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BROADLY NEUTRALIZING ANTIBODIES

AGAINST INFLUENZA NEURAMINIDASE

STATEMENT REGARDING SEQUENCE LIKTING

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 414W0 SEQUENCE LISTING txt. 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 around the world in yearly
outbreaks, resulting per year in about three million to about five million cases of severe
iHlness 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 ronoy nose. The incubation period varies between oue 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 underlying disease.

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

subtypes defined by their hemagghutinin ("HA") proteins. The HAs can be classified
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into two groups. Group | includes H1, H2, H3, Ho, H8 Ho HI1, HI2, H13, Hl6 and
H17 subtypes, and group 2 includes H3, H4, H7, H10, H14 and H15 subtypes. There
are at least 11 different neuraminidase subtypes (N1 through N11, respectively
{cde.gov/flu/about/viruses/types htm)). Neuraminidases function in viral mobility and
spread by catalyzing hydrolysis of sialic acid residues on virions prior 1o release from
an infected host cell, and on target cell surface glycoproteins. Drugs designed to inhibig
neuraminidase (NAIs) have been developed (e.g., oseltamivir, zanamivir, peramivir,
laninamivir}, though naturally acquired mutations of IAYV subtypes have reduced
susceptibility to current NATLs (Hussain ef af., Infection and Drug Resistance 16:121-
134 (2017).

New modalities for treating influenza virus infections are needed.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a workflow for anti-"NA" (neuraminidase) monoclonal
antibody discovery. Donors were selected by screening serum from tonsillar donor
samples (n=50) for reactivity against neuraminidase subtype N1 and N2 antigens, and
serum from PBMC {peripheral blood mononuclear cell) donor samples (n=124) for
reactivity against neuraminidase subtype N4, N3, and NS, 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. Single sorted B cells (n=39,350) were co-cultured with
mesenchymal stromal cells (MSC) in 50 yl cultures to stimulate antibody secretion.
Secreted antibodies were evaluated by binding and NA inhibition assays. Inhibition of
N1 sialidase activity was evaluated using ELL A (enzyme-linked lectin assay), and
inhibition of N1, N2, and N9 sialidase activity was measured using a fluorescence-
based assay that measures cleavage of the 2'-(4-Methylumbelliferyl - D-N-
acetylneuraminic acid (MUNANA). "NI activity” refers to neuraminidase inhibition
activity. Binding to NAs from group 1 IAV N1 A/Vietnam/1203/2004, and group 2
[AVs N2 A/Tanzana/205/2010 and N9 A/Hong Kong/56/201S was evaluated by
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ELISA to determine breadth. Antibody sequences from selected B cells were cloned as
cDNAs and sequenced.

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

Figures 3A-3C show binding of FNI3 and FNIS to N1 (Figure 3A), N2 (Figure
3B), and N9 (Figure 3C) NAs measured by enzyme-linked tmmuncsorbent 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 bearing M428L/N4348 Fe
mutations {"FNI3-LS" in the figures) and FNI® bearing M4281/N4348 Fc¢ mutations
{("FNIO-L.S" v the figures) to NI (Figure 4A), N2 (Figure 4B), and N9 (Figure 4C)
NAs, as measured by Bio-Layer Interferometry (BLI). Dissociation is reported as kdis
{(1/8}, 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 5 summarizes results from flow cytometry assays testing binding by
FNI3 and FNI9, as well as by comparator antibody 1G01, against a panel of group 1
TAY, group HTAV, 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 observed.

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

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

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

3
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A/Switzerland/8060/2017, A/Singapore/INFIMH-16-0019/2016, and
A/Switzerland/9715293/2013 . Figure 7B summarizes inhibition of sialidase activity
(NATD in A/Switzerland/8060/2017, A/Stngapore/INFIMH-16-0019/2016, and
AlSwitzerland/9715293/2013 live virus stocks, reported as ECS0 in pg/ml. Figure 7C
shows binding of FNI3 and FNI9 to NA in mammalian celis infected with A/South
Australia/34/2019 (245Gly+) measured by flow cytometry. Mock staining is shown as a
negative control.

Figure 8 shows binding of FNI3 and FNI9 to NA expressed on mammalian
cells infected with a HIN1 Swine Eurasian avian-like (EA) strain,
AlSwine/hangsw/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 F16v3 was used as a positive controd,
and anti-paramyxovirus antibody MPES was included as a negative control.

Figure 10 summarizes inhibition of sialidase activity ("NAI"} by FNI3 and
FNI9 against a panel of group TTAVY, group HTAV, and Influenza B Virus (IBV) NAs,
as measured by MUNANA assay. Bold font indicates NAs from influenza viruses
isolated from humans.

Figure 11 shows in vitro tohibition of sialidase activity {reported as IC50 in
wg/mly by FNI? and FNIO against group F{HIND)Y IAV, group H (H3NZ) IAV, and IBY
NAs.

Figares 12A-12B show in vitro imhibition of sialidase activity (reported as IC50
in pg/mi) by FNI3 and FNI9 against group | (HINTYIAY, group H (H3N2Y IAV, and
IBV NAs. Figure 12A depicts inhibition activity against group FHAVs, group T IAVS,
and IBYs within the same plot and Figure 128 depicts against these IAVs in separate
plots.

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

Figure 13B shows resulis from the assay (reported as IC50 in ug/ml) for FNI3,
FNIO, FNI14 (VH: SEQ ID NO.:134; VL: 8EQ ID NO.: 140), FNI17 (VH: SEQ ID
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NQO.: 146; VL SEQ ID NO.: 152), and FNII9 (VH: SEQ ID NO.158, VL: SEQ ID
NQO.: 164). Asterisk in figure key indicates a glycosylation site is present in position

24

f

Figures 14A-14D show neutralization of antibodies FNI1 {(VH: SEQ D NG..2;
VL SEQ I NO-: 8), FNI3, FNI9, FNI14, FNITY, and FNII9 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 IC50 in pg/ml).

Figures 15A and 15B show antibody activation of FeyRIfIa (Figure 15A; F158
allele) and FeyRHa (Figure 15B; H131 allele). Activation was measured using an
NFAT-mediated Luciferase reporter in engineered Jurkat cells. FNI3 and FNI9 were
tested, along with a comparator antibody FMO8 ("FMOE L.S" in the figure; VH: SEQ
ID NG 194, VL SEQ 1D NO.: 195) and a negative control antibody (FY1-GRLR).

Figures 16A and 168 show frequency by year of NA antiviral-resistant
mutations in (Figure 16A) NI (HIN1, swine HIN1, and avian H5N1) and (Figure 16B)
N2 (H3N2, HIN2) subtypes.

Figures 17A to 17E show neutralization of HIN1 A/California/07/2009 virus
engineered with reverse genetics to harbor cseltamivir {O8E)-resistant mutations
(H275Y, E119D and H275Y, or 8247N and H275Y) by anti-flu antibodies or
oseltamivir. Neutralization activity of FNI3 (Figure 17A}, FNIO (Figure 17B), and
oseltamivir (Figure 17C) were measured, along with comparator antibodies FM08
(Figure 17D} and 1G0T (Figure 17E).

Figures 18A and 188 show neutralization of group IH{HINT} 1AV, group I
(H3N2)Y IAV, IBV viruses, and [AV and 1BV viruses engineered with reverse genetics
to harbor OSE-resistant mutations (H275Y, EVIOD/H275Y, H27SY/S24TN, 1222V, or
N2948}, by anti-NA antibodies {reposted as 50 in ug/ml}. Asterisks in Figure 18A (x-
axis) indicate viruses bearing OSE-resistant mutations. Neutralization activity of FNI3,
FINI9, and a comparator antibody, 1G0T, 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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Figare 19 shows data from corystal structure studies showing docking of the
antigen-binding fragment (Fab) domain of the FNI3 antibody with NA.

Figures 204 and 28B show diagrams constructed from crystal structure studies
of the heavy chain complementarity-determining region 3 (H-CDR3) of the FNI3 heavy
chain when if is unbound (Figure 20A) or bound to N2 NA {Figure 20B). The unbound
FNI3 H-CDR3 crystal structure (Figure 20A) shows a beta sheet conformation and
intact main chain hydrogen bonds between carboxvlic acid groups (CO) and amino
groups (NH) of residues E111 (CO) — D102 (NH), E111 (NH) - D102 (CO), G109
(CO)—F104 (NH), G109 (NH) - N103 (CO), and L108 (NH) - N105 (CG). The FNI3-
N2 crystal structure (Figure 208 ) shows disruption of the H-CDR3 beta sheet
conformation and one intact main chain hydrogen bond between G109 (CO) - F104
(NH).

Figures 21A and 218 show diagrams generated from crystal structure studies
showing angle of docking of the antigen-binding fragment (Fab) domain of FNI3 and of
comparator antibodies 1G01, 1G04, and 1E01, in complex with NA subtypes. Lines
indicate angle of docking in all pavels and Protein Data Baok (PDR) 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 1E0T in
complex with N2 NA (lower panel}.

Figare 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 Eavironment).

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 1nteraction of H-CDR3 with N2 NA is shown in enhanced resohution in the rnight
panel. Negative numbers are interaction energy in kcal/mol. Proteins were "quick

prepped"” using MOE (Molecular Operating Environment) software.
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Figare 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
compliex with oseltamivir-bound N2 NA.

Figares 26A and 268 show analysis of FNI3 epttope couservation in N2 NA
sequences from H3NZ (n=060, 597} isolated between the vears 2000 and 2020. The table
in Figure 26A shows frequency of an amino acid at a particular position in the analyzed
N2 NA sequences. Circled values indicate amino acids appearing at the lowest three
frequencies, Glu221 (E221, 17.41%), Ser245 (5245, 33.69%), and Ser247 (8247,
36.16%). Acidic amino acids include: aspartic acid, 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. Figure
268 shows interaction of VH Y60 and Y94 from FNI3 with E221, 8245, and 5247 of
N2 NA.

Figare 27 shows a comparison of N2 NA FNI3 epitope conservation {top; as
shown in Figures 26A and 268} 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 acids include: serine, threonine, glycine, tyrosine Figures 284 and 288 show
the design of an 22 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 IAV
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 fo
infection with a LD90 (90% lethal dose} of A/Puerto Rico/8/34. Bady weight of mice
admivistered a vehicle control was also measured (left graph in each figure}.

Figures 30A-30D show measurements of body weight over fitteen days in
BALB/c mice infected with HINT A/Puerto Rico/B/34 following pre-treatment with
FNI9. Antibody was administered at 6 mg/kg (Figure 304), 2 og/kg (Figure 30B), 0.6
mg/kg (Figure 30C), or 0.2 mg/kg (Figure 30D}, one day prior to infection with a LD
(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), 6.6
me'ke (Figure 31C), or 0.2 mg/kg (Figure 31D), one dav prior to infection with a L39O
{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).

Figures 32A- 320 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), 6.6
nmg/kg (Figure 32C), or 0.2 mg/kg (Figure 32D), one day prior to infection with a LSO
{90% lethal dose} of A/Hong Kong/8/68. Body weight of mice receiving a vehicle
control was also measured (eft graph in each figure).

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

Figures 34A and 348 show body weight loss from day 4 to 14 posi-infection
{reported as area-under-the~-curve in BALB/¢ mice infected with A/Puerto Rico/8/34
(Figure 34A) or A/Hong Kong/8/68 (Figure 34B) following pre-treatment with FINI3 or

FNIS. Body weight foss in mice pre-treated with a vehicle control was also measured.
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Figures 35A and 358 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/Puetto Rico/8/34 (Figure 35A) or A/Hong Kong/8/68
{Figure 35B) following treatment with FNI3 or FNIS.

Figure 36 shows in vivo pharmacokinetics of FNI3 ("FNI3-L5"}, FNIS ("FNI9-
LS") and comparator antibodies FMOS and 1G0T ("1GO1-LS"), all bearing
M4281/N4348 mutations, in tg32 mice. Calculated half-life is highlighted by a
rectangle.

Figure 37 summarizes results from flow cytometry assays testing binding by
FNI3, FNIO, FNIT7, and FNI19 at the indicated concentraticns (ug/mL) against a panel
of group FIAV-, group HHIAV-, and Influenza B Virus (IBV) NAs travsicotly expressed
on mammalian cells. Bold font indicates NAs from influenza viruses isolated from
humans. Values on the scale at right show range of calculated EC50. Values were
selected based on the lowest concentration at which binding was observed.

Figure 38 shows in vifro inhibition of sialidase activity (reported as IC50 in
pg/ml) by FNI3, FNI9, FNIL7, and FNI19 against group [ (HIN1) and group I (H3N2)
NAs from IAVs circulating in humans. Rectangles indicate group IT(H3N2) NAs
harboring glycosylation at position 245 and corresponding sialidase inhibition values
(reported as IC30 in pg/ml).

Figure 39 shows i vifro inhibition of sialidase activity (reported as IC30 in
ug/mly by FNI3, FNI9, ENI17, and FNI19 against a panel of human ancestral, Victoria-
lineage, and Yamagata-lineage IBV NAs.

