyRUB i3
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abundantly expressed on Liver Sinuscidal Endothelium, called LSEC, and in Kupffer
cells in the liver and LSEC are the major site of small immune complexes clearance
(Ganesan, L. P. et al., 2012 FoyR1Hb on liver sinusoidal endothelium clears small
immune complexes. Journal of Immunclogy 189 49814988},

In some embodiments, the antibodies disclosed herein and the antigen-binding
fragments thereof comprise an Fc polypeptide or fragroent thereof for binding to
FeyR1lb, in particular an Fo region, such as, for example {gG-type antibodies.
Moreover, it is possible to engineer the Fo moiety to enhance FoyRIB binding by
introducing the mutations S267F and L.328F as described by Chu, 8. Y. et al | 2008:
fnhibition of B cell receptor-mediated activation of primary human B cells by
coengagerent of CD19 and FegammaRIlb with Fe-engineered antibodies. Molecular
Immunelogy 45, 3926-3933. Thereby, the clearance of immune complexes can be
enhanced (Chu, 8, et al, 2014: Accelerated Clearance of IgE In Chimpanzees Is
Mediated By Xmah7195, An Fe-Engineered Antibody With Enhanced Affinity For
Inhibitory Receptor FoyRHb. Am J Respir Crit, American Thoracic Society
International Conference Abstracts). In some embodiments, the antibodies of the
present disclosure, or the antigen binding fragments thereof, comprise an engineered Fc
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 buman B cells by
coengagement of CD19 and FegammaRIlb with Fe-engineered antibodies. Molecular
Immunclogy 45, 3926-3933.

On B cells, FoyRIB may function to suppress further immunoglobulin
production and isotvpe swiiching to, for example, the IgE class. On macrophages,
FeyRIIB is 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 IgE 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 FeyRI IgG2 residues at
positions 233-236, substituted into corresponding positions IgG1 and Ig(G4, reduces

binding of IgG1 and IgG4 to FeyRI by 10°-fold and eliminated the human monocyte
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response to antibody-sensitized red blood cells (Armour, K L, et al. Far. J. fmmunol,
29 (19993 2613-2624).

Regarding FoyRI binding, reduced binding for FoyRIUA is found, e.g., for IgG
mutation of at least one of E233-(G236, P238, D265, N297, A327, P329, D270, Q295,
A327, R292 and K414,

Two allelic forms of human FoyRIIA are the "H13 1" variant, which binds to
IgG1 Fe with higher affinity, and the "R131" variant, which binds to 1gG1 Fe with low
affinityer. See, e.g., Bruhns ef af., Blood 113.3716-3725 {2009},

Regarding FeyRII binding, reduced binding to FoyRIHA is found, e.g., for
mutation of at least one of E233-(G236, P238, D265, N297, A327, P329, D270, Q295,
A327, 8239, E269, E203, 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 FoyRI and FeyRUA, are described in Shields, R L etal, J
Biol. Chem. 276 (2001) 6591-6604.

Two allelic forms of human FcyRIA are the "F158" variant, which binds to
1gG1 Fe with lower affinity, and the "V158" variant, which binds to IgG1 Fe with
higher affinity. See, e.g., Bruhns ef af, Blood 173:3716-3725 (2009).

Regarding binding to FoyRIL, two regions of native IgG Fc appear to be
involved in interactions between FoyRIs and IgGs, namely () the lower hinge site of
IgG Fe, in particular amino acid residues L, L, G, G (234 ~ 237, EU numbering}, and
(it} the adjacent region of the CHZ domain of IgG Fe, in particular a loop and strands in
the upper CH2 domain adjacent to the lower hinge region, e.g. it a region of P331
(Wines, B.D et al, J. Immunol. 2000; 164: 5313 — 5318). Moreover, FoyR1 appears to
bind to the same site on IgG F¢, whereas FcRn and Protein A bind to a different site on
IgG Fc, which appears to be at the CHZ-CH3 interface (Wines, BD etal, J. Immunol.
2000; 164 5313 —~ 53318).

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) Fey
receptor {e.g., as compared to a reference Fe polypeptide or fragment thereof or

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



u

10

15

20

25

30

WO 2022/109309 PCT/US2021/060155

Ravetch, Cell 161(5):1035-1045 (2015) and Ahmed et al, J. Struc. Biol. 194(1).78
2016}, the Fc mutations and technigques of which are incorporated herein by reference.
In any of the herein disclosed exnbodiments, an antibody or antigen-binding

fragment can comprise a Fc polypeptide or fragment thereof comprising a mutation
selected from G236A; 823913, A330L; and I332E; or a combination comprising any
two or more of the same; e.g., S2390/1332E; S2390/A330L/I332E;
G236A/S239D/1332E; G236A/A330L/1332E (also referred to herein as "GAALIE"), or
(G236A/S239D/A330L/1332E. In some embodiments, the Fc polypeptide or fragment
thereot does not comprise $239D. In some embodiments, the Fe polypeptide or
fragment thereof comprises § at position 239 (EU numbering).

In certain embodiments, 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 Fc polypeptide or fragment thereof
comprises one or more amino acid modifications that improve binding aftinity for (e.g.,
enhance binding to) 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
fragment 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 embodiments, the Fe polypeptide or fragment thereot comprises or i3 derived
from a g Fe and a half-life-extending mutation comprises any one or more of’
M428L.; N4348S; N434H; N434A; N4348,; M252Y, 82547, TZS6E,; T25043; P2571
(311L D376V, T307A; E380A (EU nurnbering). In certain embodiments, a half-life-
extending mutation comprises M4281./N434S {also referred to herein as "MLNS",
"LST, " LS and "-1.S"). In certain embodinents, a half-ife-extending mutation
comprises M252Y/8254T/T256E. In certain embodiments, a half-life-extending
mutation comprises T2500/M428L. In certain embodiments, a half-hife-extending
mutation comprises P2STHQ3111 In certain embodiments, a half-life-extending
mutation comprises P2571/IN434H. 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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In some embodiments, an antibody or antigen-binding fragruent includes a Fe
meiety that comprises the substitution mtuations M4281L/N4348. In some
embodiments, au antibody or antigen-binding fragment includes a Fc polypeptide or
fragment thereof that comprises the substitution mtuations GZ36A/A330L/1332E. In
certain embodiments, an antibody or antigen-binding fragment includes a {e.g., 1gG) Fe
moiety that comprises a G236A mutation, an A330L mutation, and a I332E mutation
{(GAALIE), and does not comprise a S2390 mutation {e.g., comprises a native 8 at
position 239). In particular embodiments, an antibody or antigen-binding fragment
includes an Fe polypeptide or fragment thereof that comprises the substitution
mutations: M4281L/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 pelypeptide or fragment thereof that comprises the
substitution mutations: M428L/N4348 and G236A/82391/A330L/1332E.

In certain embodiments, the antibody or antigen-binding fragment comprises a
mutation that alters glvcosylation, wherein the mutation that alters glycosvlation
comprises N297A, N297Q, or N297G, and/ot the antibody or antigen-binding fragment
is partiaily or fully aglycosylated and/or is partially or fully afucosylated. Host cell
lines and methods of making partiaily 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 ol Clin. Cancer Res. 13(6)1875-82
(2007, Huang ef al. MAbs 6:1-12 (2018)).

In certain embodiments, the antibody or antigen-binding fragment is capable of
eliciting continued protection in vive in a subject even once no detectable levels of the
antibody 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 is 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 embodiments, an antibody or antigen-

binding fragment comprises one or more modifications, such as, for example, 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.

In any of the presently disclosed embodiments, the antibody or antigen-binding
fragment comprises a Fc polypeptide or a fragment thereof, including a CH2 (ora
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 isotype and may contain amino acid substitutions
or other medifications as compared to a corresponding wild-type CH2 or CH3,
respectively. In certain embodiments, a Fo of the present disclosure comprises two
CH2-CH3 polypeptides that agsociate to form a dimer.

i any of the presently disclosed embodiments, the antibody or antigen-binding
fragment can be monocional. The term "monoclional antibody" {mAb) as used herein
refers to an antibody obtained from a population of substantially homogenecus
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 different epitopes, each monoclonal antibody is
directed against a single epitope 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,
monocclonal antibodies useful in the present invention may be prepared by the
hybridoma methodology first described by Kohler et a/., Nature 256495 (1975), or
may be made using recombinant DNA roethods in bacterial, evkaryotic animal, or plant
cells {see, e.g., U.S. Pat. No. 4,816,567). Monoclonal antibodies may also be isolated
from phage antibody libraries using the techniques described in Clackson ef of |, Nature,
352:624-028 (1991) and Marks ef o/, /. 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 fragments of the present disclosure include
"chimeric antibodies" in which a portion of the heavy and/or light chain is identical
with or homologous to comresponding sequences in antibodies derived from a particular
species or belonging to a particular antibody class or subclass, while the remainder of
the chain(s} is identical with or homologous to corresponding sequences in antibodies
derived from another species or belonging to another 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. 4,816,567, 5,530,101 and 7,498,415, and Morrison ¢f &l Proc.
MNatl. Acad. Sci. USA, 87:6851-6855 (1984)). For example, chimeric antibodies may
comprise human and non-human residues. Furthermore, chimeric antibodies may
comprise residues that are not found io the recipient antibody or in the donor antibody.
These modifications are made to further refine antibody performance. For further
details, see Jones ef af., Nafure 321:522-525 (1986); Riechmann ef a/., Nature 332:323-
329 {1988}, and Presta, Curr. Op. Struct, Biol 2:593-59¢ (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 introduced into it from a source that is non-human.
These non-human amine acid residues are typically taken from a variable domain.
Humanization may be performed following the method of Winter and co-workers
{(Jones ef af., Nature, 321:522-525 (1986); Reichmann ef al., Nature, 332:323-327
(1988); Verhoeyen ef i, Science, 239:1534-1536 (1988)}), by substituting non-human
variable sequences for the corresponding sequences of & human antibody. Accordingly,
such "humanized" antibodies are chimeric antibodies (11.8. Pat. Nos. 4,816,567,
5,530,101 and 7,498,415) wherein substantially less than an intact human variable
domain has been substituted by the corresponding sequence from a non-human species.
fn some instances, a "humanized” antibody is one which is produced by a non-human
cell or animal and coraprises human sequences, e.g., He domains.

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

>

antibody-encoding genes). However, as used herein, human antibodies may comprise
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restdues or modifications not found in a naturally occurring human antibody {e.g., an
antibody that is isolated from a human), including those modifications and variant
sequences described herein. These are typically made to further refive or enhance
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 in association with the Examples berein. The tetm "tin" or
"haif-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 "Crys"
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
fragment can comprise the CH1-CH3 amino acid sequence set forth in SEQ ID NO.:210
and/or the CH1-CH3 amino acid sequence set forth in SEQ 1D NO.:215.

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

In some embodinments, an antibody is provided that comprises the heavy chain
amino acid sequence set forth in SEQ ID NO..212:

QVOLVOSGAEVKEPGSSVYTVSCKASGGTFSNNVISWVRGQAPGQGLEW
MGGHPTSGIANYAQKFQGRVAITADKSTSTVYMALSSLRSEDSAVYFCARARS
DYFNRDLGWEDYYFENWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
GCLVEDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSYVTVPSSSLGTQ
TYICNVNHKPSNTKVDRKRVEPKSCDKTHTCPPCPAPELLGGPSVEFLFPPKPKDTL
MISRTPEVICVVYVDVSHEDPEVEKFNWY VDGVEVHNAKTKPREEQYNSTYRVY
SVLTVLHODWINGKEYKCKVANKALPAPIEKTISKAKGOQPREPQVYTLPPSREE
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MTKNOQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLT
VOKSRWOQGNVESCSVLHEALHSHYTQKSLSLSPGK (SEQ ID NGO 212y

in certain emnbodiments, the antibody further coruprises the light chain amino
acid sequence set forth in SEG ID NO.:.214:

FIVMTQSPATLSVSPGERATLSCRASQSVGSSLAWYQQKPGOAPRLLYY
GASTRATGVPARFSGSGSGTEFTLTISSLOSEDFAVYYCQHYNNWPPWTEFGQG
TKVEIKRTYAAPSVFIFPPSDEGLKSGTASVVCLLNNFYPREAKVOWKVDNALG
SGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPYTKSFE
NRGEC (SEQ ID NO..214)

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

QVOLVOQSGAEVKEPGSSVTVSCKASGGTFSNNVISWVRQAPGQGLEW
MGGHPTSGIANYAQKFOORVAIIADKSTSTVYMALSSLRSEDSAVYFCARARS
BYFNRDLGWEDYYFENWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAAL
GCLVKDYFPEPVTIVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQ
TYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPEKDTL
MISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVY
SVLTVLEHODWINGKEYKCKVENKALPAPIEKTISKAKGOPREPOVYTLPPSREE
MTEKNGVSLTCLVKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWOOQGNVFSCSVLHEALHSHY TQRSLSLSPG

(SEQ ID NO.:213)

In certain embodiments, the antibody further comprises the light chain amino
acid sequence set forth in SEQ D NO ;214

EIVMTOSPATLSVSPGERATLSCRASQSVGSSLAWYQOKPGOAPRLLIY
GASTRATGVPARFSGSGSGTEFTLTISSLOSEDFAVYYCQHYNNWPPWITFGQOQG
TKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVULLNNFYPREAKVOQWEVINALQ
SGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHEKVYACEVTHOGLSSPVTKSF
NRGEC (SEQID NO..214)

in some embodiments, an antibody is provided that comprises (1) two heavy

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

in some embodiments, an antibody 1s provided that comprises (1) two heavy
chains, each comprising the amino acid sequence set forth in SEG ID NQ.:213, and (2}
two light chains, each comprising the amino acid sequence set forth in SEQ ID
NG 214,

Polynucleotides, Vectors, and Host cells

in ancther aspect, the present disclosure provides isolated polynucieotides 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 light 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 {(mBRNA).

in some embodiments, the polynuclectide comprises a modified nucleoside, a
cap-~1 structure, a cap-2 structure, or any combination thereof. In certain embodiments,
the polynucieotide comprises a pseudouridine, a Né-methyladenonsine, a 5-
methyleytidine, a 2-thicuridine, or any combination thereof. In some embodiments, the
pseudouridine comprises Ni-methylpsendouridine.

in certain embodiments, a polynucleotide comprises a polynucleotide having at
least 50% {e.g., S0%, 55%, 60%, 65%, T0%, T5%, 80%, 85%, 90%, 1%, 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 NGs. 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,
162,719, 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,

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 is knowo or
identified, codon optimization can be performed using known technigues and tools, e.g.

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

in particular embodiments, a polynuclectide comprises the polynucleotide
sequence of SEQ ID NG.:198 and the polynucieotide sequence of SEQ I3 N{O.:200.

1t will also be appreciated that polynucleotides encoding antibodies and antigen-
binding fragments of the present disclosure may possess different nucleotide sequences
while still encoding a same antibody or antigen-binding fragment due to, for example,
the degeneracy of the genetic code, splicing, and the like.

i any of the presently disclosed embodiments, the polynuciestide 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
polynucieotide as disclosed herein {e.g., a polynucleotide that encodes an antibody or
antigen-binding fragment or polypeptide that binds to JAV NA). A vector can comprise
any one or more of the vectors disclosed herein. o 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 "DMADbL"; see, e.g., Muthumani ef
al., Jinfect Dis. 274(3):369-378 (20163, Muthuwant et of , Hum Vaccin Immmmnother
9:2253-2262 (20133}, Flingai ez ¢l |, Sci Rep. 5:12616 (2015); and Ellictt et af., NPT
Vaccines 18 (2017), which antibody-coding DNA constructs and related methods of
use, including administration of the same, are incorporated herein by reference). In
certain embodiments, a DNA plasmid construct comprises a single open reading frame
encoding a heavy chain and a light chain {or a 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 in 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
polynucieotide encoding & heavy chain, VH, or VH+CHI, and a second plasmid
comprises a polynucieotide encoding the cogoate light chain, VL, or VL+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 is pVax1, available from
Invitrogen®. A DNA plasmid of the present disclosure can be delivered to a subject by,
for 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 an antibody heavy chain, 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 VL+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 embodiments, a polynucleotide {e.g., mRNA) 13 provided that encodes two heavy
chains and two light chains of an antibody or antigen-binding fragment thereof. See,
e.g Li, 1Q, Zhang, ZR., Zhang, HQ. ef af Intranasal delivery of replicating mRNA
encoding neuiralizing antibody against SARS-CoV-2 wfection i wice. 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 polynuclectide is delivered to a subject
via an alphavirus replicon particle (VRP} delivery system. In some embodiments, a
replicon coruprises a modified VEEV replicon comprising two subgenomic promoters.
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 VL+CL} of an antibody or
antigen-binding fragment thereof. In some embodiments, a method 18 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 containing a vector or polynuclectide according the present disclosure.

Hxamples 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 £ cofi. In
some embodiments, the cells are mammalian celfs, such as human B cells. In certain
such embodiments, the cells are a mammalian cell line such as CHO cells {(e.g., DHFR-
CHO cells (Urlaub er af., PNAS 77:4216 (1980)), human embrvonic kidney cells {e.g.,
HEK293T cells), PER.C6 cells, YO cells, Sp2/0 cells. NSO cells, human liver cells, e.g.
Hepa R cells, myeloma cells or hybridoma cells. Other examples of mammalian host
cell lines include mouse sertoli cells (e.g., TM4 cells); mouvkey 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 celis (HELA); human hung cells (W138); human hiver cells (Hep G2}, canine
kidney cells (MDCK; buffalo rat liver cells (BRL 3A}; mouse mammary tumor (MMT
(360562), TRI cells, MRC S cells, and FS4 cells. Marmmalian host cell lines suitable for
antibody production also include those described in, for example, Yazaki and
W, Methods in Molecular Biology, Vol 248 (B. K. C. Lo, ed,, Humana Press, Totowa,
N.1), pp. 255-268 (2003).

in certain embodiments, a host cell is a prokaryotic cell, such as an E. cofi. The
expression of peptides in prokaryotic celis such as £. cofi is well established (see, e.g.,
Pluckthun, A. Bio/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.,
U.S. Pat. Nos. 5,648,237: 5,789.199: and 5,840 523,

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

description, the term "transfection” encompasses any method known to the skilled
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person for 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, nanoparticle based transfection, virus based transfection, or
transfection based on cationic polymers, such as DEAE-dexiran or polyethylenimine,
efc. o certain embodiments, the introduction is 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
antibody, or an antigen-binding fragment thereof, according to the present disclosure.
fn such embodiments, the cells may be stably transfected with the vector as described
berein. Altervatively, cells roay be transiently transfected with a vector according to the
present disclosure encoding an antibody or antigen-binding fragment as disclosed
herein. In any of the presently disclosed embodiments, a polynuclectide 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
from which the antibody was fully or partially obtained {e.g., CHO cells expressing a
human antibody or an engineered human aotibody). 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-translational modification (PTM;
e.g., glysocylation or fucosylation), or a lack thereof, on the antibody or antigen-
binding fragment that {s not present in a native state of the antibody or antigen-binding
fragment {or in a native state of a parent antibody from which the antibody or antigen
binding fragment was engineered or derived). Such a PTM, or a lack thereof, may
resuit in a functional difference {e. 2., reduced immunogenicity}). Accordingly, an
antibody or antigen-binding fragruent of the present disclosure that is produced by a
host cell as disclosed herein may include one or more post-translational modification
that is distivct from the antibody (or parent antibody} in its pative state (e.g., a human

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

Insect cells useful expressing a binding protein of the present disclosure are
known in the art and include, for example, Spodopiera frugipera 519 cells, Trichoplusia
0i BTI-TNSB -4 cells, and Spodoptera frugipera SESWTO0T "Mimic™" cells. See, e.g.,
Palmberger er oo/, J. Biotechnol. 153(3-4y.160-166 (2011). Numerous baculoviral
sirains have been identified which may be used in conjunction with insect cells,
particularly for transfection of Spodoprera frugiperda cells.

Hukarvotic microbes such as filamentous fungi or yeast are also suitable hosts
for cloning or expressing protein-encoding vectors, and include fungi and yeast strains
with "humanized" glvcosylation pathways, resulting in the production of an antibody
with a partially or fully human glycosylation pattern. See Gerngross, Nt
Biotech. 22:1409-1414 (2004); Li er ol Nat. Hiotech 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 certatn embodiments, the host cell comprises a wammalian cell. Io particular
embaodiments, the host cell is a CHO cell, a HEK293 cell, a PER. Co cell, a Y0 cell, a
Sp2/0 cell, a NSO cell, a human liver cell, a myeloma celi, or a hybridoma cell.

In a related aspect, the present disclosure provides methods for producing an
antibody, or antigen-binding fragment, wherein 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
available 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 ton exchange resin. One or more reverse phase HPLC steps may be emploved to
further purify a recombinant polypeptide. These purification methods may also be
employed 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
carrier, 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+CH]1, and a
second plasmid comprises a polynucleotide encoding the cognate Hight chain, VL, or
VL+CL of the antibody or antigen-binding fragment thereof. In certain embodiments, a
composition comprises a polynucleotide {e.g., mRNA) coupled to a suitable delivery
vehicle or carrier. Exemplary vehicles or carriers for administration to a human subject
include a lipid or lipid-derived delivery vehicle, such as a liposome, solid lipid
nanoparticle, oily suspension, submicron lipid emulsion, lipid microbubble, inverse
lipid micelie, cochlear liposome, lipid microtubule, lipid microcylinder, or lipid
nanoparticle (LNP) or a nanoscale platform (see, e.g., Li et al. Wilery Interdiscip Kev.
Nanomed Nanobiotechnol. {1{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 ef of. {/ Controf Release 217345-351 (2015));

Thess ef af. (Mol Ther 23: 1456-1464 (2015)y; Thran er af. {(EMBO Mol Med
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9(10):1434-1448 (2017, Kose e af. {Sci. Immunol. 4 eaaw6647 (2019); and Sabnis ef
al (Mol Ther. 26:1509-1519 (2018)), which techniques, include capping, codon
optimization, nucleoside modification, purification of mRNA, incorporation of the
mBRNA into stable lipid nanoparticies {e.g., ionizable cationic
lipid/phosphatidylcholine/cholesterol/PEG-lipid; ionizable lipid.distearoyl
PC cholesterol polyethylene giveol Hipid), 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
fragment, nucleic acid, vector, cell, or composition of the present disclosure in the
diagnosis of an influenza infection {¢.g., in a human subject, or in a sample obtained
from a human subject).

Methods of diagnosis {e.g., in vitro, 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
from, for example, nasal passages, sinus cavities, salivary glands, lung, liver, pancreas,
kidney, ear, eve, 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
antibody 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
immuuvosorbent assay), including divect, indirect, 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, is believed to have, or is at risk for having an infection
by influenza. "Treat,” "treatment,” or "ameliorate" refers to medical management of a
disease, disorder, or condition of a subject {e.g., a humwan or non-human mammal, 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 is
administered in an 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 thereof. In certain
embodiments, therapeutic or prophylactic/preventive benefit includes reduction or
prevention of hospitalization for treatment of an influenza infection (Fe., ina
statistically significant manner). In certain embodiments, therapeutic or
prophylactic/preventive benefit includes a reduced duration of hospitalization for
treatment of an tofluenza infection (e, in a siatistically significant mavuer). Io 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, polynucieotide, 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 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 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, polynucleotide,
vector, host cell, or composition as disclosed 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 may be a
human subject. The subjects can be male or female and can be any suitable age,
including infant, juvenile, adolescent, adult, and geniatric subjects.

A number of criteria are believed to contribute to high risk for severe symptoms
or death assoctated with an influenza infection. These include, but are not limited to,
age, oceupation, general health, pre-existing health conditions, locale, and lifestyle
habits. In some embodiments, a subject treated according to the present disclosure
cormprises one or more tisk 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 embodiments, a human subject treated according to the present
disclosure is less than 1 year old, oris 1 to 5 vears old, or is between S and 125 vears
old {e.g.. 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100,

g,

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 1s O-

7
74

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 vears old, or older. Persons of middle, and especially of elderly age are
can be at particular risk. In particular embodiments, the buman 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 i3 male. In some embodiments, the human
subject is female.

In certain ervbodiments, a subject treated according to the present disclosure has
received 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 experience symptoms of infection with influenza virus.
Prophylaxis of infection with influenza virus is particularly useful o 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
inumunosuppressive conditions (such as HIV/AIDS, receiving chemotherapy or
sterotds, or malignaney). Moreover, prophylaxis of infection with influenza virus is also
particularly useful in subjects at greater risk acquiring 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, freatment is administered as peri-exposure or pre-
exposure prophylaxis. In certain embodiments, treatment is administered as pos-
exposure prophylaxis.

in therapeutic seitings, in contrast, the subject is typically infected 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), (it} a subject of a same or a similar; age or age group; gender; pregnancy
status; chronic medical condition {such as chronic cardiac, pulmonary, renal, metabolic,
neurodevelopmental, liver or hematologic diseases} or lack thereof, and/or
immunosuppressive condition or lack thereof] or (ii1) 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. Propbylaxis 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.

in certain embodiments, the methods provided herein include administering a
therapeutically effective amount of a composition according to the present disclosure to
a subject at iramediate risk of influenza infection. An immediate risk of influenza
infection typically occurs during an influenza epidemic. Influenza viruses are known o
circulate and cause seasonal epidemics of disease (WHO, Influenza (Seasonal) Fact
sheet, November 6, 2018}, In temperate climates, seasonal epidemics occur mainly
during winter, while in 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 in the southern bemisphere the risk of an influenza epidemic is high
during May, June, July, August and September.

in some embodiments, reatment and/or prevention comprises post-exposure
prophylaxis.

in some embodiments, the subject has received, is receiving, or will receive an
antiviral agent. Iu some erobodirnents, 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, zanarmivir, baloxavir, or any
combination therecf.

Typical routes of administering the presently disclosed compositions include,
without limitation, oral, topical, transdermal, inhalation, parenteral, sublingual, buccal,
rectal, vaginal, and iniranasal. The term "parenteral”, as used herein, includes
subcutaneous injections, infravenous, iniramuscular, intrasternal injection or infusion
techniques. In certain embodiments, administering comprises administering by a route
that 1s selected from oral, intravenous, parenteral, intragastric, inirapleural,
intrapulmonary, intrarectal, intradermal, intraperitoneal, intraturnoral, subcutancous,
topical, transdermal, intracisternal, intrathecal, intranasal, and intramuscular. In
particular embodiments, a method comprises orally administerivg the antibody, antigen-
binding fragment, polynucieotide, 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 for example, a tablet may be a single dosage unit, and a container of a
herein described an antibody or antigen-binding in aercsol form may hold a plurality of
dosage units. Actual methods 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 administered will, in any event, contain an effective
amount of an antibody or antigen-binding fragment, polynucleotide, vector, host cell, |
or composition of the present disclosure, {or 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, so 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 otl, injectable Hquid or an aerosol, which is useful in, for example, inhalatory

administration. When intended for oral administration, the pharmaceutical composition
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is preferably in either solid or liquid 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 composition for oral administration, the pharmaceutical composition
may be formulated into a powder, granule, compressed tablet, pill, capsule, chewing
gum, wafer or the like. Such a solid compesition 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 carboxymethylcellulose, 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 Steroiex; glidants such as colloidal
silicon dioxide; sweeiening agents such as sucrose or saccharin; a flavoring agent such
as peppermingt, 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 polyethylene glycol or
oil.

The composition may be in the form of a liquid, for example, an elixir, syrup,
solution, emulsion or suspension. The liquid may be for oral administration or for
delivery by injection, as two examples. When intended for oral administration,
preferred compositions contain, in addition to the present compounds, one or wore 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 isotonic agent
may be included.

Liguid pharmaceutical compositions, whether they be solutions, suspensions or
other like form, may include one or more of the following adjuvants: sterile diluents
such as water for injection, saline solution, preferably physiological saline, Ringer’s
solution, 1sotonic sodium chioride, fixed oils such as synthetic mono or diglycerides
which may serve as the solvent or suspending medium, polyethylene glvcols, glycerin,
propylene glycol or other solvents; antibacterial agents such as benzyl alcohol or methyl

paraben; antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as
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cthylenediaminetetraacetic 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 Hguid 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 is at feast 0.01% of the
anttbody 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 coruposition.  Certain oral pharmaceutical 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 tntended for topical administration, 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,
polyethylene glycols, bee wax, mineral oil, diluents such as water and alcohol, and
emulsifiers and stabilizers. Thickening agents may be present in a compesition for
topical administration. H intended for transdermal administration, the composition may
include a transdermmal patch or iontophoresis device. The pharmaceutical composition
may be intended for recial administration, in the form, for example, of a suppository,
which will melt o the rectum and release the drug. The composition for rectal
administration may contain an oleaginous base as a suitable nonirritating excipient.
Such hases include, without Himitation, 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 ingredienis. 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 antibody or antigen-binding fragment of the disclosure and thereby assists
iy 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
colfoidal nature to systems consisting of pressurized packages. Delivery may beby a
liquefied or compressed gas or by a suitable pump system that dispenses the active
ingredients. Aerosols may be delivered in single phase, bi phasic, or tri phasic systerns
in order to deliver the active ingredient(s). Delivery of the aerosol includes the
necessary container, activators, valves, subcontainers, and the like, which together may
form a kit. One 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 vanoparticles,
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 admnistered by
irjection 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, distitled 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 aqueocus delivery
system.

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

benefit (such as described herein, including an improved clinical outcome {2.g., a
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decrease in frequency, duration, or severity of diarrhea 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 associated with disease or disorder.
Prophylactic benefit of the compositions administered according to the methods
described herein can be determined by performing pre-clinical (including in vitro 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 in an effective amount {e.g., to treat an influenza
virus infection), which will vary depending upou a variety of factors including the
activity of the specific compound employed; the metabolic stability and length of action
of the compound; the age, body weight, general health, sex, and diet of the subject; the
mode and time of administration; 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
formulations 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 1o 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); preferably a therapeutically effective 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 is (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, polynucleotide, 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 §, 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,
potynucleotide, vecior, host cell, or composition of the present disclosure may also be
administered simultaneously with, prior to, or afier administration of one ot oore other
therapeutic agents, such as, for example, a neuraminidase inhibitor, e.g., oseltamivir,
zanamivir, peramivir, or laninamivir. Such combination therapy may include
administration 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 comprising an antibody or antigen-binding fragment of
the disclosure and each active agent in ifs own separate dosage formulation. For
example, an antibody or antigen-binding fragment thereof as described herein and the
other active agent can be administered to the patient together tn a single oral dosage
composition such as a tablet or capsule, or each agent administered in separate oral
dosage formulations. Simifarly, 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 in a saline solution or other physiologically
acceptable solution, or each agent administered in 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, i.¢e., sequentially and in any order; combination therapy is

understood o include 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,
oseltamivir, zanamivir, peramivir, or laninamivir. In some embodiments, one or more
anti-inflammatory agent and/or one or more antiviral agent is adminvistered 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 laninamivir,

in a related aspect, uses of the presently disclosed antibodies, antigen-binding
fragments, vectors, host cells, and compositions {e.g., in the diagnosis, prophyiaxis,
and/or treatment of an influenza infection, in the manufacture of a2 medicament for
preventing or treating an influenza infection) are provided.

In certain embodiments, an antibody, antigen-binding fragment, polynucleotide,
vector, host cell, or compesition is provided for use in a method of treating or
preventing an influenza infection 1o a subject.