Figure 40 shows i visro neutralizing activity measured by nucleoprotein (NP}
staining of FNI3, FNI9, FNI17, and FNI19 against group F{HIND TAV, group H
(H3NZ2} AV, and IBY NAs. Neutralizing activity of comparator anti-HA antibodies
"FMO8 L.S" and "FHF11v9" was also measured.

Figare 41 shows i vitro neutralizing activity, measured by mucleoprotein (NP}
staining, by FNI3, FNIO, FNI17, FN119, and oseltamivir (OSE) against group [ (HIN1)
TAV, group I (H3N2Y AV, and IBV NAs, 1nM = 150ul.

S
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Figures 42A and 428 show /i virro inhibition of sialidase activity {reported as
IC50 in pg/ml) by FNI3 and FNI9 against NAs from OSE-resistant influenza viruses, as
measured by MUNANA assay. OSE-resistant [AVs were engineered with reverse
genetics to harbor Oseltamivir (OSE)-resistant mutations. Figure 42A shows inhibition
of stalidase 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-
resistant NAs (H3N2Z),

Figure 43 shows antibody activation of FoyRilla (F158 allele} and FeyRlia
(H131 allele}. Activation was measured using an NFAT-mediated fuciferase reporter in
engineered Jurkat cells. Activation was assessed following incubation with A549 cells
infected with HINT influenza strain A/Puetto Rico/8/34 at a multiplicity of infection
(MO of 6. FNI3, FNI9, FNI7, and FNI19 were tested, along with a comparator
anttbody "FMO8 MLNS" bearing M4281/N4348 mutations, and a negative control
antibody (FYI-GRLR}.

Figures 44A and 448 show antibody activation of FeyRilfa (V158 allele)
following incubation with IAV (Figure 44A) and IBV (Figure 44B) NAs. Activation
was measured using an NFAT-mediated luciferase reporter tn engineered Jurkat cells
foliowing tncubation with Expt-CHO cells transiently transfected with plasmids
encoding different AV and IBYV NAs, FNI3, FNIO, FNI17, and FNIIS were tested,
along with a negative control antibody (FY1-GRLR).

Figures 45A and 458 show aniibody activation of FeyRifa (H131 allele)
foliowing incubation with AV (Figure 45A) and IBV (Figure 45B) NAs. Activation
was measured using an NFAT-mediated luciferase reporter in engineered Jurkat cells
following tucubation with Expt-CHO cells transiently travsfected with plasmoids
encoding different IAY and IBY NAs. FNI3, FNIS, FNI17, and FNIT9 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 in BALB/c mice infected with A/Puerto Rico/8/34 (HIN1) or A/Hong
Kong/8/68 (H3N2) following treatment with FNI3, FNI9, or FMO8 LS. For fitting

10
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purposes the Area of Negative Peaks from the vehicle groups have been calculated at
the 1eG concentration of 107 pg/ml.

Figures 474 and 47B show the design of an ## vivo study to evaluate
prophylactic activity of FNI3 MLNS ("mAb-03" in Figure 47A) and FNIS MLNS
{"mAb-09" in Figure 47A) in DBA/2} mice infected with IBYs 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/2 mice that were infected with IBV B/Victoria/504/2000 {Yamagata) foliowing
pre~-treatment with FNI3 or FNIQ. Antibody was administered at 6 mg/kg (Figure 43A),
2 mg/kg (Figure 48B), 0.6 mg/kg (Figure 48C), or 0.2 mg/kg (Figure 48D), one day
prior to infection with a LD®0 (90% lethal dose) of IBY B/Victoria/504/2000
(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 fitfteen 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 4943, 2
mg/kg (Figure 498}, 0.6 mg/kg (Figure 490), or 0.2 mg/kg (Figure 491}, one day prior
to infection with a LD90 (80% 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 S50B show body weight loss trom day 4 to 14 post-infection
(reported as change in weight area-under-the-curve} in DBA/2 mice infected with
B/Victoria/504/2000 (Yamagata) (Figure 50A) or B/Brisbane/60/2008 (Victoria)
{Figure 50B) following pre-treatment with FNI3 or FNIS. Body weight loss in mice pre-
treated with a vehicle control was also measured.

Figures 51 A and 51B show survival over fifteen days in DBA/2 mice infected
with B/Victoria/S04/2000 (Yamagata) (Figure 51A) or B/Brisbane/60/2008 (Victoria)
(Figure S1B) following treatment with FNI3 or FNI9. Survival in mice pre-treated with

a vehicle control was also measured.
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Figures 82A and 52B show FNI3 epitope conservation in TAV and IBV NAs.
Figure 52A shows an analysis of N2 NA sequences from HIN2, HZN2, H3NZ, and
H5N2 TAVs (= 65,5262) {top) versus N1 NA sequences from HINT and HSNI
{N=58,954} (bottom). All sequences were isolated between the year 2000 and 2020,
Acidic amino acids inchude: aspartic acid, glutamic acid; basic amino acids include:
arginine, histidine, tysine; hydrophobic amino acids inchude: isoleucine, feucine,
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 524 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 53 shows FNI3 epitope conservation in IBY NAs. [BV NA sequences
from B/Brisbane/60/2008 ("FluB Victoria” in the figure; N=7,814; top} versus IBV NA
sequences from B/Victoria/S04/2000 ("FluB Yamagata® in the figure; N=13,243;
bottom) were analyzed. Acidic amino acids include: aspartic acid, glutamic acid; basic
amino acids include: arginine, histidine, lysine; hydrophobic amine acids include:
isoleucine, feucine, tryptophan, valine, alanine, proline; neutral amino acids include:
asparagine, glutamine; and polar amino acids include: serine, threonine, glycing,
tyrosine. Residues surrounded by squares indicate primary NA residues interacting with
the FNI3 HCDR3 which are 100% conserved among IAY N1/NZ and IBVs.

Figures 54A and 548 show in vivo pharmacckinetics of FNI antibodies bearing
MENS Fe mutations (FNE3 ("FNI3-L8"), FNI9 ("FNI9-LS8"), FNI17 ("FNII7-L8"),
FNITO ("ENEIO-LS"}, and comparator antibody FMO8 MENS in SCIHD 1g32 mice over
30 days post-administration. Concentration over time {(reported as ug/ml) is shown in
Figure 54A. The table in Figure 548 shows half-life (reported in days), AUC (reported
iy day*ug/ml), clearance (reported in yg/mi}, and volume {(reported in mi).

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

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

docking of the antigen-binding fragment (Fab) domain of FNI antibodies with NA.
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Figure 56A shows FNI3 docking on N2 NA Figure 56B shows an overlay of FNI3,
FINIT7, and FINI19 antibodies docking with NA. Figure 56C shows VH amino acid
sequence alignments of FNI3, FNI9, FNI17, and FNI9 with vomutated common
ancestor, "UCA". CDRH3, which interacts with NA, is highlighted by a rectangle.

Figures S7A shows crystal structure of FNITT in complex with N2 NA,
including residues of light chain CDRs (-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 S7B shows VH amino acid sequence alignments of FNI3, FNI9, FNI17,
and FNI19 with unmutated common ancestor, "UCA". VH residues D107 and R106,
which interact with NA, are highlighted by a rectangle.

Figure 58 shows conservation of the top five interacting residues within the FNI
NA epitope in group I IAVS, group 1 1AV, and IBVs from 2609 10 2019,

Figure 59 shows in vitro neutralizing activity measured by nucleoprotein (NF)
staining by FNI9, Gseltamivir (OSE), and a comparator antibody "FMO8" against H3N2
A/Hong Kong/8/68 virus. Calculated IC50 (n nM), ICR0 (in nM), and maximum
inhibition (reported as a percentage) are shown below the graph.

Figure 60 shows in vitro inhibition of sialidase activity by FNI17 variant
FNI7-v19 (VH: SEQ ID NOG..199; VL. SEQ ID NO.: 201} and FNIO vartant FNII9-
v3 {VH: SEG ID NO.:203; VL SEG ID NO.: 205) of group I (HINTY AV, group I
{(H3NZ3 1AV, Victoria-lineage IBV, and Yamagata-lineage IBYV NAs as measured by
ViroSpot microneutralization assay. Rectangles indicate NAs harboring glycosylation at
position 245, Neutralization by a comparator antibody, FMOB LX) was also measured.
Neutralization is reported as 1050 (in ug/ml}.

Figure 61 shows antibody activation of FeyRIH{a (F158 allele) and FeyRlla
{H131 allele) by "GAALIE" Fe vartant antibodies {comprising G230A/A330L/{332E
mutations in the F¢). 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 (MOT) of 6. FNI3, FNIS, FNI17, and FNII9 were tested, along with FNI3,
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FNI9, FNI17, and FNII9 antibodies bearing GAALIE mutations {(suffix "-GAALIE").
A comparator antibody "FMOE LS" and a negative control antibody (FY1-GRLR) were
also tested.

Figure 62 shows the design of an inter-experiment /» vive study to compare
prophylactic activity of FMO08 LS with FNI3_LS and FNI9_LS in BALB/c mice
infected with IAV A/Puerio Rico/8/34 or A/Hoog Kong/8/68. The table shows dosing
and virus strains used in the study. The timeline and endpoints of the study are the same
as those shown in Figure 28B. Body weight data from Experiment A ("Exp-A") are
shown in Figures 29A-29D (FNI3-LS, A/Puerto Rico/8/34), Figures 30A-30D (FNIS-
LS, A/Puerto Rico/8/34), Figures 31A-31D (FNI3-LS, A/Hong Kong/8/68), and
Figures 32A-32D (FNIO-LS, A/Hong Kong/8/68). Body weight data from Experiment
B ("Exp-B") are shown in Figures 63A-63D (FMO8_LS, A/Puerto Rico/8/34) and
Figures 04A-0412 (FMOB LS, A/Hong Kong/8/68).

Figures 63A-63D show measurements of body weight over fifteen days in
BALB/c mice infected with HIN1 A/Puerto Rico/8/34 following pre-treatment with
FMO8 LS. Antibody was administered at 6 mg/kg (Figure 63A), 2 me/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 (eft graph in each figure).

Figures 64A-64D show measurements of body weight over fitteen days in
BALB/c mice infected with H3NZ A/Hong Kong/8/68 following pre-treatment with
FMO08 LS. Antibody was administered at 6 mg/kg (Figure 644A), 2 mg/kg (Figure 64B),
0.6 mg/kg (Figure 64C), or 0.2 mg/kg (Figure 6412}, one day prior to infection with a
LDD90 (90% lethal dose) of A/Hong Kong/8/68. Body weight of mice receiving a
vehicle control was also measured (left graph in each figure).

Figare 65 shows dosing used in the design of an in vivo study to compare
prophylactic activity of FNIL7-LS and FMO8 LS in BALB/¢ mice infected with JAV
AlPuerto Rico/8/34.

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

BALB/c mice infected with HINI A/Puerto Rico/8/34 following pre-treatment with
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FNIT7-LS or FMO8 LS. Antibody was administered at 1 mg/kg (Figure 66A), 0.5
mg/kg (Figure 66B), 0.25 mg/kg (Figure 66C), or 0.125 mg/kg (Figure 66D), one day
prior to infection with a LI90 (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 FNI17-LS or FMO08 LS. Survival
in roice pre-treated with a vehicle control was also measured.

Figure 68 shows the design of an in vivo study to evaluate biclogical potency of
oseltamivir (OSE) in female BALB/c mice infected with IAV A/Puerto Rico/8/34. The
timeline shows time of intection, OSE dosing, and endpoints of the study. OSE was
administered at 10 mg/kg by oral gavage on Day 0 beginning at two hours prior to
infection with 10-fold LI350 (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 ¢
post-infection.

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

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

Figare 71 shows viral titer in lung homogenates from BALB/c mice treated
with OSE and infected with 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 (TCIDS50/g).

Figures T2A-728 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 in vitro inhibition of sialidase activity (reported as IC50
in pg/ml) by FINI3 and eleven FNI3 variants (FNI3-v8 through FNI3-v18; see Tables 1
and 2 for arnino acid and nucleic acid sequences) against group [ (HINT) 1AV NAs and

IBV NAs. Neutralization activity of FNI3 and FNI3 variants 1s shown for group 1
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(HIND IAV NAT from HSN1 A/Vietnam/1203/2004 (Figure 73A), NA2 from H3N2
A/Tanzania/205/2010 (Figure 73B), and NAY from H7N9 A/Hong Kong/56/2015
(Figure 73C). Neutralization activity of FNI3 and ¥NI3 variants is shown for BNAZ2
from B/Malaysia/2506/2004 (Figure 73D} and BNA7 from B/Perth/211/2011 (Figure
T3E).
Figares 74A-T4E show 7n vifro inhibition of sislidase activity (reported as IC50

in pg/ml) by FINIO and five FNIS variants (FNI9-v5 through FINI9-v9; see Tables 1 and
2 for amino acid and nucleic acid sequences) against IAYV NAs and [BV NAs.
Neutralization activity of FNIO and FNI9 variants is shown for group F{HINT} AV
NAT from H5NT A/Vietnam/1203/2004 (Figure 74A), NAZ from H3N2
AfTanzania/205/2010 (Figure 74B), and NADS 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 BNAT7 from B/Perth/211/2011 (Figure 74E).