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

or preveuting 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 neuraminidase (NA) from: () an influenza A virus (JAV),
wherein the 1AV comprises a Group 1 1AV, a Group 2 1AV, or both; and (i} an
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 fragment of Embodiment
1 or 2, wherein: (i) the Group 1 AV NA comprises a N1, a N4, a N5, and/or a N§;
and/or (it} the Group 2 JAV 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/California/07/2009 1223R/MH275Y, A/Swine/Tiangsu/J004/2018,
AlStockholm/18/2007, A/Brisbane/02/2018, A/Michigan/45/2015,
A/Mississippi/3/2001, A/Netherlands/603/2009, A/Netherlands/602/2009,
A/Vietoam/1203/2004, A/G4/SW/Shangdong/1207/2016, A/G4A/SW/Henan/SN13/2018,
AJGA/SW/Tiangsu/J004/2018, and A/New Jersey/8/1976; (i1) the N4 is from A/mallard
duck/Netherlands/30/2011; (1) the N5 is from A/aquatic bird/Korea/CN5/2009,

{(iv}) the N8 is from A/harbor seal/New Hampshire/179629/2011; (vithe N2 is 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/Florida/4/2006,
A/Netherlands/823/1992, A/Norway/466/2014, A/Switzerland/8060/2017,
A/Texas/SO/2012, A/Victoria/361/2011, A/HongKong/2671/2019,
A/SW/Mexico/S(1444/2611, A/Tanzania/205/2010, A/Aichi/2/15068,
A/Bilthoven/21793/1972, A/Netherlands/233/1982, A/Shanghai/11/1987,
AfNanchang/933/1995, A/Fukui/45/2004, and A/Brisbane/10/2007; (vi) the N3 is from
A/Canada/rvS04/2004; (v) the N6 is from A/swine/Ontario/01911/1/99; (vi) the N7 is
from A/Netherlands/078/03; and/or (vit) the N9 1s 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 1-4, wherein the IBV NA i3 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/Yamanashi/166/1998 (Yamagata}, B/Brisbane/33/200%;
B/Colorado/06/2017, B/Hubei~wujiang/158/2009; B/Massachusetts/02/2612;
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/7/199%4
(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: (1) a Group 1 IAV NA; (i) a Group 2 TAV NA; and (i) a IBV NA

with an ECso in a range from about 0.1 pg/mL. to about 50 pg/mb, or in a range
from about 0.1 ug/mL to about 2 pg/mL, or in a range from 0.1 pg/ml to about 10
ug/ml, orin a range from 2 ug/mL to about 10 pg/mi, or in a range from about 0.4
pg/mL to about 50 ug/ml, or in a range from about 0.4 pg/ml to about 2 pg/ml  orina
range from 0.4 ug/mb 1o about 10 pg/ml, or in a range from 2 ug/mk to about 10
wg/mL, or in a range from 0.4 pg/mL to about 1 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 fragmeunt is capable of binding to: i} the
Group 1 AV NA with an ECso in a range from about 0.4 ug/mL to about 50 pg/ml,
from about 0.4 yg/mL to about 10 pg/ml., from about 0.4 ug/mi. to about 2 yg/mi.,
from about 2 pg/mL to about 50 ug/mL, from about 2 ug/mL to about 10 pg/mk, or
from about 10 pg/mL to about 50 pg/mL; (i) the Group 2 IAV NA withan ECsoina
range from about 0.4 ug/mL to about 50 yg/mL, ot from about 0.4 pg/ml to about 10
ug/mL, or from about 0.4 pg/mL to about 2 pg/mL, or from about 2 ug/mL to about 50
pg/mi, or from about 2 ug/mi. to about 10 ug/mi., or from about 10 yg/mL to about 50
ng/ml,; and/or (it} 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/mL, or from about 0. 1pg/mL to about 1.5 pg/ml, or
from about ¢.1 pg/mk to about 1.0 pg/mi, orabout 0.1,02,0.3,0.4, 0.5, 0.6, 07, 0.8,
0.9, or 1.0 ug/ml.

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 ECsg of about 0.4 ug/ml, or in a range from about 0.4 pyg/mL to about
S0ug/ml, orin a range from about 0. 1ug/mL to about 1.9 yg/mi., or from about
0. 1pg/ml to about 1.5 ug/mL, or from about 0.1 pg/mb to about 1.0 ug/mL, or about
0.1,02,03,04,05,006,07,08,09 or 1.0 ug/mL; (11} a N4 with an ECso of about
0.4 ug/ml., orin a range from about 0. Tpg/ml to sbout 1.9 pg/mL., or from about

n

0. lug/mL to about 1.5 ug/ml., or from about 0.1 pg/mL to about 1.0 ug/ml, or about
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$.1,02,03,04,05,06,07 08,09 or L0 ug/mlL; (3i1) aNSwithanECsoina
range from about 0.4 ug/mL to about 2 yg/mL; (iv) a N8 with an ECs of about 50
ug/ml,; (v} a N2 with an ECso in a range fromw about 0.4 pg/mL to about 20 pg/ml, or
from about 0.4 ug/mkL to about 10 pg/ml, or from about 0.4 yg/mL to about 2 ug/mi,
from about 1 pg/mL to about 10 pg/mi, or from about 1 pg/mL to about 20 pg/ml, or
from about 1 ug/mL to about 5 pg/mi, orabout 1,2, 3,4,5,6,7, 8,9, 10, 15, or 20
pg/mb; (vi)  a N3 with an ECso of about 0.4 pug/mb, or in a range from about
G.1ug/mb to about 1.9 ug/ml., or from about 0. 1ug/mL to about 1.5 pg/mL, or from
about 0.1 pg/mL to about 1.0 ug/mb, orabout 0.1, 0.2, 03,04, 05,046,007, 08 09, or
1.0 ug/mk; (vii} a NG with an ECso of about 0.4 ug/ml, or in a range from about
0.1ug/ml to about 1.9 ug/mL, or from about 0. 1ug/rol. to about 1.5 yg/mi, ot from
about 0.1 pg/mi to about 1.0 ug/mb, or about 0.1,0.2,03,04,05,06,0.7 08,09, or
1.0 pg/mlb; (viii} a N7 with an ECso in a range from about 2 ug/ml to about 50 pg/ml;
(ix}  a N9 with an ECse of about 0.4 pug/ml, orin a range from about 0. Tug/mi to
about 1.9 pg/mi. or from about 0. 1ug/mL to about 1.5 ng/mL, or from about 0.1 yg/mL
to about 1.0 pg/mi, orabout 0.1,02,03,04,0.5,06,0.7,08,09, or 1.0 yg/ml,;
and/or {xi}  a IBY NA with an ECs of about 0.4 pg/mL, or in a range from about
0.1ug/mi to about 1.9 ug/ml., or from about 0. 1pg/ml to about 1.5 pg/mL, or from
about 0.1 pg/ml to about 1.0 ug/mi, orabout 0.1, 0.2,03,04,05,06,07, 08,09, or
1.0 ug/mL.

Embodiment 9. The antibody or antigen-binding fragment of Embodiment
7 or 8, wherein the antibody or antigen-binding fragment is capable of binding to: (i)
one or more of 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/mallard
duck/Netherlands/30/2011, NS A/aquatic bird/ Korea/CN5/2009, N2 A/Hong Kong/68,
N2 A/Leningrad/134/17/57, N3 A/Canada/rvS04/2004, N6
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/1/2016 (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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from about 0. 1ug/mL to about 1.9 pg/mL, or of from about 0.1pg/mL to about 1.5
ug/mL, or of from about 0.1 pg/mL to about 1.0 pg/mb, orabout 0.1,02,03,04, 0.5,
0.6,0.7,08, 0.9 or 1.0 pg/mL; (1) NS5 Alaguatic bird/ Korea/CNS/2009 with an ECsq
of about 2 pg/mk., or in a range of from about 2 yeg/mkb to about 10 yg/mL; (i) N8
Alharbor seal/New Hampshire/179629/2011 with an ECse of about 50 pg/mL; (iv)N2
A/Washington/01/2007 with an ECso in a range from about 2 ug/ml to about 10
pg/mi; (v} N7 A/Netherlands/078/03 with an ECsg in a range from about 2 pg/mlL
10 about 5O pg/ml; (vi) N2 A/Scuth Australia/34/2019 with an ECso 10 a range of from
about 0.4 pg/mil to about 50 ug/mL; (vii) N2 A/Switzerland/8060/2017 with an ECso
iy a range of from about 9.5 ug/mk to about 3.8 pg/ml; (vii) N2
A/Singapore/INFIMH-16-0019/2016 with an ECso in a range of from about 18.4 pg/ml
to about 2.2 yg/mi; (iv) N2 A/Switzerland/9715293/2013 with an ECsp in a range of
from about 1.6 ug/mL to about 1.2 pg/mi; and/or (v) N1 A/Swine/Jiangsu/J304/2018
with an ECso in a range of from about 0.4 pg/mb to about 50ug/mL, or about 0.4, about
2, about 10, or about 50 pg/mL.

Embodiment 10. The avtibody or antigen-binding fragrent of any one of
Embodiments 1-9, 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.

Embodiment 11. The antibody or antigen-binding fragment of any one of
Embodiments 1-10, which is capable of binding to 2 NA with a KI of less than 1.0E-
12 M, less than 1.0E-11 M, less than 1.0 E-11 M, or of 1.0E-12M or less, 1.0E-11M or
less, or 1.0E-10 or less, or with a KD between 1 OE-10 and 1 0E-13, or with a KD
between 1.0E-11 and 1.0E-13, wherein, opticnally, 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 oue or wore of the following amino acids (N1 NA vumbering): R368, R293, E228,

E344, S247 D198, DIST, R118; and/or (ii) a NA epitope that comprises any one or
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more of the following amino acids (N2 NA numbering): R371, R292, E227, 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/or (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, optionaily,
the NA active site comprises the following amino acids (N2 numbering): R118, D151,
R152, R224, B276, R292, R371, Y406, E119, R156, W178, 8179, D/N198, 1222 E227,
H274, E277, 1293, E425; and/or {4) an IBY NA epitope that comprises: (i) any one or
more of the following amino acids: R116, D149, BE226, R292) and R374; or (i) the
amino acids R116, D149, E226, R292, and R374.

Embodiment 14. The avtibody 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
antigen-binding fragment is capable of binding to a NA comprising a S245N amino
acid mutation and/or a2 E221D amino acid mutation.

Embodiment 15 The avtibody or antigen-binding fragrent of any one of
Embodiments 1-14, which is capable of binding to a NA comprising a S245N amino
acid mutation and/or a E221D3 amino acid mutation.

Embodiment 16. The antibody or antigen-binding fragment of any one of
Embodiments 1-15, wherein the anttbody or antigen-binding fragment is capable of
inhibiting a sialidase activity of (i} an IAV NA, wherein the IAV NA comprises 3
Group 1 IAV NA, a Group 2 1AV NA, or both, and/or of (i) an IBY NA in an in vitro
model of infection, an in 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 HIN1 and/or a 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 York/1056/2003 (Victoria);
B/Florida/4/2006{Y amagata), 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/Wisconsin/01/2010 (Yamagata),
B/Massachusetts/02/2012 (Yamagata); and B/Phuket/3073/2013 (Yamagata).
Embodiment 18. 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 2 IAV NA; and/ora IBV
NA, with an IC50 in a range of from about 0.0008 pg/mL to about 4 pg/mL, from about
0.0008 pg/mL to about 3 pg/mL, from about 0.0008 pug/mL to about 2 ug/ml, from
about 0.0008 pg/ml to about 1 pg/ml, from about 0.0008 pg/mi to about 0.9 pg/mi.,
from about 0.0008 pg/ml. to about 0.8 ug/ml, from about 0.0008 ug/mL to about 0.7
pg/mi, from about 0.0008 pg/mL to about 0.6 ug/mL, from about 0.0008 yg/mkb 1o
about (.5 pg/ml, from about 6.0008 pg/ml to about 0.4 pg/mi, from about 0.0008
ug/mL to about 0.3 pg/mL, from about 0.0008 pg/ml to about 0.2 pg/mL, from about
0.0008 pg/mi to about 0.1 ug/mL, from about 0.0008 pg/mL to about 0.09 pg/ml,
from about 0.0008 pg/ml to about 0.08 pg/ml, from about 0.0008 pg/ml to about 0.07
ug/ml, from about $.0008 ug/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 pg/ml, about 0.0008 ug/mL to about
0.03 ng/ml, about 0.0008 pg/ml to about 0.02 pgfml, about 0.0008 ug/ml to about
0.01 ug/mL, from 0.002 ug/mL to about 4 yg/mi, 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/ml to about 20
ug/ml, from about .1 ug/mk to about 10 pg/ml, from about 0.1 pg/ml to about 9
pug/mL, from about 0.1 pg/mb to about 8 ug/mL, from about 0.1 pg/mL to about 7
ug/mk, from about 0.1 ug/ml. to about 6 ug/ml,, from about 0.1 pg/ml to about 5
ug/mb, from about 8.1 pg/mL to about 4 pg/mi, from about 0.1 pg/ml to sbout 3
ug/ml, from about 0.1 pg/mL to about 2 pg/ml, from about 0.1 pg/ml 1o about 1
ug/mL, from about 6.1 ug/mL to about 0.9 pg/mL, from about 0.1 ug/mL to about 0.8
ug/ml, from about 0.1 pg/mL to about 0.7 ug/mL., from about 0.1 pg/mi to about 0.6
ug/mi, from about 0.1 ug/ml to about 0.5 pg/ml., from about 0.1 pg/mL to about 0.4

wg/mL, from about 8.1 ug/mk 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 30 pg/mL, from about 0.8 ug/mL to about 20
ug/ml, from about ¢.8 pg/mb 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/ml, from about 0.8 ng/ml to about 7
ug/mL, from about 0.8 ug/mL to about 6 ug/mL, from about 0.8 ug/mL to about 5
ug/ml., from about 0.8 pg/mkL to about 4 pg/ml, from about 0.8 pg/mL to about 3
ug/ml,, from about 0.8 pg/ml to about 2 pg/ml, from about 0.8 ug/ml. to about |
ug/ml, or of about 0.1 ug/mL, about 0.2 pg/ml, about 0.3 pg/mb, about 0.4 ug/mi,
about .5 pg/ml, about 0.6 pg/ml, about 0.7 ug/mL, about 0.8 pg/mi., about 0.9
ug/ml, about 1.0 pg/mi., about 1.5 pg/mL, about 2.0 yg/mL, about 2.5 pg/ml, about
3.0 ug/mk, about 3.5 pg/mlb, about 4.0 pg/mk., about 4.5 yg/ml., about 5.0 pg/ml.,
about 5.5 pg/ml, about 6.0 pg/mL, about 6.5 ng/mlL, about 7.0 pg/ml., about 7.5
ug/ml, about 8.0 pg/mL, about 8.5 ng/ml, about 9.0 pug/mk., about 10 pg/ml, about 11

/

pg/mi., about 12 pg/mi, about 13 pg/ml, about 14 pg/ml, about 15 pg/mi., about 16
ug/ml, about 17 pg/mL, about 18 ug/mL, about 19 pg/mi. about 20 pg/ml, about 25
wg/mb, and/or about 30 pg/mi..

Embodiment 19, The antibody or antigen-binding fragment of Embodiment
18, which s capable of inhibiting NA stalidase activity of one or more Group 1 and/or
Group 2 1AV, and/or of one or more IBY, with an 150 in a range of from: about
O0001 ng/ml to about 23 pg/ml, or about 0.0001 ug/mi to about 10 pg/rl, or about
0.0001 ug/ml to about 1 ug/ml, or about 0.0001 ug/m! to about 0.1 ug/ml, or about
(.0001 yg/ml 1o about 0.01 pg/mi, or about 0.0001 pug/ml to about 001 yg/ml, or about
0.0001 pg/ml to about 0001 pg/ml, or about 0001 pg/ml to about 25 pg/mi, or about
8001 pg/ml to about 10 pg/ml, or about 0001 pg/ml to about I pg/mi, or about 0001
pg/mi to about 0.1 pg/ml, or about 0001 ug/ml to about 0.01 ug/ml, or about 001
ng/mi to about 25 ug/ml, or about 001 pg/mi to about 10 pg/ml, or about 001 pg/ml to
about 1 pg/mi, or about 001 pg/mi to about 6.1 pg/mi, or about .001 pg/mi to about
(.01 pg/ml, or about 01 pg/mi to about 25 ug/ml, or about 01 ug/ml to about 10
pg/ml, or about .01 pg/ml to about 1 ug/ml, or about .01 pg/ml to about 0. 1pg/mi, or

about 1 pg/mi to about 25 pg/ml, or about 1 ug/m! to about 10 ug/ml,
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orofabout 1,15,2,2.5.3,3.5,.4,45,5,55,6,.65,7.7.5 8 85 9 95, 10,
105 11, 115,12, 125,13, 13.5, 14, 14 5, or 15 pg/ml.

Embodiment 20. The antibody or antigen-binding fragment of any one of
Fmbodiments 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 FoyR1la {optionally, a F158 ailele); and (i) a NFAT
expression control sequence operably linked to a sequence encoding a reporter, such as
a huciferase 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 IAV.

Embodiment 22. The avtibody 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, optionally, the HINT TIAV 15 A/PRE/34, and/or wherein,
opticnally, the infection has a multiplicity of infection (MO} of 6.

Embodiment 23. The avtibody or antigen-binding fragrent of any one of
Embodiments 1-22, which is capable of neutralizing infection by an IAV and/or an
IBY.

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

Embodiment 25 The antibody or antigen-binding fragment of any one of
Embodiments 1-24, wherein the IAV comprises a N1 NA that comprises the amino acid
mutation{s) H27SY; E119D + H275Y; 8247N + H275Y,; 1222V and/or N2945,
wherein, optionally, the AV comprises CAGO or A/Aichi.

Embodiment 20 The antibody or antigen-binding fragment of any one of
Embodiments 1-25, wherein the IAV comprises a N2 NA that comprises the amino acid

mutation(s) E119V, Q136K, and/or RZ92K.
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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 fragment is capable of
treating and/or preventing (1) an AV infection and/or (i1} an IBV infection, n 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: (i} a HINI virus, wherein, optionally, the
HIN1 virus comprises A/PRS8/34; and/or (i1) a H3N2 virus, wherein, opticnally, the
H3N2Z 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 AV and/or IBV, optionally for (i) up
to 15 days, or {i1) 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
Fmbodiments 1-29, wherein the antihody or antigen-binding fragment is capable of
preventing a loss in body weight of greater than 10% in a subject baving an 1AV
infection and/or an IBV infection, as determined by reference to the subject’s body
weight just prior to the [AV and/or IBV infection.

Embodiment 31. The antibody or antigen-binding fragment of any one of
Embodiments 1-30, wherein the anttbody or antigen-binding fragment is capable
extending survival of a subject having an AV infection and/or an IBY 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 in a mouse (e.g., 2 1g32 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, 10.3, 10.4, 10.5, 10.6, 10.7, 10.8,10.9, 11.0, 11.1, 11.2, 11.3, 11 4,
115,11.6,11.7,11.8,11.9,120,12.1, 12.2, 12.3, 124, 12.5, 12,6, 12.7, 12.8. 12.9,
130,131,132, 133,134, 135, 13.6, 137, 138, 139, or 14.0 days; or (i1} in a range
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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,
121,122,123, 12,4, 125,126, 12.7, 128, 129, 13.0, 13.1, 13.2, 13.3, 134, 13.5,
136,137,138, 139,140, 141,142, 143, 144,145,146, 147, 148, 149,150
151,152, 153, 154, 155, 1.56, 15.7, 158, 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 {CDRYH1, a CDRH2, and a CDRH3, and a hight
chain variable domain (VL) comprising a CDRL1, 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 1D NOs.: 147, 3, 15, 27, 39, 51, 63, 75, 87, 99, 111, 123, 135, 159, and
231, or a functional vasiant thereof comprising ong, two, or three acid substitutions, one
or more of which substitutions 1s optionally a conservative substitution and/oris a
substitution to a germline-encoded amino acid; (ii) optionally, the CDRH2 comprises or
consists of the amino acid sequence set forth in any one of SEQ ID 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, of threg amino actd substitutions, one ¢or more of which
substitutions i3 optionally a conservative substitution and/or is a substitution to a
germline-encoded amino acid; (ii1) 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 is a substitution to a germline-encoded amino acid;
{iv) optionally, the CDRL1 comprises or consists of the amino acid sequence set forth
in any one of SEQ I NGs. 183, 9, 21, 33, 45, 57, 69, &1, 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 CDRL2 comprises or consists of the amino acid sequence set forth in any one of
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SEQ D NOs - 154, 10,22, 34, 46, 58, 70, 82, 04, 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/oris 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,

167, and 230, or a functional variant thereof 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.
Embodiment 34. The antibody or antigen-binding fragment of Embodiment
33, comprising CDRHL, CDRH2, CDRH3, CDRLY, CDRL2, and CDRL3 amino acid
sequences set forth in SEQ D NOs.: (1) 147-149 and 153-155, respectively; (i) 15-17
and 21-23, respectively; (ii1) 27-29 and 33-35, respectively; (iv) 27, 28, 172, and 33-35,
respeciively; (v) 27-29, 33, 34, and 175, respectively; (vi} 27-29, 33, 34, and 178,
respectively; (vii} 27-29, 33, 34, and 181, respectively; {vii1} 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; {(xii} 51-53 and 57-59,
respectively; (xiii} 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) §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; {xxii) 87, 88, 184, 93, 94, and 193,
respectively; (xxiii) 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; (oovit) 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: (1) the VH comprises or consists of an amino acid

sequence having at least 80% (e.g., 80%, 85%, 90%, 1%, 92%, 93%, 94%, 95%, 96%,
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97%, 98%, 99%, or more} identity to the amino acid sequence set forth in any one of
SEQID NOGs.: 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 is optionally limited to one or more
framework regions and/or sequence variation cComprises Comprises one or more
substitution to a germline-encoded amino acid; and/or (if)  the VL comprises or
consists of an amino actd sequence having at least 80% {e.g., 80%, 85%, 90%, 91%,
02%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more) identity to the amino acid
sequence set forth in any one of SEQ D3 NGs.: 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 to 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_: (1) 199 and 201, respectively; (i1) 14 and 20,
respectively; (1) 20 and 32, respectively; (iv) 26 and 174, respectively; (v} 26 and 177,
respectively; (vi) 26 and 180, respectively; (vii) 171 and 32, respectively; (viii} 171 and
174, respeciively; (ix} 171 and 177, respectively; (x) 171 and 180, respectively; (xi) 38
74 and 80, respectively; (xv) 86 and 92, respectively; (xvi} 86 and 186, respectively;
(xvii} 86 and 189, respectively; (xvili} 86 and 192, respectively; (xix} 183 and 92,
respectively; (xx} 183 and 186, respectively; (xoa) 183 and 189, respectively; (uxit) 183
and 192, respectively; (xxiii} 98 and 104, respectively; (xxiv} 110 and 116,
respectively; Onoxv) 122 and 128, respectively; (xxvi) 134 and 140, respectively; (xxvii)
146 and 152, respectively; (xxviii} 158 and 164, respectively; (xxix) 2 and 8,
respectively, (xxx) 203 and 205, respectively; (xxxi} 207 and 209, respectively; (xxxii}
216 and 217, respectively; or {xxxiit) 228 and 230, respectively.

-
7
i

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

Ermbodiments 1-36, comprising: (1) a CHI-CH3 comprising or consisting of the amino

104



u

10

15

20

25

30

WO 2022/109309 PCT/US2021/060155

acid sequence set forth in SEQ ID NG..210 or SEG ID NO.:215; and/or (2)a CL
comprising or consisting of the amino acid sequence set forth in SEQ ID NQO.:.211.

Embodiment 338, The antibody or antigen-binding fragment of any one of
Embodiments 1-37, comprising: (1} a heavy chain comprising or consisting of the
amine acid sequence set forth in SEQ ID NO..212 or 213; and (23 alight chain
comprising or consisting of the amino acid sequence set forth in SEQ ID 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 light chain comprising or
consisting of the amino acid sequence set forth in SEQ ID NO..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 actd sequence set forth in SEQ 1D NO.: 213; and (2) a light chain compsising or
consisting of the amino acid sequence set forth in SEQ 1D NO 214

Embodiment 41. An antibody, or antigen-binding fragment thereof,
comprising a heavy chain variable domain (VH) comprising a CDRHI, a CDRH2, and
a CDRH3, and a light chain variable domain (VL) comprising a CDRL1, a CDRL2, and
a CDRL3, wherein: (i) the CDRH1, CDRHZ, and CDRH3 comprise or consist of the
amino acid sequences set forth in SEQ ID NOs: 147-149, respectively, and the CDRL,
CDRL2, and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ
I NQOs; 153-155, respectively; (1) the CRRHI, CDRHZ, and CDRH3 comprise or
consist of the amino acid sequences set forth in SEQ ID NOs: 15-17, respectively, and
the CDRLY, CIRL2, and CDRL3 comprise or consist of the amino acid sequences set
forth in SEQ D NQs: 21-23, respectively; (ii) 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 ID NOs: 33, 34, and 35 or 175 or 178 or 181,
respectively; (iv) the CDRH1, CBRHZ, and CDRH3 comprise or consist of the amino
acid sequences set forth in SEQ ID NOs: 3941, respectively, and the CDRL1, CBRL2,

and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ ID NOs:
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45-47, respectively; (v} the CDRHI, CDRH2, and CDRH3 comprise or consist of the
amino acid sequences set forth in SEQ ID NQOs: 51-53, respectively, and the CDRL1,
CDRLZ, and CDRL3 comprise or consist of the amino actd sequences set forth in SEQ
I NOs: 57-59, respectively; (vi) the CDRH1, CDRHZ, and CDRH3 comprise or
consist of the amino acid sequences set forth in SEQ I} NOs: 63-65, respectively, and
the CDRL1, CDRL2, and CDRL3 comprise or consist of the amino acid sequences set
tforth in SEQ 1D NOs: 69-71, respectively; (vii) the CORH1, CDRH2, and CDRH3
comprise or consist of the amino acid sequences set forth in SEQ ID NOs: 75-77,
respectively, and the CDRL1Y, CDRL2, and CDRL3 comprise or consist of the amino
acid sequences set forth in SEQ D NQs: 81-83, respectively; (viii} the CDRHI,
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 CDRL1, 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 CDRHI, CDRH2, and CDRH3
comprise or consist of the amino acid sequences set forth in SEQ 1D NQOs: 87, 88, 184,
respectively, and the CDRLI, CDRL2, and CDRL3 comprise or consist of the amino
acid sequences set forth in SEQ ID NQs: 93-55, respectively; (x} wherein the
CDRHI1, CDRH2, and CDRH3 comprise or consist of the amino acid sequences set
forth tn SEQ 1D NQGs: 99-101, respectively, and the CDRL1, CDRLZ, 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 counsist of the amino
acid sequences set forth in SEQ ID NQOs: 111-113, respectively, and the CDRLI,
CDRL2, and CDBRL3 comprise or consist of the amino acid sequences set forth in SEQ
ID NOs: 117-119, respectively; (xii) the CDRH1, CDRH2, and CDRH3 comprise or
consist of the amino acid sequences set forth in SEQ D NOs: 123-125, respectively,
and the CDRLT, CORL2, and CDRL3 comprise or consist of the amino acid sequences
set forth in SEQ ID NQOs: 129-131, respectively; {(xiii) the CDRH1, CDRH2, and
CDRH3 comprise or consist of the amino acid sequences set forth in SEQ 1D NOs: 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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CDRH1, CDRH2, and CDRH3 comprise or consist of the amino acid sequences set
forth in SEQ D NQGs: 3-5, respectively, and the CDORLY, CORLZ, and CDRL3
comprise or consist of the arvivo acid sequences set forth in SEQ ID NOs: 9-11,
respectively; (xv) the CORH1, CDRH2 and CDRH3 comprise or consist of the
amino acid sequences set forth in SEQ 1D NOs: 159-161, respectively, and the CDRLT,
CDR1L.2, and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ
1D NQOs: 165-167, respectively; (xvi}the CORH1, CDRH2, and CORH3 comprise or
consist of the amino acid sequences set forth in SEQ D NOs: 87-89, respectively, and
the CDRL1L, CDRL2Z, and CDRL3 comprise or consist of the amino acid sequences set
forth in SEQ ID NOs: 141, 142, and 131, respectively; or (xvil)  the CBRHI,
CDRH2, and CDRH3 comprise or consist of the amino acid sequences set forth in SEQ
I NQOs: 231-233, respectively, and the CDRL1, 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 is capable of binding to a
neuraminidase (NA) from: (i} an influenza A virus (1AV), wherein the IAV comprises a
Group 1 IAV, a Group 2 1AV, or both; and/or (1i) 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 amino acid sequence set forth in
SEQ D NO: 199 and the VL comprises or consists of the amino acid sequence set forth
in SEQ 2 NG: 201; (1) the VH comprises or consists of the amino acid sequence set
forth in SEQ ID NG: 14 and the VL comprises or consists of the amino acid sequence
set forth in SEQ 1D NO: 20, (i) the VH comprises or consists of the amino acid
sequence set forth in SEQ 1D NO: 26 or 171 and the VL comprises or consisis of the
amino acid sequence set forth in SEG 1D NO: 32, 174, 177, or 180; (iv) the VH
comprises or consists of the amino acid sequence set forth in SEG ID NG: 38 and the
VL comprises or consists of the amino acid sequence set forth in SEQ ID NG: 44; (v)
the VH comprises or consists of the amino acid sequence set forth in SEQ D NG: 50
and the VL comprises or consists of the amino acid sequence set forth in SEQ ID NG:

56; {vi) the VH comprises or consists of the amino acid sequence set forth in SEG ID

107



u

10

15

20

25

30

WO 2022/109309 PCT/US2021/060155

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 consists of the amino acid sequence set forth in
SEQ D NG: 74 and the VL comprises or consists of the amino acid sequence set forth
in SEQ 1D NO: 80; {viii) the VH comprises or consists of the amino acid sequence set
forth in SEQ ID NO: 86 or 183 and the VL comprises or consists 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 D NO: 98 and the VL comprises
or consists of the amino acid sequence set forth in SEQ 1D NG 104, (x) the VH
comprises or consists of the amino acid sequence set forth in SEQ ID NO: 110 and the
VL comprises or consists of the amino acid sequence set forth in SEQ ID NG: 116; (x1)
the VH comprises or consists of the amino acid sequence set forth in SEQ ID NG: 122
and the VL comprises or consists of the amino acid sequence set forth in SEQ [D NG:
128; {xii} the VH comprises or consists of the amino acid sequence set forth in SEQ [
NG 134 and the VL comprises or consists of the amino acid sequence set forth in SEQ
I NG: 140; (xii1) the VH comprises or consists of the amino acid sequence set forth in
SEQ ID NO: 146 and the VL corprises or consists of the amino acid sequence set forth
in SEQ D NO: 152; (xiv) the VH comprises or consists of the amino acid sequence set
forth in SEQ I3 NG 158 and the VI comprises or consists of the amino acid sequence
set forth in SEQ ID NG: 164; (xv} the VH comprises or consists of the amino acid
sequence set forth in SEQ 1D NO: 2 and the VL comprises or consists of the amino acid
sequence set forth in SEQ ID NO: &, (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 acid sequence set forth in SEQ 13 NO: 205, (xvii) the VH comprises or consisis
of the amino acid sequence set forth in SEQ 1D NO: 207 and the VL comprises or
consists of the amino acid sequence set forth in SEQ D NO: 209; or (xviii) the VH
comprises or consists of the amino acid sequence set forth in SEQ ID NO: 228 and the
VL comprises or consists of the amino acid sequence set forth in SEQ ID NGO: 230.
Embodiment 43 An antibody, or antigen-binding fragment thereof,
comprising a heavy chain variable domain (VH) and a light chaiu variable domain

(VL), wherein the VH comprises or consists of the amino acid sequence set forth in
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SEQ ID NG.216 and the VL comprises comprises or consists of the amino acid

sequence set forth in SEQ IDNG.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 (IAV), wherein the IAV comprises a
Group T IAV, 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 stalidase activity and/or (2) neutralizing infection by the IAV and/or
IBV.

Embodiment 45. A polypeptide comprising an amino acid sequence
sequence according to SEQ ID N(.: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 SEGQ ID NO.-219 is
optionally comprised in the VH or fragmient thereof.

Embodiment 47. The polypeptide of Embodiment 45 or 46, wherein the
amino actd sequence according to SEQ I3 N(O.: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,

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 SEG 1D NO.:220; and/or an amino acid sequence according to SEQ ID
N{.:221.

Embodiment 49. The polypeptide of any one of Embodiments 45-48,
further comprising an antibody light chain variable domain (VL), wherein, optionally,
the VL comprises: (i} an amino acid sequence according to SEQ 1D NO 222, (ijan
amino acid sequence according to SEQ D NO 223 and/or (ii1)  an amino acid
sequence according to SEQ D NG.:224.

Embodiment 50. The polypeptide of any one of Embodiments 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 95%, at least 97%, or at least 99% identity to the amino acid
sequence of any one of SEQ ID NGs.: 190 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%,
ai least 95%, at least 97%, or at least 99% identity to the amino acid sequence of any
one of SEQ 1D NOs. 201, 8, 20, 32, 44, 56, 68, 80, 02, 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,
wherein 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 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% 1dentity to the amino acid sequence of any one of SEQ D 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 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 NOs.. 201, §, 20, 32, 44, S, 68, 80, 92, 104, 116, 128,
140, 152, 174, 177, 180, 186, 189, 162 164, 205, 209, 217, and 230,

wherein the antibody or antigen-binding fragment thereof ts capable of binding
to a neuraminidase (NA) from: (1) an influenza A virus (IAV), wherein the [AY
comprises a Group 1 1AV, a Group 2 IAV, or both; and/or (if) an influenza B virus
(IBV3.

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 [AY
comprises a Group 1 IAV, a Group 2 1AV, or both; and/or (i1} an influenza B virus

(IBV}, and whereiu, optionally, the antibody or antigen-binding fragruent is capable of
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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: (i} a NA epitope that comprises any one or more of the
following amino acids (N1 NA numbering): R368, R293, E228, H344, 8247 12198,
D151, R11B; 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.

Embodiment 56. An antibody, or an antigen-binding fragment thereof, that
is capable of binding to: (i} a NA epitope that comprises the amino acids R368, R293,
E228, D151, and R118 (N1 NA numbering); and/or (i} a NA epitope that comprises the
amino acids R371, R292, E227, D151, and R118 {N2 NA numbering).

=
7
i

Embodiment 37 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
numberingy: R118 D151, R152, R224, B276, R292, R371, Y406, 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, 227, $247, 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 82435N amino
acid mutation and/or a E221D amino acid mutation.

Embodiment 60. An antibody, or an antigen-binding fragment thereof, that
is capable of binding to an IBV NA epitope that comprises any one or more of the
following amino acids: R116, D149 E226, R202 and R374.

Embodiment 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.
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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 is a Ig(,
IgA, IgM, gk, or Igh isotype.

Embodiment 64. The antibody or antigen-binding fragment of any one of
Embodiments 1-44 and 53-63, or the polypeptide of Embodiment 52, which is an IgG
isotype selected from IgGl, IgG2, 1gG3, and IgG4.

Embodiment 65. 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 fragruent is a multi-specific antibody or antigen-binding
fragment.

Embodiment 67. The antibody or antigen-binding fragment of Embodiment
66, or the polypeptide of Embodiment 66, 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: (i) a first VH and a first VL; and (i1} a second VH and a second
V1., wherein the first VH and the second VH 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 ID NQOs.: 199, 2, 14, 26, 171 38, 50, 62, 74, 80,
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, 130, 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 fragment 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., lgG1} Fe polypeptide or a
fragment thereof.

Embodiment 70. The antibody or antigen-binding fragment of Embodiment
69, ot 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 rescnance (SPR) (e.g., Biacore, e.g., T200
instrument, using manufacturer’s protocols)), as compared to a reference Fe polypeptide
that does not comprise the mutation; and/or (ii) a mutation that increases binding
aftinity to 2 human FcyR (e.g., as measured using surface plasmon resonance {(SPR}
{e.g., Biacore, e.g., T200 instrument, using manufacturer’s protocols)) as compared to a
reference Fc polypeptide that does not comprise the mutation.

Embodiment 71. The avtibody or antigen-binding fragment of Embodiment
70, or the polypeptide of Embodiment 70, wherein the mutation that increases binding
aftinity to a human FcRo comprises: M428L; N434S; N434H,; N434A; N4348;

M252Y: 8254T: T2568, 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 FcRao comprises: (i) M428EL/N4345; (i)
M252Y/S2S4T/T256E; (1t1) T2S0Q/MA28L,; (iv) P2ATH(3 111 (v) P2STUN434H, (vi)
D370VINA34H; (vii) TI0OTA/EIBOA/NA34A; or {viii) any combination of ()-(vii}.

Embodiment 73 The antibody or antigen-binding fragment of any one of
Embodiments 70-72, or the polypeptide of any one of Embodimnents 70-72, wherein the
mutation that increases binding affinity to a human FeRn comprises M4281L/N4348.

Embodiment 74. The antibody or antigen-binding fragment 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 75, The antibody or antigen-binding fragment 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 FeyR comprises: (1) S239D/I332E; (i)
S239T¥A330L/I332KE; (111} G236A/8239WI332E; or (iv)  (G230A/A330L/I332E,
wherein the Fc polypeptide or fragment thereof optionally comprises Ser at position
239

Embodiment 76. The antibody or antigen-binding fragment 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 SEGQ ID NO.:212; and (2) a

light chain comprising or consisting of the amino acid sequence set forth tn SEQ ID
NO..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 light
chain comprising or consisting of the amino acid sequence set forth in SEQ ID
NOG.:214,

Embodiment 79. An antibody comprising: (1) two heavy chains, each
comprising or consisting of the amino acid sequence set forth in SEQ 1D NQO.:212; and
(2) two tght chains, each comprising or consisting of the amino acid sequence set forth
in SEQ 1D NG.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 amino acid sequence set forth

in SEQ ID NO.:214.
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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 enceding a
VH, a heavy chain, a VL, and/or a light chain of the antibody or the antigen-binding
fragment.

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

Embodiment 83 The polynucleotide of Embodiment 81 or 82, wherein the
polynuclectide comprises deoxyribonucieic acid (BNA} or ribonucleic actd (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 structure, or any
combination thereof.

Embodiment 85. The polynucleotide of Embodiment 84, wherein the
polynucieotide comprises a pseudouridine, a Né-methyladenonsine, a S-methyleytidine,
a 2-thiouridine, or any combination thereof.

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

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

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

Embodiment 89. The polynuclectide of any one of Embodiments 81-88,
comprising a polynucleotide having at least 50% {e.g., 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 91%, 92%, 94%, 94%, 95%, 96%, 97%, 98%, 99%, or more)
identity to the pelynuciectide sequence set forth in any one or more of SEG D NQOs.
198, 200, 1, 13,25, 170, 37,49, 61, 73, 85, 182, 97, 109, 121, 133, 145, 157, 6, 18, 30,
47,54, 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.
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Embodiment 90. The polynucleotide of Embodiment 89, comprising the
polynucieotide sequence of SEQ D NG.: 198 and/or the polynucleotide sequence of
SEQ ID NO.:200.

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

Embodiment 92. A host cell coraprising the polynuclectide of any one of
Embodiments 81-90 and/or the vector of Embodiment 91, wherein the polynucleotide is
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.

Hmbodiment 93 An isolated buman B cell comprising the polynucleotide
of any one of Embodiments 8§1-90 and/or the vector of Embodiment 91, wherein
polynucleotide is optionally heterologous to the human B cell and/or wherein the
human B cell is immortalized.

Embodiment 94, A composition comprising: (i) the antibody or antigen-
hinding fragment of any one of Embodiments 1-44 and 53-80; (i1) the polypeptide of
any one of Embodiments 45-52 and 63-76; (ii1) the polynucleotide of auy 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
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 one of
Embodiments 1-44and 53-80.

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

submicron lipid emulsion, a lipid microbubble, an inverse lipid micelle, a cochlear

116



u

10

15

20

25

30

WO 2022/109309 PCT/US2021/060155

liposome, a lipid microtubule, a lipid microcylinder, lipid nanoparticle (LNP), or a
nanoscale platform.

7
‘.

Embodiment 9 A method of making an antibody or antigen-binding
fragment of any one of Embodiments 1-44 and 53-80, compnising 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 human B cell, respectively, to express the
antibody or antigen-binding fragment.

Embodiment 938, The method of Embodiment 97, further comprising
isolating the antibody or antigen-binding fragment.

Embodiment 99. A method of treating or preventing an 1AV infection
and/or an IBVY 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; (i} the polypeptide of any one of
Hmbodiments 45-32 and 63-76; (111) the polynucleoctide of any one of Embodiments
81-90; v) the recombinant vector of Embodiment 91; (v) the host cell of
Embodiment 92; (vi} the human B cell of Embodiment 93; and/or (vii) the
compoesition 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 administering to the subject the
polynucleotide of any one of Embodiments 81-90, the recombinant vector of
Embodiment 91, or the composition of Embodiment 96, whergin the polynucleotide
comprises mRNA.

Embodiment 101, The method of Embodiment 100, wherein the influenza
infection comprises an [AV infection and/or an IBV infection.

Embodiment 102. The method of any one of Embodiments 99-101,
comprising administering a single dose of the antibody or antigen-binding fragment,
polypeptide, polvnucleotide, 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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fragment, polypeptide, polynucleotide, recombinant vector, host cell, or composition o
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 vearly, 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, polvnucleotide, recombinant vector, host cell, or composition to the
subject two or more times per year; ¢.g. about once every ¢ months.

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

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 receiving, 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.

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

Embodiment 111, 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 a method of

treating or preventing an AV infection and/or an IBV infection in & subjeci.
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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 polyrnuclectide of any one of Emsbodiments 81-90, the recombinant vector of
Fmbodiment 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 medicament for the treatment or prevention of an AV infection and/or an IBV
infection in a subject.

Embodiment 113, A method for in vitro diagnosis of an [AV infection
and/or an IBV infection, 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 (i)  detecting a complex comprising an auntigen 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 cell, the human B cell, and/or the composition for use of
any one of Embodiments 111 and 112, wherein: (i) the LAV comprises a Group 1 IAV,
a Group 2 1AV, or both, wherein, optionally, the Group 1 IAV NA comprises a NI, a
N4, a N5, and/or a N&; 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/Califormia/07/2009, 1s from
A/California/07/2009 1223R/H275Y, is from A/Swine/Jiangsu/1004/2018, is from
AlStockholm/18/2007, is from A/Brisbane/02/2018, is from A/Michigan/45/2015, is
from A/Mississippi/3/2001, 1s from A/Netherlands/603/2009, is from
A/Netherlands/602/2009, 1s from A/Vietnam/1203/2004, is from
A/GA/SW/Shangdong/1207/2016, s from A/G4/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/aguatic bird/Korea/CN5/2009;
the N8 is from A/harbor seal/New Hampshire/179629/2011; the N2 is from
A/Washington/01/2007, is 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, 15 from A/Switzedand/9715293/2013, is from
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Afleningrad/134/17/57, is from A/Flonda/4/2006, is from A/Netherlands/823/1992, is
from A/Norway/466/2014, 1s from is from A/Texas/50/2012, is from
A/Victoria/361/2011, is from A/SW/ Mexico/S(G1444/201 1, is from A/Aichi/2/1968, 15
from A/Bilthoven/21793/1972, is from A/Netherlands/233/1982, is trom
/Shanghai/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 is from
A/Canada/rv304/2004; the N6 is from A/swine/Ontario/01911/1/99; the N7 is from
A/Netherlands/078/03; and/or the N9 is from A/Anhui/2013, is from A/Hong
Kong/56/2015; and/or (1) the IBY NA is from: B/Lee/10/1940 (Ancestral);
B/Brisbane/00/2008 (Victoria), B/Malaysia/2506/2004 (Victoria),
B/Malaysia/3120318925/2013 (Yamagata), B/Wisconsin/1/2010 (Yamagata);
B/Yamanashi/166/1998 (Yamagata), B/Brisbane/33/2008 (Victoria);
B/Colorado/06/2017 (Victoria), B/Hubet-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/211/201 1, or any combination thereof.
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TABLE 1. TABLE OF CERTAIN SEQUENCES AND SEQ ID NUMBERSK

AGAGGCCTGGGTCCTCOGTGAGGATCTCCTGCAA
GOCCTCTGGTGACACCTTCAACAACTATGTTCTC
AGCTGOGTGCGACAGGCCCCTGGACAAGGGCTTIGC
AGTGGATGGOGOGAATCATCCCTATCTICTGGTA
TCCCACATTACGCACAGAAGTTCCAGGGCAGAGT
COCAATTATCGCGGACGAATCCGUGAGCACAGTC
TACATGGAGTTGAGCAGCCTACGATCTGAGGACTC
GOGCCGTATATTACTOTGCGAGAGUCGGTTITCCGAT
TATTTTAATCGAGACCTCGGUTGGGATGATTAC
TACTTTCCTTTGTGGGGCCAGGGCACCOTGETCA
CCOGTCTCCTCAG

SEQ [Sequence Identifier

H

NG

i CAAGTTCAGCTGGTGCAGTCTGGGOGCTCGAGGTGA [FNIE VH (wi-nt)

GCGCCAGGATCCAGCOGTGCGGATCAGCTGCAAGGCTTC
TOGCOGACACCTTCAACAATTACGTGCTGTCCTGGGTGA
GOUAGGCTCCAGGACAGGGACTGGAGTGGATGGGLGE
CATCATCCCCATCAGCGGCATCCCTCACTACGCCCAGA
AGTTTCAGGGCAGGGTGGCCATCATCGCTGACGAGTC
CGCTAGCACAGTGTATATGGAGCTGTCTTCCCTGAGAT
CTOAGGATTCCGCOGTGTACTATICTGCCAGAGCCOTG
TCCGACTATTTCAACCGCGATCTOGGGUTGOGGACGATTA
CTATTTTCCACTOTGGGOGACAGGGCACCCTGGTGACAG
TGAGCTCT

2 QVOQLVQSGAEVKRPGSSVRISCKASGDTEFNNYVLS  [FNIT VH (aa)
WVROQAPGQGLEWMGGIHIPISGIPHY AQKFQGRVATN
ADESASTVYMELSSLRSEDSAVYYCARAVSDYFNR
DLGWDBDYYFPLWGOQGTLVTVSS
GDTEFNNYY NI CDRHI (aa)

4 HPISGIP FINIT CDRH2 (aa)

S ARAVSDYFNRDLGWDDYYFPL FINEL CDRH3 (aa)

& CAGOGTGCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGA |FNIT VH (co-nt)
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SE{) Sequence Hdentifier
D
NG
7 GAAATAGTGATGACGCAGTCTCCAGCCACCCTGT FNIT Vk (wi-nt)

CTGTOGTCTCCAGGGGAAAGAGCCACCOTCTTCTGC
AGGGCCAGTCGGAGTGTTAGTGACAACTTAGCC
TGOTACCAGCAGAAACCTGGCCAGGCTCCCAGGT
TCCTCATCTTTGGTGCCTCCACCAGGGCCACTGG
TGTCCCAGCCAGGTTCOGOTGOCAGTGOGTCTGGE
ACACAGTTCACTCTCACCATCAGCAGCCTGCAGTC
TGAAGATTTTGCAGTTTATTACTGTCAGCATTATA
ATACCTGGCCTCCGTGGACCTICGGUCAAGGGA
CCAAGGTGGAAATCAAAC

CGTOTCCCCAGGCGAGAGOGUCACACTGTTCTGC
AGGOCTAGCAGGTCCGTGTCCGACAACCTGGCCT
GGTACCAGCAGAAGCCAGGCCAGGUTCCCAGACT
GCTGATCTTTGGAGUCTTCCACCAGAGUTACAGGO
GTGCCAGCTAGGTTCGGAGGAAGCGGATCTGGCA
CCCAGTTTACCCTGACAATCTCCAGCUTGCAGAGC
GAGOGATTTCGCCGTGTACTATTGTCAGCACTATAA
TACCTGGCCCCOCTTGGACATTTGGCCAGGGCACC
AAGGTGGAGATCAAG

8 IEIVMTQSPATLSVSPGERATLFCRASRSVSDNLAWY FNI VK (aa)
QQKPGQAPRLLIFGASTRATGVPARFGGSGSGTOFT
LTISSLOSEDFAVYYCOHYNTWPPWTFGQGTK VEL
<

5 IRSVSDN FNII CDRL1(za)

10 IGAS NI CDRL2(aa)

11 IQHYNTWPPWT FNIT CDRL3(aa)

12 IGAGATCGTGATGACCCAGTCTCCTGCCACACTGTC FNIT VK (co-nt)
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SE{) Sequence Hdentifier
D
NG
13 ICAGGTTCAGCTGOTGCAGTCTGGGGCTCAGGTGAAGA FNIZ VH (wi-nt)

GGCCTGGGTCCTCGGTCGAGGGTCTCCTGCAAGGCTICT
GGAGUCACCTTCAATAACCATGTTCTCACCTOOATG
CGACAGGUCCCTGGACAAGGGCTTGAGTGGATGGGAG
GGATCATCCCTGTCTCTGGAAAAACAACCTACGCALC
AGAAGTTCCAGGGCAGAGTCGCGATAAGCACGGACGA
ATCCGCGAGCACAGCCTATATGGAGTTIGAGCAGCCTG
AGATCTGAGGACTCOGCCATATATTACTGTGCGAGAG
COGTTTCCCATTACTTTAATCGAGACCTCOGGCTIGEG
GAAGATTATTACTTITCCGATCTGGGGCCAGGGLCACC
CTGOGTCACCGTCTCTTCAG

AGAGGCCAGGATCCAGCGTOCGGGTGAGCTGCAA
GOCTTCTGGAGCTACCTTCAACAATCACGTGCTIGA
CATGGOGTGAGGCAGGCTCCAGGACAGGGACTGGA
GTGGATGOGUGGCATCATCCCCOGTGTCCGGLAAG
ACCACATACGCCCAGAAGTTTCAGGGCAGGGTGE
CTATCAGCACCGATGAGTCCGCCAGCACAGCTTA
TATGGAGCTGTCTTCCCTGAGATCTGAGGACTCCG
CCATCTACTATTGTGCCAGAGCCGTGTCCGACTALC
TTCAACCGCGATCTGOGCTGGGAGGACTACTATIT
TCCCATCTGGGGCCAGGGCACCCTGGTGACAGTG
AGCTCT

14 OVOLVQSGAEVKRPGSSVRVSCKASGATEFNNHVLT FNIZ VH (aa)
WVROQAPGOGLEWMGGIHPYSGKTTYAQKFQGRVAL
STDESASTAYMELSSLRSEDSAIYYCARAVSDYFNR
DLGWEDYYFPIWGQGTLVTIVSS

15 IGATFNNHY ENIZ CDRHI (aa)

16 HIPVSGKTY ENIZ CDRHZ (aa)

17 JARAVSDBYFNRDLGWEDYYFPI FNIZ CDRHS (aa)

18 CAGGTGCAGCTGGTGCAGTCTGGAGCTGAGGTGA FNIZ VH (co-nt)
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SEQ
D
NG

Sequence

identifier

19

CGACGTAGTGATGACGCAGTCTCCAGCCACCCTGT
CTGTOGTCTCCAGGGGAAAGAGUCACCOTCTECTG
CAGGGCCAGTCAGAGTGTTAGTAGCAACTTGGC
CTGGTACCAGCAGAAACCTGOGCCAGGUTCCCAGE
CTCCTCATCTATGGTGCATCCACCAGGGCCACTG
GTGTCCCAGCCAGGTTCAGTGGCAGTOGOTCTGE
GACACAGTTCACTCTCACCATCAGCAGCCTGCAG
TCTGAAGATTTTGCAGTTTATTACTOTCAGCACTA
TAATAACTGGOOTCOGTGGACGTTCGGCCAAGS
GACCAAGTTGGAAATCAAAC

FNI2 Vk (wt-nt)

DVVMTOSPATLSVSPGERATLSCRASQSVSSNLAW
YOOKPGQAPRLLIYGASTRATGVPARFSGSGSGTOF
TLTISSLOSEDFAVYYCQHYNNWPPWTFGQGTKLE
K

ENI2 VK (aa)

FNI2 CDRL1(aa)

FINIZ CDRL2(aa)

QHYNNWPPWT

FNI2 CDRL3(aa)

GACGTOGTCATGACCCAGTCTCCTGCCACACTGA
GCOTGTCTCCAGGAGAGAGGGCCACCCTOTCCTG
CAGGGUTTCCCAGAGCGTOTCCAGCAACCTTGGCD
TGGTACCAGCAGAAGUCAGGUCAGGUTCCCAGGE
TGCTGATCTATGGAGCTAGCACCAGAGCTACAGG
CGTGCCAGCTCGCTTCTCTGGATCCGGAAGCGGC
ACACAGTTITACCCTGACAATCTCTTCCCTGCAGTC
TGAGGATTTCGCCGTOTACTATTOTCAGCACTACA
ACAATTGGCCCCCTTGGACCTTTIGGCCAGGGCAC
AAAGCTGGAGATCAAG

FNI2 VK (co-nt}
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SE{) Sequence Hdentifier
D
NG
25 ICAGGTTCAGCTGOTGCAGTCGGGGGCTGAGGTGA FNI3 VH (wt-nt)

AGAGGCCTOGGOTCCTCGGTGAAGGTCTCOTGCAA
GOGCTTCTGGAGCCACCTTICAGCAACAATGTTAT
AGCCTGGOTGCGACAGGCCCCTGGACAAGGOGCTT
CAGTGOATCGOGGOGGATCCACCCTATCOTCTGCT
ACAGCAACCTACGCACAGAAGTTCCAGGGCAGAG
TCGCGATTGCCGCGGACGAATTAACGAGCACAGT
CTACATGGAGTTGAATGGCCTGAGATCTGAGGACT
COGOCCOTOTATTACTGTGUGAGAGCGGGGTOLG
ATTACTTTAATAGAGACTUTCGGUTGGGAAAATT
ACTACTTTGACTCCTGGGGCCAGGGAACCCTGGTY
CACCOGTCTCGTCAG

AGAGGUCAGGATCCAGCGTGAAGGTGTCCTGCAA
GOCCAGCGGCGCTACCTTCAGCAACAATGTGATC
GCTTOGGTCGAGACAGGCTCCAGGACAGGGACTGE
AGTGOATOGGAGGAATCCACCCTATCAGCGCCAL
CGCTACATACGCCCAGAAGTTTCAGGGCAGAGTG
CGCTATCGCCGCTGACGAGCTGACCTCTACAGCCT
ATATGGAGCTGAACGGCCTGCGCAGCGAGGATTC
COCCOTGTACTATTGTGCCAGGGCTGGCTCTGALCT
ACTTCAACCGGGATCTGGGCTGGGAGAATTACTA
TTTTGACTCCTGOGGGCCAGGGCACCCTGGTGACA
GTGTCTTCC

26 HIVOLVQSGAEVERPGESVKVSCKASGATESNNYIA FNI3 VH (aa)
WVROQAPGOGLEWMGGIHPISATATYAQKFQOGRVA
TAADELTSTAYMELNGLRSEDSAVYYCARAGSDYF
NEDLGWENYYFDSWGQGTLVTVSS

27 WGATESKNY FNE3 CDRHI (aa)

28  [HHPISATA ENI3 CDRHZ (as)

29 ARAGSDYFNRDLGWENYYFDS FNI3 CDRH3 (aa)

30 CAGGTGCAGCTGGTGCAGTCCGGAGCTGAGGTGA FNI3 VH (co-nt)
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SE{) Sequence Hdentifier
D
NG
31 IGAAATATTGATGACGCAGTCTCCAGCCACCCTGT FNI3 Vk (wtnt)

CTGTOGTCTCCAGGGGAAAGAGUCACCOTCTECTG
CAGGGCCAGTCAGGATGTTAGCGGCAACTTAGC
CTGGTACCAGCAGAGACCTGOGCCAGGUTCCCAGE
CTCCTTATCTATGGTGCATCCACGAGGGCCACTG
GTGTCCCAGCCAGOTTCACTGOCGCTGOOTCTGG
GACAGAGTTCACTCTCACCATCAGCAGCCTGCAG
TCTGAGGATTTTGCACTTTATTACTGTCAGCACTA
TAATAACTGGCOTCCGTGGACCTICOGGCCAAGE
GACCAAGGTGGAAATCAAAC

COGTGTCCCCAGGAGAGAGGGCCACCCTGAGCTGC
AGGOCTTCTCAGGACGTOTCCGGCAACCTGGUCTG
GTACCAGCAGAGACCAGGACAGGCTCCAAGGUTG
CTGATCTATGGAGCTTCCACCAGGGCTACAGGCGT
GCCAGUTAGATTCACCGGLGCTGOAAGCGGCACA
GAGTTTACCCTGACAATCTCCAGCCTGCAGTCTGA
GOATTTCGCTCTGTACTATTIGTCAGCACTACAACA
ATTGGCCCCCTTGGACCTTTGGCCAGGGCACAAAG
GTGGAGATCAAG

32 EILMTQSPATLSVSPGERATLSCRASQDVSGNLAWY FNI3 Vk (as)
QORPGQAPRLLIYGASTRATGVPARFTGAGSGTEFT
LTISSLOSEDFALYYCQHYNNWPPWTFGQGTKVEL
K

33 QDVSGN FNI3 CDRL 1(za)

34 IGAS FNI3 CDRL2(aa)

35 IQHYNNWPPWT FNI3 CDRL3(aa)

36 IGAGATCCTGATGACCCAGTCCCCTGCCACACTGTC FNI3 VE (co-nt)




WO 2022/109309 PCT/US2021/060155
SE{) Sequence Hdentifier
D
NG
37  KCAGGAGCAGCTGGTACAGTCTGGGGCTGAGGTGA FNI4 VH (wt-nt)

AGAAGCCGGGOTCCTCGOTGAGGGTCTICCTGLAA
GOCCTCTGGAGACACCTTICAGCAGATATACTAT
CAGCTOGGOTTCGACAGGUCCCOCGGACAAGGALTT
GAGTGOATGOGOAGGOATCATCGUTCTCTCTCGA
AGAGCGACATACGCACAGAAGTTCCAGGGCAGA
GTTACCATTACCGCGUOACGAATCCGCGACCACAG
CCTACATACAACTGAGCGGCCTGACATCTGACGAC
ACGGCCGTATATTACTGTGUGAGAGCACACTCCG
ATTACTTTAATAGAGACUTCGGOTGGGAAGATT
ACTACTTTGACTACTGGGGCCAGGGAACCCTGGTY
CACCGTCTCCTCAG

AGAAGCCAGGATCCAGUCOGTCGAGAGTGAGCTGCAA
GGCTTCTGGCGACACCTTCTCTAGATACACAATCT
CCTCGOGTGCGCCAGGCTCCTGGACAGGGACTGGA
GTGOATGGOAGGAATCATCGUTCTOAGCAGGLGE
GCCACCTACGCTCAGAAGTTICAGGGCCGCGTOA
CCATCACAGCCGATGAGTCTGCCACCACAGCTTA
TATCCAGCTGTCCGGCCTGACCAGCGACGATACA
GCCOTGTACTATTGTGCCAGGGCTCACAGCGACT
ACTTCAACCGGGATCTGGOGCTGOGGAGGACTACTA
TTTTGATTATTGGOGGCCAGGGCACCCTGGTGACA
GTGTCTTCC

38 EQLVOSGAEVKKPGSSVRVSCKASGDTERSRYTIS [FNI4 VH (aa)
WVROQAPGOGLEWMGGHALSRRATYAQKFQOGRVTI
TADESATTAYIQLSGLTSDDTAVYYCARAHSDYFN
ROLGWEDYYFDRYWGQOQGTLVTVSS

39 IGBTFSRYT FINI4 CDRHI (aa)

40 HIALSRRA FNE4 CDRHZ (aa)

4] JARAHSDYFNRDLGWEDYYFDY FINI4 CDRH3 (aa)

42 ICAGGAGCAGCTGGTGCAGTCCGGAGCTGAGGTGA FNI4 VH (co-nt)
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SE{) Sequence Hdentifier
D
NG
43 IGAAGTAGTGCTGACGCAGTCTCCAGCCACCCTGT N Vk (wt-nt)

CTGTOGTCTCTAGGGOAAAGAGCCATCCTCTCCTGE
AGGGCCAGTCAGAGTGTTAGCACCAACTTAGCC
TGOTACCAGCAGAGACCTGGCCAGGCTCCCAGGT
TCCTCATCTCTGGTGCATCCACCAGGGCCACGGE
TATCCCAGCCAGGTTCAGTGGCAGTGOGTCTGGE
ACAGAGTTCACGCTCACCATCAGCAGCCTGCAGT
CTGAAGATTTTGCAGTTTATTACTGTCAGCAGTA
TAATAACTGGOOTCOGTGGACGTTCGGCCAAGS
GACCAAGGTGGAAATCAGAC

CCGTOTCCOTGGGAGAGAGGGCTATCCTGAGCTG
CAGGGCTAGCCAGTCCGTGTCCACCAACCTGGCC
TGOTACCAGCAGAGACCAGGACAGGUTCCAAGGC
TGCTGATCAGCGGAGCTTCTACCAGGGCTACAGG
CATCCCAGCCAGATTCAGCGGLCTCTGGCTCCGEL
ACAGAGTTTACCCTGACAATCTCCAGCCTGCAGTC
TGAGGACTTCGCCGTOTACTATTGTCAGCAGTATA
ACAATTGGCCCCCTTGOACCTTTIGGCCAGGOCAL
AAAGOTGOAGATCAGE

44 EVVLTQSPATLSVSLGERAILSCRASQSVSTNLAWY [FNI4 VK (az)
QORPGOAPRLLISGASTRATGIPARFSGSGSGTEFTL
TISSLOSEDFAVY YCOQOOQYNNWPPWITGOQGTKVEIR

45 IQSVSTN FNI4 CDRLI (aa)

46 IGAS FNI4 CDRL2 (aa)

47 IQOYNNWPPWT FNI4 CDRL3 (aa)

48 IGAGGTGGTGCTGACCCAGTCCCCTGCCACACTGT NI VK (cont)




WO 2022/109309 PCT/US2021/060155
SE{) Sequence Hdentifier
D
NG
49 ICAGGTGCAGCTGATACAATCTGAGGUTGAGGTGAAGA FNIS VH (wt-nt)