Figures 75A-75E show in vitro inhibition of sialidase activity (reported as IC50
in pg/ml) by FNI17 and eleven FNI17 variants (FNI17-v6 through FNI{17-v16; see
Table 2 for amino acid and nucleic acid sequences) against 1AV NAs and IBV NAs.
Neutralization activity of FNI17 and FNII7 variants is shown for group THINTY JAV
NAT from HSN1 A/Vietnam/1203/2004 (Figure 75A), NA2 from H3NZ
A/Tanzania/205/2010 (Figure 75B), and NAS from H7NO A/Hong Kong/56/2015
{Figure 75C). Neutralization activity of FNI17 and variants is shown for BNA2 from
B/Malaysia/2506/2004 (Figure 75D) and BNAT from B/Perth/211/2011 (Figure 755}

Figares 76A~76E show i vitro immhibition of sialidase activity (reported as IC50
in pg/mi) by FNEO and five FNIT9 variants (FNIT9-v] through FNI19-v5; see Table 2
for amino acid and nucleic acid sequences) against 1AV NAs and IBV NAs.
MNeutralization activity of FNI19 and FNI19 variants is shown for group I (HINT) IAY
NAT from HSNT A/Vietnany/1203/2004 (Figure 76A), NAZ from H3N2
A/Tanzania/205/2010 (Figure 76B), and NAD from HTNS A/Hong Kong/56/2013
(Figure 76C). Neutralization activity of FNI19 and FNII9 variants is shown for BNAZ
from B/Malaysia/2506/2004 (Figure 7613) and BNAT from B/Perth/211/2011 (Figure
76E}.
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Figares 77A~77B show binding of FNI3, FNI2, FNI17, and FNI19 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 I23R/H275Y . Figure 77B 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 sbows binding to N3 from A/Capada/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/25306/2004
(Victoria), and B/Lee/10/1940 {Ancestral).

Figares 78A-78E show additional characteristics of certain FNI antibodies.
Figure 78A shows an alignment of FNI3, FNIO, FNIT7, and FNI18 VH amino acid
sequences with that of the unmutated common ancestor, "UCA", wherein the rectangles
indicate positively charged Lys13 and Lys19 residues in the UCA sequence and
corresponding residues at the same position in FNI3, FNI9, FNI17, and FNII9. Overall
surface charge maps generated using PyMOL are shown for FNI3 (Figure 78B), FNI9
{Figure 78C), FNI17 (Figure 78D), and FNII9 (Figure 78E) along with pK values and
resclution (reported in A).

Figures 79A-798 show pK data for FNIT7-LS, FNITO-LS, FNI17-v19-LS, and
FNEI9-v3-LS in tg32 mice. Mice were intravenously injected with 5 mg/kg antibody.
The table in Figure 79A shows inter-experiment values for half-life, area-under-the-
curve (AUQC), steady state clearance (Clss), and total volume analyzed (Volume} for
FNI17-LS and FNII9-LS (Experiment T "PK1"), and FNI17-v19-L§ and FNII9-v3-LS§
(Experiment 2 "PK2"). Figure 798 shows average half-life (reported in days) plus
standard ervor for FNIT7-LS, FNI19-LS, FNI17-v19-LS, and FNI19-v3-LS.

Figure 80 shows the design of an in vive study to evaluate prophylactic activity
of FNI17-v19-rigG1-LS compared with oseltamivir (OSE} in BALB/c mice infected
with IAVs or IBVs. Mice were pre-administered FNIT7-v19-rIgG1-L8 (5,3, 0.9, 0r 0.3
MPK} 24 hours prior to infection at LD90 (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 (HINT A/Puerto Rico/8/34 or H3IN2 A/Hong
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Kong/8/68) or IBVs (B/Victoria/504/2000 (Yamagata) or B/Brisbane/60/2008
(Victoria}). A version of FNI17-vi9 containing a Fc mutation that abrogates binding by
FeyRs and complement (FNIT7-v19-rigG1-GRLR) was also tested in groups teceiving
TAV viruses (HIN1 A/Puerto Rico/8/34 or H3INZ A/Hong Kong/8/08). 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 in vivo study described in Figure 80, Lung viral titers following

o/8/68

o

infection with HIN1T A/Puerto Rico/8/34 (Figure 81A) or H3N2 A/Hong Kon
(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 i vivo study fo 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 5150 (five times 50%
lethal dose).

Figures 83A-83C show measurements of body weight over fourteen days in
bhumanized 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 83A), 0.3 mg/kg
(Figure 83B), or 0.09 mg/kg (Figure 83C), one day prior to infection with 5LDS0 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 IgG in sera from
humanized FoyR mice pre-treated with FNIT7-v19 from the study described in Figure
82. Sera was collected from mice 2 hours prior to infection with SLDS0 HINT A/Puerto
Rico/8/34.

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

Figure 86 shows binding of FNI3, FNI9, FNI17, and FNI19 1o WA expressed on

mammalian cells infected with a HINT Swine Eurasiau avian-tike (EA) strain,
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A/Swine/Tiangsu/JO04/2018, measured by flow cytometry. Mock antibody staining is
shown as a negative control.

Figures 87A-87D show in vitro inhibition of sialidase activity (reported as IC50
innM) by FNIT7-v19 or OSE against group I HTN3
Alchicken/Jalisco/PAVXITI70/2017 AV (Figure 87A), group H HSNG
Alchicken/Suzhou/i6/2019 TIAY (Figure 87B), group H HTN7
Alchicken/Netherlands/621572/03 1AV (Figure 87C), and group I HSINE
Alchicken/Russia/3-29/2020 1AV (Figure 87D} NAs.

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

Figure 8% shows in vitro inhibition of sialidase activity {reported in ng/mi) by
FNI3, FNIO, FNI17, FNI17-v19, FNII9, and FNI19-v3 against group [T HTNG
A/Anhui/1/2013 JTAY NA.

Figure 90 shows antibody activation of FeyRIHa (V158 allele) following
incubation with group I H7TN9 A/Anhui/1/2013 IAV . Activation was measured using
an NFAT-mediated luciferase reporter in engineered Jurkat cells following incubation
with Expi-CHO cells transiently transfected with plasmids encoding N9 from
A/Anhui/1/2013 JAY. FNI3, FNIS, FNI17, and FNII9 were tested, along with a
negative control antibody (FY1-GRLR).

Figares 91 A-91B show prevalence of OSE-resistant mutations within the FNI
NA binding stte in group I HINT 1AVs (Figure 91A) and group 11 H3NZ IAVs (Figure
91B) from 2007 to 2019,

Figures 92A-92B show in vifro neutralizing activity by FNI17, FNI19, and
Oseltamivir {OSE) against group FHINT AV strains (Figure 92A) and group 1L H3N2Z
TAV strains (Figure 92B) optionally, bearing one or more OSE-resistant mutations.
Figure 92A shows activity against A/Puerto Rico/8/34 ("PR8" in the figure) and
A/California/07/2009 ("Cal/09" in the figure), as well as A/California/07/2009

engineered with reverse genetics to harbor OSE-resistant mutations H275Y, 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 N2948S.

Figure 93 shows binding of FNII7-v19 to NAs from N1 Vic 2019,

N2 HEK 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 {MFI}. Cells were mock-
stained as a negative conirol.

Figures 24A-948 show viral titer in lung homogenates from BALB/c mice
treated with varying doses of FNI17 or OSE and infected with HIN1 A/Puerto
Rico/8/34 (Figure 94A) or H3NZ A/Hong Kong/8/68 (Figure 948). Lung tissue was
cotlected at four (Figure 944 or three days (Figure 94B) post-infection. Titer is
reported as log 50% tissue culture infectious dose per gram tissue (Log TCIDS0/g) in
Figure 94A. Titer is reported as log plague-forming units per gram tissue (Log pfu/g} in
Figure 94B. Io Figures 94A and 94B, the left-to-right arrangement of dot plots 1o 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 iu the graph.

Figures 95A-95B show body weight {oss from day 0 to 14 post-infection
{reported as negative area-under-the-curve peak values) from area-under-the-curve
analysis of body weight loss in BALB/c mice infected with HIN1 A/Puerto Rico/8/34
(Figure 95A) or H3N2A/Hong Kong/8/68 (Figure 958) 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 left-most cluster of dots (and accompanying bar) in
the graph, and OSE is the right-most cluster of dots {and accompanying bar) in the
graph.

Figures 96A-36B 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/¢
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mice infected with HIN1 A/Puerto Rico/8/34 (Figure 96A) or H3AN2 A/Hong
Kong/8/68 (Figure 908} following treatment with FNIT7 or OSE. IC50, IC70, and 1C90
are reported in pg/ml.

Figures 97A-97B show oxygen saturation in the biood 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 (SpG2)). 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-botiom orientation in the figure key. For example,
Vehicle is the feft-most bar in each set of bars, and OSE is the right-most bar in each set
of bars.

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

Figures 99A-99C show in vive pharmacokinetics of FNI17-v19 and FNI19-v3
for three individual mice (15017 - “15037; “25017 - 25037}, Data for individual mice
over a span of 1500 hours is shown for FNI17-v19 (Figure 99A) and FNI19v3 (Figure
998} treatment groups, and combined in Figure 99C over 64 days.

Figare 100 summarizes in vive pharmacokinetic properties of FNI17-v19 and
FNI19-v3 as evaluated in mice. FMO08 LS is shown as a comparator antibody.

Figures 181A-101B show lack of off-target binding by FNI17-v19 (Figure
101A) and FNI19~v3 (Figure 101B), as measured using an array of 6,000 burman
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 183A-103C show antibody activation of FoyRHa (H131 allele) by
"GAALIE" Fe vanant antibodies {comprising G236A/A330L/1332E mutations in the
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Fc¢). Activation was measured using an NFAT-mediated tuciferase reporter in
engineered Jurkat cells following incubation with Expi-CHO cells transiently
transfected with plasmids encoding different JAV (HINT A/Californma/07/2009 in
Figure 103A; H3N2 A/Hong Kong/8/68 in Figure 103B) and 1BV
{B/Malaysia/2506/2004 in Figure 103C) NAs. FNI3, FNI9, FNIT7, and FNEI9 were
tested, along with FNI3, FNIO, FNIT7, and FNHIO antibodies bearing GAALIE
mutations {suffix "-GAALIE" in the figure}. A comparator antibody "FMO8 L5" and a
negative control antibody (FY1-GRLR) were also tested. FMO8 LS and FY1-GRLR
had the lowest measured values in Figures 103A-103C.

Figare 104 shows in vifro inhibition of sialidase activity by FN117-v19 of group
THIND IAY, group ITHBN2) IAY, Victoria-lineage 1BV, and Yamagata-lineage IBV
NAs as measured by ViroSpot microneutralization assay.

Figure 105 shows i virro inhibition of sialidase activity by FNT17-v19 of group
THIND IAV, group IH3NZY IAVY, Victoria-lineage IBV, and Yamagata-lincage IBV
MNAs as measured by ViroSpot microneutralization assay. B/Brisbane/2008 is
highlighted by a rectangle.

Figures 106A-1868B shows viral titer in lung homogenates from BALB/c mice
treated with varving doses of FNE17 or OSE and infected with H3NZ A/Hong
Koug/8/68 (Figure 1006A) 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 plaque-forming units per gram tissue (Log pfu/g) in Figure 106A. Titer
is reported as log 50% tissue culture infectious dose per gram tissue (Log TCIDSO/g) in
Figure 1068. Ovals highlight FNI17 dose (mg/kg) capable of producing same viral lung
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 ts the right-most
cluster of dots in the graph.

Figure 107 shows "% Protection” compared with Ig( in serum in BALB/c mice
infected with influenza and treated with FINIT7 or OSE. IC50, IC70, and IC90 are

reported in pg/mi.

D2
N2
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Figuare 108 shows body weight loss from day 0 to 14 post-infection {reported as
negative area-under-the-curve peak values) in mice infected with HIN1 A/Puerto
Rico/8/3 following pre-treatment with FNI17 or FMO08 LS. Body weight foss 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-botiom
orientation in the figure key (i.e., Vehicle is the left-roost bar in the rog/kg quadrant;
FMO8 LS isright-most bar). At the other doses, the left bar represents FNI17 and the
right bar represents FMOS LS.

Figure 109 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 control (shortest survival curve) was also measured.

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

Figure 111 shows binding to group 1IAV, group HIAV, and IBV NAs as
measured by flow cytometry (reported as MFT) for FNI3 and 11 FNI3 variants (FNI13-
v8 to FNI3-v18). MFI values for variants were normalized to MFI values for wild-type
FINIS.

Figure 112 shows binding to group TIAY, group HIAV, and IBV NAs as
measured by flow cytometry (reported as MF1) for FNI9 and five FNI9 variants (FNI9-
v5 to FNI9-v9). MFI values for variants were normalized to M¥F1 values for wild-type
ENIS.