AGCCTGGOTCCTCGOTGAGGOGTCTCCTGCAAGGCTICT
GGAGACACCTTCAGUAAATATACTATCGGUTGGOTG
CGACAGGUCCCCGGACAAGGGCTTGAGTGGATGGGAG
GOATCATCCCTCTCTCTCGAACAGUGACCTACGCAC
AGAAGTTCCAGGGCAGAGTCACGATTACCGCGGACGA
ATCCACGACCACAGTTTACATGCAACTGAGCGGCCTG
AGATCTGACGACACGGCCGCATATTACTGTGCGAGAG
CACGCTCGGATTACTTITAATAGAGACCTOCGGLOTGG
GACGATTACTACTTITGATTACTGGGGCCAGGGAACC
CTGOGTCACCGTCTCOTCAG

AGAAGCCAGGCTCCAGCGTGAGGGTGAGCTGCAA
GOCTTCTGGUGACACATTCTCTAAGTACACCATCG
GATGGGTGCGGCAGGCTCCAGGACAGGGCCTGGA
GTGGATGOGCGGCATCATCCCTCTGTCTAGAACA
GCCACCTACGCTCAGAAGTTICAGGGCCGCGTGA
CAATCACCGCTGACGAGTCCACCACAACCGTGTA

ATGCAGCTGTCCGGCCTGAGAAGUCGACGATACA
GCCGCTTACTATTGTGCCAGGGCTCGUTCCOGACTA
CTTCAACCGCGATCTGGGCTGGGACGATTACTATT
TTGATTATTGOGGGCCAGGGCACACTGGTGACCGT
GTCTTCC

50 KVQLIGSEAEVKKPGSSVRVSCKASGDTFSKYTIGW [FNIS VH (aa)
VROAPGOGLEWMGGHPLSRTATYAQKFQGRVTIT
ADESTTTVYMOLSGLRSDDTAAYYCARARSBYFN
RDLGWDDYYFDYWGQGTLVTVSS

ST (GBTFSKYT FNES CDRHI (aa)

52 HIPLSRTA FNES CDRHZ (aa)

53 ARARSDYFRNRDLGWDDYYFDY ENIS CDRHS3 (aa)

54 CAGGTGCAGCTGATCCAGAGCGAGGCCGAGGTGA FNIS VH (co-nt)

129




WO 2022/109309 PCT/US2021/060155
SE{) Sequence Hdentifier
D
NG
S5 IGAAATAGTGATGACGCAGTCTCCAGCCAACCTGT FNIS Vk (wt-nt)

CTGTOGTCTCCAGGGGAAAGAGUCACCOTCTECTG
CAGGGCCAGTCAGACTGTTAGCACCAACTTAGC
CTGGTACCAGCAGAAGCCTGOGCCAGGUTCCCAGE
CTCCTCATCTCTGGTGCATCCACCAGGGCCACTG
CGTATCCCAGCCAGGTTCAGTGGCAGTOGOTCTGE
GACAGAGTTCACGCTCACCATCAGCAGCCTGCAG
TCTGAAGATTTTGCAGTTTATTACTGTCAGCAGTA
TAATAATTGGCCTCCGTIGGACGTTCGGCCAAGE
GACCAAGGTGGAAATCAGAC

CGTGTCCCCAGGAGAGAGGGCCACACTGTCCTGL
COGOCTAGCCAGACCOGTOTCTACAAATCTGGCCT
GGTACCAGCAGAAGCCAGGACAGGCTCCAAGGCT
GCTGATCAGCGGAGCTTCTACCAGAGCTACAGGO
ATCCCAGCTCGCTTCAGCGGATCTGGATCCGGCA
CCGAGTTTACCCTGACAATCTCCAGCCTGCAGAG
COAGGACTTCGUCGTGTACTATTGTCAGCAGTATA
ACAATTGGCCCCCTTGGACCTTTIGGCCAGGGCAC
AAAGGTGCAGATCAGA

56 EIVMTQSPANLSVSPGERATLSCRASQTVSTNLAWY FNIS VK (aa)
OOQKPGQAPRLLISGASTRATGIPARFSGSGSGTEFTL
TISSLOSEDFAVY YCQQYNNWPPWITFGQGTKVEIR

57 IOTVSTN FNIS CDRL1(aa)

58 IGAS FNIS CDRL2(aa)

59 IQQYNNWPPWT FNIS CDRL3(aa)

60 |GAGATCGTGATGACCCAGTCCCCTGCTAACCTGTC FNIS Vk (co-nt)




WO 2022/109309 PCT/US2021/060155
SE{) Sequence Hdentifier
D
NG
01 ICAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGA FNIO VH (wt-nt)

AGAAGCCTOGGOTCCTCGGTGAAGGTCTCOTGCAA
GOCCTCTGGAGGCACCTTCAGTAGTCAAGTTAT
CAGCTGGOTGCGAGAGGUCCCAGGACAAGGOGCTT
GAGTGGATGGGAGGGATCATTICCTATCACTGGA
ATAGCGAACAACGCACAGAAGTTCCAGGGCAGA
GTCACGATTACCGCGGACGGATCCACGGGCACAG
TCTACATGGAGTTGAGCAGUCTGAGATCTGGGGA
CACGGCCOTCTATTACTOTGUGAGAGUGGGTTC
GGATTATTTITAATAGAGACCTCGGOTGGGAAA
ATTACTACTTTGAATATTIGGGOCCAGGGAACCCT
GOTCACCGTCTCCTCAG

AGAAGCCAGGUTCCAGCGTGAAGGTGTCTTGCAA
GGCTTCCGGCGGCACCTTCTCTTICCCAGOGTCATCT
CTTGGOTCAGGGAGGCTCCAGGACAGGGACTGGA
GTGGATGGGCGGCATCATCCCTATCACAGGCATCG
CCAACAATGCTCAGAAGTTTCAGGGCAGAGTGAC
CATCACAGCCGACGGCAGCACCGGCACAGTGTAC
ATGGAGCTGAGCTCTCTGCGCTCTGGLGATACCGC
CGTGTACTATTGTGCCAGGGCTGGCTCCGACTALCT
TCAACCGGGATCTGOGUTGGUAGAATTACTATTIT
GAGTATTGGGGCCAGGGCACCCTGOTGACAGTGT
CCAGC

62 IQVOLVQSGAEVKKPGSSVKVSCKASGGTFSSQVIS [FNI6 VH (aa)
WVREAPGQGLEWMGGHPITGIANNAQKFQGRVTI
TADGSTGTVYMELSSLRSGDTAVYYCARAGSDYFN
RDLGWENYYFEYWGQGTLVTVSS

63 IGGTFSSQV FNI6 CDRH1 (aa)

64 HIPITGIA FNI6 CDRHZ (aa)

65 JARAGSDYFNRDLGWENYYFEY FNI6 CDRH3 (aa)

66 ICAGGTGCAGCTGGTGCAGAGCGGAGCTGAGGTGA FNI6 VH (co-nt)




WO 2022/109309 PCT/US2021/060155
SE{) Sequence Hdentifier
D
NG
o7 IGAAATCGTGATGACACAGTCTCCAGCCACCCTGET FNIG Vk (wtnt)

CTGTATCTCCAGGGGAAAGAGCCATCCTOTCCTGC
AGGGCCAGTCAGAGTGTTAGCACCCACTTAGCC
TGOTACCAGCAGAAACCTGGCCAGGCTCCCAGAL
TCCTCGTTTTTGATGCATCCACCAGGGCCACTGG
TGTCCCAGCCAGATTCOGOTGOCAGTGOGTCTGGE
ACAGAGTTCACTCTCACCATCAGCAGCCTGCAGT
CTCGAAGATTCTGCTOGTTITATTACTGTCAACACTAT
AATAACTGGCOTCOCGTGGACGTTICGGLCAAGGG
ACCAACGTGGAAATCAGAC

GTCCCCAGGAGAGAGGGCTATCCTGTCCTGCAGGGLT
AGCCAGTCCGTGTCCACCCACCTGGCCTGGTACCAGCA
GAAGCCAGGCCAGGUTCCCAGGCTGCTOGOTUGTTCGAC
GCTAGCACCAGAGCTACAGGCGTGCCAGCTAGGTTCG
GAGGAAGCGOGATCTGOCACAGAGTTTACCCTGACAAT
CTCCAGCCTGCAGTCCGAGGATTCCOGCCGTOTACTATT
GTCAGCATTATAACAATIGGCCCCCTTGGACCTITGGC
CAGGGCACAAACGTGGAGATCAGA

08  EIVMTQSPATLSVSPGERAILSCRASGSYVSTHLAWY FNIC VK (aa)
QOKPGOAPRLLVFDASTRATGVPARFGGSGSGTERT
L TISSLOSEDSAVYYCQHYNRNWPPWTFGOGTINVEL
R
69 HISVSTH FNI6 CDRL1{aa)
70 DAS FNIe CDRE2(aa)
71 QHYNNWPPWT FNI6 CDRLE3(aa)
72 IGAGATCGTGATGACCCAGTCTCCTGCCACACTGTCCGT FNIS VK (co-nt)




WO 2022/109309 PCT/US2021/060155
SE{) Sequence Hdentifier
D
NG
73 ICAAGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGA FNIT VH (wt-nt)

AGAAGCCTOGOTCCTCGGTGAAAGTCTCOTGTAA
GACTTCTGGAGGCACCTTCAATAGGCAAGTTATY
CAGCTGGOTGCOACAGGCCCCAGGACAAGGALCTT
GAGTGGATGGGAGGGATCCTCCCTCTTACTGGT
AGAGGGGACGAGGCAGAGAGGTTTCAGGGCAGA
GTCACCATTACCGCGGACGAATCTGAGAGTACAG
TCTACATGGACTTGAGCAGCCTGAGATCTGGGOA
CACGGUCOTCTATTACTOTGUGAGAGCGEGTTC
GGATTACTTTAATAGAGACCTICGGCTGGGAAA
ATTACTACTTTGAATCTTGOGOCCAGOGGAACCCT
GOTCACCGTCTCCTCAG

AGAAGCCAGGCTCCAGCGTCAAGGTGTCTTGLAA
GACCTCCGGCGGCACATTCAACAGGCAGOTCATC

AGTGGATGGGAGGAATCCTGCCTCTGACCGGCAG
GGOCGACGAGGCCGAGAGATTTCAGGGCCGUGTG
ACCATCACAGCTGATGAGTCCGAGAGCACCGTGT
ACATGGACCTGTCTTCCCTGAGAAGCGOCGATALC
AGCCGTOTACTATTOTGCCAGGGCTCGGTCTGALCT
ATTTCAACCGCGATCTGOGCTGGGAGAATTACTA
TTTTGAGTCTTGGGGCCAGGGCACCUTGGTGACA
GTGAGCTCT

AGCTGOOTGCGGCAGGCTCCAGGACAGGGACTGE

74 QVOLVOSGAEVKKPGSSVKVSCKTSGGTENRQVIS [FNI7 VH (aa)
WVROAPGOGLEWMGGILPLTGRGDEAERFQGRVT
ITTADESESTVYMDLSSLRSGDTAVYYCARARSDYF
NRDLGWENYYFESWGQGTLVTVSS

75 IGGTERRQY FINE7 CDRHI (aa)

76 HEPLTGRG FNI7 CDRHZ (aa)

77 JARARSDYFNRDBLGWENYYFES FINE7 CDRH3 (aa)

78 ICAGGTGCAGCTGGTGCAGTCCGGAGCTGAGGTGA FNI7 VH (co-nt)




WO 2022/109309 PCT/US2021/060155
SE{) Sequence Hdentifier
D
NG
79 IGAAATCGTGATGACGCAGTCTCCAGCCACCCTGT FNIT7 Vk (wi-nt)

CTGTATCTCCAGGGGAAAGAGUCACCOTCTCCTG
CAGGGCCAGTCAGAGTGTTAGTACCGACTTAGT
CTGGTACCAGCAGAAACCTGOCCAGGUTCCCCGE
CTCCTCATTTATGATGCATCCACTAGGGCCACTG
CGTATCCCAGCCAGGTTCGGTOGCAGGGGETCTGE
GACAGAGTTCACTCTCACCATCAGCAGCCTGCAG
TCTGAAGATTCTGCTGTTTATTACTGTCAGCACTA
TTCTTACTGGCCTCCGTGGACATTICGGLCAAGG
GACCAAAGTGGAAATCAATC

CCGTOTCCCCAGGAGAGAGAGCCACCOTGAGCTG
CAGGGCTAGCCAGTCCGTGTCCACAGACCTGOTG
TGOTACCAGCAGAAGUCAGGACAGGUTCCAAGGC
TGCTGATCTATGATGCCTCTACCAGAGCTACAGGC
ATCCCAGCTAGGTTCGOAGGAAGGOGATCCGGCA
CCGAGTTTACCCTGACAATCTCCAGCCTGCAGAG
COGAGGACTCCGCCGTOTACTATTIGTCAGCACTAC
AGCTATTGGCCCCOTTGUACCTTCGGCCAGGHCA
CAAAGGTGGAGATCAAC

S0 EIVMTQSPATLSVSPGERATLSCRASQSVSTBLYWY FNI7 VK (aa)
QOKPGOAPRLLIYDASTRATGIPARFGGRGSGTEFTL
TISSLOSEDSAVYYCQHBYSYWPPWTFGQGTKVEIN

81 JISVSTD FNE7 CDRE(aa)

32 IDAS FNI7 CDRE2(aa)

23  QHYSYWPPWT FINI7 CDRL3(aa)

84 IGAGATCGTGATGACCCAGTCCCCTGCCACACTGT  FNI7 VK {co-nt)




WO 2022/109309 PCT/US2021/060155

SE{) Sequence Hdentifier

D

NG

R5  ICAGOTCCACCTGUTGCAGTCTGGGGCTGAGGTGAAGG IFNIS VH (wi-nt)
AGCCTGGOTCCTCGGTGACGGTCTCCTGCAAGGCATCT
GCGAGGCAGCTTCAACAACCAGGUTATTAGCTGGGTG
CGACAGGUCCCAGGACAAGGCUTTGAGTGGATGGGAG
GGATCTTCCCTATCTCTGGCACACCGACCAGCGCALC
AGAGGTTCCAGGGCAGAGTCACATTTACCGCGGACGA
GTCCACGACCACAGTCTACATGGATCTGAGCAGCCTG
AGATCTGACGACACGGCCGTCTACTACTGTGLGAGAG
CGGGTTCGGATTACTTTAATAGAGACCTCGGCTIGE
GAAAACTACTACTTTIGCGTCOTGGGGCCAGGGAALCC
CTGGTCACCGTCTCCTCAG

86 VHLVQSGAEVKEPGSSVTVSCKASGGSFNNQAIS IFNI9 VH (aa)
WVRGAPGQGLEWMGGIFPISGTPTSAQRIFQGRVTY
TADESTTTVYMDLSSLRSDDTAVYYCARAGSDYFN
RBLGWENYYFASWGOQGTLYTVSS

87 IGGSFNNQA FINI® CDRHI (as)

38  HFPISGT? FNIO CDRH2 (aa)

39 IARAGSDYTNRDLGWERNYYFAS ENI9 CDRH3 (aa)

90  ICAGGTGCACCTGGTGCAGAGCGGAGCTGAGGTGA FNIO VH {(cont)

AGGAGCCAGGATCCAGCGTCGACAGTGTCTTGCAA
GOGCTTCCGGUOGCAGCTTCAACAATCAGGCTATC
TCCTGGGTGAGGCAGGUTCCAGGACAGGGACTOG
AGTGGATGGGCGGCATCTTTCCCATCTCTGGCACA
CCTACCTCCGUCCAGAGGTTCCAGGGAAGGOTGA
CCTTCACCGUTGACGAGAGCACCACAACCGTOTA
CATGOGATCTGTCTTCCCTGAGATCTGACGATACCG
CCGTGTACTATTGTGCCAGAGUTGGCTCCGACTAT
TTCAACCGCGATCTGGGCTGGGAGAATTACTATTT
TGCTTCCTGGOOUCAGOGCACACTGOTOACCETG
AGCTCT

135




WO 2022/109309 PCT/US2021/060155
SE{) Sequence Hdentifier
D
NG
91 IGAAATCGTGATGACGCAGTCTCCAGCCACCCTGT FNIO Vk (wi-nt)

CTCTATCTTCAGGGGAAAGAGCCACCCTCTCCTGE
AGGGCCAGTCGGAGTGTTAGTAGCAACTTAGCC
TGOTACCAGCAGAAACCTGGCCAGGCTCCCAGGT
TCCTCATTTATGATGCATCCACCAGGGCCACTGG
TTTTTCAGCCAGOGTTCGUTGGCAGTGGOTCTGGGA
CAGAGTTCACTCTCACCATCAGCAGCCTGCAGTCT
GAAGATTCTGCTATTTATTACTGTCAGCAGTATA
ATAACTGGUCTCCGTGGACGTTCGGCCAAGGGA
CCAAGGTGGAAATCAAAC

GCCTGTCCAGCGGAGAGAGGGCCACCCTGTCCTG
CAGGOGCTTCCCOGGAGCOTOTCTTCCAACCTOGECT
GOTACCAGCAGAAGUCAGGCCAGGCTCCCAGACT
GCTGATCTATGACGCCTCTACCAGAGCTACAGGC
TTCTCCGCCAGOTTTGCTGGATCTGOATCCGGCALC
AGAGTTCACCCTGACAATCAGCTCTCTGCAGAGC
CGAGGATTCTGCTATCTACTATTGTCAGCAGTACAA
CAATTGGUCCCCTTGGACCTTIGGCCAGGGCACA
AAGGTGGAGATCAAG

02 EIVMTQSPATLSLSSGERATLSCRASRSVSSNLAWY NI VK (aa)
QOKPGOAPRLLIYDASTRATGFSARFAGSGSGTEFT
LTISSLOSEDSAIYYCQQOYNNWPPWTFGOGTKVEIK

03 [RSVSSN FNIS CDRL1(aa)

04 IDAS FNIO CDRL2(aa)

05 IQOYNNWPPWT FNIO CDRI3(aa)

56 IGAGATCGTGATGACCCAGTCCCCAGCCACACTGA FNI9 Vk (co-ni)




WO 2022/109309 PCT/US2021/060155
SE{) Sequence Hdentifier
D
NG
97  ICAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGA FNILG VH (wi-nt)

AGAAGCCTOGOTCCTCGGTGAAAGTCTCOTGCAA
GOGCTTCTGGAGGCACCTTGAGTAGTCAAGTTAT
TAGCTGGGTOCGACAGGCCCCAGOACAAGGACTE
GAGTGGATCGGAGGGATCATCCCCACCACTGGT
ACAGGGOGCOCGECAGAGGGGTTCCAGGGCAGA
GTCTCCATTTCCGCGGACGAATCCAGGAGCACAG
TCTACATGGAACTGACCAGCCTGACTTCTGGGGA
CACGGUCOTCTATTATIGTGCGAGAGUGGTITCG
GATTACTTTAATAGAGACCTCGGUTGGGAAARA
TTACTACTTTGAATCTTOGOGCCAGGGAACCCTG
GTCACCGTCTCCTCAG

AGAAGCCAGGCTCCAGCGTCGAAGOTGTCOTGCAA
GGCTAGCGGCGGCACCCTGICTTCCCAGGTCATCT
CTTGOGOTCGAGGCAGGCTCCAGGACAGGGACTGGA
GTGOGATCGGCGGCATCATCCCTACCACAGGCACA
GGCGCGAGCTOCTGAGGGATTCCAGGGCAGAGTGT
CCATCAGCGCCGACGAGTCTCGCTCCACCGTGTAC
ATGGAGCTGACCAGCCTGACATCTGGUGATACAG
CCOGTGTACTATTGTGCCAGGGCCGTGTCCGACTAT
TTCAACCGGOATCTGOOCTGGGAGAATTACTATTT
TGAGTCCTGGGGCCAGGGCACCCTGGTGACAGTG
AGCTCT

08 JOVOLVOSGAEVKKPGSSVKVSCKASGGTLSSQVIS FNITO VH (aa)
WVRQAPGQGLEWIGGHPTTGTGGAAEGFQGRVSIS
ADESRSTVYMELTSLTSGDTAVYYCARAVSDYFNR
DLGWENYYFESWGQGTLVTVSS

99 IGGTLSSQV FNIIO CDRH1 (as)

100 [PTTGTG FINITO CDRH2 (aa)

101 ARAVSDYFNRDLGWENYYFES FNIIO CDRHS3 (aa)

102 ICAGGTGCAGCTGGTGCAGAGCGGAGCTGAGGTGA [FNIO VH {co-nt)




WO 2022/109309 PCT/US2021/060155
SE{) Sequence Hdentifier
D
NG
103 IGAAATCGTGATGACGCAGTCTCCAGCCACCCTGT FNIIO VK {wt-nt)

CTGTOGTCTCCAGGGGAAAGAGCCACCOTCTOTTOC
AGGGCCAGTCGGAGTGTTAGTATCAACTTAGCC
TGOTACCAACAGAAACCTGGCCAGGCTCCCCGEC
TCCTCATTTATGATGCATCTACGAGGGCCACTGG
CATCCCAGCCAGGTTCOGTGGCAGGGGGTCTGGA
ACAGAGTTCACTCTCACCATCAGCAGCCTGCAGT
CTCGAAGATTCTGCTGTTTATTACTGTCAGCACTAT
AATAACTGGCOTCOCGTGGACATTICGGUCAAGGE
ACCAGAGTGGAAATCAAAC

104

EIVMTQSPATLSVSPGERATLSCRASRSYSINLAWY()
QKPGOAPRLLIYDASTRATGIPARFGGRGSGTEFTLTE
SSLOSEDSAVYYCQHYNNWEPPWTFGQGTRVEIK

FNEEO VK (aa)

REVEIN

FNILO CDRL1{aa)

106

DAS

FNI10 CDRL2(aa)

QHYNNWEPPWT

ENITO CDRL3(aa)

GAGATCGTGATGACCCAGTCCCCTGCCACACTGTCCGT
GTCCCCAGGAGAGAGAGCCACCCTGAGCTGCAGGGOT
AGCAGGTCCGTGTCCATCAACCTGGUCTGGTACCAGCA
GAAGCCAGGCCAGGCTCCCAGGCTGCTGATCTATGALCH
CTTCTACCAGGGCTACAGGCATCCCAGCTAGATTICGGA
GOAAGGOGATCCGGAACAGAGTTTACCCTGACAATCY
CCAGCCTOGCAGAGCGAGGATTCCGCCOGTGTACTATICT
CAGCACTACAACAATTGGCCACCTTGGACCTTICGGCCA
GOUAACACGCOTGGAGATCAAG

FINIIO VK {co-nt)

CAGGTGCACCTGGTACAGTCTGGGGCTGAGGTGA
AGAAGCCTOGOTCCTCGOTCGAGGGTCTCCTGCAA
GGCTTCTGGAGACTCCTTCAACAAATATGAAGTC
AGCTGGOTGCGACAGGCCCCCGUHACATGGACTTG
AGTGOATOGCAGGCATCATCCCTCTCTCTCCTAT
AGCGAGGTACGCAGAGAAATTTCAGGGCAGAGTC
ACGATTACCGCGGACGAATTCACGAGCACGOTCT
ATATACAACTGACCAGCCTGAGATCTGACGACAC
GGCCGTATACTACTOTGCGACAACACGTTCGGAT
TACTTTAATAGAGACCTCGGOTGGGAAGATTAC
TTCTTTGACCACTGGGGCCAGGGAACCCTGGICA
CCGTCTCCTCAG

FINEE2 VH (wt-nt)




WO 2022/109309

PCT/US2021/060155

SEQ
D
NG

Sequence

identifier

110

OVHLVOSGAEVKKPGSSVRVSCKASGDSFNKYEVS
WVROQAPGHGLEWMGGHPLSPIARY AEKFQGRVTIT
ADEFTSTVYIOLTSLRSDDTAVYYCATTRSDYFNRD
LGWEDYFFDHWGQGTLVYTVSS

FNI12 VH (aa)

il

GDSFRNEKYE

FNII2 CDRHI (aa)

112

HIPLSPIA

ENI12Z CDRHZ (aa)

113

ATTRSDYFNRDLGWEDYFFDH

FINIT2 CDRH3 (aa)

114

CAGGTOGCACCTGGTGCAGTCTCGCGCCGAGGTGAAGA
AGCCAGGCTCCAGCGTGAGGOTGTCCTGCAAGGCTAG
COGGCOACTCTTITCAACAAGTACGAGGTGAGCTGGGTGA
CACAGGCTCCAGGACATGGACTGGAGTGGATGGGCGE
CATCATCCCCCTGTCTCCTATCGCCAGATACGCTGAGA
AGTTCCAGGGUCGCGTGACCATCACAGCTOGATGAGTTT
ACCTCCACAGTGTATATCCAGCTGACCTCCCTGAGGAG
CGACGATACAGCCGTOTACTATIGTGCTACCACAAGGA
GCCGACTACTTTAATCOGCATCTGGGCTGGGAGGACTAT
TTCTTTGATCACTGGGGCCAGGGCACCCTGGTGACAGT
GTCTTCC

FNI12 VH (co-nt)

GAAATAGTGATGACGCAGTCTCCAGCCACCCTIGTC
TGTGTCTCCAGGGGAAAGAGCCACCCTCTICCIGCA
GOGOCCAGTCAGAGTATTAGCACCAACTTAGCCTG
GTACCAGCAGAAACCTGGCCAGGCTCCCAGGCTC
CTCATCTCTGGTGCATCCACCAGGGCCACTGOTA
TCCCAGCCAGGTTCAGTGGCAGTGGGTCTGGGAC
AGAGTTCACTCTCACCATCAGCAGCCTGCAGTICTG
AAGATTTTGGAGTTTATTACTGTCAGCACTATAAT
AACTGGUCTCCGTGGACGTTCGGCCAAGGGACT
AAGGTGGAAATCAAAC

FINIL2 VK (wt-nt)

116

EIVMTOQSPATLSVSPGERATLSCRASQSISTRLAWYQ
OKPGOAPRLLISGASTRATGIPARFSGSGSGTEFTLTI
SSLQSEDFGVYYCOQHYNNWPPWTFGOQGTKVEIK

FNT12 VK (as)

117

JSISTN

ENIIZ CDRL1(aa)}

118

=AS

FNILZ CDRL2(aa)

119

OQHYNNWPPWT

ENIIZ CDRL3(aa)

139




WO 2022/109309

PCT/US2021/060155

SEQ
D
NG

Sequence

identifier

120

GAGATCGTGATGACCCAGTCCCCTGCCACACTGTC
COTGTCCCCAGGAGAGAGOGUCCACCCTGAGCTGO
COGOCTAGCCAGTCTATCTCCACAAACCTGGOCTG
GTACCAGCAGAAGCCAGGACAGOGUTCCAAGGCTG
CTGATCAGCGOGAGCTTCTACCAGAGCTACAGGCAT
CCCAGCTCGUCTTCAGCGGATCTGGATCCGGAACCO
AGTTTACCCTGACAATCTICCAGCCTGCAGTCTGAG
GACTTCOGUOGTGTACTATTGTCAGCACTATAACAA
TTGGCCCCCTTOGACCTTTGOUCCAGGGCACAAAGG
TGGAGATCAAG

FNIIZ Vk (cont)

CAGOTTCAGCTGGTGCAATCOTGGGOCTGAGGTGA
AGAGGCCTGGGTCCTCOGTGAGGOTCTCCTGCAA
GOGTTCTGGAGACACCTTICAACAACTATGTTATC
AGTTGGOTGCGACAGGCCCCTGGCCAAGLGUTTG
AGTGGATGGGGOGCATCATCCCTATCTTTCAAAC
ACCAAACTACGCAGAGAAGTTCCAGGGCAGAGTC
GCGATTACCGCGGACGAATCCACGAGCACGGLCT
ACATGOGAGTTGAGCAGCCTGAGATCTGAGGACTC
GOCCATTTATTACTGTGCGAGAGCGAATTCCGAT
TACTTTAATAGAGACCTCGGCTGGGAARAAATTAC
TACTTTGAAGACTGGOGGGCCAGGGAACCCTGGTCA
CCGTCTCCTCAG

ENILS VH (wi-nt)

OVOLVOSGAEVKRPGSSVRVSCKGSGDTENNY VIS
WVROAPGOGLEWMGGHPIFOTPNY AEKFOGRVAI
TADESTSTAYMELSSLRSEDSATYYCARANSDYFNR
DLGWENYYFEDWGOGTLYTVSS

FINEES VH (aa)

GDTEFNNYY

FNII3 CDRHI (aa)

IPIFQTP

FINELS CDRH2 (aa)

ARANSDYFNRDLGWENYYFED

FINIE3 CDRHS (aa)

140




WO 2022/109309 PCT/US2021/060155
SE{) Sequence Hdentifier
D
NG
126 ICAGGTGCAGCTGGTGCAGTCCGUAGCTGAGGTGAAGA FNII3 VH (co-nt)

GGCCAGGATCCAGCGTGCGGGTGAGCTGCAAGGGATC
TGOCOACACCTTCAACAATTACGTGATCAGCTGGOTGA
GGUAGGCTCCAGGACAGGGACTGGAGTGGATGHGOGE
CATCATCCCCATCTTCCAGACCCCTAACTACGUTGAGA
AGTTTCAGGGCAGGGTGGCCATCACAGCTGACGAGTCC
ACCAGCACAGCCTATATGGAGCTGTCTTCCCTGAGATC
TGAGCGATTCCGUTATCTACTATTIGTGCCAGAGCTAACT
CTGACTATTTCAATCGCGATCTGGGUTOGGAGAATTAC
TATTTTGAGGATTGGGGCCAGGGCACCCTGGTGACAGT
GAGCTCT

GAAAGAGTGATGACGCAGTCTCCAGCCACCCTTTIC
TGTGTCTCCAGGGGGAAGAGUCACCCTCTCCTGCA
GGOCCAGTCAGAGTGTTGGTAGCAACTTAGCCT
GGTACCAGCAGAAACCTGOCCAGOGCTCCCAGELT
CCTCATCTATGATGCTTCTGCCAGGGCCACTGOT
GTCCCAGCCAGGTTCAGTGGCAGTGGOTCTGGGA
CAGAGTTCTCTCTCTCCATCAACAGCCTGCAGTCT
CAAGATTCTGCAGTTTATTACTGTCAGCACTATAA
TATCTGGCCGCOGTGGACGTTCGOCCAAGGGAC
CAAGGTGGAAATCAAAC

FNI13 Vk (wt-nt)

128

ERVMTOSPATLSVSPGGRATLSCRASQSVGENLAW
YOQOKPGQAPRLLIVBASARATGVPARFSGSGSGTERS
LSINSLOSEDSAVYYCOQHYNIWPPWTFGOQGTKVEIK

FNI13 VK (az)

OQSVGEN

FNI13 CDRL1(aa)

DAS

FNII3 CDRL2(aa)

QHYNIWPPWT

FINEES CDRL3{aa)

GAGAGAGTGATGACCCAGTCTCCTGCTACACTGTC
COGTGAGCCCAGGAGGAAGGGCTACCCTGTCCTGC
AGOGCTTCTCAGTCOGTGOGAAGCAACCTGGCTIC
GTACCAGCAGAAGCCAGGCCAGGCCCCCAGACTG
CTCGATCTATGACGCTTCCGCTAGAGCTACCGGCGT
GCCAGCTCGCTTCAGCGGATCTGGCTCCGGCACAG
AGTTTAGCCTOGTCTATCAACTCCCTGCAGAGCGAG
GATTCTGCCGTGTACTATTGTCAGCACTACAATAT
CTGGCCACCTTGCGACCTTCGOCCAGGGAACAAAG
GTGGAGATCAAG

FNI13 VK (cont)

141




WO 2022/109309

PCT/US2021/060155

SEQ
D
NG

Sequence

identifier

133

CAAGTTCAGTTGGTGCAGTCTGGGGCTGAGCTGAA
GCGGCCTGGOTCCTCGOTGAGGATCTCCTGCAAGH
CCTCTGGTGTCACCTTCAACAAGTATGTTCTCAG
CTGGGTGCGACTGGCCCCTGGACAAGGGUTTGAG
TGGATGOGAGGAATCATCCCTATTITUTGHGTATAC
CACATTACGCAGAGAAGTTCCAGGGCAGAGTCGO
GATTACCGCGGACGAATCCACGAGCACAGTCTAC
ATGGAGTTCGAGCAGCCTACGATCTGAGGACTCGG
CCCTATATTACTOTGUGAGAGUGGTCTCCGATTA
TTTTAATCGGGACCTOGGUTGGGATGATTACTA
CTTTCCTTTGTGGGOCCACGGCACCCTGOTCALC
GTCTCCTCAG

FNI14 VH (wt-nt)

QVOLYVOSGAELKRPGSSVRISCKASGVTFNKYVLS
WVRLAPGQGLEWMGGHPISGIPHYAEKFQGRVAIT
ADESTSTVYMELSSLRSEDSALYYCARAVSDYFNRD
LGWDBDYYFPLWGHGTLVTVSS

FNI14 VH (aa)

GYTERKYV

FINEE4 CDRHI (aa)

HPISGIP

FINET4 CDRH2 (aa)

ARAVSDYFNRDLGWDDYYFPL

FNIT4 CDRI (aa)

CAGGTOGCAGCTGGTGCAGTCTGGAGUTGAGCTGAAGA
GCGCCAGGATCCAGCGTGCGGATCAGCTGUAAGGCTTICT
GCOGCGTGACCTTCAACAAGTACGTOCTOGTCCTGGGTGAG
GCTGOGCTCCAGGACAGGGACTGGAGTGGATGGGCGGE
ATCATCCCCATCAGCGGCATCCCTCACTACGCTGAGAA
GTTTCAGGGCAGGGTGGCCATCACAGCTGACGAGTCCA
CCAGCACAGTGTATATGGAGCTGTCTTCCCTGAGATCT
GAGGATTCCGCCCTGTACTATTIGTGCCAGAGCCGTGTC
CGACTATTTCAATCGCGATCTOGGGUTGGGACGATTACT
ATTTTCCCCTOTOOOGCCATGGUACCCTGGTGACAGTG
AGCTCT

FINEE4 VH (co-nt)

142




WO 2022/109309 PCT/US2021/060155
SE{) Sequence Hdentifier
D
NG
139 IGAAATAGTGATGACGCAGTCTCCAGCCACCCTGTCIFNING VK {wt-nt}

TGTGTCTCCAGGGGAAAGUGCCACCCTCTTICTGCA
GOGOGCCAGTCGGAGTGTTAGTGACAACTTAGCCT
GOTACCAGCAGAAACCTGGCCAGGCTCCCAGGET
CCTCATCTTTGGTGUTTCCACCAGGGLCACTOET
GTCCCAGCCAGGTTCGOTGGCAGTGOOGTCTGGGA
CACAGTTCACTCTCACCATCAGCAGCCTGCAGTCT
GAAGATTTTGCAGTTTATTACTGTICAGCATTATAA
TAACTGGOUTCOGTGGAUGTTCGGCCAAGGGAL
CAAGOGTGGAGATCAAAC

140

EIVMTQSPATLSVSPGESATLFCRASRSVSDNLAWY
QOKPGOAPRLLIFGASTRATGVPARFGGSGSGTOFTL
TISSLOQSEDFAVYYCOQHYNNWPPWTITGOGTKVEIK

FNEH4 VK (aa)

RSVSDN

FNIT4 CDRL1(z2a)

142

GAS

FNIT4 CDRL2(aa)

143

QHYNNWPPWT

FNI14 CDRL3(aa)

144

GAGATCGTGATGACCCAGTCCCCTGCCACACTGTC
COTGTCCCCAGGAGAGAGCGCCACCCTOTTCTGCA
GGOCTAGCAGGTCCOTGTCCGACAACCTOGECTG
GTACCAGCAGAAGCCAGGCCAGGCTCCCAGGCTG
CTGATCTTTGGCGCCTCTACCAGAGCTACAGGCGT
GCCAGCTAGOTTCGOAGGAAGCGGATCTGGCACA
CAGTTTACCCTGACAATCTCCAGCCTGCAGTCCGA
GOGATTTCGCCOTGTACTATTGTCAGCACTATAACA
ATTGGCCCCCTTGGACCTTTOGUCAGGGCACAAAG
GTGGAGATCAAG

ENI14 Yk (co-nt)

145

CAGGTTCAACTGGTCGCAGTCTGGGGCTGAGGTGAAGA
GOCCTGOOTCCTCOGGTGAAGGTCTCCTGCAAGCCTTICC
GGAGGUACCTTCAGCAACAATGTTATCAGCTGGGTG
CCACAGGCCCCTGOGACAAGGGCTTCGAGTGGATGGGAG
GOGATCATCCCCACCTUTGOGTATAGCAAACTACGOGO
AGAAGTTCCAGGGCAGAGTCGCCGATTATTIGCGGACAA
ATCTACGAGCACAGTCTACATGGCGTTGAGCAGCCTGA
GATCTGAGGACTCGGCCGTGTATTICTGTGCCAGAGC
GCGGTCOGACTACTTCAATAGAGACCTCGGLTGGE
AAGATTACTACTTTGAGAACTGGOGCCAGGGAACCCT
GOTCACCGTCTCCTCAG

FNIL7 VH (wi-ni)

143




WO 2022/109309

PCT/US2021/060155

SEQ
D
NG

Sequence

identifier

146

OVOLVOSGAEVKRPGSSVKVSCKPSGGTEFSNNVISW,
VROAPGQOGLEWMGGHPTSGIANYAQKFOGRVAHA
DEKSTSTYVYMALSSLRSEDSAVYFCARARSDYFNRD
LGWEDYYFENWGQGTLYTVSS

FNIT7 VH (aa)

147

GGTRFSNNY

FINIT7 CDRHI (aa)

148

HIPTSGIA

FNIT7 CDRII2 (aa)

149

ARARSDYFNRDBLGWEDYYFEN

FINIL7 CDRHS3 (aa)

CAGGTGCAGCTGGETGCAGTCCGGAGCTGAGGTGA
AGAGGCCAGGCTCCAGCGTGAAGOTGAGCTGCAA
GCCTTCTGGCGGCACCTTCTCCAACAATGTGATCA
GCTGGOTGAGACAGGUTCCAGGACAGGLACTGGA
G TGOATOGGOAGCGAATCATCCCCACATCTGGCATC
GCCAACTACGCTCAGAAGTTTCAGGGCAGGGTGE
CCATCATCGUTGATAAGTCCACCAGCACAGTGTATY
ATGGCCCTCGTCTTCCCTGAGATCTGAGGACTCCGC
CGTGTACTTICTGTGCCAGGGCTCOGGTCCGACTACT
TCAACCGCGATCTGGGCTGGGAGGACTACTATTIC
GAGAATTGGGGCCAGGGCACCCTGGTGACAGTGA
GCTCT

ENIT7 VH (co-nt}

GAAATAGTGATGACGCAGTCTCCAGCCACCCTIGTC
TGTGTCTCCAGGGGAAAGAGCCACCCTCTCCTGCA
GOGOGCCAGTCAGAGTGTITGGCAGCAGUTTAGTCT
GOTACCAGCAGAAACCTOGCCAGGUTCCCAGGET
CCTCATCTATGGTGCATCCACCAGGGUCACTGOT
GTCCCAGCCAGGTTCAGTGGCAGTGGGTICTGGGA
CAGAGTTCACTCTICACCATCAGCAGCCTGCAGTCT
GAAGATTTTGCAGTTTATTACTGTCAGCACTATAA
TAACTGGUCCTCCGTGGACGTTICGGCCAAGGGAC
CAAGOGTGGAAATCAAAC

FNILT Vk (wt-nt)

EIVMTOSPATLSVSPGERATESCRASQSVGSSLYWY
QOKPGOQAPRLLIYGASTRATGVYPARFSGSGSGTEFTL
TISSLOSEDFAVYYCQHYNNWPPWIFGOQCGTKVEIK

FNI17 VK (aa)

QSVGES

FNI117 CDRL(aa)

GAS

FINI17 CDRL2(sa)

QHYNNWPPWT

FNI17 CDRL3(aa)

144




WO 2022/109309 PCT/US2021/060155
SE{) Sequence Hdentifier
D
NG
156 IGAGATCGTGATGACCCAGTCTCCTGCCACACTGAGIFNILT Vk {co-nt)

GOGGCTTCCCAGAGCGTOGGOATCCAGCCTGOTGTG
GTACCAGCAGAAGCCAGGACAGOGUTCCAAGGCTG
CTGATCTATGOAGCTAGCACCAGAGCTACAGGLG
TGCCAGCTCGCTTCTCTGGATCCGGAAGCGGCACA
GAGTTTACCCTGACAATCTCTTICCCTGCAGTCTGA
GGACTTCGCCGTGTACTATIGTCAGCACTACAACA
ATTGGCCCCCTTGOACCTTTOGUCAGGGCACAAAG
GTGGAGATCAAG

COTGTCTCCAGGAGAGAGGGCCACCCTGTCCTGUA

CAAGTTCAGCTGGTGCAGTCTGGGGCTGAGGTGA
AGAGOGCCTGGGTCCTCGGTGAGGGTCTCCTGCAA
GGUTTCTGAAGGUCACCTTCAACAAGTATACTCOTC
ACCTGGGTGCGACAGGCCCCTGCGACAGGGACTTG
AGTGGATGGGAGGAATCATCCCTATCTCCGGTA
TAGCAAACTACGCACAGAAGTTCCAGGOCAGAGT
CGCOATTACCGCGGACGAATCCACGACCACAGCC
TACATGGAATTGAGCAGCCTAAGATCTGAAGACT
COGGCCGTATATTACTOTGCGACAGUGGTCTCCGA
TTATTTTAATCGAGACCTCGGCTGGGAAGATTA
CTACTTTCOGTTOTGGEGGUCAGGOGCACCOTGHTC
ACCGTCGCCTCAG

FINELO VH (wi-nt)

158

QVOLVQSGAEVERPGSSVRVSCKASEGTFNKYTLT
WVRQAPGQGLEWMGGHPISGIANYAQKFQGRVAIT
ADESTTTAYMELSSLRSEDSAVYYCATAVSDYFNR
DLGWEDYYFPFWGQGOTLVTVAS

FNILO VH (aa)

HGTFNKYT

FINILS CDRHI (aa)

HIPISGIA

FNI19 CDREZ (aa)

ATAVSDYFNRBLGWEDYYFPF

ENIIS CDRHS (aa)

145




WO 2022/109309 PCT/US2021/060155
SE{) Sequence Hdentifier
D
NG
162 ICAGGTGCAGCTGGTGCAGTCCGGAGCTGAGGTGA FNILS VH (co-nt)

AGAGGCCAGGATCCAGCGTGCOGGTGTCUTGCAA
GOGUTAGCGAGGGCACATTCAACAAGTACACACTG
ACCTGGGTGAGGCAGGCTCCAGGACAGGGACTGG
AGTGGATGOGUGGCATCATCCCTATCTCTGGCATC
GCCAATTACGCTCAGAAGTTTCAGGGCAGAGTGE
CCATCACAGCTGATGAGTCCACCACAACCGCCTAT
ATGGAGCTGTCTTCCCTGAGAAGCGAGGACTCCGC
COTGTACTATTOTGCCACCGCTOTGAGCGACTATT
TCAACCGCGATCTGGGUTGGGAGGACTACTATTTC
CCCTTTTGGGGLCAGGGCACACTOGGTGACCOTGEC
TTCT

163

CGAAATAGTCGATGACGCAGTCTCCAGCCACCCTOGTC
TGTGTCTCCGGGGGCCAGAGCCACCUTCTICTGCA
GGOCCAGTCGGAGTGTTAGTGACAACTTAGCCT
GOTACCAGCAGAAACCTGGCCAGGCTCCCAGGET
CCTCATCTTTGGTGCATCCACCAGGOGCCACTGOT
GTCCCAGCCAGGTTCAGTGGAAGTGGOTCTGGGA
CACAGTTCACTCTCACCATCAGCAGCCTGCAGTICC
GAAGATTTTGCAGTTTATTACTGTICAGCATTATAA
TATTTGGUCTCCGTGGACGTTCGGCCAAGGGAC
CAAGGTGGAGATCAAAC

FNI19 Vk (wi-nt)

164

EIVMTQSPATLSVSPGARATLFCRASRSVSDNLAWY
QOKPGOAPRLLIFGASTRATGVPARFSGSGSGTQFTL
TISSLOSEDFAVYYCOQHYNIWPPWTTFGOGTKVEIK

FNILO VK (aa)

RSVSDN

FNITO CDRL 1(aa)

166

GAS

FINETS CDREZ2(aa)

167

QHYNIWPPWT

FINITS CDRL3(aa)

168

GAGATCGTGATGACCCAGTCCCCTGCTACACTGTC
COTGTCCCCAGGAGCTAGGGUTACCCTOGTTOTGCA
GGOCTAGCAGGTCCOTGTCCGACAACCTGOOTTCH
TACCAGCAGAAGCCAGGCCAGGCCCCCAGACTOC
TCGATCTTTGGAGCTAGCACCAGAGCTACAGGOGTG
CCAGCTCGUTTCAGCGGATCTGOATCCGGCACACA
GTTTACCCTGACAATCTCCAGCCTGCAGTCTGAGG
ATTTCOGCCGTGTACTATIGTCAGCACTATAATATC
TGGCCCCCTTGGACCTTITGGCCAGGGCACAAAGGT
GOAGATCAAG

ENTLO Vk (co-nt)

146




WO 2022/109309 PCT/US2021/060155
SE{) Sequence Hdentifier
D
NG
169 HReserved]
170 ICAGGTGCAGCTGGTGCAGTCCGGAGUTGAGGTGA FNI3-VH-W1I0F

AGAGOCCAGOATCCAGCGTGAAGGTGTCCTGCAA
GOCCAGUGGUGUTACCTTCAGCAACAATGTGAT
COGCTTGGOTGAGACAGGUTCCAGGACAGGGACTG
GAGTGGATGOGAGOAATCCACCCTATCAGOGCC
ACCGUTACATACGCCCAGAAGTTTICAGGGCAGAG
TGGCTATCGUCGUTGACGAGCTGACCTCTACAGCC
TATATGGAGCTGAACGGCCTGCGCAGCGAGOATT
CCGUCOTGTACTATTGTGUCAGGGUTGGOTOTGA
CTACTTCAACCGGGATCTIGGGUTTCGAGAATTA
CTATTTTGACTCOTGGGGUCAGGGCACCCTGHTG
ACAGTGTICTTCC

(nt)

171

QVOLVOQSGAEVEKRPGSSVEVSCKASGATEFSNNVIA
WVROQAPGOQGLEWMGGIHPISATATYAQKFQGRVAL
AADELTSTAYMELNGLRSEDSAVYYCARAGSDYFN
RDLGFENYYFDSWGOGTLVTVSS

FNI3-VH-W110F
(aa)

ARAGSDYFNRDLGFENYYFDS

FNI3-VH-W110F
CDRI3 (aa)

GAGATCCTGATGACCCAGTCCCCTGCCACACTGTC
CGTGTCCCCAGGAGAGAGGOGCCACCCTGAGCTGC
AGGGCTTCTCAGGACGTGTCCGGCAACCTGGCCT
GGTACCAGCAGAGACCAGGACAGGCTCCAAGGCT
GCTGATCTATGGAGUTTCCACCAGGGUTACAGGC
GTGCCAGCTAGATTCACCGGCGCTGGAAGCGGCA
CAGAGTTTACCCTGACAATCTCCAGCCTGCAGTCT
CGAGGATTTCGCTCTGTACTATTIGTCAGCACTACAA
CAATTTTCCCCCTTGGACCTTTGGCCAGGGCACA
AAGGTGGAGATCAAG

174

HILMTOSPATLSVSPGERATLSCRASGDVSGNLAWY
QORPGOAPRLLIYGASTRATGVPARFTGAGSGTEFT
LTISSLOSEDFALYYCQHYNNFPPWITFGOQGTKVEIK

FNI3-VK-WO4F (aa)

QHYNNFPPWT

ENI3-VK-Wo4F

CDRL3 (aa)

147

FNI3-VK-Wo4F (nt)




WO 2022/109309 PCT/US2021/060155
SE{) Sequence Hdentifier
D
NG
176 IGAGATCCTGATGACCCAGTCCCCTGCCACACTGTC FNI3-VE-WOTF (nt)

COTGTCCCCAGGAGAGAGOGUCCACCCTGAGCTGO
AGGGCTTCTCAGGACGTGTCCGGCAACCTGGOCT
GOTACCAGCAGAGACCAGGACAGGCTCCAAGOGCT
GCTGATCTATGGAGCTTCCACCAGGGUTACAGGE
GTGCCAGCTAGATTCACCGGCGCTGGAAGCGGCA
CAGAGTTTACCCTGACAATCTCCAGCCTGCAGTCT
GAGGATTTCGCTCTGTACTATIGTCAGCACTACAA
CAATTGGCCCCCTTTCACOTTITOGUCAGGOCACA
AAGGTGGAGATCAAG

EILMTOQSPATLSVSPGERATLSCRASGDVSGNLAWY
QORPGOAPRLIIYGASTRATGYVPARFTGAGSGTEFRT
LTISSLOQSEDFALYYCQHYNNWPPFTFGOGTREVEIK

FNI3-VK-WOTF (aa)

QHYNNWPPFT

FINI3-VE-WOTK
CDRL3 {aa)

GAGATCCTGATGACCCAGTCCCCTGCCACACTGTC
CGTGTCCCCAGGAGAGAGGOCCACCCTGAGCTGC
AGGOCTTCTCAGGACGTGTCCGGCAACCTGGOCT
GGTACCAGCAGAGACCAGGACAGGCTCCAAGGCT
GCTGATCTATGGAGCTTCCACCAGGGCTACAGEC
GTGCCAGCTAGATTCACCGGCGCTGGAAGCGGCA
CAGAGTTTACCCTGACAATCTCCAGCCTGCAGTCT
GAGOATTTCGCTCTOTACTATIGTCAGCACTACAA
CAATTTTCCCCCTTITCACCTTTOGCCAGGGCACA
AAGGTGGAGATCAAG

ENI3-VEK-WO4F-
WOTE (nt)

180

HILMTQSPATLSVSPGERATLSCRASGDVSGNLAWY
QORPGOAPRLLIVGASTRATGVPARFTGAGSGTEFT
LTISSLOSEDFALYYCQHYNNFPPFITGOGTKVEIK

FNI3-VK-WO4F-
WOTF (aa)

181

QHYNNFPPEFT

INE3-VIC-WO4E-
WOTF CDRL3 (aa)

148




WO 2022/109309

PCT/US2021/060155

SEQ
D
NG

Sequence Hdentifier

182

GOGUTTCOGGUGGCAGUTTCAACAATCAGGCTAT
CTCCTGGGTGAGGCAGGCTCCAGGACAGGGACTG
GAGTGGATGGOGCGGUATCTTTCCCATOTCTGLCA
CACCTACCTCCGCCCAGAGGTTCCAGGGAAGGOT
GACCTTCACCGCTGACGAGAGCACCACAACCGTG
TACATGGATCTGTCTTCCCTGAGATCTGACGATAC
COCCOTGTACTATTGTGCCAGAGOTGGCTCUGALC
TATTTCAACCGUGATOTGGGOTTICGAGAATTALC
TATTTTGCTTCCTGOGGCCAGGGCACACTGGTGA
CCGTGAGCTCT

CAGGTGCACCTGGTGCAGAGCGGAGCTGAGGTGA FNIS-VH-W110F
AGGAGCCAGGATCCAGCGTGACAGTGTCTTGCAA ()

183

OVHLVOSGAEVKEPGSSVTVSCEASGGSFNNJAILS
WVROAPGOGLEWMGGIFPISGTPTSAQRFQGRVTE
TADESTTTVYMDLSSLRSDDTAVYYCARAGSDYFN
RDLGFENYYFASWGOGTLVTVSS

FNIO-VH-W110F
(aa)

184

ARAGSDYFNRDLGFENYYFAS FNIO-VH-W110F

CDRI3 (aa)

185

GAGATCGTGATGACCCAGTCCCCAGCCACACTGA
GCCTGTCCAGCGGAGAGAGGGCCACCCTGTCCTG
CAGGGCTTICCCGGAGUCGTGTCTTCCAACCTGGEC
TGOTACCAGCAGAAGCCAGGCCAGGCTCCCAGAL
TGCTGATCTATGACGCCTCTACCAGAGCTACAGG
CTTCTCCGCCAGOTTTGCTGGATCTGGATCCGGCA
CAGAGTTCACCCTGACAATCAGCTCTCTOGCAGAGC
GAGCGATTCTGCTATCTACTATTGTCAGCAGTACA
ACAATTTCCCCCCTTIGGACCTTTGGCCAGGOCAL
AAAGGTGGAGATCAAG

ENI9-VEK-WO4E (nt)

186

EIVMTOQSPATLSLSSGERATLSCRASRSVSSNLAWY(
OKPGOAPRLLIYDASTRATGFSARFAGSGSGTERTLT
ISSLOQSEDSAIYYCQUQYRNNYPPWTFGOGTRVEIK

FNIO-VE-WO4F (aa)

187

QOYNNFPPWT

FINIO-VE-WOo4F
CDRL3 (aa)

149




WO 2022/109309 PCT/US2021/060155
SE{) Sequence Hdentifier
D
NG
188 IGAGATCGTGATGACCCAGTCCCCAGCCACACTGA FNIS-VE-WOTF (nt)

GCCTGTCCAGCGGAGAGAGGGCCACCCTETCCTG
CAGGGCTTCCCGGAGCGTGTOTTCCAACCTGOOC
TGOGTACCAGCAGAAGCCAGGCCAGGCTCCCAGALC
TGCTGATCTATGACGCOTCTACCAGAGCTACAGE
CTTCTCCGCCAGGTTTGCTGOATCTGGATCCGGLA
CAGAGTTCACCCTGACAATCAGCTCTCTGCAGAGC
GAGGATTCTGCTATCTACTATIGTCAGCAGTACA
ACAATTGGUCCCCTTTICACCTTTGOCCAGGGCALC
AAAGGTGGAGATCAAG

189

EIVMTOSPATLSLSSGERATLSCRASRSVESNLAWYQ
QKPGOAPRLLIVDASTRATGFSARFAGSGSGTEFTLT
ISSLOSEDSAIYYCQOQYRNWPPFTFGOGTK VEIK

FNIS-VK-WOTF (aa)

190

QOYNNWPPFT

FNIS-VE-WOTF
CDRL3 (aa)

191

GAGATCGTOATGACCCAGTCCCCAGCCACACTGA
GCCTGTCCAGCGGAGAGAGGGLCACCCTGTICCTG
CAGGGCTTCCCGGAGUGTGTCTTCCAACCTGROC
TGOGTACCAGCAGAAGCCAGGCCAGGCTCCCAGAC
TGCTGATCTATGACGCCTCTACCAGAGUTACAGG
CTTCTCCGCCAGOGTTTGCTGGATCTGGATCCGGCA
CAGAGTTCACCCTGACAATCAGCTCTCTGCAGAGC
GAGOATTCTGCTATCTACTATTGTCAGCAGTACA
ACAATTTTCCCCCTTTCACTTTTIGGCCAGGGCAC
AAAGOGTGOAGATCAAG

FNIO-VK-WO4F-
WOTE (nt)

EIVMTQSPATLSLSSGERATLSCRASRSYSSNLAWYQ
QRPGOAPRLLIYV BASTRATGFSARFAGSGSGTEFTLT
ISSLOSEDSAIYYCQOQYNNFPPFIFGOGTKVEIK

FNIO-VK-WO4F-
WOTF (aa)

QOYNNFPPFT FNIO-VE-W94F-

W97F CDRL3 (aa)

194

NWIRGQSPSROLEWLGORTYYRSOWYNDYAESVESRIT
INPDTSENOQFSLOLNSVTPEDTAVYYCARSGHITVEG
YNVDAFDMWGQGTMVTVSS

QVOLOOSGPGLVKPSQTLSL TCAISGDSVSSYNAVW FMOS VH

150




WO 2022/109309

PCT/US2021/060155

SEQ
D
NG

Sequence

identifier

195

DIQMTQSPSSLSASVGDRVTITCRTSQSLSSYTHWY(Q
ORKPGKAPKLLIVAASSRGSGVPSRESGSGSGTDFTLT
SSLOPEDFATYYCQQOQSRTFGOGTKVEIK

MO8 VL

APELLGGPSVELFPPKPKDTLMISRTREVTCVVVIIVS
HEDPEVEKINWYVDGVEVHNAKTEPREEQYNSTYRY
VSVLTVLHODWLINGKEYKCKVSENKALPAPIEKTISK
ARGQOPREPOVYTLPPSRBELTKNQVSLTCLVKGEYP
SDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWOQGNVESCSVMHEALHNHYTQKSLSLSPG
K

WT higGl Fe

197

ESKYGPPCPPCPAPPVAGP

Chimeric hinge
sequence

198

CAGGTCCAGCTOGTCCAGAGTGGGGCAGAGGTCA
AAGAGCCAGGGTCTTCAGTCACAGTCTCATGCAA
AGCAAGCGOAGGAACATTITTCCAACAATGTGATC
AGCTGOGTGAGGCAGGCTCCAGGACAGGGACTGG
AGTGGATGOGGCOGGCATCATCCCTACCTCTGGLATC
GCCAACTACGCTCAGAAGTTCCAGGGCAGAGTOG
CCATCATCGCTGACAAGTCTACCTCCACAGTGTATY
ATGGCCCTGTCCAGCCTGAGAAGCGAGGATTCCG
CCGTGTACTTCTGCGCCAGGGCTCGGTCCGACTAL
TTCAACCGCGATCTGGGTTGGGAGGACTATTACTT
TOGAAAACTGGGGGCAGGOCACACTOGGTCACTGTC
TCATCAGC

FINI17-vI9-VH (co-
H

199

OVOLVOSGAEVKEPGSSVTVSCKASGGTFSNRVISW
VROAPGOGLEWMGGHPTSGIANYAQKFQGRVAHA
DKSTSTYVYMALSSLRSEDSAVYFCARARSDYFNRD
LOGWEDYYFENWGOQGTLYTVSS

ENI17-vi9-VH (aa)

200

GAAATTGTGATGACCCAGTICTCCAGCCACTCTOTC
AGTCTCTCCAGGGGAACGAGUCACTCTGTCATGTC
GGGCCTCTCAGTCCGTCGOCTCCAGCCTGGCTTOG
TACCAGCAGAAGUCCAGGACAGOGCTCCTAGGCTGC
TGATCTATGGAGCTAGCACCAGGGUTACAGGCGT
GCCAGCTCGOTITCAGCGGATCTGGATCCGGCACCS
AGTTTACCCTGACAATCTCTTCCCTGCAGTCTGAG
CGACTTCGCCOTGTACTATTGCCAGCACTACAATAA
CTOGGCCTCCTTGGACATTCGOGGCAGGGGACAAAA
GTCGAGATTAAG

FNEE7-v19-VK {co-
nt)

151




WO 2022/109309

PCT/US2021/060155

SEQ
D
NG

Sequence

identifier

201

EIVMTOSPATLSVSPGERATLSCRASQSVGSSLAWY
OOKPOQAPRLLIYVGASTRATGVPARFSGSGSGTEFTL
TISSLOSEDFAVYYCQHYNNWPPWTIFGOGTKVEIK

FNI17-v19-VK (as)

202

CAGGTCCAGCTGGTGCAGAGTGGTGCCGAGGTICA
AAAAGCCAGGGTCAAGTOTCAAAGTCAGTTGTAA
AGCATCAGAGGGAACATTCAACAAGTACACAATC
AGCTGGGTGAGACAGGCTCCAGGACAGGGACTGEG
AGTGGATGOGCGGCATCATCCCTATCTCTGGCATC
GCCAATTACGCTCAGAAGTTCCAGGGCCGCGTGE
CCATCACAGCTGACGAGTCCACCACAACCGCCTAT
ATGGAGCTOTCCAGCCTGAGGTCTGAGGATTCCGE
COTGTACTATTGCGCCACCGCTGTGAGCGACTACT
TCAACCGGGATCTGOGUTGGUAGGACTATTATTIT
CCATTCTGGOGOTCAGGGGACACTGOTCACCGTCTC
TTCC

ENTES-v3-VH (co-
Nty

)
o
(98]

OVOLVOSGAEVKKPGSSVEVSCKASEGTFNKYTIS
WVROAPGOGLEWMGGHPISGIANY AQKFQGRVALT
ADESTTTAYMELSSLRSEDSAVYYCATAVSDYFNR
DLGWEDYYFPFWGQGTLVTVSS

FNI19-v3-VH (aa)

GAGATCGTGATGACCCAGTCCCCTGCTACACTGTC
CGTGTCCCCAGGAGCTAGGOCTACCCTOTTICTGCA
GOGGCTAGCAGOGTCCOGTGTCCGACAACCTGGCTTOR
TACCAGCAGAAGCCAGGCCAGGUCCCCAGACTGO
TGATCTTTGGAGCTAGCACCAGAGCTACAGGCGTG
CCAGCTCGCTTCAGCGGATCTGGATCCGGCACACA
GTTTACCCTGACAATCTCCAGCCTGCAGTCTGAGG
ATTTCGCCGTGTACTATTGTCAGCACTATAATATC
TGGCCCCCTTGGACCTTTGGCCAGGGCACAAAGGT
GGAGATCAAG

FNTEO-v3-VI (co-
nt)

)
ol
o]

EIVMTOSPATLSVSPGARATLFCRASRSVSDBNLAWY
OQQKPGOAPRLLIFGASTRATGVPARFSGSGSGTOFTL
TISSLOSEDFAVYYCQBYNIWPPWTFGQGTKVEIK

FNI19-v3-VK (aa)




WO 2022/109309 PCT/US2021/060155

SE{) Sequence Hdentifier

D

NG

206 ICAGGTGCACCTGGTGCAGAGCGGAGCTGAGGTGA FNIS-v3-VH {co-nt)

AGGAGCCAGGATCCAGCGTGACAGTGTCTTGCAA
GOGUTTCCGGUGGCAGCTTCAACAATCAGGCTATCT
CCTGGGTGAGGCAGGCTCCAGGACAGGGACTGGA
GTOOATOGGOCGGCATCTTTCCCATUTCTGGCACAL
CTACCTCCGUCCAGAGGTTCCAGGGAAGGGTGAL
CTTCACCOGCTGACGAGAGCACCACAACCGTGTAC
ATGGATCTGTCTTCCCTGAGATCTGACGATACCGO
COTGTACTATTOTGCCAGAGCTGOCTCCGACTATT
TCAACCGCGATCTGGGUTGGGAGAATTACTATTIT
GCTTCCTGGGGCCAGGGCACACTGGTGACCOGTGA
GCTCT