Figare 113 shows binding to group TTAY, group HIAVY, and IBV NAs as
measured by flow cytometry {reported as MFI) for FNIT7 and 11 FNI17 variaats
(FNE7-v6 to FNI17-v16). MFI values for varianis were normalized to MFT values for
wild-type FNILT.

Figure 114 shows binding to group AV, group HIAVY, and IBY NAs as
measured by flow cytometry (reported as MFT) for FNI1T9 and five FNI19 variants
(FNE9-vi to FN119-v5). MFI values for variants were normalized to MFI values for

wild-type FNI19.
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Figares 115A-115D show binding kinetics of FNI3-LS, FNIS-LS, FNII7-LS,
and FN119-LS, along with FNI3-LS, FNI9-LS, FNII7-LS, and FNI19-LS antibodies
bearing GAALIE nmutations {suffix "-GAALIE" in the figure) to different FcyRs, as
measured by Bio-Layer Interferometry (BLI). Arrows indicate curves for FNI17-LS and
FNIT7-LS-GAALIE. Figure 115A shows binding to FeyRHA{H), Figure 115B shows
binding to FoyRIFA(R), Figure 115C shows binding to FeyRUIA(F), and Figure 115D
shows binding to FeyRIHA(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 polynucleotides that
encode the antibodies and antigen-binding fragments, vectors, host cells, and related
compositions, as well as methods of using the antibodies, nucleic acids, vectors, host
cells, and related compositions to treat {e.g, reduce, delay, eliminate, or prevent) an
influenza virus infection in a subject and/or in the manufacture of a medicament for
treating an influenza infection in a subject.

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

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

Prior to setting forth this disclosure in more detail, it may be helpful to an
understanding thereof to provide definitions of certain ferms 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 to be understood to include the value of any integer within the
recited range and, wheuo appropriate, fractions thereot (such as one tenth and ove
hundredth of an integer), unless otherwise indicated. Also, any number range recited

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

“Optional" or "optionally” means that the subsequently described element,
component, event, or circumstance may or may not occur, and that the description
includes 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 13 within the scope of the present disclosure.

The term "consisting essentially of” is not equivalent to "comprising” and refers
to the spectfied 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., a binding domain} or a protein "consists essentially of" a
particular amino acid sequence when the amino acid sequence of a domain, region,
module, or protein includes extensions, deletions, mutations, or a combination thereof
(e.g., amino acids at the amino- or carboxy-terminus or between domains) that, in
combination, contribute to at most 20% {e.g., at most 15%, 10%, 8%, 6%, 5%, 4%, 3%,
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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Asused herein, "amino acid" refers to naturally occurning and synthetic amino
acids, as well as amino acid analogs and amino acid mimetics that function in a manner
similar to the vaturally occurring amino acids. Naturally oceurring arvino acids are
those encoded by the genetic code, as well as those amino acids that are later modified,
e.g., hydroxyproline, y~carboxyghutamate, and O-phosphoserine. Amino acid analogs
refer to compounds that bave the same basic chemical structure as a vaturally occurring
amino acid, i.e., an g-carbon that is bound to a hydrogen, a carboxyl group, an aming
group, and an R group, e.g., homoserine, norleucine, methionine sulfoxide, methionine
methyl suifonium. 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 structure
that is different from the general chemical structure of an amino acid, but that functions
in 8 manner similar to a naturally occurring amino acid.

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

A “conservative substitution” refers to amino acid substitutions that do not
significantly affect or alter binding characteristics of a pasticular 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), Glycive (Gly or G), Serine (Ser or 8), Threonine (Thr or T}, Group 2: Aspartic acid
{Asp or D), Glutamic acid {(Glu or 2, Group 3: Asparagine (Asn or N), Glutamine {Gln
or (33, Group 4: Arginine (Arg or R), Lysine (Lys or K), Histidine (His or H); Group 5:
Iscleucine (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 fumction, 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 include: sulfur-containing: Met and Cysteine {Cys or C); acidic:
Asp, Glu, Asn, and Gln; small aliphatic, nonpolar or slightly polar residues: Ala, Ser,
Thr, Pro, and Gly; polar, negatively charged residues and thetr amides: Asp, Asn, Glu,
and Gin; polar, positively charged residues: His, Arg, and Lys; farge aliphatic, vonpolar
residues: Met, Ley, lle, 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 naturally 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. Variants of proteins, peptides, and polypeptides of this disclosure
are also contemplated. In certain embodiments, variant proteins, peptides, and
polypeptides comprise or consist of an amino acid sequence that is at least 70%, 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 99.9%
identical to an amino acid sequence of a defined or reference amine acid sequence as
described herein.

*Nueleic acid molecule” or "polynucleotide” or "polynucleic acid" refers to a
polymeric compound including covalently linked nucleotides, which can be made up of
natural subunits {e.g., purine or pyrinudine bases) or non-natural subunits {e.g.,
morpholine ring). Purine bases include adenine, guanine, 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 polydeoxyribonucleic acid {BNA, also referred
to as deoxyribomucleic acid}, which includes ¢DNA, 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

D2



w

10

15

20

25

30

WO 2022/109309 PCT/US2021/060155

encode the same amino acid sequence. Some versions of the nucleotide sequences may
also inchude intron(s) to the extent that the intron{s) would be removed through co- or
post-transcriptional mechanisms. 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 polynucieotide 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 N6-methyvladenonsine, a 5-
methyleytidine, a 2-thiouridine, or any combination thereof. In some embodiments, the
pseudouridine comprises Ni-methylpseudouridine. These features are known in the art
and are discussed in, for example, Zhavg ef afl. Fromt. fmmunol,
DO=10.3389/fimmu.2019.00594 (2019); Evler ef of. PNAS 116(40): 230068-23071;
DO 10.1073/pnas. 1821754116 (2019); Nance and Meter, 4CS Cennt. Sci. 2021, 7, 5,
748-756; doi.org/10.102 Vacscentsci. 1¢00197 (2021), and van Hoecke and Roose, J
Tramsiational Med 17:54 (2019); https:/dot.org/10.1186/512967-019-1804-8, which
modified nucleosides and mRNA features are incorporated herein by reference Variants
of nucleic acid molecules of this disclosure are also contemplated. Variant nucleic acid
molecules are at least 70%, 75%, &0%, 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 chloride, 0.0015M sodium citrate at about
65-68°C or 0.015M sodium chloride, 0.0015M sodium citrate, and 50% formamide at
about 42°C. 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 alignment). 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 program (e.g., BLAST 2.0, BLASTP, BLASTN, or
BLASTX). The mathematical algorithm used in the BLAST programs can be found in
Alischul ef gl | Nucleic Acids Res. 25:3389-3402, 1997, Within the context of this
disclosure, 1t will be understood that where sequence analysis software 1s 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
ioad with the software when first initialized.

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

The term "gene” means the segment of DNA or RNA iavolved in producing a
polypeptide chain; tn certain contexts, it includes regions precedivg and following the
coding region {e.g., 5" untranslated region (UTR} and 3" UTR) as well as intervening
sequences {(infrons) 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
coropound of this disclosure, but differs slightly in composition {e.g., oue base, atom or

functional group is ditferent, added, or removed), such that the polypeptide or encoded
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polypeptide 1s capable of performing at least one function of the parent polypeptide
with at least 50% efficiency, preferably at least 55%, 60%, 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%, 99.9%, or 100% level of activity of the parent polypeptide.
In other words, a functional variant of a polypeptide or encoded polypeptide of this
disclosure has "similar binding,” "similar affinity" or "similar activity” when the
functional variant displays no more than a 50% reduction in performance 1o a selected
assay as compared to the parent or reference polypeptide, such as an assay for
measuring binding affinity {e.g., Biacore® or tetramer staining measuring an
association {Ka) or a dissociation {Kp) constant}.

As used herein, a "functional portion” or "functional fragment” refers to a
polypeptide ot polynucleotide that coroprises only a domain, portion or fragment of a
parent or reference compound, and the polypeptide or encoded polypeptide retains at
least 50% activity associated with the domain, portion or fragment of the parent or
reference compound, preferably at least 55%, 60%, 70%, 75%, 80%, §5%, 90%, 95%,
96%, 97%, 98%, 99%, 99.9%, or 100% level of activity of the parent polypeptide, or
provides a biclogical benefit {e.g., effector function). A "functional portion” or
"functional fragment” of a polypeptide or encoded polypeptide of this disclosure has
"similar binding" or "simifar activity" when the functional portion or fragment displays
no more than a 0% reduction in performance in a selected assay as compared to the
parent or reference polypeptide {preferably no more than 20% or 10%, or no more than
a log difference as compared to the parent or reference with regard to affinity).

Asused herein, the term "engineered," "recombinant,” or "non-natural” refers to
an organism, microorganism, cell, nucleic acid molecule, or vector that includes at least
one 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 {7.e., human intervention}. (Genetic alterations
include, for example, modifications introducing expressible nucleic acid molecules
encoding functional RINA, proteins, fusion proteins or enzymes, or other nucleic acid
molecule additions, deletions, substitutions, or other functional disruption of a cell’s

genetic material. Additional modifications include, for exarmple, non-coding regulatory
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regions in which the modifications alter expression of a polynuclectide, gene, or
operot.

As used herein, "heterologous” or "non-endogenous” or "exogenous” refers to
any gene, protein, compound, nucleic acid molecule, or activity that is not nativeto a
host celf 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,
in certain embodiments, heterologous, non~endogencus, of €X0geNouUs genes, proteins,
or nucleic acid molecules {e.g., receptors, ligands, etc.) may not be endogenous {o a
host cell or a subject, but instead nucleic acids encoding such genes, proteins, or nucleic
acid molecules may have been added to a host cell by conjugation, transformation,
transfection, electroporation, or the like, wherein the added nucleic acid molecule may
integrate into a host cell genome or can exist as extra-chromosomal genetic material
{e.g., as a plasmid or other self-replicating vector). The term "homologous” or
"homolog" refers to a gene, protein, compound, nucleic acid molecule, or activity found
in ot derived from a host cell, species, or strain. For example, a heterclogous or
exogenous polynucieotide or gene encoding a polypeptide may be homologous to a
native polynucleotide or gene and encode a homologous polypeptide or activity, but the
polynucleotide or polypeptide may have an altered structure, sequence, 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, or a combination thereof,

in certain embodiments, a nucleic acid molecule or portion thereof native to a
host celt 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
heterclogous if it has been altered with a heterclogous expression control sequence or
has been altered with an endogenous expression control sequence not normally

associated with the nucleic acid molecule native to a host cell. In addition, the term
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"heterologous” can refer to a biological activity that is different, altered, or not
endogenous to a host cell. As described herein, more than one heterclogous nucleic
acid 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 thergof,

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

The term "expression”, as used herein, refers to the process by which a
polypeptide is produced based on the encoding sequence of a nucleic acid molecule,
such as a gene. The process may include transcription, post-transcriptional countrol,
post-transcriptional modification, translation, post-transtational contrel, post-
translational modification, or any combination thereof. An expressed nucleic acid
molecule is typicaily operably linked to an expression control sequence {(e.g., a
promoter}.

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

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

vector), on separate vectors, integrated inte 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 separaie nucleic
acid molecules introduced into a host cell.

The term "consiruct” refers to any polynucleotide 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 into 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 inchide transposon systems {e.g., Sleeping Beauty, see, e.g., Gewris et al., Mol
Ther. §:108, 2003 Matés er af,, Nat. Genet. 41:753, 2009). Exemplary vectors are
those capable of autonomous replication (episomal vector), capable of delivering a
polynucleotide to a cell genome (e.g., viral vector), or capable of expressing nucleic
acid molecules to which they are linked {expression vectors).

As used herein, "expression vector” or "vector” refers to a DNA construct
containing a nucleic acid molecule that is 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 rnibosome
binding sites, and sequences which control termination of transcription and translation.
The vector may be a plasmid, a phage particle, a virus, or simply a potential genomic
insert. Once transformed into a suitable host, the vector may replicate and function
independently of the host genome, or may, in some instances, integrate 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, polynuciectides 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, terroination, promoter, and enhancer
sequences; efficient RNA processing signals such as splicing and polyadenylation
signals; sequences that stabilize cytoplasmic mRNA; sequences that enbance translation
efficiency {(7.e., Kozak consensus sequences); sequences that enhance protein stability;
and possibly sequences that enhance protein secretion. Expression control sequences
may be operatively linked if they are contiguous with the gene of interest and
expression control sequences that act in frans or at a distance to conirol the gene of
interest.

fn certain embodiments, the vector comprises a plasmid vector or a viral vector
{e.g., a lentiviral vector or a y-retroviral vector). Viral vectors include retrovirus,
adenovirus, parvovirus {e.g., adeno-associated viruses}, coronavirus, negative sirand
RNA viruses such as ortho-myxovirus (e.g., influenza virus), rhabdovirus {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-Barr 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
incorporated into the host cell genome. "Gammaretrovirus" refers 1o a genus of the
retroviridae family. Examples of gammaretroviruses jnclude mouse stem cell virus,
murine feukemia virus, feline leukemia virus, feline sarcoma virus, and avian
reticuloendotheliosis viruses.