[
>
3

OVHLVGSGAEVKEPGSSVTVSCKASGGSFNNGAIS  FNIS-v5-VH (aa)
WVROQAPGOGLEWMGGIFPISGTPTSAQRFQGRVTE
TADESTTTVYMDLSSLRSDDTAVYYCARAGSDYFN
RDLGWENYYFASWGQGTLVTVSS

GAGATTGTGATGACCCAGTCCCCTGCTACCCTGAGIFNI-VS-VK (co-nt)
CGTOGTCCCCCGGAGAGAGAGUTACCCTGAGTTGCC
GCOCCAGCCOCAGTGTCTCTGACAACCTGGOTTGE
TACCAGCAGAAGCCAGGACAGGCTCCTAGGCTGC
TGATCTATGGCGCCTCCACCAGGGUTACAGGLATC
CCAGCTCGOTTCTCTGGATCCGOAAGCGGLCACCGA)
GTTTACCCTGACAATCTCCAGCCTGCAGAGCGAGE
ATTTCGCCGTGTACTATTGCCAGCATTACAACATC
TGGCCTCCTTGGACATTCGGTCAGGGAACTAAAGT
GGAAATTAAG

209

EIVMTOSPATLSVSPGERATLSCRASREVSDBNLAWY [FNIO-v5-VK {aa)
QOKPGQAPRLLIYGASTRATGIPARFSGSGSGTEFTL
TISSLOQSEDFAVYYCQHYNIWPPWTFGQGTKVEIK

210

ASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPY [lgHG1*01, Glm3
TVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSICHI-CH3 with
SLGTQOTYICNVNHKPSNTKVDKRVEPKSCDKTHTCP 4281, and N434S
PCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVY
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEK
TISKAKGOPREPQVY TLPPSREEMTKNQVSLTCLVK
GFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY!
SKLTVDKSRWOQOQGNVFSCSVLHEALHSHY TOKSLSL
SPGK

mutations and C-
terminal fysine
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SEQ
D
NG

Sequence

identifier

211

RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREA
KVOWKVDNALGSGNSQESVTEQDSKDSTYSLSSTLT
LSKADYEKHKVYACEVTRHOQGLSSPVTKSENRGEC

Kappa light chain CL

[
—
N2

OVOLVOSGAEVKEPGSSVTVSCKASGGTFSNRNVISW
VROAPGQGLEWMGGHIPTSGIANYAQKFQGRVAILIA
DRKSTSTVYMALSSLRSEDSAVYFCARARSDYFNRD
LGWEDYYFENWGOQGTLVTVSSASTRKGPSVIEPLAPS
SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGV
HIFPAVLOSSGLYSLESSVVTVPSSSLOTOTYICNVYNH
KPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVF
LEFPPKPKDTLIMISRTPEVTCVYVRVSHEDPEVKENW
Y VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHOD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQV
YTLPPSREEMTENOQVSLTCLYKGFYPSDIAVEWESN
CGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQG
NVESCSVEHEALHSHYTQKSLSLSPOK

FINIT7-v19 heavy
chain with M428L
and N4348 mutations
in CH3 and a C-
terminal lysine

OVOLVOSGAEVKEPGSSVTVSCRKASGGTFSNNVISW
VROAPGQOGLEWMGGHPTSGIANYAQKFOGRVAHA
DKSTSTVYMALSSLRSEDSAVYFCARARSDYFNRD
LGWEDYYFENWGQOTLYTVSSASTKGPSVEPLAPS
SKSTSGGTAALGCLVKDYFPEPVTVEWNSGALTSGV
HIFPAVLQSSGLYSLSSVVTVPSSSLOTOTYICNVYNH
KPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVF
LFPPKPKDTIMISRTPEVTICVYVDVSHEDPEVKENW
Y VDOGVEVHNAKTKPREEQYNSTYRVVSVLTVLHOD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOQPREPQV
YTLPPSREEMTENOVSLTCLYKGFYPSBDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLYSKLTVDEKSRWQOG
NVESCSVELHEALHSHYTQKSLSLSPG

FINEL7-v19 heavy
chain with M428L
and N4348 mutations
in CH3, without C-
terminal lysine

)

EIVMTOSPATLSVSPGERATLECRASQSVGSSLAWY
OQOKPOOAPRILIYGASTRATGVPARFSGSGSGTEFTL
TISSLOSEDFAVYYCOQHYNNWPPWITFGQGTKVEIK
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREA
KYOWEKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT
LSKADYEKHEKVYACEVTHOGLSSPVTKSFNRGEC

FINEL7-v19 light
chain
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SE{) Sequence Hdentifier
D
NG
215 ASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPV [gHG1*01, GIm3

TVEWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSS
SLOTOTYICNVNHKPSNTKVDKRVEPKSCDKTHTCP
PCPAPELLGGPSVELFPPKPKDTLMISRTPEVICVVY
DVSHEDPEVKFNWYVDGVEVHNARKTKPREEQYNST
YRVVSVLTVLHODWLNGREYKCKVSNKALPAPIEK
TISKAKGQPREPOQVYTLPPSREEMTENGYSLTCLVK
GEFYPSDIAVEWESNGOPENNYRTTPPVLDSDGSFFLY)
SKLTVDKSRWQOQGNVESCSVEHEALHSHYTOQKSLSL
SPG

CHI1-CH3 with
MI428L and N434S
muiations, without
C-terminal lysine

216

QVOLVOSGARVEKEPGSSVEVSCKASGGTESNNVIS
WVRQAPGQGLEWMGGHPTSGIANYAQKFQGRVAH
ADKSTSTVYMALSSLRSEDSAVYFCARARSDYFNR
DLGWEDYYFENWGQGTLVTVSS

FNI17-v13 VH (ag)

217

EIVMTOQSPATLSVSPGERATLSCRASQSVGSSLAWY
QOKPGOAPRLLIVGASTRATGYVPARFSGSGSGTEFTL
TISSLOSERFAVYYCQHYNNWPPWTFGQGTKVEIK

FINIT7-v13 VK (aa)

ACCGOTGTACATICTCAGOTCCAGCTGGTCCAGAG
TGGOGGCAGAGGTCAAAGAGCCAGGGTCTTCAGTC
ACAGTCTCATGCAAAGCAAGCGGAGGAACATTITC
CAACAATGTGATCAGCTGGOTGAGGCAGGUTCCA
GGACAGGGACTGGAGTGGATGOGCGGCATCATCC
CTACCTCTGGCATCGCCAACTACGCTCAGAAGTTC
CAGGGCAGAGTOGCCATCATCGUTGACAAGTCTA
CCTCCACAGTGTATATGGCCCTGTCCAGCCTGAGA
AGCGAGGATTCCGCCOTGTACTTCTGCGLCAGGEC
TCGGTCCGACTACTTCAACCGCGATCTGGETTOGG
AGGACTATTACTTTGAAAACTGGGGGCAGGGCAC
ACTGOGTCACTOGTCTCATCAGUGTCGAC

Codon-optimized
nucieotide sequence
encoding FNILT-

v 19-VH with N-
terminal amine acids
1-G-V-H-S and C-
terminal amino acids
A-S

219

AXIX2%3 SDYF NRDLGX4X5X¢;YX7FX8X9

wherein

xi=RorT,xo=AorT, =V, GHR o N, xs-WorF,;
s= DorHoxe=DorN;xr=Y orF; xg=P, I} E, or A;
and xe=1L, L 8, Y, H,D N orF

FINT antibody
consensus CDRH3
amine acid sequence
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SE{) Sequence Hdentifier
HE
NO
220 I X1IM2X3X4K5KeXTXS FINT antibody
. consensus CDRH1
vherein . .
amine acid sequence
xp=GorE xe=D A G o Vixa=Tor S, xa=Forl; xs
=Nor S, x6=N, R K, or S, =Y. H Q, or N, and xs= V,
T, A or B
221 EGXaXaXaXsXexy ENT antibody
. consensus CDRH2
wherein : ;
amine acid sequence
xp=LH, Lot Fixe=PorAxs=LV, L orT:x4=8§,T,
o Fxs=G A RP arQixe=L K, R or T, and x7=P, T,
A, ot G
222 XiXoX3XiXs¥s ENI antibody
consensus CDRLI
Wh@ﬂ?m ) ] amino actd sequence
= QorRm=T, 5D u=VoLu=8SoGa=8§,
G, LT, or Dyandos=N, D, H, or 8
223 KIAS FINT antibody
consensus CDRLZ
wherein amino acid sequence
%= G or D
224 QX1YNX1X3P‘PX4T FINT antibody
consensus CDRI3
vherein amino acid sequence
=0 orH;xo=N,T, orL,xs=WorF,andxs =W or F;
225 [Reserved]
226 I Reserved]
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SEQ
D
NG

Sequence

identifier

227

CAGGTGCAGCTGGTGCAGTCTGGLGCCGAGGTGAAGA
AGCCAGGUTCCAGCOTGAAGGTGAGCTGCAAGGUTTICT
CGCGGCACCTTCTCTICCTACGCTATCTCCTGGGTGAG
GCAGGCTCCAGGACAGGGACTGGAGTGUGATGGGOGGO
ATCATCCCTATCTTCGGCACAGCCAACTACGCTCAGAA
GTTTCAGGGCAGAGTGACCATCACAGCCGACGAGTCTA
CCTCCACAGCTTATATGGAGCTGAGCTCTCTGCGCTCC
GAGGATACCGCCGTGTACTATTGTGCCAGGGCTGGCAG
COGACTACTTCAACCGGGATCTGGGCTGGGAGAATTACT
ATTTTGACTATTIGGGGCCAGGGCACCCTGGTCACAGTG
TCCAGC

FNI-UCA-IGH
(wi-nt)

223

QVOLVOSGAEVEKPGSSVKVSCKASGGTESSYAILS
WVRQAPGQGLEWMGGHPIFGTANYAQKFQGRVTI
TADESTSTAYMELSSLRSEDTAVYYCARAGSDYFN
RDLGWENYYFBYWGQGTLVTVSS

FNI-UCA VH (aa)

229

CAGATCOTGATCGACCCAGTCTICCTGCCACACTGAG
COTGTCTCCAGGAGAGAGGGCCACCCTGTCCTGCA]
GOGCTTCCCAGAGCGTGTCCAGCAACCTGGCCTO
TACCAGCAGAAGCCAGGCCAGGCTCCCAGGCTGO
TGATCTATGGCGCCAGCACCAGAGCTACAGGCAT
CCCAGCTCOCTTCTCTGOGATCCGGAAGCGGCACAG
AGTTTACCCTGACAATCTCTTCCCTGCAGTOTGAG
GACTTCOCCGTGTACTATTGTCAGCAGTACAACAA
TTGGCCCCCTTGGACCTTTIGGCCAGGGCACAAAGG
TGGAGATCAAG

FNE-UCA-IGK
(wi-nt)

EIVMTQSPATLSVSPGERATLSCRASQSVSSNLAWY
QOKPGOAPRLLIYGASTRATGIPARFSGSGSGTERTL
TISSLOQSEDFAVYYCOQOYNNWPPWITFGQGTKVEIK

FNI-UCA VK (aa)

GGTESSYA

FNI-UCA CDRH1
(aa)

HIPIFGTA

ENI-UCA CDRH2
{aa)

ARAGSDYFNRDLGWERNYYFDY

FNI-UCA CDRH3
(aa)

ISV SSN

ENI-UCA CDRLE
(aa)

GAS

FNI-UCA CDRL2
(aa)
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SE{) Sequence Hdentifier

HY

NG

236 HIQYNNWPPWT FNI-UCA CDRL3
(aa)
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Table 2. Sequence Key —~ SEQ ID NQs. of certain antibodies
SEQ 1D NO.:
Ab VH VH | CDBR | CBRH | CDR VH VL | VL | CBR | CBR | CDR YL
m) | (aa) | HY 2(ax) | H3 {co- | (V)| (VK| L1 L2 L3 | (VK
{aa) {aa) nt) {nt) } {aa) {aa) {aa) {co-~
{aa) ut}
FNiT i 2 3 4 5 G 7 8 9 10 i1 12
FNI2 13 114 115 16 17 18 19 120 |21 22 23 24
FNI3 25 126 27 23 29 30 31 32 133 34 35 36
FNE3- 1714 27 28 172 170 32 133 34 35 36
VH-
WI1IGF
FNi3- 25 126 (27 28 29 30 174 | 33 34 175 173
VK-
WO4F
FNE3- |23 126 |27 28 29 30 177 133 34 178 176
VK-
WITF
FNE3- 25 126 (27 28 29 30 180 | 33 34 181 179
VK-
WI4F-
WOTF
FNI4 37 138 139 40 41 42 43 144 145 46 47 48
FNIS 49 130 |53 52 53 54 35 156 |57 58 39 50
FNis 61 162 |63 64 65 66 67 6% | 69 70 71 7
FNE7 73 174 175 76 77 7 79 180 |81 82 83 84
FNIS 85 186 &7 88 89 G0 91 97 193 94 93 96
FNI9- 183 | 87 88 184 182 191 |92 |93 94 95 96
VH-
WIIOF
FNIS- 85 186 | 87 &8 89 G4 186 | 93 94 187 185
VK.
WO4F
FNIS- {85 (8 |37 88 89 90 189 | 93 94 190 188
VK-
WITF
FNIS- 85 18 | 87 &8 89 G4 192 1 63 94 193 191
VK-
WO4F-
WTF
FNI1G {97 198 |99 160 101 102 103 1104 1105 108 107 108
FNE12 109 1 110 | 111 112 113 114 15 16 | 117 113 116 126
FRI13 121 1122 | 123 124 125 126 127 {1128 | 129 130 131 132
FNIf4 {133 1134|135 136 137 138 139 | 140 | 141 |42 143 144
FNEEY 145 1 146 | 147 148 149 150 151 | 152 1 153 154 155 i36
FNIL® | 157 (1581 159 160 161 162 163 1164 | 165 | 166 167 168
FNiL7- 199 1 147 148 149 198 201 | 153 154 155 260
vi9
FNi19- 203§ 159 160 6t 202 205 1 165 | 66 167 204
v3
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SEQ ID NO.:

Ab VH  VH | CDR | CBRH | CDR VH VL | VL | CDR | CDBR CDBR YL
{nt) | (aa) Hi 2 {aa} H3 {co-~ Vi | (VK i1 12 L3 {(Vk)
{aa) {aa) nt) (nt) 3 {aa) {aa) {aa) {co~
{aa) nt)
FNio- 207 1 87 88 89 206 200 | 141 142 131 208
v
FNELT- 216 | 147 148 149 217 | 153 154 1585
vi3
FiNE- 227 1228 | 231 232 233 229 1230 | 234 238 236
UCA

Table 3. Neuraminidase Amino Acid Position Comparisen (HIN1

California.07.2009 to HINZ New York.392.2004)

residue N1 | position N1 | residue N2 | position NZ
M i M i
N 2 N 2
P 3 P 3
N 4 N 4
G 5 0Q 5
K & K )
I 7 i 7
i & I 8
T 9 T 9
i 10 I 10
G i G i1
S 12 S 12
v 13 \ 13
C 14 S i4
M 1S L 15
T 16 T 16
I 17 1 17
G i3 S i
M 19 T 19
A 20 i 20
N 21 C 21
L 22 F 22
i 23 ¥ 23
L 24 M 2
(3 25 O 25
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residue Ni

position N1

residue N2

position N2

I 26 ] 26
G 27 A 27
N 28 1 28
I 29 L 29
I 30 i 30
S 31 T 31
I 32 T 32
W 33 \ 33
I 34 T 34
S 35 L 33
8 36 H 36
S 37 F 37
I 33 K 38
0 39 0 39
L 40 Y 40
G 41 E 41
N 42 F 42
0 43 N 43
N 44 S 44
Q 45 p 45
I 46 p 46
B 47 N 7
T 48 - NA
C 49 NA
N 50 N 48
0 51 0 49
S 52 \ 50
% 53 M 51
I 54 L 32
T 55 C 53
Y 56 E 54
B 57 P 55
N 58 T 56
N 59 I 57
T 60 i 58
W 61 B 59
N 62 R 60
N 63 N 61
0 64 i 62
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residue Ni

position N1

residue N2

position N2

T 63 T 63
- NA E 64
Y 66 1 65
v 67 N 66
N 68 Y 7
i 69 L 68
g 70 T 69
N 71 N 70
T 72 T 71
N 73 T 72
F 74 1 7
A 75 B 74
A 76 K 75
G 77 E 76
0 78 M 7
S 79 C 78
N 80 P 79
N 81 K 80
S 82 L 31
N 83 A 82
K 84 E 83
L 85 Y 84
A 86 R 85
G 87 N 86
N 88 W 87
S 89 S 88
S 90 K 89
- NA P 90
L 91 0 91
C 92 C 92
P 93 D 93
N 94 1 94
S 95 T 95
G 96 G 96
W 97 F 97
A 98 A 98
I 99 P 90
Y 100 F 100
S 101 S 101
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residue N1 | position N1 | residue N2 | position N2
K 102 K 102
D 103 D 103
N 104 N 104
5 105 S 103
v 106 1 106
R 107 R 107
i 108 L 108
G 109 5 109
S 110 A 110
K 111 G 111
G 112 & 112
D 113 D 113
v 114 i 114
¥ 115 W ils
N4 116 v 116
i 117 T 117
R 118 R 118
E 119 E 119
P 120 P 120
¥ 121 Y 121
i 122 \4 122
S 123 S 123
C 124 C 124
S 125 D 125
P 126 P 126
L 127 D 12
B 128 K 128
C 129 C 129
R 130 Y 130
T 131 Q 131
F 132 F 132
F 133 A 133
L 134 L 134
T 135 G 135
Q 136 0 136
G 137 G 137
A 138 T 138
i 139 T 139
L 140 L 140
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residue N1 | position N1 | residue N2 | position N2
N 141 N 141
D 142 N 142
K 143 N 143
H 144 H 144
S 145 S 145
N 146 N 146
G 147 D 147
T 148 T 148
1 149 v 149
K 156G H 150
B 151 D 151
R 152 R 152
S 153 1 153
P 154 P i54
Y 155 Y 155
R 156 R 156
T 157 T 157
L 158 L 158
M 159 L 159
S 160 M 160
C 161 N 161
P 162 E 162
i 163 L 163
G 164 G 164
H 165 - NA
\i 166 \ 165
P 167 P 166
5 168 F 167
P 169 H 163
Y 170 L 169
N 171 G 170
S 172 T 171
R 173 K 172
F 174 Q 173
E 175 \ 174
S 176 C 175
v 177 i 176
A 178 A 177
W 179 W 178
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residue N1 | position N1 | residue N2 | position N2
S 180 8 179
A 181 S 180
S 182 S 181
A 183 S 182
C 184 C 183
H 185 H 184
D 186 D 185
G 187 G 186
I 188 K 187
N 189 A 188
W 190 W 189
i 191 L 190
T 192 H 191
i 193 V 192
G 194 C 193
i 193 \4 194
S 196 T 195
G 197 G 196
P 198 D 197
D 199 D 198
N 200 K 199
G 201 N 200
A 202 A 201
Y 203 T 202
A 204 A 203
\i 205 S 204
L 206 K 208
K 207 1 206
Y 208 Y 207
N 209 N 208
G 210 G 209
I 211 R 210
i 212 L 211
T 213 v 212
D 214 D 213
T 215 S 214
¥ 216 i 215
K 217 V 216
S 218 S 217
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residue Ni

position N1

residue N2

position N2

W 219 W 213
R 220 S 219
N 221 K 220
N 222 K 221
i 223 i 222
L 224 L 223
R 225 R 224
T 226 T 225
Q 227 J 226
E 228 E 227
) 229 S 22

5 230 E 229
C 231 C 230
A 232 V 231
C 233 C 232
Y 234 i 233
N 235 N 234
G 236 G 235
S 237 T 236
C 238 C 237
F 239 T 238
T 2490 N 239
N 241 v 240
M 242 M 241
T 243 T 242
D 244 D 243
G 243 b} 244
P 246 S 245
S 247 A 246
N 248 S 247
G 249 G 248
Q 250 K 249
A 251 A 250
N 252 D 251
Y 253 T 252
K 254 K 253
I 255 i 254
¥ 256 L 255
R 257 F 256

[y
o}
@)
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residue N1 | position N1 | residue N2 | position N2
i 258 1 257
o) 259 E 258
K 260 E 259
G 261 G 260
K 262 K 261
i 263 H 262
\4 264 i 263
K 265 H 264
S 266 T 265
Y 267 N 266
E 268 T 267
M 269 9 268
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 \ 275
B 277 E 276
B 278 E 277
C 279 C 278
S 280 ) 279
C 281 C 280
Y 282 Y 281
P 283 P 282
D 284 R 283
5 285 Y 284
S 286 P 285
B 287 G 286
i 288 Y 287
T 289 R 288
C 290 C 289
Y 291 v 290
C 292 C 201
R 293 R 292
D 294 D 203
N 295 N 254
W 296 W 295
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residue N1 | position N1 | residue N2 | position N2
H 297 K 296
G 298 G 297
S 299 S 208
N 300 N 299
R 301 R 300
P 302 P 301
W 303 i 302
Y 304 V 303
S 305 D 304
F 306 i 305
N 307 N 306
~ NA ) 307
Q 308 K 308
N 309 D 309
L 310 Y 310
B 311 5 311
Y 312 1 312
G 313 N 313
i 314 S 314
G 315 S 318
Y 316 Y 316
i 317 \ 317
C 318 C 318
S 319 S 319
8] 320 G 320
I 321 i 321
F 322 N 322
G 323 G 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 336 D 330
K 331 S 331
T 332 S 332
O 333 N 333
S 334 S 334




WO 2022/109309 PCT/US2021/060155

residue N1 | position N1 | residue N2 | position N2
C 335 8 335
- NA H 336
- NA C 337
- NA L 338
G 336 D 339
P 337 P 340
\4 338 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
G 345 G 343
Y 346 v 349
K 347 K 350
G 348 G 351
F 349 W 352
5 350 A 353
¥ 351 F 354
K 352 D 355
Y 353 D 356
G 354 G 357
N 355 N 358
G 356 D 359
/ 357 \ 360
W 338 W 361
I 359 M 362
& 360 G 363
R 361 R 364
T 362 T 363
K 363 1 366
N 364 S 367
i 365 E 368
S 366 K 369
S 367 L 370
R 368 R 371
N 365 N 372
G 370 & 373
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residue N1 | position N1 | residue N2 | position N2
F 371 Y 374
o) 372 E 375
M 373 T 376
i 374 F 377
W 375 K 378
D 376 \4 379
P 377 1 380
N 378 E 381
G 379 G 382
W 380 W 383
T 381 S 384
1€ 382 K 385
T 383 P 386
D 384 N 387
N 335 S 388
N 386 K 389
F 387 L 390
S 388 0 391
i 339 1 392
- NA N 393
K 390 R 394
Q 391 0 395
D 392 v 396
¥ 393 i 397
N4 394 v 398
G 395 D 399
i 396 R 400
N 397 G 401
B 398 N 402
W 399 R 403
S 400 S 404
G 401 G 405
Y 402 Y 406
S 403 S 407
G 404 G 408
S 405 | 409
F 406 F 410
V 407 - NA
Q 408 - NA
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residue N1 | position N1 | residue N2 | position N2
H 409 - NA
P 410 - NA
E 411 5 411
L 412 2 412
T 413 E 413
G 414 G 414
L 415 ¥ 415
b 416 5 416
C 417 C 417
i 418 H 418
R 419 N 419
P 420 R 420
C 421 C 21
¥ 422 F 422
W 423 Y 423
/ 424 \4 424
B 425 E 425
L 426 L 426
i 427 1 427
R 428 R 428
G 479 G 429
R 430 R 430
P 431 K 431
K 432 H 432
H 433 E 433
N 134 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 440 N 441
S 441 S 442
S 442 i 443
I 443 v 444
S 444 N 445
¥ 445 I 446
) 446 C 447
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residue N1 | position N1 | residue N2 | position N2
G 447 G 4438
v 448 T 449
N 449 5 450
5 450 G 451
D 451 T 452
T 452 Y 453
\4 433 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
G 460 G 461
A 461 A 462
B 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 465 1 469
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EXAMPLES

IXAMPLE §

IDENTIFICATION AND TESTING OF ANTI-NA MONOCLONAL 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 pseudoviruses. 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 donor samples (n=124) for reactivity against
neuraninidase subtype N4, N3, and N9, Neuraminidase antigens for screening were
expressed in mammalian cells and binding was evaluated by flow cytometry.

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 mesenchvmal stromal cells (MSC) in 50 pl 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 Meihods. 1990}
Inhibition of N1, N2, and N9 sialidase 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 ef of. Anal. Biochem.
1979.).

Binding to NAs from group 1 IAV N1 A/Vietnam/1203/2004, and group 2 [AVs
N2 A/Tavzania/205/2010 and N9 A/Hong Kong/56/2015 was evaluated by ELISA to
determine breadith. Antibody sequences from selected B cells were cloned as cDNAs
and sequenced.

Fourteen clonally related wonoclonal antibodies resulted from the discovery
workflow (Figure 2A). FNI3 {VH: SEQ D NO.:.26; VL: SEQ D NO.: 32) and FNIO
{(VH: SEQ ID NG..86; VL: SEQ 1D NO.: 92) were selected for further evaluation and

ani
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testing. Alignment of FNI3 and FNI2 VH with that of the unmutated common ancestor,
"UCA", is shown in Figure 2B. The UCA binds to a breadth of TAV 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 FNI9
to N1 (Figure 3A), N2 (Figure 3B), and N9 (Figure 3C) and reported as optical density
(OD) versus conceniration in ng/ml. Bio-Layer Interferometry (BLI) was used to
measure KD, association {(kon), and dissociation (kdis) of FNI3 and FNI9 for N1
binding (Figure 4A), N2 (Figure 4B}, and N9 (Figure 4C). Binding by a comparator
anttbody, 1GO1-LS (1GO1 is described by Stadibauer ¢7 af. (Science 366(6464).499-504
(2019); see Figure 1B, the VH and VL amino acid sequences of antibody 1G01, as well
as 1EO1, and 1G04, are incorporated herein by reference), and in these experiments
bore M4281 and N4348 Fc mutations), was also measured by ELISA and BLI assays.
A negative control antibody, K-, tested in the BELISA assays.

Binding of FNI3 and FNI? to NAs from group TIAVs, group H TAVs, and IBVs
is summarized in Figure 5 {with comparator 1G01). Binding was quantified using a
FACS-based assay in which NAs were expressed on the surface of mammalian cells.
Briefly, Expi-CHO cells were transiently transfected with plasmids encoding different
IAV and IBY NAs. At 48 hours post-transfection cells were incubated with the serial
ditutions 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., 1G01 wasusedasa
comparator.

Phylogenetic relatedness of NAs from group 1 A Vs, group 2 JA Vs, 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
245Giy+) and 247 (247GIy+) (Wan et al. Nat Microbiology. 2019}, Exemplary
245Gly+ 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 7A. Figure 7B shows inhibition of
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sialidase activity (INAT) activity against A/Switzerland/8060/2017,

A/fSingapore/ INFIMH-16-0019/2016, and A/Switzerland/9715293/2013 live virus
stocks, reported as ECS0 o pg/mi. Binding of FNI3 and FNIS to N2 in mammalian
cells infected with A/South Australia/34/2019 (245Gly+) was measured by flow
cytometry (Figure 7C). Eurasian avian-like influenza virus strains isolated from swine
are genetically diverse (Sun et al. Proc Natl Acad Sci U S A, 2020} Binding of FNI3
and FNI9 to NA in mammalian cells infected with a HIN1 Swine Eurasian avian-like
(EA) strain, A/Swine/Jiangsu/F004/2018 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, FI6v3, was
used as a positive control, and anti-paramyxovirus antibody "MPER" {Corti ef af.
Nature 3G1{74673439-43 (2013)) was included as a negative control.

Inhibition of sialidase activity in NAs was measured using a MUNANA assay
against group [ 1AVs, group H 1AV, and IBVs, with results summarized in Figure 10,
Sialidase inhibition of antibody {reported as ICS0 1o pg/ml) against multiple group |
IAVs, group ITIAVs, and IBVs strains is sununarized in Figure 11, Figures 12A and
128 show iz vitro inhibition of sialidase activity (reported as ICS0 in pg/ml) by FNI3 or
FNIS against group THINT)Y AV, group T (HIN2) [AV, and IBY NAs. Figure 124
depicts group [ IAVs, group H 1AV, and B Vs within the same plot, and Figure 128
depicts the groups in separate plots, FNI3, FNI9, FNI14 (VH: SEQ [ NO.-134; VL.
SEQ ID NO.: 140), FNIL7 (VH: SEQ ID NO.:146; VL: SEQ ID NO: 152), and FNIi9
(VH: SEQ ID NO.: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 1BV strains (Figure
13A), some of which harbor a glycosylation site at position 245, as indicated by an
asterisk. Figures 14A-14D show neutralization curves for FNI1 {VH: SEG ID NG..2;
VL: SEQ ID NO.- 8), FNI3, FNIO, FNI14, FNI17, and FNI19 against HIN1
A/California/07/2009 (Figure 14A), H3N2 A/Hong Kong/8/08 (Figure 14B),
B/Malaysia/2506/2004 (Figure 14C), and B/Jiangsuw/10/2003 (Figure 14D) NAs
(reported as IC50 (ug/ml).
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FNI3 and FNI9 were evaluated for activation of FeyRHIa (Figure 15A) and
FeyRifa (Figure 158) using a NFAT-driven huciferase reporter assay. Activation of
Jurkat-FoyR1Ta (F158 allele) and Jurkat-FeyRHa (H131 allele) cell lines was assessed
following a 23 hour incubation with A549 celis infected with HINY influenza strain
A/Puerto Rico/8/1934 at a multiplicity of infection (MO}) of 6. Comparator antibodies
FY1-GRLR and 1gG1 antibody FMO8_ LS, the latter having a VH of SEQ ID NG 194
and a VL of SEQ ID NO.: 195, and comprising M428L and N4348 (EU numbering) Fc

mutations, were also tested.

EXAMPLE 2

STRUCTURAL AND FUNCTIONAL STUDIES OF ANTI-NA ANTIBODIES

Newrarvinidase (NA) mutations respousible for influenza resistance to
oseltamivir can vary according to the NA subtype (see, e.g., Hussain ef al., Infection
and Divug Resistance 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, H2N2).

A reverse genetics approach was used to engineer HINT A/California/07/2009
to harbor oseltamivir {O8E)-resistant mutations (H275Y, E119D and H275Y, 8247N
and H2Z75Y). Neutralization of reverse-engineered HINT A/California/07/2609 virus by
FNI3 (Figure 17A), FNIO (Figure 17B), and oseltamivir (Figure 17C) was measured,
along with neutralization by comparator antibodies FMOZ (Figure 17D) and 1G01
(Figure 17E) antibodies and reported as % inhibition in oM. These data suggest a
structural basis for the lack of susceptibility of FNI3 and FNIO to OSE-resistant NA
mutations. Next, additional viruses, including Group I (HIN1)} 1AV, group H (H3NZ2)
TAV, and IBV viruses were engineered with reverse genetics o bear GSE-resistant
mutations (H275Y, ET19D/H275Y, H2T7SY/S247N, 1222V, and N2948S). Neutralization
activity of FNI3, FNI9, and comparator antibody 1G01 was measured and reported as
IC50 in pg/ml Figure 18A depicts neutralization of individual viral strains and Figure

188 depicts neutralization of viral strains grouped by neutralizing anti-NA antibody.
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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 is shown in Figure 19, Crystal
structure analysis of the complementarity-determining region 3 {CDR3) of the FNI3
heavy chain was performed for unbound (Figure 20A) or N2 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 {INH) 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 208} 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
FINI3-N2 crystal 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 for 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
antibodies to further characterize docking properties of FNI3. Figure 21A shows
comparator antibodies: 1G0T in complex with N1 NA (upper panel);, and 1G04
(Stadlbauer ef al., supray in complex with N9 NA (lower panel}. Figure 218 shows
ENI3 in complex with N2 NA {upper panel) wherein the docking angle is the same as
shown in Figure 19, but the Fab domain 15 in g different orientation. Figure 218 also
shows a comparator antibody, 1E0T (Stadlbauer ef af., supra), in complex with N2 NA
(lower panel). Lines indicate angle of docking and Protein Data Bank (PDIB)
identification codes are shown for comparator antibodies. From these studies, FNI3 has
a similar docking angle to 1EQ1, but a different Fab orientation.

FNI3 complementarity-determining region ({CDR) interactions are shown
schematically in Figure 22, from "quick prepped” protein using MOE (Molecular
Operating Environment by the Chemical Computing Group, www.chemcomp.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, CDRHZ does not
appear to energetically contribute to binding and CDRLUs do not appear to contribute to
the binding tuteraction. 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 FNI3 was overlaid on the structure of oseltamivir-bound
N2 NA (Figure 24, Figure 25), showing that oseltamivir interacts with R118, R292, and
R371.

Conservation of the FNI3 epitope was investigated using N2 NA sequences
from H3N2 viruses {(n=60,597) isolated between the years 2000 and 2020. The epitope
region consensus amino acid sequence is shown in Figure 26A, 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 (E221, 17.41%), Ser245 (8245, 33.69%), and Ser247 (5247,
36.16%). Figure 26B {lower portion) shows interaction of Y60 and Y94 from FNI3
with residues E221, S245, and 5247 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 NT 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
HIN1. Pairs of consensus residues were identified, R118 (N2 and R11& (N1}, D151
(NZyand 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 FNE3 CIDRHS3 residues are shown in the table in the lower panel. Residues
R371, R292, and R118 interact with D107 of FNI3 CDRH3 and residues D151 and
E227 interact with R106 of FNI3 CDRH3.
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EXAMPLE 3

PROPUYLACTIC ACTIVITY OF ANTI-NA MONGCLONAL ANTIBODIES

Prophvlactic activity of FNI3 and FNI9 was evaluated in a murine BALB/¢
model of TAV infection. Briefly, BALB/c mice, 7-8 weeks of age, were administered
(i.v.y 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 HIN1
subtype A/Puerto Rico/8/34 or HIN2 subtype A/Hong Kong/1/68 (Figures 28A and
288} Antibody was administered (iv.yat 0.2. 0.6, 2, or 6 mg/'kg. Baseline serum was
collected at the start of infection, and both body weight and mortality were evaluated ou
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 FNI9 test group), 31A-31D {A/Hong Kong/1/68 FNI3 test group)
and 32A-32D (A/Hong Kong/1/68 FNI9 test group). Overall mortality was also
measured (Figure 33A, A/Puerto Rico/8/34-nfected mice; Figure 338, A/Hong
Kong/1/68-infected rice). Figures 34A and 34B 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 34RB). Negative area~under-the-curve peaks compared with IgG in
serum from area-under-the-curve analyses of body weight loss in BALB/¢c mice
infected with A/Puerto Rico/8/34 (Figure 35A) or A/Hong Kong/8/68 (Figure 358} are
also shown. Pharmacokinetics of FNI3 ("FNI3-L8"), FNIS ("FNI9-LS"} and comparator
antibodies FMO08 LS and 1G0T ("1GOI-LS "y in tg32 mice is shown in Figure 36.
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EXAMPLE 4

PHARMACOKINETIC STUBY

Pharmacokinetic analysis of Fc variants (M428L/N4348 mutations) of FNI3
("ENI3-L8"y, FNIS ("FNI9-LS"}, and comparator antibodies FMO8 LS and 1G01-1LS
was peformed in in tg32 mice, and half-life was performed, with results summarized 1o
Figure 36. Plasma concentration of the antibodies was determined i vifro using an
ELISA assay. Goat anti-human IgG antibody {Southemn Bictechnology: 2040-01) was
diluted to 10 yg/mi in PBS and 25 ul was added to the wells of a 96-well flat bottom ¥4~
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 ul/well of PBS
supplemented with 1% BSA (blocking solution) for 1 h at room temperature (RT} and
then washed twice. Samples were then difuted 1.2 stepwise in duplicates for a total of §
dilutions. Standards for each antibody to be tested were prepared similarly via diluting
the anttbodies to 0.5 pg/ml Standards were then dluted 1.3 stepwise in blocking
solution in duplicates for a total of 8 dilutions. Twenty-five ul of the prepared samples
or standards were added to Goat anti human IgG-coated wells and incubated for T h at
RT. After four washes, 25 ui of polyclonal anti-IgG-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-NitroPhenyl
Phosphate (Sigma-Aldrich: N2765-100TAB) in 20 ml bicarbonate buffer). After 30 min
incubation at RT, the absorbance was measured at 405 nm using a spectrophotometer.

To determine the concentration of the antibodies in mouse plasma, 0D values
from 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
eguation: Y=(A-D}/ (1+ {X/CYB) +D). The CD values of the sample dilutions that fell
within the predictable assay range of the standard curve % as determined in setup

experiment by quality control samples in the upper, medium, or lower range of the
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curve ¥ were interpolated 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, Phoenix software, Certara) with the following settings: Model: Plasma
Data, i.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 fit for lambda_z, Logregression.
Graphing and statistical analyses (linear regression or outlier analysis) were performed

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

EXAMPLE S

GEMERATION OF FNI3 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 AV
circulating straios {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 37} FNI3 and FNI9 displayed higher cross-reactivity
toward NAs from zoonotic strains {e.g. N9 from A/Anhui/1/2013, see data highlighted
by rectangle in Figure 37). All FNI antibodies bound to N1 from

A/Swing/Hangsu/J004/2018 {see data highlighted by rectangle, second from top in
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Figure 37) which has been characterized as having pandemic potential (Sun et al. Proc
Natl Acad 5ci U S A 2020). The FNI sequence variants were analyzed for function.
FNI antibodies were tested in further neutralization and NAT studies against IAVSs and
viruses bearing OSE-resistant mutations. FNI antibodies were tested for activation of
FeyRs following incubation with JAV and BY NAs. Epitope conservation studies and
in vitro resistance selection studies were performed. fn vivo prophylaxis studies of
FINI3 and FNI9 against 1AVs and against B/Vietoria/504/2000 and B/Brishane/60/2008
were performed in Balb/c and DBA/2 mice, respectively. /i vive pharmacokinetics of
FNI antibodies bearing MLNS Fc mutations was tested in SCID Tg32 mice. Data from
the above-mentioned studies are shown in 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

BinpinG STUDIES USING FNI MABS

Binding interactions between anti-NA antibodies and NA were evaluated by
crystal structure studies and docking analysis. FNI3 docking on N2 NA 13 shown o
Figure 56A. An overlay of FNI3, FNI17, and FIN119 antibodies docking with NA is
shown in Figure 56B. The codes indicated in Figure 568 correspond with the ribbon
structures of FNI3, FNIT7 | and FNI19. CDRH3, which interacts with NA| is
highlighted by a rectangle in Figure S6C, which shows VH amino acid sequence
alignments of FNI3, FNI9, FNI17, and FNII9 with unmutated common ancestor,
"UCA". No major differences in the angle of approach were observed between NA and
FNI3, FNI9, FNI17, and FNI19 antibodies.

The crystal structure of FNIL7 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} is shown in
Figure S7TA. CDRH3 residues D107 and R106 of FNI17 are tnserted within the NA
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enzymatic pocket, mimicking the sialic acid receptor. The sequence location of D107
and R106 is shown in the rectangle of Figure 57B.
Conservation of the top five interacting residues within the FNI NA epitope in

group 1 1AVs, group H TAVs, and IBVs from 2009 to 2019 are shown in Figure 58.

5 EXAMPLE 8

AN VirrRo POTENCY: COMPARISON OF FNT ANTIBODIRS Wity FMO8 Axp

OSELTAMIVIR

In vitro potency of FNI antibodies was evaluated in comparison with potency of
OSE and FMO8. /n vitro neutralizing activity of FNI9, OSE, and a comparator antibody
10 "FMUOB", measured by nucleoprotein {NP) staining against H3IN2 A/Hong Kong/8/68
virus, is shown in Figure 59.
I vitro inhibition of sialidase activity by FNI17 variant FNIT7-v19 (VH: SEQ
10 NG.199; VL SEQ 1D NG 201), FNIIS variant FNIT9-v3 (VH: SEQ ID NG.:203,;
VL: SEQ D NO.: 205), and FMOB-LS of group T{HIND IAY, group I (H3NZ) TAVY,
15 Victoria-lineage IBV, and Yamagata-lineage 1BV NAs, as measured by ViroSpot
microneutralization assay, is shown in Figure 60. The ViroSpot microneuniralization
assay is a tool for the detection and phenotypic characterization of influenza viruses. In
brief, the technique involves microtiter-format viras culture combined with automated

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

20 EXAMPLE 9

I Vivo POTENCY: COMPARISON OF FNE ANTIBODINS Wity FRMES Axd

OSELTAMIVIR

I vive potency of FNI1 antibodies was evaluated in comparison with potency of
OSE and FMO8,
25 Antibody activation of FeyRHla and FeyRIla by "GAALIE” variant antibodies

(G236A/A330L/I332E variants) was tested, as shown in Figure 61, Activation of
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FoyRilla (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 FNI19
were tested, along with FNI3, FNI9, FNI17, and FNI19 antibodies bearing GAALIE
mutations (suffix "-GAALIE"). A comparator antibody "FMG8 L8" and a negative
control antibody (FY 1-GRLR) were also tested.

An inter-experiment i vive study was designed to compare prophylactic activity
of FMOR2 LS with FNI3 and FNIS in BALB/c mice infected with HIN1 AV A/Puerto
Rico/8/34 or H3IN2 1AV A/Hong Kong/8/68 (Figure 62). Antibody was administered at
6 mg/kg, 2 mg/kg, 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 H3INZ TAV A/Hong Kong/8/68. The
timeline, data collection, and endpoints of the study are the same as those seen in Figure
288 In Experiment A ("Exp-A") BALB/¢ mice were infected with A/Puerto Rice/8/34
following pre-treatment with FNI3 (Figures 29A-29D) or FNI9 (Figures 30A-30D). In
another arm of Experiment A, BALB/c mice were infected with A/Hong 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 infected with A/Puerto Rico/8/34 (Figures
63A-63D) or A/Hong Kong/8/68 (Figures 64A-64D) following pre-treatment with
FMO8 LS.

Body weight measurements over fifteen days are shown in Figures 29A-290
{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 FMOB_LS test group). 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 (HIN1) or A/Hong Kong/8/68 (H3N2)
following treatment with FNI3 or, FNI9, or FMOS LS are shown in Figure 46.

An in vivo study was designed to compare prophylactic activity of FMO8 1.S

with FNI17 in BALB/c mice infected with HINT AV A/Puerto Rico/8/34 (Figure 65).
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Antibody was administered at | mg/kg (Figure 66A), 0.5 mg/kg (Figure 66B), 0.25
mg/kg (Figure 66C), or 0.125 mg/kg (Figure 661}, one day prior to infection with a
D90 (80% lethal dose) of A/Puerto Rico/®/34. Body weight measureruents over twelve
days are shown in Figures 66A-60D and survival over twelve days is shown in Figure
67.

An in vivo study was designed to evaluate biological potency of oseliamivir
(OSE) in female BALB/c mice infected with AV A/Puerto Rico/8/34 (Figure 68). OSE
was administered at 10 mg/kg by oral gavage on Bay 0 beginning at two hours prior 1o
infection with 10-foid LD50 (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 6
post-infection. Body weight measurements over fourteen days are shown in Figure 69
and survival over fourteen days is shown in Figure 70. Viral titers in lung homogenates
from O8E-treated mice were measured from samples obtained at two and four days

post-infection (Figure 71).

EXAMPLE 0

GENERATION AND CHARACTERIZATION OF FNE3, Fni®, Fnil7, anp Fail®

JARIANT ANTIBODIES

Varaible domain sequence variants were generated from FNI3, FNIS, FNI17,
and FN119 and characterized for binding and neutralization. A total of thirty-two (32}
variant antibodies were generated, in which twenty-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 germline sequence
and a WO7A/L/Y mutation in VL, and three (3} FNI17 variants contained a wild-type
VH and a W97A/L/Y mutation in VL. A total of 11 variants were generated from FNI3,
S variants from FNI9, 11 variants from FNIT7, and S variants from FNI19. Figures
72A-728 show acid sequences of FNI3, FNI9, FNIL7, and FNII9 VH (Figure 72A) and

VK (Figure 72B) aligned to unmutated common ancestor, "UUCA".
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71 vizro inhibition of sialidase activity against JAV NAs (NAT from H5N1
A/Vieinam/1203/2004; NAZ from H3N2 A/Tanzania/205/2010; NAS from HTNG
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. {nhibition activity
is shown in Figures 73A-73E (FNI3 and variants FNI3-v8 through FNI3-v18; see Table
2 for amino acid and nucleic acid sequences), Figures 74A-74E (FNI9 and variants
FNI9-v5 through FN19-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 76A-76E (FNI19 and variants
ENIIS-v1 through FN1II9-v5; see Table 2 for amino acid and nucleic acid sequences).

Binding of all thirty-two (32} variants to JAV NAs and IBY 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/Stockholn/18/2007,
A/California/07/2009, and A/California/07/2009 123R/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/Ountario/01911/1/99 (Figure 77CY; N7 from A/Netherlands/078/03 (Figure
77CY, IBV NA from B/Yamanashi/166/1998 (Yamagata), B/Malaysia/2506/2004
(Victoria), and B/Lee/10/1940 {Ancestral) (Figure 77D,

Surface charge and pharmacckinetic (pK) values were determined for FNI3,
ENI9, FNIT7, and FNIIG. Figure 78A shows an alignment of FNI3, FNI9, FNIT7, and
FNII9 VH amino acid sequence with that of the unmutated cormmon 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-line
reverted FNI3, FINIO, 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), FNIO (Figure 78C), FNII 7 (Figure 78D), and
FNIi© (Figure 78E), along with pK values and resolution {reported in A). Decreases in
overall positive charge on the surface of the antibody may serve {o reduce sequestration

of the antibody by pinocvtosis 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,
FNIEY, and FNI1G.

Two variants (expressed as rigGl with MLNS muations w Fe) were selected for
pharmacckinetic evaluation: FNE7-v19-L8 (VH: SEQ D NG 109, VL SEQ ID NG
201y and FNI19-v3-LS (VH: SEQ D2 NG 203, VL SEQ D NG 205), FNIT7-v10 was
generated by further engineering FNI17-v13 to incorporate somatic mutations within
the framewaork 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
pharmacokinetic analyses were pertormed between FNI1T7-LS and FNIT9-LS ("PK1"),
and FN119-v3-L8 and FNI17-v19 ("PK2"}). Tg32 mice were intravenously tnjected with
5 mg/kg antibody. Half-life (Figure 79A) a5 well as area-under-the-curve (AUC),
steady state clearance {CLss), and total volume analyzed (Volume) (Figure 79B) were

determined.

EXAMPLE 11

IN Vive POTENCY: COMPARISON OF FNIL7-v19 ANTIBODY WITH OSELTAMIVIR

{n vivo potency of FNI17-v19 was evaluated in comparison with that of OSE.
An in vivo study was designed to evaluate prophylactic activity of FINIT7-v19-rigG1-LS
compared with oseliamivir (OSE} in BALB/c mice infected with IAVs and 1BV, 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-rlgG1-LS 24 hours prior to infection at LD90 (90% lethal
dose). FNT117-v19-rIgG1-GRLR was also tested at 9 mg/kg and 0.3 mg/kg for mice
administered [AV 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 after antibody administration, mice
were infected at LID90 {90% lethal dose) with IAVs, 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 administered daily at 10 mg/kg from 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 tn the lungs was evaluated in mice from the in vivo model described
in Figure 80. At day 3 post-infection, mice were euthanized, lungs were collected, and
lung viral titres were measured using plagque assay following infection with HIN1
A/Puerto Rico/8/34 (Figure 81A), H3N2 A/Hong Kong/8/68 (Figure §1B),
B/Victoria/5304/2000 {Yamagata; Figure 81C), or B/Brishane/60/2008 (Victoria; Figure
8113, Administration of OSE resulted in a 1 Jog reduction in 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-rigG1-LS at 0.3 mg/kg outperformed the
prophylactic activity of oseltamivir with all tested viruses, further, reduction in viral
lung titre by FNI17-v19-rig(G1-LS was dose-dependent. Administration of the GRLR
version of the mAb (FNI7-v19-rigG1-GRELR) resulied 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 to reduction of PFU between the FNI17-v19-
rigGI-LS and FNIT7-v19-rIgGI-GRLR mAbs was the same when comparing these

mAbs at the doses of 9 mg/kg and 0.3 mg/kg.

EXAMPLE 12

IV Vrvo POTENCY: PROPEYLACTIC ACTIVITY OF FNI17-VI9 ANTIBODY IN

Humanizep FeyR Mice

In vivo potency of FNI17-v19 was evaluated in an FeyR-humanized mouse
maodel.

The design of an i vive study to evaluate prophylactic activity of FNI17-v19 in
humanized FoyR mice infected with HINTA/Puerto Rico/8/34 is shown in Figure 2.
Mice were pre-administered FNI17-v19 mAb at 0.9 mg/kg, 0.3 mg/ke, or 0.09 mg/kg,

24 hours prior to intranasal infection at SLDS3O (five times 50% lethal dose) of HINI
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AfPuerto 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( in sera from

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

Sera was collected from mice 2 hours prior to infection with SLDS0 HIN1 A/Puerio

u

Rico/8/34. Body weight over fourteen days is 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 1g€ quantification in the sera
collected from the animals 2 hours before infection showed that mice receiving

19 different doses of the mAb have similar human Ig(3 concentrations, thus excluding

potential problems associated to the administration of the antibody.

EXAMPLE 13
FURTHBER STUDIES
i5

Additional studies were performed, as described and shown in Figures 80-115D.
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The various embodiments described above can be combined to provide further
embodiments. All of the U8, patents, U.S. patent application publications, .S, 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, {iled December 8, 2020, U 8. Provisional
Apphication No. 63/197,160, filed June 4, 2021 and U.S. Provisional Application No.
63/261,463, filed September 21, 2021 are incorporated herein 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 full scope of equivalents to which such claims are entitted. Accordingly, the claims

are not limited by the disclosure.
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CLAIMS
What s claimed 1s;

i An antibody, or an antigen-binding fragment thereof, that is capable of
hinding to a neuraminidase (NA) from:

{1) an influenza A virus (IAV), wherein the 1AV comprises a Group 1 IAVY,
a Group 2 IAVY, or both; and

(iiy  aninfluenza B virus (IBV).

2. The antibody or antigen-binding fragment of claim 1, which is human,

humanized, or chimeric.

3. The antibody or antigen-binding fragment of claim 1 or 2, wherein:
(i} the Group 1 [AV NA comprises a N1, a N4, a NS, and/or a N8; and/or
(i) the Group 2 AV NA comprises a N2, a N3, a 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/07/2009 1Z23R/H275Y, A/Swine/Jiangsu/1004/2018,
A/Stockholm/18/2007, A/Brishane/02/2018, A/Michigan/45/2015,
A/Mississippi/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/GASW/kangsu/I004/2018, and A/New Jersey/8/1976;

(i)  the N4 s from A/mallard duck/Netherlands/30/2011;

(iiiy  the N5 is from Afaquatic bird/Korea/CN5/2009,

{ivy  the N8is from A/harbor seal/New Hampshire/179629/2011;

{v} the N2 is a N2 from any one or more oft A/Washington/01/2007,
A/HongKong/68, A/South Australia/34/2019, A/Switzerland/806G/2G17,
A/Singapore/ INFIMH-16-0019/2016, A/Switzerland/9715293/2013,

Alleningrad/134/17/57, A/Florida/4/2006, A/Netherlands/823/1992,
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A/Norway/466/2014, A/Switzerland/8060/2017, A/Texas/S0/2012,
AfVictoria/361/2011, A/HBongKong/2671/2019, A/SW/Mexico/SG1444/2011
A/Tanzania/205/2010, A/Aichi/2/1968, A/Bilthoven/21793/1972,
A/Netherlands/233/1982, A/Shanghai/11/1987, A/Nanchang/933/1995,
AlFukui/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
{vit} the N9is 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 IBY NA 13 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/Yamanasht/166/1998 {Yamagata), B/Brisbane/33/2008; B/Colorado/06/2017;
B/Hubeil-wujiang/158/2009; B/Massachusetis/02/2012; B/Netheriands/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%4 (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 oft

(i) a Group 1 AV NA;

{iiy  aGroup 2 AV NA; and

(it} alBVNA
with an ECso 1n a range from about 0.1 pg/mL to about 50 yg/rml, or in a range from
about 0.1 pg/mlL to about 2 ug/ml, or in a range from 0.1 ug/mL to about 10 ug/ml, or
in a range from 2 pg/mL to about 10 pg/rl, or in arange from about 0.4 pg/ml to

about 50 pg/mL, or in a range from about 0.4 pg/rl to about 2 pg/ml, or in arange
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from 0.4 yg/mL to about 10 pg/ml., or in a range from 2 pg/ml to about 10 pg/ml, or

in a range from 0.4 ug/ml to about 1 pg/mL, or 0.4 yg/mb 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| 1AV NA with an ECso in a range fror about 0.4 pg/ml to
about 50 pg/ml, from about 0.4 pg/mL to about 10 ug/mL, from about 0.4 ug/mkb to
about 2 pg/mlL, from about 2 pg/mL to about 30 pg/ml, from about 2 ug/ml o about
10 pg/mi, or from about 10 ug/mL to about 50 ug/mi;

{ii}  the Group 2 AV NA with an ECso 1n a range from about 0.4 yg/ml. to
about SO pg/ml., or from about 0.4 pg/mL to about 10 pg/md, or from about 0.4 pg/mi.
to about 2 ug/mL, or from about 2 pg/mi to about 50 pug/ml, or from about 2 pg/mlb to
about 10 pg/mlL., or from about 10 pg/ml to about 50 pg/ml.; and/or

(iiiy  the IBYV NA with an ECso of about 0.4 pg/mL, or in a range from about
0. 1pg/mi to about 1.9 ug/mL, or from about 0. 1pg/mb to about 1.5 yg/mL, or from
about 0.1 pg/mL to about 1.0 ug/ml, orabout 0.1,0.2,03,04,05,06,0.7. 08,09, or
1.0 ug/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 ECso of about 0.4 pg/ml, or in a range from about 0.4
ug/mk. to about SOug/mL, or in a range from about 0. lug/mL to about 1 9 yg/ml, or
from about 0. Tpg/mL to about 1.5 pg/mL, or from about 0.1 pg/mL to about 1.0 pg/ml.,
orabout 01,02, 03,04,05,0.6,07, 08,09, or 1.0 ug/mL;

(i)  a N4 with an ECsg of about 0.4 ug/mL, or in a range from about
(. 1pg/mi to about 1.9 ug/mL, or from about 8. 1ug/mi to about 1.5 yg/mb, or from
about 0.1 pg/mlL to about 1.0 ug/mb, orabout 0.1,02,03,04,05,06,0.7, 08,09, or
1.0 pyg/mi;

(iii}  a N5 with an ECso 1o a range from about 0.4 pg/mli. to about 2 ug/ml;

(iv)  a N8 with an ECso of about 50 ug/mL,;
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(v}  aN2 with an ECse in a range from about 0.4 ug/mL to about 20 pg/mL,
or from about 0.4 pg/mL to about 10 pg/mL, or from about 0.4 pg/mL to about 2
ug/ml, from about 1 pg/mL to about 10 pg/ml, or from about 1 ug/ml to about 20
ug/mi, or from about 1 pg/mL to about 5 pg/ml, 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/mL, or in a range from about
0.1ug/mi to about 1.9 ug/mb., or from about 0. 1pg/mL to about 1.5 pg/mL, or from
about 0.1 pg/mlL to about 1.0 yg/mb, orabout 0.1,0.2,03,04,05,06,07, 08,09, or
1.0 ug/mk,;

{vii} aN6with an ECso 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. 1ug/rol. to about 1.5 yg/mi, ot from
about 0.1 pg/mi to about 1.0 ug/mb, or about 0.1,0.2,03,04,05,06,0.7 08,09, or
1.0 pg/mi,;

{vitiy a N7 with an ECso in a range from about 2 yg/mL to about 50 pg/mlL,;

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

{xiy  aIBV NA with an ECso of about 0.4 pg/ml, or in a range from about
0. 1pg/mi to about 1.9 ug/mL, or from about 0. 1pg/mb to about 1.5 yg/mL, or from
about 0.1 pg/mL to about 1.0 ug/mk, orabout 0.1,02,03,04,0.5,06,0.7,08,0.9, or

1.0 ug/ml.

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

{1} one or more oft N1 A/California/07/2009, N1 A/California/07/2009
[223R/H275Y, N1 A/Stockholm/18/2007, N1 A/Swine/Rangsu/J004/2008, N4
A/mallard duck/Netherlands/30/2011, NS A/aquatic bird/ Korea/CN5/2009, N2 A/Hong
Kong/68, N2 A/leningrad/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 (Victoria),
B/Malaysia/3120318925/2013 (Yamagata), B/Wisconsin/1/2010 (Yamagata), and
B/Yamanashi/166/1998 (Yamagata), with an ECso of about 0.4 pg/mlL, or in arange of
from about 0. 1ug/mL to about 1 9 pg/mL, or of from about 0. 1pg/mL to about 1.5
ug/mk., or of from about 0.1 pg/ml to about 1.0 pg/ml, or about 0.1, 0.2, 0.3, 0.4, 0.5,
0.6,07,08,09, or 1.0 ug/ml;

(i} N5 Afaguatic bird/ Korea/CN5/2009 with an ECso of about 2 pg/mL, or
in a range of from about 2 pg/mi to about 10 pg/mi;

{iii} N8 A/harbor seal/New Harapshire/179629/2011 with an ECse of about
50 pg/mi;

vy N2 A/Washington/01/2007 with an ECso in a range from about 2 pg/ml.
to about 10 pg/mi;

(v} N7 A/Netherlands/078/03 with an ECso in a range from about 2 pg/mb
to about 5O pg/ml;

{vi) N2 A/Scuth Australia/34/2019 with an ECse in a range of from about 0.4
ug/ml. to about 50 ugfml.;

{vit} N2 A/Switzerland/B060/2017 with an ECso in a range of from about 9.5
pg/mi to about 3.8 pg/ml;

{(viti) N2 A/Singapore/INFIMH-~16-0019/2016 with an ECso to a range of from
about 18.4 ug/mL to about 2.2 pg/mi;

{ivy N2 A/Switzerland/9715293/2013 with an ECso in a range of from about
1.6 ug/mk to about 1.2 pg/ml; and/or

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

0.4 ug/mb to about S0ug/ml., or about 0.4, about 2, about 10, or about 50 ug/mk..
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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11, The antibody or antigen-binding fragment 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, lessthan LOE-11 M, orof 1.0E-12M or fess, 1.0E-11M orless, or 1.0E-10 or
less, or with a KID 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).