“Lentiviral vectors” include HIV-based lentiviral vectors for gene delivery,
which can be integrative or non-integrative, have relatively large packaging capacity,
and can transduce a range of different cell types. Lentiviral vectors are usually
generated following transient transfection of three {packaging, envelope, and transter)
or more plasmids into producer cells. Like HIV, lentiviral vectors enter the target cell
through the interaction of viral surface glycoproteins with receptors on the cell surtace.
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 retrovirus-derived vector, e.g., a lentivirus-derived
vector, HIV-1-derived vectors belong to this category. Other examples include
lentivirus vectors derived from HIV-2, FIV, equine infectious 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: U.S. Patent 8,119,772; Walchli ef ol | PLo¥ One 6:327930, 2011; Zhao et
al  J. Immunol 1744415, 2005; Engels ef af, Hum. Gene Ther. 14:1155, 2003, Frecha
et al, Mol Ther. 181748, 2010; and Verhoeven 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 derived from herpes simplex
viruses (HSVs), including amplicon vectors, replication-defective HSV and attenuated
HSY (Krisky et of, 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 J. 1999
Emerging Viral Vectors. pp 209-40 in Friedmann T. ed. The Development of Human
Gene Therapy. New York: Cold Spring Harbor Lab), or plasmid vectors {such as
sleeping beauty or other 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 allowting for bicistronic or
multicistronic expression. Exarmples 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 tnclude any individual cell or cell culture which may receive a
vector of 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, yveast cells, and bacterial cells.
These cells may be induced to incorporate the vector or other material by use of a viral
vector, transformation via calcium phosphate precipitation, DEAE-dextran,

electroporation, microinjection, or other methods. See, for example, Sambrook ef af
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Molecubar Cloning: A Laboratory Marnual 2d ed. (Cold Spring Harbor Laboratory,
1989).

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

"Antigen” or "Ag", as used herein, refers to an immunogenic molecule that
provokes an immoune response. This tnunune response may involve antibody
production, activation of specific immunologically-competent cells, activation of
complement, antibody dependent cytotoxicicity, or any combination thereof. An
antigen (immunogenic molecule) mayv be, for example, a peptide, glycopeptide,
polypeptide, glycopolypeptide, polynucleotide, polysaccharide, lipid, or the like. Ttis
readily apparent that an auntigen can be synthesized, produced recombinantly, or derived
from a biological sample. Exemplary biological samples that can contain one or more
antigens inclhude 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 ouv the surface of a cell
infected by the influenza.

The term "epitope™ or "antigenic epitope” inchudes any molecule, structure,
amino acid sequence, or protein determinant that is recognized and specifically bound
by a cognate binding molecule, such as an immunoglobulin, or other binding molecule,
domain, or protein. Epitopic determinants generally contain chemically active surface
groupings of molecules, such as amino acids or sugar side chains, and can have specific
three-dimensional structural 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
folding {¢.g., a discontinucus or conformational epitope), or HON-CONHEUOUS AMino

acids that are in close proximity irrespective of protein folding.
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Antibodies, Antigen-Binding Fragments, and Compositions

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 (IAV), wherein the IAV comprises a Group 1 1AV, a
Group 2 1AV, or both; and (i) an influenza B virus (IBV}.

In certain embodiments, an antibody or antigen-binding fragment of the present
disclosure associates with or unites with a NA while not significantly asscciating 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 JAV NA. As used herein, "specifically binds" refers
to an association or union of an antibody or antigen-binding fragment to an antigen 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 [Kog] 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
(K4 of a particular binding interaction with units of M {e.g., 10° M to 107 M).
Auntibodies may be classified as "high-affinity” antibodies or as "low-affinity”
antibodies. "High-affinity" antibodies refer to those antibodies having a K, of at least
107 MY at least 10° MY, at least 10° M, at least 10 M, at least 10" M, at least 10"
M oratleast 10V M™ "Low-affinity" antibodies refer to those antibodies having a K,
of up to 107 M, up to 10° ML up to 10° ML 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 1077 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
sutface plasmon resonance (Biacore®) analysis {see, e.g., Scatchard ef of., Ann. N.V.

Acad. Sci. 51:660, 1949, Wilson, Science 295:2103, 2002; Wolff ¢r ol Cancer Kes.
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53:2560, 1993; and U.S. Patent Nos. 5,283,173, 5,468,614, or the equivalent). Assavs
for assessing affinity or apparent affinity or relative affinity are also known.

In certain exarples, binding can be determined by recombinantly expressing a
influenza NA antigen in a host cell {e.g., by transfection) and immunostaining the {e.g.,
fixed, or fixed and permeabilized) host cell with antibody and analyzing binding by
flow cytometery (e.g., using a ZE5 Cell Analyzer (BioRad®) and FlowJo 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
fragments may be described using ICS0 or ECS0 values. In certain embodiments, the
IC50 is the concentration of a composition {e.g., antibody) that results in halt-maximal
inhibition of the indicated biological or biochemical function, activity, or response. In
certain embodiments, the ECSO0 1s the councentration 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 EC50 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 capabie of preventing and/or neutralizing an influenza
infection in an i vifre model of infection and/or in an in vivo animal model of infection
and/or in a human.

In certain embodiments, the antibody, or antigen-binding fragment thereot, is

human, humanized, or chimeric.
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In certain embodiments, {i} the Group 1 TAV NA comprises a N1, a N4, a N3,
and/or a N&; and/or (i1} the Group 2 IAV NA comprises a N2, a N3, a N6, a N7, and/or
a N9, In some ervbodiments: (i) the N1 is a N1 from any one or more of)
A/California/07/2009, A/California/07/2009 223R/H275Y,
AlSwine/hangsw/J004/201 8, A/Stockholm/18/2007, A/Brisbane/02/2018,
A/Michigan/45/2015, A/Mississippi/3/2001, A/Netherlands/603/2009,
A/Netherlands/602/2009, A/Vietnam/1203/2004, A/GA/SW/Shangdong/1207/2016,
A/GA/ SW/Henan/SN13/2018, and A/New Jersey/B/1976; (it) the N4 is from A/mallard
duck/Nethertands/30/2011; (i1t} the N3 is from A/aquatic bird/Korea/CN5/2009; (iv) the
N8 ts from A/harbor seal/New Hampshire/179629/2011; (v the N2 is a N2 from any
one or more of. A/Washington/01/2007, A/HongKong/68, A/South Australia/34/2019,
A/Switzerland/8060/2017, A/Singapore/INFIMH-16-0019/2016,
A/Switzerdand/9715293/2013, A/Leningrad/134/17/57, A/Flonda/4/2006,
A/Netherlands/823/1992, A/Norway/466/2014, A/Switzerland/8060/2017,
A/Texas/50/2012, A/Victoria/361/2011, A/HongKong/2671/2019,
A/SWIMexico/8G1444/2011, A/Tanzania/205/2010, A/Aichi/2/1968,
A/Bilthoven/21793/1972, A/Nethertands/233/1982, A/Shanghai/11/1987,
A/Nanchang/933/1995, A/Fukui/45/2004, and A/Brisbane/16/2607 {vi} the N3 is from
A/Canada/tvS04/2004; (v) the N6 is from Alswine/Ontario/01911/1/99; (vi) the N7 is
from A/Netherlands/078/03; and/or (vii} the N9 is a N9 from any one or more of
AlAnhut/2013 and A/Hong Kong/S6/2015. In certain embodiments, the IBY NAisa
NA from any one or more oft B/Lee/10/1940 (Ancestral); B/Brisbane/60/2008
(Victoria), B/Malaysia/2506/2004 (Victoria), B/Malaysia/3120318925/2013
(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/Netherlands/234/2011; B/Perth/211/2001;
B/Phuket/3073/2013; B/Texas/06/2011 (Yamagata), B/Perth/211/2011;
B/HongKong/05/1972; B/Harbin/7/1994 (Victoria), and B/Washington/02/2019

(Victoria).
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In certain embodiments, the antibody or antigen-binding fragment 18 capable of
binding to each of: (i} a Group 1 IAV NA; (ii} a Group 2 AV NA; and (iiiy a IBY NA
with an ECso 1o a range of from about 0.1 yg/ml to about 50 ug/ml., orin a range of
from about 0.1 ug/mL to about 2 pg/mL, or in arange of from 0.1 pg/mL to about 10
ug/mi., or in a range of from 2 pg/mL to about 10 ug/mL, or in a range of from about
0.4 ng/ml to about 50 ug/mlL, or o a range of from about 0.4 pg/ml. to about 2 pg/mi,
or in a range of from 0.4 pg/mL to about 10 pg/ml, or in a range of from 2 yg/mL to
about 10 pg/mL, or in a range of from 0.4 pg/mL o about 1 pg/ml, or 0.4 pg/ml or
less.

in certain embodiments, the antibody or antigen-binding fragment is capable of
binding to: (i) the Group 1 IAV NA with an ECso in & range of’ from about 0.4 ug/mL
to about 50 pg/ml, from about 0.4 pg/mL to about 10 pg/mL., from about 0.4 pg/mk to
about 2 pg/ml., from about 2 pg/mk to about 50 pg/ml., from about 2 ug/mk to about
10 pg/mi, or from about 10 pg/mL to about 50 pg/mi; (1) the Group 2 IAY NA with
an ECso in a range from about 0.4 ug/mb to about 50 ug/mb, or from about 0.4 pg/mi
to about 10 pg/md, or from about 0.4 ug/mL to about 2 ug/ml., or from about 2 pg/mL
to about 30 pg/ml, or from about 2 ug/mL to about 10 ug/mL, or from about 10 ug/mlL
1o about 5O pg/mi; and/or (i} the IBYV NA with an ECso of about 0.4 ug/mi, orina
range from about ¢ 1ug/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/mb to about 1.0 ug/mb, orabout0.1,0.2,03,04, 0.5,
0.6,07, 08,09, or 1.0 ug/mL. In further embodiments, the antibody or antigen-
binding fragment is capable of binding to: (i) a N1 with an ECse of about 0.4 ug/mi, or
in a range from about 0.4 pug/ml to about SOug/ml., or in a range of from about
0.lpg/mL to about 1.9 ug/ml., or from about 0. 1pg/ml to about 1.5 pg/ml, or fromw
about 0.1 pg/mL to about 1.0 ug/mb, orabout 0.1, 02,0.3,04,0.5,0.6,0.7,08,09, or
1.0 ug/mk; (it} a N4 with an BCso of about 0.4 pg/ml, orin a range of: from about
0. 1pg/mb to sbout 1.9 ug/mb, or from about 0. 1ug/mml to about 1.5 ug/mL, or from
about 0.1 pg/mL to about 1.0 ug/mb, orabout 0.1,02,0.3,04,0.5,06,0.7, 08,09, or
1.0 pg/ml.; (iiiy a N5 with an ECso in a range of: from about 0.4 pg/mL to about 2

wg/mL; (v} a N8 with an ECso of about 50 ug/mL; {v}) a N2 with an ECso in a range
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of: from about 0.4 ug/mL to about 20 pg/ml, or from about 0.4 ug/mL to about 10
ug/mk, or from about 0.4 ug/mi. to about 2 pg/miL, from about 1 pg/mL to about 10
ug/mk, or from about 1 pg/mwl. to about 20 pg/rul., or from about 1 pg/ml to about 5
pwg/ml, orabout 1,2, 3, 4,5,6,7,8 9,10, 15, or 20 ug/mL; {vi} a N3 with an ECsg of
about 0.4 pg/mi, orin a range of from about 0. lug/mL to about 1.9 yg/ml., or from
about 0. lug/rol. to about 1.5 ug/ml, or from about 0.1 pg/rol. to about 1.0 ug/mi, or
about 0.1,0.2,03,04,0.5,06,0.7,0.8,0.9, or 1.0 yg/mL; (vii) a NO with an ECso of
about 0.4 pg/ml, or in a range of from about 0.1pug/mL to about 1.9 yg/ml., or from
about 0. 1ug/mL to about 1.5 ug/mL, or from about 0.1 pg/mL to about 1.0 ug/mL, or
about 0.1,0.2,0.3,04,05,0.6,07,08 09, or 1.0 ug/mb; (viiiya N7 withan ECspina
range of: from about 2 pg/ml. to about 50 pg/ml; (ix) a N9 with an ECse of about 0.4
pg/mL, orin a range of: from about 0.1ug/mL to about 1.9 yg/ml, or from about

0. 1pg/mi to about 1.5 ug/ml., or from about 0.1 pg/ml to about 1.0 ug/ml., or about
0$6.1,02,03,04,05,06,07,08 09, or 1.0 ug/mlL; and/or (xi} a IBY NA with an
ECs of about 0.4 pg/mi, or in a range of: from about 0. tpg/mL to about 1.9 ug/ml, or
from about §. 1ug/ml. to about 1.5 pg/md, 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, 06,07, 0.8, 0.9, or 1.0 yg/mL.