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

isa N1 aMN2, and/ora N9

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

{1} (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
(ii) a NA epitope that comprises any one or more of the following amino acids (N2 NA
numberingy: R371, R292, E227, E344, 8247, D198, DI51, R11§;

and/or

{2} (i) a NA epiiope that comprises the amino acids R368, R293, E228,
Di51, and RTIB (N1 NA numbering); and/or (U} a NA epitope that comprises the
amino acids R371, R292 E227, D151, and R118 (N2 NA numbering);

and/or

{3y  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, 276, R292, R371. Y406, E119, R136, W178, S179,
D/N198, 1222 E227 H274 E277, D293, E425;

and/or

{4) an IBYV NA epitope that comprises: (i) any one or more of the following
aming acids: R116, D149, E226, R292, and R374; or (11) the amino acids R116, D149,
F226, R292, and R374.
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14, The antibody or antigen-binding fragment of claim 13, wherein:

{H) the epitope further comprises any one or more of the following NA
amino acids (N2 numbering). 344, E227, 8247, and D198, and/or

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

comprising a 8245N amino acid mutation and/or a E2211¥ 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 claims 1-15,
wherein the antibody or antigen-binding fragment is capable of inhibiting a sialidase
activity of (i} an JAY NA, wherein the AV 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 fragment of claim 16, wherein:

i) the Group 1 IAY NA comprises a HINI and/or a HANT;

(1) the Group 2 JAV NA comprises a H3INZ and/or a HTN9; and/or

{iii}  the IBY NA comprises one or more of: B/Lee/10/1940
(Ancestral ¥ B/HongKong/05/1972; B/Taiwan/2/1962 (Ancestral}y; 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/Jiangsu/10/2003
(Yamagata), B/Texas/06/2011 (Yamagata), B/Perth/211/2011; B/Harbin/7/1994
{Victoria), B/Colorade/06/2017 {Victoria), B/Washington/02/2019 (Victoria};
B/Perth/211/2001 {Yamagata}, B/Hubet-wujiagang/158/2009 (Yamagata},
B/Wisconsin/01/2010 (Yamagata), B/Massachusetts/02/2012 (Yamagata); and

B/Phuket/3073/2013 (Yamagata).
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18, The antibody or antigen-binding fragment 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 IAY NA; a Group 2 IAV NA; and/or a 1BV NA,

with an IC50 in a range of

from about 0.0008 pg/mL to about 4 pg/ml., from about 0.0008 pg/mL to about
3 pg/ml., from about 0.0008 pg/ml. to about 2 ug/ml., from about 0.0008 pg/mL io
about 1 pg/mL, from about 0.0008 ug/mL to about 0.9 png/mi, from about 0.6008
ug/mL to about 0.8 ug/mi, from about 0.0008 pg/mi to about 0.7 pg/ml, from about
0.0008 pug/rml to about 0.6 ug/mL, from about 0.0008 pg/mL to about 0.5 ug/ml, from
about 0.0008 pug/mi to about 6.4 yg/ml., from about 0.0008 pg/ml to about 0.3 ug/mL,
from about 0.0008 pg/ml. to about 0.2 pg/ml, from about 0.0008 pg/mL. to about 0.1
pug/mi, from about 0.0008 pg/mL to about 0.09 pg/mL, from about 0.0008 pg/mkb to
about ¢.08 ug/mL, from about 0.0008 pg/ml to about 0.07 pg/ml., from about 0.0008
ug/mk to about 0.06 pg/mb, about 0.0008 ug/mL to about 0.05 ug/mL, about 0.0008
ug/mlL to about 0.04 ug/mk, about 0.0008 pug/mL to about 0.03 pug/mb, about 0.0008
ug/ml, to about 0.02 pg/mk, about 0.0008 pg/ml to about 0.01 ugfml, from 0.002
ug/mL to about 4 ug/mL, from sbout 0.001 pg/ml to 50 ug/mL, from about 0.1 pg/mL
to about 30 pg/ml, from about 0.1 pg/ml. to about 20 pg/ml., from about 0.1 pg/mL to
about 10 pg/ml, from about 0.1 pg/mi to about 9 pg/rul, from about 0.1 pg/mi. to
about 8 pg/mL, from about 0.1 pg/mL to about 7 pg/mL, from about 0.1 pg/mlL to
about 6 pg/mk., from about 0.1 pg/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 pg/rul to
about 2 pg/mL, from about 0.1 ug/mL to about 1 pg/ml, from about 0.1 pg/ml to
about 0.9 pg/mk, from about 0.1 pg/ml. to about 0.8 pg/ml, from about 0.1 yg/ml to
about 0.7 pg/mL, from about 0.1 pg/mL to about 0.6 pg/ml, from about 0.1 pg/mL to
about 0.5 pg/mL, from about ¢.1 pg/ml to about 0.4 pug/mi., from about 0.1 pg/ml to
about 0.3 pg/mL, from about 0.1 pg/mL to about 0.2 ug/ml, from about 0.8 pg/mL to
about 30 ug/mL, from about 0.8 pg/mL to about 20 pg/mL, from about 0.8 ug/mL to
about 10 pg/mlL, from about 0.8 ug/mL to about 9 pg/ml, from about 0.8 pg/mi. to

about § pg/ml, from about 0.8 pg/mL to about 7 pg/mL, from about 0.8 pg/ml to
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about & pg/mlL, from about 0.8 pg/ml to about 5 pg/ml, from about 0.8 pg/rl to
about 4 pg/mlL, from about 0.8 pg/mL to about 3 pg/ml, from about 0.8 pg/ml to
about 2 pg/ml, from about 0.8 pg/mi to about 1 pg/ml, or of about 6.1 ug/mi., about
0.2 ug/mL, about 0.3 pg/mL, about 0.4 ug/mb, about 0.5 ug/mkb, about 0.6 pg/ml,
about 0.7 ug/ml., about 0.8 pg/ml, about 4.9 pg/mk, about 1.0 pg/mb, about 1.5
ug/mi., about 2.0 pg/ml, about 2.5 ug/ml, about 3.0 ug/ml., about 3.5 pg/ml., about
4.0 ug/mb, about 4.5 pg/mi, about 5.0 pg/mL, about 5.5 ug/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/mi., about 8.5
wg/mL, about 9.0 pg/ml, about 10 pg/ml, about 11 ug/ml, about 12 pg/ml, about 13
ug/ml, about 14 pg/mL, about 15 ug/ml, about 16 pg/mi., about 17 yg/ml., about 18

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

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 IAV, and/or
of one or more IBY, with an IC50 in a range of from: about 00001 pg/ml to about 25
ug/ral, or about 0.6001 pg/ml to about 10 pg/ml, or about 0.0001 pg/mi to about 1
pg/mi, or about 0.0001 pg/mi to about 6.1 ug/ml, or about 0.0001 pug/ml to about 0.01
pg/mi, or about 0.0001 pg/mi to about 001 pg/ml, or about 0.0001 pg/mi to about
L0001 pg/ml, or about L0001 pg/ml to about 25 ng/ml, or about 0001 pg/mi to about 10
wg/mi, or about 0001 ug/ml to about 1 ug/ml, or about 0001 pg/ml to about 0.1 pg/mi,
or about .0001 pg/mi to about 0.01 ug/mli, or about 001 ug/ml to about 25 pug/mi, or
about .00 ug/ml to about 10 ug/ml, or about .001 pg/ml to about 1 ug/ml, or about
00T pg/ml to about 0.1 pug/mi, or about .001 pg/ml to about 0.01 ug/ml, or about .01
pg/ml to about 25 pg/ml, or about .01 pg/ml to about 10 ug/ml, or about 01 pg/mi to
about 1 pg/mi, or about .01 pg/ml to about 0.1pg/ml, or about 1 ug/ml to about 25
we/mi, or about 1 pug/mi to about 10 ug/ml,

orofabout 1, 1.5,2,2.5,3,3.5,4,45,5,55,6,65,7,7.5 8 85,9 95, 10,
10.5, 11, 11.5, 12, 12,5, 13, 13.5, 14, 14.5, or 15 pg/ml.
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20.  The antibody or antigen-binding fragment of any one of claims 1-19,

which is capable of activating a human FeyRilla.

21, The antibody or antigen-binding fragment of claim 20, wherein
activation is as determined using a host cell (optionally, a Jurkat cell) comprising: (i)
the human FeyRHIa (optionally, a F158 allele);, and (1) a NFAT expression control
sequence operably linked to a sequence enceding 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 AV,

22, The antibody or antigen-binding fragment of claim 21, wherein
activation is as determined following an incubation {opticnally, for about 23 hours) of
the antibody or antigen-binding fragment with the target cell infected with a HIN1
IAV wherein, optionally, the HINT IAV 15 A/PR8/34, and/or wherein, optionally, the

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

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

which is capable of neutralizing infection by an [AV and/or an IBV.

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

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 JAV comprises a N1 NA that comprises the amino acid mutation(s}:
H278Y; E119D + H278Y; 8247N + H275Y; 1222V, and/or N294S5, wherein,

optionally, the IAV comprises CAU9 or A/Aichi
26.  The antibody or antigen-binding fragment of any one of claims 1-25,
wherein the JAV 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 fragment of any one of claims 1-26,
wherein the antibody or antigen-binding fragment is capable of treating and/or

oreventing (i) an IAV wnfection and/or (1) 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:

(i) a HINT virus, wherein, optionally, the HINT virus comprises A/PRB/34;

and/or

{ii} a H3NZ virus, wherein, optionally, the H3N2 virus optionally comprises

A/Hong Kong/68.
28 The antibody or antigen-binding fragment of any one of claims 1-28,

wherein the antibody or antigen-binding fragment is capable of preventing weight loss
iy a subject infected by the IAV and/or [BY, optionally for (i} up to 15 days, or (if)
more than 15 days, following administration of an effective amouut of the antibody ot

antigen-binding fragment.

30. The antibody or antigen-binding fragment of any oune of claims 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 AV infection and/or an IBV
infection, as determined by reference to the subject’s body weight just prior to the AV

and/or IBV 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 fragment of any one of claims 1-31,
wherein the antibody or antigen-binding fragment has an iz vivo half-life in a mouse
(e.g, a1g32 mouse}:

{1) 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, 109,110,111, 11.2, 11.3, 114, 115, 116, 11.7, 118, 11.9,
120,121,122, 123,124, 125,126,127, 128,129, 13.0, 131, 13.2, 133, 13 .4,

1

2

5,13.6,13.7, 13.8, 13.9, or 14.0 days; or

(iiy  inaravge of from about 12 days to about 16 days, sbout 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,
orof about 12.0,12.1,12.2, 123,124, 125, 12,6, 127, 128 129, 130, 13.1, 132
133,13.4, 135, 136, 13.7, 138, 13.9, 14.0, 14.1, 142, 143, 144, 14.5, 14.6, 147,
14.8, 149, 150 151,152, 153, 154, 15.5, 1.56, 157, 15.8, 15.9, 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 ({CDRYH1, a CORH2, and a CDRH3, and a light chain variable
domain (VL) comprising a CORLI, a CDRL2, and a CDRL3, wherein:

{i) optionally, the CDRH1I comprises or consists of the amino acid sequence
set forth in any one of SEQ D NOs.; 147, 3, 15, 27,39, 51, 63,75, 87,99, 111, 123,
135, 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 germling-encoded amino acid;

(iiy  optionally, the CDRH2 comprises or conststs of the amino acid sequence
set forth in any one of SEQ ID 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 amine acid,;

(iiiy  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;

{iv)y  optionally, the CDRL1T 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 CDRL2 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 1s 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 NOs.: 155, 11, 23, 35, 175, 178, 181, 47. 59, 71, 83, 95,
187,193, 107, 119, 131, 143, 190, 167, and 230, or a functional variant thereof
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.

34, The antibody or antigen-binding fragment of claim 33, comprising
CDRHI, CDRHZ, CDRH3, CDRLY, CDRL2, and CDRL3 amino acid sequences set
forth in SEQ ID NOs.: (i) 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; (vii) 27-29, 33, 34, and 181, respectively; (viii} 27, 28, 172, 33, 34, and

203



WO 2022/109309 PCT/US2021/060155

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; (xii} 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} 8§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; {xxii) 87, &8, 184, 93, 94, and 193,
respectively; (xxiii} 87-89, 141, 142, and 131, respectively; (xxiv) 99-101 and 105-107,
respectively; Qoovy 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, (xxix) 159-161 and 165-167, respectively; or {xxx} 231-233 and 234-236,

respectively.

3S. The antibody or antigen-binding fragment of any one of claims 1-34,
wherein:

() the VH comprises or consists of an amino acid sequence baving 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 forth in 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, wherein sequence variation is optionally limited to one or more framework regions
and/or sequence variation comprises comprises one or more substitution to a germline-
encoded amino acid; and/or

(i1} the VL comprises or consists of an amino acid sequence having at least
R0% {e.g., 80%, BSY, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
maore) identity to the amino acid sequence set forth in any one of SEQ 1D NQOs.: 201, 8,
20,32, 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 is optionally limited to one or more
framework regions and/or sequence variation compiises one or more substitution to a

germiine-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; (i) 14 and 20, respectively; (it} 26 and 32,
respectively; (iv) 26 and 174, respectively; (v} 26 and 177, respectively; (vi) 26 and
180, respectively; {vii) 171 and 32, respectively; (viii) 171 and 174, respectively; {ix}
171 and 177, respectively; (x)171 and 180, respectively; (xi} 38 and 44, respectively;
(xii} 50 and 36, 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; (xix) 183 and 92, respectively; (xx)
183 and 186, respectively; (xx1) 183 and 189, respectively; (5xii) 183 and 192,
respectively; (xxiii) 98 and 104, respectively; (oxiv) 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 &, respectively; (xxx) 203

and 208, respectively; (oxxi) 207 and 209, respectively; (xxxii} 216 and 21

B

respectively; or (xxxiit) 228 and 230, respectively.

37, The antibody or antigen-binding fragment of any one of claims 1-36,
comprising;

{1) a CH1-CH3 comprising or consisting of the amino acid sequence set
forth in SEQ ID NO.:210 or SEQ ID NO.:2135; and/or

{2} a L comprising or consisting of the amino acid sequence set forth in

SEQ ID NO..21 1.

38, The antibody or antigen-binding fragment of any ove of claims 1-37,
comprising

{1) a heavy chain comprising or conststing of the amino acid sequence set
forth in SEQ ID NG..212 or 213; and

(2} alight chain comprising or consisting of the amino acid sequence set

forth in SEQ IB NG..214,
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39, The antibody or antigen-binding fragment of any one of claims 1-38,
comprising:

{1) a heavy chain comprising or consisting of the amino acid sequence set
forth in SEQ ID NO.:212; and

{2} alight 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,
COmprising’s

{1) a heavy chain comprising or consisting of the amino acid sequence set
forth in SEG ID NG, 213; and

(2} alight chain comprising or consisting of the amino acid sequence set

forth in SEQ IDNG..214.

41. An antibody, or antigen-binding fragment thereof, comprising a heavy
chain variable domain (VH} comprising a CDRHI, a CDRHZ, and a CDRH3, and &
light chain variable domain (V1) comprising a CDRL1, a CDRL2, and a CDRL3,
wherein:

(1) the CDRH1, CDRHZ, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ D NOs: 147-149, respectively, and the CORLY, CDRL2,
and CORL3 comprise or consist of the amino acid sequences set forth in SEQ 1D NOs:
153-155, respectively;

(i1} the CDRHI1, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ ID NOs: 15-17, respectively, and the CBRL1, CDRL2, and
CDRI3 comprise or consist of the amino acid sequences set forth in SEQ 1D NQOs: 21~

3, respectively;

(iity  the CORHI, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ ID NOs: 27, 28, and 29 or 172, respectively, and the
CDRLY, CDRILZ, and CDRL3 comprise or consist of the amino acid sequences set forth

in SEQ ID NOs: 33, 34, and 35 or 175 or 178 or 181, respectively;
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(ivy  the CDRHI, CDRHZ, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ ID NOs: 39-41, respectively, and the CDRL1, CDRL2 and
CDRL3 comprise or consist of the amino acid sequences set forth in SEQ 1D NOs; 45-
47, respectively;

(v}  the CORHI, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ D NOs: 51-53, respectively, and the CDRL 1, CDRL2Z, and
CDRL3 comprise or consist of the amine acid sequences set forth in SEQ 1D NOs: 57-
59, respectively;

{viy the CDRHI1, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ D NOs: 63-65, respectively, and the CDRL1, CDRLZ, and
CDR1L3 comprise or consist of the arino acid sequences set forth in SEQ 1D NOs: 69-
71, respectively;

(vit} the CDRHI, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ 1D NOs: 75-77, respectively, and the CDRL1, CDRL2Z, and
CDRL3 comprise or consist of the amino acid sequences set forth in SEQ I NQOs: 8i-
83, respectively;

{viii) the CDRHI, CDRHZ2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ ID NOs: 87, 88, and 89 or 184, respectively, and the
CDRL1, CDRL2, and CDRL3 comprise or consist of the amino acid sequences set forth
iy SEQ D NGs: 93, 94, and 95 or 187 or 190 or 193, respectively;

{ix) the CORHI, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ ID NOs: 87, 88, 184, respectively, and the CDRLI, CDRL2,
and CDRL3 comprise or consist of the aming acid sequences set forth in SEQ 1D NOs:
93-95, respectively,

{x}  wherein the CORH1, CDRH2, and CDRH3 comprise or consist of the
amine acid sequences set forth in SEQ 1D NOs: 99-101, respectively, and the CDRLI,
CDRL2, and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ
I NQOs: 105-107, respectively;

{xi}  the CDRHI, CDRHZ, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ 1D NGOs: 111-113, respectively, and the CDRLI, CDRL2,
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and CDRL3 comprise or consist of the amine acid sequences set forth in SEQ ID NOs:
117-119, respectively;

{xit}y the CDRH1, CDRHZ, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ D NOs: 123-125, respectively, and the CDRLET, CDRL2,
and CIRL3 comprise or consist of the amino acid sequences set forth in SEQ 1D NOs:
129-131, respectively;

{xiii} the CDRHI, CDRH2 and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ D NOs: 135-137, respectively, and the CBRL1, CDRLZ,
and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ 1D NOs:
141-143, respectively;

{xiv} the CDRHI, CDRHZ, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ ID NOs: 3-5, respectively, and the CORLY, CDRL2, and
CDRL3 comprise or consist of the amino acid sequences set forth in SEQ 1D NOs: 9-
11, respectively;

{xv) the CORHI1, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ 1D NOs: 159-161, respectively, and the CDRLL, CDRL2,
and CDRL3 comprise or consist of the amine acid sequences set forth in SEQ ID NOs:
165-167, 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 CDORLY, CDRLZ, and
CDRL3 comprise or consist of the amino acid sequences set forth in SEQ [D NOs: 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, CDRL2,
and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ 1D NOx

34-2306, respectively

and wherein the antibody or antigen-binding fragment is capable of binding to a

neuraminidase (NA) from: (i) an influenza A virus (IAV), wherein the AV comprises a

Group 1 1AV, a Group 2 IAY, or both; and/or (i1} 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 variabie domain (VL), wherein: (i} the
VH comprises or consists of the amino acid sequence set forth in SEQ ID NG: 199 and
the VL comprises or consists of the amino acid sequence set forth in SEQ D NG: 201,
(ii) the VH comprises or consists of the amino acid sequence set forth in SEQ ID NG:
14 and the VL comprises or consists of the amino acid sequence set forth in SEQ 1D
NO: 20; (ii1) the VH comprises or consists of the amino acid sequence set forth in SEQ
ID NO: 26 or 171 and the VL comprises or consists of the amino acid sequence set
forth in SEQ D NG: 32, 174, 177, or 180; (iv) the VH comprises or consists of the
aminoe acid sequence set forth in SEQ 1D NO: 38 and the VL comprises or consisis of
the amino acid sequence set forth in SEQ ID NO: 44; (v) the VH comprises or consists
of the aming acid sequence set forth in SEQ I NO: 50 and the VL comprises or
consists of the amino acid sequence set forth in SEQ 1D NO: 36; (vi) the VH comprises
or consists of the amino acid sequence set forth in SEQ 1D NO: 62 and the VL
comprises or consists of the amino acid sequence set forth in SEG ID NQO: 68; (vii) the
VH comprises or consisis of the amino acid sequence set forth tn SEQ ID NO: 74 and
the VL comprises or consists of the amine acid sequence set forth in SEQ ID NO: 80
(viii) the YVH comprises or consists of the amino acid sequence set forth in SEQ [ NO:
8¢ or 183 and the VL comprises or cousists of the amino acid sequence set forth in SEQ
I NG: 92 186, 189, or 192; (ix) the VH comprises or consists of the amino acid
sequence set forth in SEQ 1D NO: 98 and the VL comprises or consists of the amino
acid sequence set forth in SEQ ID NO: 104; (x) the VH comprises or consists of the
amino actd sequence set forth in SEQ 1D NO: 110 and the VL comprises or consists of
the amino acid sequence set forth in SEQ ID NGO: 116; (xi) the VH comprises or
consists of the aminc acid sequence set forth in SEQ [ NG: 122 and the VL comprises
or consists of the amino acid sequence set forth in SEQ ID NO: 128; (x1i) 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 NG: 140;
(xiit) the VH comprises or consists of the amino acid sequence set forth in SEQ D NO:

146 and the VL comprises or consists of the amino acid sequence set forth in SEQ ID
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NO: 152; (xiv) the VH comprises or consists of the amino acid sequence set forth in
SEQ 1D NG: 158 and the VL comprises or consists of the amino acid sequence set forth
in SEQ ID NG 164, (ovy the VH comprises or consists of the amino acid sequence
set forth in SEQ D NG: 2 and the VL comprises or consists of the amino acid sequence
set forth in SEQ B NO: 8; (xvi}  the VH comprises or consists 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 1D NO: 205; (xvii) the VH comprises or consists of the
amino acid sequence set forth in SEQ 1D NO: 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 2 NG: 228 and the VL comprises

ot 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 NQO.:216 and the
VL comprises comprises or consists of the amino acid sequence set forth in SEQ ID

NQ.:217.

44, The antibody or antigen-binding fragment of claim 42 or 43, wherein the
antibody or antigen-binding fragment is capable of binding to a neuraminidase (NA)
from: (1) an influenza A virus (JAV), wherein the IAV comprises a Group 1 1AV, a
Group 2 1AV, 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 IAV and/or IBV.
45, A polypeptide comprising an amino acid sequence sequence according

to SEQ ID NO 1219, wherein the polypeptide is capable of binding to an influenza 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 1D NO..219 is optionally comprised in the VH or

fragment thereof.

47, The polypeptide of claim 45 or 46, wherein the amino acid sequence
according to SEQ ID 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.

£l

48.  The polypeptide of any one of claims 45-47, wherein the polypeptide or
VH further comprises:
(i} an amino acid sequence sequence according to SEQ ID NG.:220; and/or

(it}  an amino acid sequence according to SEQ 13 N(O..221.

49. The polypeptide of any one of claims 45-48, further comprising an
antibody fight chain variable domain (VL), wherein, optionally, the VL comprises:

(i) an amino acid sequence according to SEQ ID NG .1222;

(i}  an amino acid sequence according to SEQ 1D N .:223; and/or

(i} an amino acid sequence according to SEQ ID 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, B6, 183, 98, 110, 122, 134, 146, 158, 203,

207, 216, and 228.

El

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 least 99% identity to the amino acid sequence of any one of SEQ ID 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.

S2.  The polypeptide of any one of claims 45-51, wherein the polypeptide

comprises an antibody or an antigen-binding fragment thereof.

53 Anantibody or an antigen-binding fragment thereof, comprising a heavy
chain variable domain (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 feast 95%, at least 97%, or at least 99%
identity to the amino acid sequence of any one of SEQ D3 NQa.: 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 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 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 1s capable of binding
to a neuraminidase (NA) from: (i) an influenza A virus (IAV), wherein the JAY
coroprises a Group 1 1AV, a Group 2 1AV, or both; and/or (it} an wfluenza B virns

(BV).

54, The polypeptide of any one of claims 45-52 or the antibody or antigen-
binding fragment of claim 53, which is capable of binding to a neuraminidase (NA)
from: (1) an influenza A virus (IAV), wherein the IAV comprises a Group 1 JAV, a
Group 2 1AV, or both; and/or (1) an influenza B virus (IBY), and wherein, optionally,
the antibody or antigen-binding fragment is capable of (1) inhibiting NA sialidase

activity and/or (2) neutralizing infection by the IAV and/or IBV.

55, Anantibody, or an auntigen-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, §247, D198, D151, R118; and/or
(i) a NA eptiope that comprises any one or more of the following amino acids

(N2 NA numbering): R371, R292, E227 E344, 5247, D198, D151, R118.

36, Auvantibody, or an antigen-binding fragment thereof, that is capable of
binding to:

(i) a NA epitope that comprises the amino acids R36&, R293, K228, 3151,
and R118 (N1 NA numbering); and/or

{ii}  aNA epitope that comprises the amino acids R371, R292, E227, D151,

and R118 (N2 NA numbering).

57 Anantibody, or an antigen-binding fragment thereof, that is capable of
hinding 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,
RS2, R224, E276, R292, R371, Y406, E119, R1S6, W178, 8179, D/N198, 1222, BE227,
H274, 277, D293, B425.

58, The antibody or antigen-binding fragment of any oune of claims 83-85
wherein the epitope further comprises any one or more of the following NA amino

acids (N2 numbering) E344, E227, 8247, and D198,

59, The antibody or antigen-binding fragment of any one of claims 55-58,
which is capable of binding to a NA comprising a 8245N amino acid routation and/or a

H221D amino acid mutation.
60. An anttbody, or an antigen-binding fragment thereof, that is 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.
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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,

wherein the influenza comprises an influenza 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 is a IgG, IgA, IgM, I¢E or IgD 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 isotvpe selected from IgGl,

IgG2, 1gG3, and 1gG4.

65. The antibody or antigen-binding fragment of any one of claims 1-44 and
533-64, or the polypeptide of claim 52, wherein the astibody, 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 polypeptide of claim 52, wherein the antibody or antigen-binding

fragment is a multi-specific antibody or antigen-binding fragment.

67.  The antibody or antigen-binding fragment of clairn 66, or the
polypeptide of claim 66, wherein the antibody or antigen-binding fragment is a

bispecific antibody or antigen-binding fragment.
68.  The antibody or antigen-binding fragment of claim 66 or 67, comprising:
(i) a first 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 aminc acid sequence having at least 5% identity to the amino acid
sequence set forth in any one of SEQ 1D NQGs.: 199, 2, 14, 26, 171 38, 50, 62, 74, 85,
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 §5% identity to the amino acid
sequence set forth in any one of SEQ 1D NGs.: 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 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 anttbody or antigen-binding

fragment comprises an {e.g., IgG1) Fc polypeptide or a fragment thereof.

70, The antibody or antigen-binding fragment of claim 69, or the
polypeptide of claim 69, wherein the Fc polypepiide or fragment thereof comprises:

() 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 instrument,
using manufacturer’s protocols)), as compared to a reference Fc polypeptide that does
not comprise the mutation; and/or

(i1}  amutation that increases binding affinity to a human FeyR {e.g., as
measured using surface plasmon resonance (SPR) {e.g., Biacore, e.g., T200 instrument,
using manufacturer’s protocols)) as compared to a reference Fc polypeptide that does

not comprise the mutation.

7t The antibody or antigen-binding fragment of claim 70, or the

polypeptide of claim 70, wheretn the mutation that increases binding affinity to a
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human FcRa comprises: M428L; N4348; N434H; N434A; N4348; M252Y,; S254T;
T256E; T250Q; P257L, Q311L D376V, T307A; E380A; or any combination thereof.

72.  The antibody or antigen-binding fragment of clairs 70 or 71, or the
polypeptide of claim 70 or 71, wherein the mutation that increases binding affinity to a
bhuman FcRao comprises: (1) M4281/N4348; (1) M252Y/8254T/T256E; (i)
T250Q/MA428L; (iv) PZ5TVQ3 1L (v) P2STUNA34H, (vi) D376V/NA34H; (vii)
TI07A/EZ8OA/MNAZ4A; or {viii) any combination of {()-(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 mutation that increases binding

affinity to a human FeRn comprises M4281/N4348.

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; 1332E; 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 oue of claims 70-74, wherein the mutation that enhances binding

G236A/8239D/1332E,; or (iv) GR30A/A330L/332E, wherein the Fc polypeptide or
tragment thereof optionally comprises Ser at position 239,

76.  The aotibody or antigen-binding fragment of any oue of claims 1-44 and
5375, 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 NZ97A, N297¢), or N297(, and/or which is aglycosylated and/or

afucosylated.

77. Anantibody comprising;
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(1} aheavy chain comprising or consisting of the amino acid sequence set
forth in SEQ ID NG ..212; and
{2) a light chain comprising ot consisting of the amino acid sequence set

forth in SEQ 1D NO..214.

78 Anantibody comprising:

{1} aheavy 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 SEQ ID NO.:214.

79, An antibody comprising:

{1}  two heavy chains, each comprising or consisting of the amino acid
sequence set forth in SEQ ID NG.:212; and

{2) two light chains, each comprising or consisting of the amino acid

sequence set forth in SEQ ID NO..214.

80.  Anantibody comprising:

{1) two heavy chains, each comprising or consisting of the amino acid
sequence set forth in SEQ I3 NO.: 213; and

{2} two light chains, each comprising or consisting of the amino acid

sequence set forth in SEQ ID NG..214.

1. An isolated polynucleotide encoding the antibody ot 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 hight chain of the antibody or the antigen-binding fragment.

82.  Anisolated polynucleotide 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 polvnucleotide
comprises deoxyribonucleic acid (BNA) or ribonucleic acid (RNA}, wherein the RNA

optionally comprises messenger RNA (mRNA).

&4, The polynucleotide of any one of claims 81-83, comprising a modified

nucleoside, a cap-1 structure, a cap-2 structure, or any combination thereof.

8S. The polynuciectide of claim 84, wherein the polynucleoctide comprises a
pseudouridine, 2 N6-methyladenonsine, a S-methyleytidine, a 2-thiouriding, or any

combination thereof,

86.  The polynuclectide of claim 84, wherein the pseudoundine comprises

Ni-methvipseudouridine.

&7 The polvnucleotide of any one of claims 81-86, which is codon-

optimized for expression in a host cell.

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

cell.

83 The polynucieotide of any one of claims 81-88, comprising &
polynucleotide having at feast 50% {e.g., 50%, 55%, 60%, 65%, 70%, 75%, §0%, 85%,
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 1D NOs.: 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,

218



WO 2022/109309 PCT/US2021/060155

90.  The polynucleotide of claim 89, comprising the polynuciectide sequence

of SEG 1D 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, Ahost cell comprising the polynucleotide 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 polynuclestide is optionally

heterologous to the human B cell and/or wherein the human B cell is immortalized.

94, A coraposition comprising:

(i) the antibody or antigen-binding fragment of any one of claims 1-44 and

(it} the polypeptide of any one of claims 45-52 and 63-76;
{iit}  the polynucleotide of any one of claims 81-90;

{iv)  the recombinant 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 composition 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 one of claims 1-44 and 53-

&0,
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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-derived delivery vehicle, suchas a
liposome, a solid lipid nanoparticle, an oily suspension, a submicron lipid emulsion, a
lipid microbubble, an inverse lipid micelle, a cochlear liposome, a lipid microtubule, a

lipid microcylinder, 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.

98, The method of claim 97, further comprising isolating the antibody or

antigen-binding fragment.

99, A method of treating or preventing an TAV infection and/or an IBY
infection in a subject, the method comprising administering to the subject an effective
amount of:

(1) the antibody or antigen-binding fragment of any one of claims 1-44 and

{iiy  the polvpeptide of any one of claims 45-52 and 63-76;
{(iity  the polynuclectide of any one of claims §1-90;

{ivi  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 administering to the subject the polynuclectide of any
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one of clairns 81-90, the recombinant vector of claim 91, or the compesition of claim

06, wherein the polynuclectide comprises mRNA.

101, The method of clairm 100, wherein the influenza infection comprises an

FAV 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,

polynuclectide, recombinant vector, host cell, or composition fo 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, polynucleotide,
recombinant vector, host cell, or composition to the subject two oF more times per year,

e.g. about once every 6 months.

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

107, The method of avy ove 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 recetve an antiviral.

109, The method of claim 108, wherein the antiviral comprises a

neuraminidase inhibitor, an influenza 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 81-90, the recombinant vector of claim 91, the host cell of claim 92, the
human B cell of claim 93, and/or the compesition of any one of claims 94-96, for use in
a method of treating or preventing an [AV infection and/or an IBV infection in a

subject.

112, 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 81-90, the recombinant vector of claim 91, the host ¢ell 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 IBY infection in a subject.

113, A method for in vitro diagnosis of an IAV infection and/or an IBY
infection, the method comprising:

{1} contacting a sample from a subject with an antibody or antigen-binding
fragment of any one of claims 1-44 and 53-80; and

(ii}  detecting a complex comprising an antigen and the antibody, or

comprising 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 clatms 111
and 112, wherein:

{i) the IAV comprises a Group 1 1AV, a Group 2 AV, or both, wherein,
optionally, the Group 1 AV NA comprises a NI, a N4, a N5, and/or a N8, and/or the
Group 2 AV NA comprises a N2, a N3, a No, a N7, and/or a N9, wherein, further
optionally, the N1 is from A/California/7/2009, is from A/California/07/2009
I223R/H275Y, is from A/Swine/Hangsu/J004/2018, is from A/Stockholm/18/2007 is
from A/Brisbane/02/2018, is from A/Michigan/45/2015, is from A/Mississippi/3/2001,
is from A/Nethertands/603/2009, is from A/Netherlands/602/2009, 1is from
AlVietnam/1203/2004, is from A/G4/8W/Shangdong/1207/2016, is from
AJGA/SW Henan/SN13/2018, is from A/G4/SW/Hangsu/J004/2018, and/or is from
A/New Jersey/8/1976; the N4 1s from A/mallard duck/Netherlands/30/2011; the N5 is
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, is 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/Switzerdand/9715293/2013, 1s from A/Leningrad/134/17/57, is from
A/Florida/4/2006, is from A/Netherlands/823/1992, is from A/Norway/466/2014, is
from is from A/Texas/50/2012, is from A/Victoria/3631/2011, s from
A/SW/ Mexico/S(G1444/2011, 1s from A/Aichi/2/1968, is from
A/Bilthoven/21793/1972, 1s from A/Netherlands/233/1982, is from
A/Shanghai/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 is from
A/Canada/rv504/2004; the N6 1s from  A/swine/Ontario/01911/1/99; the N7 is from
A/Netherdands/078/03; and/or the N9 is from A/Anhu/2013, 18 from A/Hong
Kong/56/2015; and/or

(i) the IBV NA is from: B/Lee/10/1940 (Ancesiral}, B/Brisbane/60/2008
(Victoria), B/Malaysia/2506/2004 (Victoria); 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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