In certain embodiments, the antibody or antigen-binding fragment is capable of
binding to: (i) one or wore oft N1 A/California/07/2009, NI A/California/07/2009
1223R/H275Y, N1 A/Swine/langsu/J004/2008, N1 A/Stockholm/18/2007, N4
Ad/mallard duck/Netherlands/30/2011, N5 A/aquatic bird/ Korea/UN5/2009, N2 A/Hong
Kong/68, N2 A/lLeningrad/134/17/57, N3 A/Canada/rv504/2004, N6
A/Swine/Omario/01911/1799, N9 A/Anhui/1/2013, B/Lee/10/1940 {Ancestral),
B/Brisbane/60/2008 (Victoria), B/Malaysia/2506/2004 (Victoria},
B/Malaysia/3120318925/2013 (Yamagata), B/Wisconsin/1/2016 (Yamagata), and
B/Yamanashi/166/1998 (Yamagaia}, with an ECso of about 6.4 uyg/mi., or in a range
from about 0. 1ug/mb to about 1.9 pg/mL, or from about 0. lug/mL to about 1.5 ug/ml,
or from about 0.1 pg/mL to about 1.0 yg/mbL, orabout 6.1, 0.2, 0.3, 04,0.5,0.6,0.7,
0.8, 0.9, or 1.0 ug/mL,; (i) NS Adaquatic bird/ Korea/CN5/2009 with an ECse of about 2

wg/mL, or in a range from about 2 pg/rml to about 10 pg/mkE; (111} N8 A/harbor



w

10

15

20

25

WO 2022/109309 PCT/US2021/060155

seal/New Hampshire/179629/2011 with an ECso of about 50 ug/mL; iv) N2
A/Washingtor/01/2007 with an ECso in a range from about 2 pg/mL to about 10
ug/mk; (v) N7 A/Netberlands/078/03 with an ECse in a range from about 2 pg/ml. to
about 50 pg/mb; (viy N2 A/Scuth Australia/34/2019 with an ECso in a range from about
0.4 pg/mk to about 50 ug/ml; (vii) N2 A/Switzerland/8060/2017 with an ECso in a
range from about 9.5 ug/ml to about 3.8 pg/ml; (viii) N2 A/Singapore/INFIMH-
16-0019/2016 with an ECso in a range from about 18.4 pg/mL to about 2.2 pg/mb; (iv})

N2 A/Switzerland/9715293/2013 with an ECso in a range from about 1.6 ug/mL
to about 1.2 pg/mL; and/or (v) N1 A/Swine/Hangsu/JG04/2018 with an ECso in a range
from about 0.4 ug/mL to about 30ug/ml, or about 0.4, about 2, about 190, 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 s according to flow cytometry.

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

n certain embodiments, the NA 1s a N1, a N2, and/or a N9,

In certain embodiments, the antibody or antigen-binding fragment is capable of
binding to: (1) a NA epitope that comprises any one or more of the following amino
acids {INT NA numbering): R368, R293, E228, E344, S247 D198 D151, R118; and/or
(2) a NA epitope that comprises any one or more of the following amino acids (N2 NA
numbering) R371, R292, E227 E344, 8247, D198, 151, R118. It will be understood
that the antibodies and antigen-binding fragments may alsc bind to influenza
neuraminidases which may not follow N1 or N2 amino acid numbering conventions;
amino acids of these epitopes may correspond to herein-indicated N1 or N2 amino acid
residues, such as by being the same amino acid residue at an equivalent {e.g., by

alignment, 3-D 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 nurobering {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, DIS1,
and R118 (N1 NA numbering}); and/or (2} a NA epitope that comprises the amino acids
R371, R292, H227, D151, and R118 (N2 NA numbering).

In certain embodiments, the antibody or antigen-binding fragment is capable of
binding to an epitope comprised in or comprising 3 NA active site {as described herein,
the NA active site comprises functional amino acids that form the catalytic core and
directly contact sialic acid, as well as structural amino acids that form the active site
framework), wherein, optionally, the NA active site comprises the following amino
acids (N2 numbering): R118, D151, R152, R224 E276, R292, R371, Y406, E119,
R156, W178, S179, D/N198, 1222, E227, 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 cerfain embodiments, E119, R156,
W78, 8179, D/N198, 1222, B227, H274, E277, D293, and E425 form the active site
framework.

In certain embodiments, the epitope comprises or further comprises any one or
more of the following NA amino acids (N2 numbering): £344, 227, 8247, and 3198,

In certain embodiments, the antibody or antigen-binding fragment 18 capable of
binding to a NA comprising a S245N aminc acid mutation and/or a E221D amino acid
nutation (N2 numbering).

In certain embodiments, the NA comprises an IBY NA. In certain
embodiments, the antibody or antigen-binding fragment is capable of binding to an IBV
NA epitope that comprises any one or more of the following amino acids (IBY
numbering; e.g., as for FluB Victoria and FluB Yamagata): R116, D149, E226, R292,
and R374. In some embodiments, the epitope comprises the amino acids R116, 13149,

E226, R292, and R374.
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In certain embodiments, the antibody or antigen-binding fragment 18 capable of
inhibiting a sialidase activity of (i) an {AV 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 visro
medel of infection, an i vive animal model of infection, and/or in a human. In further
embodiments: (1) the Group 1 AV NA comprises a HINT and/or a HSNT, (ii) the
Group 2 JAV NA comprises a H3NZ and/or a H7N9; and/or (i) the IBY NA cormprises
one or more of: B/Lee/10/1940 {Ancestral), B/HongKong/05/1972; B/Taiwan/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(Yamagata}, B/Hangsw/10/2003 (Yamagata), B/Texas/66/2011
{Yamagata), B/Perth/211/201 1; 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).

In certain embodiments, the antibody or antigen-binding fragment is capable of
inhibiting a sialidase activity by: a Group 1 IAV NA; a Group 2 JAV NA; and/or a IBV
NA, with an IC50 tn a range of from about 0.0008 ug/mL to about 4 ug/mL, from
about ¢.0008 pg/mL to about 3 pg/mL, from about ¢.0008 ug/mL to about 2 pg/mk,
from about 0.0008 pg/mL to about 1 ug/mL, from about 0.0008 pg/ml to about 0.9
wg/mb, from about 0.0008 pg/mb to about 0.8 pg/ml, from about 0.0008 ug/mlL to
about 0.7 pg/ml, from about 0.0008 pg/ml. to about 0.6 pg/ml, from about 0.0008
ug/mL to about 0.5 pg/mL, from about 0.0008 pg/ml to about 0.4 ug/ml., from about
0.0008 pg/mib to about 0.3 pg/mi, from about 0.0008 pg/ml. to about 0.2 pg/mL, from
about 0.0008 pg/ml. to about 0.1 pg/mk., from about 0.0008 pg/l to about 0.09
wg/mb, from about 0.0008 pg/mb to about 0.08 pg/mL, from about 0.0008 pg/mL to
about 6.07 ug/ml,, from about 0.0008 yg/ml. to about 0.06 pg/ml., about 0.0008
ug/mL to about 0.05 pg/mL, about 0.0008 pg/mL to about 0.04 pg/mb, about 0.0008
pug/mL to about 0.03 pg/mb, about 0.0008 ug/mL to about 0.02 pg/ml, about 0.0008
pug/ml. to about 0.01 pg/mL, from 0.002 pg/ml. to about 4 pg/mL, from about 0.001
wg/mL to 50 yg/ml, from about 0.1 pg/ml to about 30 pg/mi, from about 0.1 pg/miL
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to about 20 pg/ml, from about 0.1 pg/ml to about 10 pyg/mL, from about 0.1 pg/mb to
about 9 yg/mL, from about 0.1 pg/mib to about 8 pg/mi, from about 0.1 pg/mL to

~r
7
/

about 7 pug/mi, from about 0.1 ug/mL to about 6 pug/mlL, from about 0.1 pg/mL to
about 5 pg/mb, from about 0.1 pg/mL to about 4 pg/mi, from about 0.1 pg/ml to
about 3 pg/ml., from about 0.1 pg/mL to about 2 pg/ml, from about 0.1 pg/ml to
about T ug/ml., fror about 0.1 pg/md. to about 0.9 pg/ral., from about 0.1 pg/mi. to
about 0.8 pg/ml, from about 0.1 pg/mL to about 0.7 yg/mL, from about 0.1 pg/ml to
about 0.6 pg/ml, from about 0.1 pg/mi. to about 8.5 pg/ml., from about 0.1 pg/ml to
about 0.4 pg/ml, from about 0.1 pg/mL to about 0.3 pg/mL, from about 0.1 yg/mL to
about 6.2 pg/ml., from about 0.8 pg/mL to about 30 pg/ml, from about 0.8 pg/mkb. 1o
about 20 pg/ml., from about 0.8 ug/ml to about 10 ug/ml, from about 0.8 pg/mL o
about 9 yg/mL, from about 0.8 pg/mi to about 8 pg/mi, from about 0.8 pg/ml to
about 7 pg/ml., from about 0.8 pg/mi to about 6 pg/ml, from about 0.8 yg/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/mlb, from about 0.8 pg/mL to about 2 pg/ml, of from about 0.8 yg/mb o
about T ug/ml., or of about 0.1 uyg/ml., about 0.2 pg/mi, about 0.3 pg/ml., about 0.4
ug/ml, about 0.5 pg/mL, about 0.6 pg/mL, about 0.7 ng/mL, about 0.8 pg/ml., about
6.9 ug/mb, about 1.0 pg/mi, about 1.5 pg/mL, about 2.0 pg/mL, about 2.5 ug/mi,
about 3.0 pg/ml, about 3.5 pg/ml., about 4.0 ug/ml, about 4.5 pg/ml, about 5.0
pg/mL, about 5.5 pg/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/ml, about 8.5 pg/mlL, about 9.0 pg/ml, about 10 pg/mi,
about 11 ug/mL, about 12 pg/mL, about 13 pg/mL, about 14 ug/ml, about 15 pg/mL,
about 16 pg/ml, about 17 ug/ml., about 18 ug/ml, about 19 pg/ml, about 20 pg/mi,
about 25 yg/ml., and/or about 30 pg/ml.. In further embodiments, the antibody or
antigen-binding fragment is capable of inhibiting NA sialidase activity of one or more
Group T and/or Group 2 TAV, and/or of one or more 1BV, with an ICS56 in a range of’
from about 00001 pg/ml to about 25 pg/ml, or about 0.0001 pg/ml to about 10 pg/ml,
or about 0.0001 pg/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 ug/ml, or about $.0001 pg/ml to about 001 ug/ml, or

about 0.0001 pg/ml to about 0001 ug/ml, or about 0001 pg/ml to about 25 pg/ml, or
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about 0001 pg/mi to about 10 ug/ml, or about 0001 ug/ml to about 1 pg/mi, or about
00T pg/mi to about 0.1 pug/mi, or about 0001 pg/ml to about 0.01 pg/mi, or about
001 pug/mi to about 25 pg/ml, or about 001 pg/ml to about 10 pg/mi, or about 001
ng/ml to about 1 pg/ml, or about 001 pg/ml to about 0.1 ug/mi, or about 001 ug/mi to
about 0.01 pg/mli, or about .01 pg/ml to about 25 pg/mli, or about .01 ug/ml 1o about 10
pg/mol, or about .01 pg/ml to about 1 pg/mi, or about .01 pg/ml to about 0.1ug/ml, or
about 1 ug/ml to about 25 ug/ml, or about 1 ug/mi to about 10 ug/mi, orofabout 1, 1.5,
2,2.5,3,3.5,4,45,5.55 6,65,7,75,8 85,995, 10, 10.5, 11, 11.5, 12, 12.5, 13,
13.5, 14, 14.5, or 15 pg/ml.

in certain embodiments, the antibody or antigen-binding fragment is capable of
activating a human FeyRIHa. To further embodiments, activation is as determined using
a host cell {optionally, a Jurkat cell} comprising: (i} the human FeyRlIla (optionally, a
F158 aligle}; and (i1) a NFA'T expression control sequence operably linkedto 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 a IAV. In still further embodiments, activation is as determined
foliowing an incubation {optionally, for about 23 hours) of the antibody or antigen-
binding fragment with the target cell infected with a HINT 1AV, wherein, optionally,
the HINT [AV is A/PRE/34, and/or wherein, optionally, the infection has a multiplicity
of infection (MO1) of 6.

In certain embodiments, the aniibody or antigen-binding fragment is capable of
neutralizing infection by an IAV and/or an IBV. In certain embodiments, the IAY
and/or the IBV is antivirai-resistant, wherein, optionally, the antiviral is oseltamivir.

fn certain embodiments, the AV comprises a N1 NA that comprises the amino
acid mutation{s): H275Y; E119D + H275Y; S247N + H275Y; 1222V, and/or N2948
wherein, optionally, the 1AV comprises CA(Y or A/Aichi. In certain embodiments, the
TAV comprises a N2 NA that comprises the amino acid mutation{s) E119V, (3136K,
and/or R292K.

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

treating and/or preventing (i) an IAV infection and/or (i1} an IBV infection in a subject.
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In certain embodiments, the antibody or antigen-binding fragment 18 capable of
treating and/or attenuating an infection by: (i} a HIN1 virus, wherein, optionally, the
HIN1 virus comprises A/PR8/34; and/or (i) a H3N2 virus, wherein, optionally, the
H3NZ 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 1BV, optionally for () up
to 15 days, or (ii) more than 15 days, following administration of an effective amount of
the antibody or antigen-binding fragment.

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 IAV and/or IBV infection.

In certain embodiments, the antibody or antigen-binding fragment is capable
extending survival of a subject having an 1AV infection and/or an IBV infection.

In certain embodiments, the antibody or antigen-binding fragment has an in vivo
half-life in a mouse {e.g, a 1232 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
100,101,102, 103, 104, 105, 106, 16,7, 108, 109, 11.0, 111, 11.2, 113, 11 4,
115,116, 117, 118, 119, 12,0, 121,122, 123,124,125, 126,127, 128, 129,
130,131,132, 133, 13,4, 13,5, 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, 129,130, 13.1,13.2,13.3, 134, 135
136, 13.7, 13.8, 13.9, 14.0, 14.1, 14.2, 143, 144, 145, 146, 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 least two heavy (H)
chains and two light (L} chains inter-connected by disulfide bonds, as well as any
antigen-binding portion or fragment of an intact antibody that has or retains the ability
to bind to the antigen target molecule recognized by the intact antibody, such as an
sciv, Fab, or Fab'2 fragment. Thus, the term "antibody"” herein is used in the broadest
sense and includes polyclonal and monoclonal antibodies, including intact antibodies
and functional (antigen-binding) antibody fragments thereof, including fragment
antigen binding (Fab)} fragments, F{ab"}2 fragments, Fab' fragments, Fv fragments,
recombinant IgG (rlgG) fragments, single chain antibody fragments, including single
chain variable fragments (scFv), and single domain antibodies {e.g., sdAb, sdFv,
nanobody) fragments. The term encompasses genetically engineered and/or otherwise
modified forms of immunoglobulins, such as intrabodies, peptibodies, chimeric
antibodies, fully human antibodies, humanized antibodies, and hetercconjugate
antibodies, multispecific, e.g., bispecific antibodies, diabodies, triabodies, tetrabodies,
tandem di-scFv, and tandem tri-scFv. Unless otherwise stated, the term "antibody”
should be understood to encompass functional antibody fragments thereof The term
also encompasses intact or full-length antibodies, including antibodies of any class or
sub-class, including 1gG and sub-classes thereof (IgG 1, Ig(32, 1gG3, g4}, IgM, IgE,
IgA, and 1gh.

The terms "Vi" or "VL" and "Vu" or "VH" refer to the variable binding region
from an antibody light chain and an antibody heavy chain, respectively. In certain
embodiments, a VL 1s a kappa {x} class (also "VK* herein). In certain embodiments, a
Vi is a fambda () class. The variable binding regions comprise discrete, well-defined
sub-regions known 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 {i.e.,
CDRI1 and CDR2, CDR2 and CDR3) are separated from one another in primary

structure by a framework region. There are three CDRs in each variable region

49



w

10

15

20

25

30

WO 2022/109309 PCT/US2021/060155

(HCDRI1, HCDR2, HCDR3; LCDR1, LCDRZ, LCDR3; also referred to as CDRHs and
CDRLs, respectively). In certain embodiments, an antibody VH comprises four FRs
and three CDRs as follows: FRI-HCDRI-FR2-HCDR2-FR3-HCDR3-FR4; and an
anttbody VL comprises four FRs and three CDRs as follows: FR1-LCDRI-FR2-
LCDR2-FR3-LCDR3-FR4. In general, the VH and the VL together form the antigen-
binding site through their respective CDRs. In certain embodiments, one or more
CDRs do not contact antigen and/or do not contribute energetically to antigen binding.

As used herein, a "variant” 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 framework regions may be according to any known
method or scheme, such as the Kabat, Chothia, EU, IMGT, Contact, North, Martin, and
AHo sumbering schemes {see, e.g., Kabat ef o/, "Sequences of Proteins of
Imsunological Interest, US Dept. Health and Human Services, Public Health Service
National Institutes of Health, 1991, 5% ed.; Chothia and Lesk, /. Mol Biol. 196:901-917
{1987y, Lefranc et af | Dev. Comp. Immunol. 27.55, 2003, Honegger and Plackthun, /.
Mol Bio. 309:657-6770 (2001}, North et of. J Mol Biol (2011) 406:228-536,;
doi:10.1016/4.jmb.2010.10.030; Abhinandan and Martin, AMof
fmmunod. (2008) 45:3832-9. 10.1016/f. molimm . 2008.05.022). The auvtibody and CDR
numbering systems of these references are incorporated herein by reference. Equivalent
residue positions can be annotated and for different molecules to be compared using
Antigen receptor Numbering And Receptor Classification (ANARCT) software tool
(2016, Bioinformatics 15:298-300). Accordingly, tdentification of CDRs of an
exemplary variable domain (VH or VL) sequence as provided herein according to one
numbering scheme is not exclusive of an antibody comprising CDRs of the same
variable domain as determined using a different numbering scheme. In certain
embodiments, an antibody or antigen-binding fragment is provided that comprises
CDRs of in a VH sequence according to any one of SEQ [ NOs.: 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 1D NOs.: 26, 36, 46, 56, 66, 76, 86, 96, 8,
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20,32, 44, 56, 68,80, 92, 104, 116, 128, 140, 152, 174, 177, 180, 186, 189, 192, 164,
201, 205, 209, 217, and 230, in accordance with any known CDR numbering method,
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 roethod developed by the Chemical Computing Group (CCG); e.g., 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 CDRHI, a CDRH2, a CDRH3, a CDRL1, a CDRL2, and
a CDRL3, wherein each CDR is independently selected from a corresponding CDBR 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 antigen-
binding fragment thereof, comprising a heavy chain variable domain (VH) comprising a
compliementarity determining region ({CDRIHT, a CDRH2, and a CDRH3, and a light
chain variable domain (VL) comprising a CDRL1, a CDRL2Z, and a CDRL3, wherein:
{i) optionally, the CDRH1 comprises or consists of the amino acid sequence set forth in
any one of SEQ ID NOs.: 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; (i) optionally, the CDRH2 comprises
or consists of the amino acid sequence set forth in any one of SEGQ ID NOs.: 4, 16, 28,
40,52, 04, 76, 88, 100, 112, 124, 136, 148, 160, and 232, or a functional variant thereof
comprising oneg, 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; (i) the CDRH3 comprises or consists of the amino acid

sequence set forth in any one of SEQ ID NOs.: 5, 17,29, 172, 41, 53, 65,77, 89, 184,
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P01, 113, 125, 137, 149, 161, and 233, or a functional variant thereof comprising one,
twao, or three amino acid substitutions, one or more of which substitutions is optionally
a conservative substitution and/or is a substifution to a germline-encoded amino acid;
{iv} optionally, the CORL1 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, ot a functional variant thereof comprising oue, 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 haviug one, two, or three
amino acid substitutions, one or more of which substitutions 1s optionally a
conservative substitution and/or is a substitution to a germline-encoded amino acid.

In further embodiments, CDRHI, CBRH2Z, CDRH3, CDRL1, CBRL2, and
CDRI3 comprise or consist of the amino acid sequences set forth in SEQ D NQOs.: (i)
3-5 and 9-11, respectively; (it) 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,
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 §1-83, respectively; (xv) 87-89 and 93-95, respectively;
(xvi) 87, 88, 184 and 93-95, respectively, (xvii} 87-80, 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 190,
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respectively; (xxii} 87, 88, 184, 93, 94, and 193, respectively; (xxiit) 87-89, 141, 142,
and 131, respectively; {xxiv} 99-101 and 105-107, respectively; (xxv) 111-113 and 117-
119, respectively; (xxvi) 123-125 and 129-131, respectively, {xxvii} 135-137 and 141-
143, respectively; (xxviii) 147-149 and 153-155, respectively; {xxix} 159-161 and 165-
167, respectively; or {Ooxx3 231-233 and 234-236, respectively.

The terra "CL" refers to an “tmrounoglobulin light chain coustant region” or a
"light chain constant region," .., a constant region from an antibody light chain. The
term "CH" refers to an "immunoglobulin heavy chain constant region” or a "heavy
chain constant region,” which is further divisible, depending on the antibody isotype,
into CHI, CHZ, and CH3 {IgA, Igh, 1gG), or CH1, CH2, CH3, and CH4 domains (igk,
IgM). The Feregion of an antibody heavy chain is described further herein. Inany of
the presently disclosed embodiments, an antibody or antigen-binding fragment of the
present disclosure comprises any one or more of CL, a CHI, 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 CHY, a CHZ, and a CH3 . In
certain embodiments, a CL. comprises an amino actd sequence having 90%, 91%, 92%,
093%, 94%, 95%, 90%, 975, 98%, 99%, or 100% identity to the amino acid sequence of
SEQ D NG.:211. In certain embodiments, 3 CHI-CH2-CH3 comprises an amino acid
sequence having 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identity to the amino acid sequence of SEQ 1D NO..210 or SEQ ID NO.:215. ¥t will be
understood that, for example, production in 2 mammalian cell line can remove one or
more C-terminal lysine of an antibody heavy chain (see, e g, Liu et al. mAbs
6{5):1145-1154 (2014)). Accordingly, an antibody or antigen-binding fragment of the
present disclosure can comprise a heavy chain, a CH1-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 restdue of a heavy chain, a CH1-
CH3, or an Fe polypeptide is not a lysine, and embodiments where a lysine is the C-
terminal residue. In certain 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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termuinal end of the heavy chain, CH1-CH3, or Fe¢ polypeptide, and wherein one or more
antibody or antigen-binding fragment comprises a lysine residue at the C-terminal end
of the heavy chain, CH1-CH3, or F¢ polypeptide.

A "Fab" (fragment antigen binding} is the part of an antibody that binds to
antigens and includes the varniable region and CH1 of the heavy chain linked to the light
chain via an inter-chain disulfide boud. Each Fab fragment is monovalent with respect
to antigen binding, 7.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
disuifide linked Fab fragments having divalent antigen-binding activity and 1s still
capable of cross-linking antigen. Both the Fab and F{ab™)2 are examples of "antigen-
binding fragments." Fab' fragments differ from Fab fragmeunts 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 destignation 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 couplings of antibody fragments are also known.

Fab fragments may be joined, e.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 is present in a native Fab may not be present, and the linker serves in full orio
part to link or connect the Fab fragments 1n a single polypeptide chain. A heavy chain-
derived Fab fragment (e.g., comprising, consisting of, or consisting essentially of VH +
CH1, or "Fd") and a light chain-derived Fab fragment {e.g., comprising, consisting of,
or consisting essentially of VL + CL) may be linked in any arrangement to form a
scFab. For example, a scFab may be arranged, in N-terminal to C-terminal direction,
according to (heavy chain Fab fragment — linker — light chain Fab fragment) or (light
chain Fab fragment - linker — heavy chain Fab fragment). Peptide linkers and
exemplary linker sequences for use in scFabs are discussed in further detail herein.

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

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

“Single~-chain Fv" also abbreviated as "sFv" or "scFv", are antibody fragments
that comprise the Vn and Vi antibody domains connected into a single polypeptide
chain. In sore embodiments, the scFv polypeptide comprises a polypeptide linker
disposed between and linking the Vg 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 Pharmacclogy 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, a VL domain, and a peptide linker
linking the VH domain to the VL domain. In particular embodiments, a scFv comprises
a VH domain linked t0 a VL domain by a peptide linker, which can be in a VH-linker-
VL orientation or in a Vi-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 {ie.,
(MNHVLLC-Hnker-ONVH(C) or (N)VH(C)-linker-(N3VLLC). 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
10 adopt a flexible extended conformation; (2} their tnability or fack 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

exarnple, Gly, Asn and Ser residues. Other near neutral amino acids, such as Thr and
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Ala, may also be included in a linker sequence. Other amino acid sequences which may
be usefuily 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}, U.S. 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-8er-Glu-Ser-Lys-
Val-Asp (Chaudbary et al., Proc. Natl. Acad. Sci. USA 87:1066-1070 (1990)} and Lys-
Glu-Ser-Gly-Ser-Val-Ser-Ser-Glu-Gin-Leu-Ala-Gln-Phe-Arg-Ser-Leu-Asp (Bird et al,
Science 242:423-426 (1988)) and the pentamer Gly-Gly-Gly-Gly-Ser when present in a
single iteration or repeated 1 to 5 or more times, or more. Any suitable linker may be
used, and in general can be about 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21,22, 1523, 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 ina
bhuman. ScFvs can be constructed using any combination of the VH and VL sequences
or any combination of the CDRH1, CDRH2, CDRH3, CDRL1, CDRLZ, and CDRL3
sequences disclosed herein. In some embodiments, linker sequences are not required,;
for example, wheu the first and second polypeptides have nouv-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 vaniable (V) joining (J),
and diversity (I3} gene loci may be rearranged and insertions and/or deletions of
nuclectides in the coding sequence may occur. Somatic mutations may be encoded by
the resultant sequence, and can be identified by reference to a corresponding known
germline sequence. In some contexts, somatic mutations that are not critical to a
desired property of the antibody {e.g., binding to a influenza NA antigen), or that confer
an undesirable property upon the antibody (e.g., an increased risk of immunogenicity in
a subject administered the antibody), or both, may be replaced by the corresponding

germline-encoded amino acid, or by a different amine acid, so that a desirable property
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of the antibody 18 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 arvino
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 exemplary anti-
NA antibodies of the present disclosure are provided in Table 1 herein.

In some embodiments, the VH 1s encoded by or derived from human /GHV-
69¥01F or IGHYVI-69D*01F, FGHIGY02F, and IGHD1-26%01F, and/or the VL is
encoded by or derived from human JGAV3ID-15%01 F and Homsap [GKJ2¥02 (F).
Polynucleotide sequences and other information of these and related human IG alleles
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, deamidation, and/or isomerization.

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

In certain embodiments, (i) the VH comprises or consists of an amino acid
sequence having at least 80% {e.g., 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99%, or more} identity to the amino acid sequence set forth in any one of
SEQ ID NOs.: 2, 14, 26, 171, 38, S0, 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 germbine-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} ideniity to the amino acid sequence set

forth in any one of SEQ ID NOs.: 8, 20, 32, 44, 56, 68, 80, 02, 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 opticnally limited to one or more framework regions and/or sequence
variation comprises one or rore substitution to a gerroline-encoded amino acid.

In some embodiments, the VH and the VL comprise or consist of amine acid
sequences having at feast 80%, at least 85%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 9496, at feast 95%, at least 96%, at least 97%, ai least 98%, or at least
09%, to SEQ ID NOs.: (1) 2 and 8, respectively; (i1} 14 and 20, respectively; (iii} 26 and
32, respectively; (iv} 26 and 174, respectively; (v} 26 and 177, respectively; {vi) 26 and
180, respectively; (vi1) 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; (xiit) 62 and 68, respectively; (xiv}) 74 and 80,
respectively; (xv} 86 and 92, respectively; (xvi} 86 and 186, respectively; (xvii} 86 and
189, respectively, (xviit) 86 and 192, respectively; (xtx) 183 and 92, respectively; (xx}
183 and 186, respectively; (xi) 183 and 189, respectively; (xxit) 183 and 192,
respectively; (xxiiiy 98 and 104, respectively; (xxiv) 110 and 116, respectively; {(xxv}
122 and 128, respectively; (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; ot (Cooxiil} 228 and 230, respectively.

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

In some embodiments, the VH and the VL comprise or consist of the amino acid
sequences according to SEQ 1D NOs.: (i) 2 and 8, respectively; (i) 14 and 20,
respectively; (iii) 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 56, respectively; {xiii} 62 and &8, respectively; {xiv}
74 and 80, respectively; (xv) 86 and 92, respectively; {xvi) 86 and 186, respectively;

{xvii) 86 and 189, respectively; (xviit} 86 and 192, respectively; (xix) 183 and 92,

58



w

10

15

20

25

WO 2022/109309 PCT/US2021/060155

respectively; (xx} 183 and 186, respectively; (xx1) 183 and 189, respectively; (xxit) 183
and 192, respectively; {xxiii}) 98 and 104, respectively; (xxiv} 110 and 116,
respectively; Ooxv) 122 and 128, respectively; (xxvi) 134 and 140, respectively; {oovit)
146 and 152, respectively; (corviiiy 158 and 164, respectively; (xxix) 199 and 201,
respectively, (xxx) 203 and 205, respectively; (xxxi} 207 and 209, respectively; (xxxii}
216 and 217, vespectively; or (xxxiit} 228 and 230, respectively.

Alsc provided herein is a polypeptide comprising an amino acid sequence
sequence according to SEQ D NO.: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 in 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 according to SEQ 1D NO.:219
comprises any one of SEQ ID NOs.: 149, 5, 17, 29, 172, 41, 53, 65, 77, 89, 184, 101,
113,125, 137, and 161. In certain embodiments, the polypeptide or VH further
comprises: {1} an amino acid sequence sequence according to SEQ 1D NO..220; and/or
(it} an amino acid sequence according to SEQ 1D NO.:221.

In certain embodiments, the polypeptide further comprises an antibody light
chain variable domain {(VL}, wherein, optionally, the VL comprises: (i) an amino acid
sequence according to SEQ ID NO.:222; (i) an amino acid sequence according to SEQ
1D NO.:223; and/or (iii} an amino acid sequence according to SEQ 1D N(O..224.

fn certain embodiments, the VH comprises or consists of an amino acid
sequence having at least 90%, at least 92%, at least 95%, at least 97%, or at least 99%
identity to the amino acid sequence of of any one of SEQ I 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 NQs.: 201, 8, 20, 32, 44, 36, &8, 80, 92,
104, 116, 128, 140, 152, 174, 177, 180, 186, 189, 192, 164, 205, 209, 217, and 230.

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 SEQ 3 NQO.: 199, and the VL comprises or
consists of an amino acid sequence having at least 90%, at least 92%, at least 95%, at
feast 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 & 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% identity to the amino acid sequence of any one of SEQ ID NGs.: 199, 2, 14,
26, 171,38, 50, 62, 74, 86, 183, 98, 110, 122, 134, 146, 158, 203, 207, 216, and 228,
and wherein the VL comprises or consists of an amino acid sequence having at least
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, 8, 20, 32, 44, 56, 68, 80, 92, 104, 116, 128,
140, 152, 174, 177, 180, 186, 189, 192, 164, 205, 209, 217, and 230, wherein the
antibody or antigen-binding fragment thereof is capable of binding to a neuraminidase
(NA) from: (1) an influenza A virus (IAV), wherein the TAV comprises a Group 1 TAV,
a Group 2 1AV, or both; and/or (i} an intluenza B virus (IBV).

Also provided is an antibody, or av antigen-binding fragment thereof, that
comprises a VH and a VL, wherein the YH comprises any combination of the VH
amino acid residues shown in Figure 2A, Figure 56C, Figure 57B, and 72A, and the VL
comprises any combination of the VL amino acid residues shown in Figure 72B.
Briefly, the clonally related FNI antibodies shown in these figures all recognize NA.
Certain of the FNI antibodies comprise a different amino acid at a VH or a VL. position

cormpared 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 in 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: (1) a NA epitope that comprises any one or more of the
foliowing amino acids (N1 NA numbering): R368, R293, E228, 344, 8247, D198,
D151, R118; and/or (i1} a NA epitope that comprises any one or more of the following
amino acids (N2 NA numbering): R371, R292, E227, H344, 8247, D198, D151, R118

Also provided is 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 (if) a NA epitope that comprises the
amino acids R371, R292, 227, D151, and R118 (N2 NA numbering}.

Also provided is an antibody, or an antigen-binding fragment thereof, that is
capable of binding to an epitope comprised in or comprising a NA active site, wherein,
optionally, the NA active site comprises the following amino acids (N2 numbering):
R118, D151, R152, R224, E276, R292, R371, Y406, E119, R156, W178, 8179,
ID/NT98, 1222, E227, H274, K277, D293, B425. In some embodiments, the epitope
further comprises any one ot more of the following NA amivo acids (N2 numbering):
E344, E227, 8247, and D198, In some embodiments, the antibody or antigen-binding
fragment is capable of binding to a NA comprising a 8245N amino acid mutation
and/or a E221D amino acid mutation.

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

In some emobodiments, the influenza corprises an influenza A virus, an

influenza B virus, or both.

o1



w

10

15

20

25

30

WO 2022/109309 PCT/US2021/060155

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
Kontermano, mAbs 9(2):182-212 (2017), which formats and methods of making the
same are incorporated herein by reference and include, for example, Bispecific T cell
Engagers (BiTHs), DARTs, Knobs-into-Holes (K1} assemblies, scFv-CH3-KIH
assemblies, KIH Common Light-Chain antibodies, TandAbs, Triple Bodies, TrniBi
Minibodies, Fab~schv, scFv-CH-CL-~scFv, F(ab'y2-scFv2, tetravalent HC abs,
Intrabodies, CrossMabs, Dual Action Fabs (BAFs) (two-in-one or four-in-one),
DutaMabs, DT-1gG, Charge Pairs, Fab-arm Exchange, SEEDbadies, Triomabs, LUZ-Y
assemblies, Fcabs, ki-bodies, orthogonal Fabs, DVI-Igs (e.g., US Patent No.
8,258,268, which formats are incorporated herein by reference in their entirety),
lgG(H}-scFv, scFv-(H)lgG, IeG(L}-scFv, scFv-(LilgG, IgG(L H)-Fv, IegG(H}V, V(H)-
IgG, IgGE)-V, VL)-1gG, KIH IgG-scFab, 2scFv-lgG, IgG-2scFv, scFvéd-Ig, Zybody,
and DVI-IgG (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 tn their entirety), so-
called WuxiBody formats {e.g., PCT Publication No. WO 2019/057122, which formats
are incorporated herein by reference in their entirety), and so-called In-Elbow-Insert Ig
formats (IEI-Ig; e.g., PCT Publication Nos. W 2019/024979 and W 2019/025391,
which formats are incorporated herein by reference in their entirety).

In certain embodiments, the antibody or antigen-binding fragment comprises
two or more of VH domains, two or more VL 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-V1, 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
comsbination of VH and V1. 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
corobination or orientation. For example, the antigen-binding fragment can comprise
the format VL-linker-VH-linker-VL-linker-VH, VH-linker-VL-linker-VL-linker-VH, or
VE-linker-VH-linker-VH-linker-VL.

Monospecific or multispecific antibodies or antigen-binding fragments of the
present disclosure constructed comprise any combination of the VH and VL sequences
and/or any combination of the CORH1, CDRH2, CDRH3, CDRLL, CDRL2, and
CDRL3 sequences disclosed herein. A bispecific or multispecific antibody or antigen-
binding fragment may, in some embodiments, comprise one, two, or 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 auntibody 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
Fe polypeptide, ot a fragment thereof. The "F¢" fragment or Fe polypeptide comprises
the carboxy-terminal portions (7.e., the CH2 and CH3 domains of 12(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 Fc region (3 native sequence Fc¢ region or
amino acid sequence variant Fo region) of an antibody, and vary with the antibody
isotype. Examples of antibody effector functions include: Clq binding and complement
dependent cytotoxicity; Fe receptor binding; antibody-dependent cell-mediated
cytotoxicity {ADCCY; phagoceyiosis; 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
madifications that modify {e.g , improve, reduce, or ablate) Fc functionalities include,
for example, the T250Q/M428L, M252Y/8254T/T256E, H433K/N434F,
M428L/NA34S, B233P/L234V/L235A/G236 + A327G/A3308/P3318, E333A,
S239D/A330L/I332E, P25STYQ311, K320W/E3338, SZ39D/1332E/G236A, N297Q,
K322A, 8228P L23SE + E318A/K320A/K322A, L234A/L235A (also referred to
herein as "LALA"), and L234A/L235A/P329G mutations, which mutations are
summarized and annotated in "Engineered Fc Regions", published by lnvivoGen (2011)
and available online at invivogen. com/PDF/review/review-Engineered-Fo-Regions-
invivogen pdf?utm _source=review&utm medium=pdf&utm
campaign=review&utm_content=Hngineered-Fc-Regions, and are tncorporated herein
by reference.

For example, to activate the complement cascade, the Clq protein complex can
bind to at least two molecules of 1gG1 or one molecule of IgM when the
immunogiobulin molecule(s) is attached to the antigenic target (Ward, E. 8., and
Ghetie, V., Ther. Immunol 2 (1995) 77-94). Burton, . R, described (Mol fmmunol.
22 (1985} 161-206) that the beavy chain region comprising amino acid restdues 318 to
337 is involved in complement fixation. Duncan, A. R, and Winter, G. (Nature 332
{1988} 738-740), using site directed mutagenesis, reported that Glu318, Lys320 and
Lye322 form the binding site to Clq. The rele of Glu318, Lyvs320 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 Fc receptors (FoRs), which are specialized cell surface receptors
on cells including hematopoietic cells. Fe receptors belong to the immunoglobulin
superfamily, and shown to mediate both the removal of antibody-coated pathogens by
phagocytosis of immuue complexes, 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., J Leukoc. Biod 49 (1991) 511-524). FcRs are defined by their specificity for
immunogiobulin classes; Fc receptors for IgG antibodies are referred to as FoyR, for
IgE as FceR, for IgA as FeoR and so on and neonatal Fe receptors are referred to as
FcRn. Fe recepior binding is described for example in Ravetch, J. V., and Kinet, J. P,
A, Rev. Immunod. 9 (1991) 457-492; Capel, P. 1, et al., Imanmomethods 4 (1994)
25-34; de Haas, M, et al., J Lab. Ciin. Med. 126 (1995) 330-341; and Gessner, J. B, et
al., Ann. Hematol 76 (1998) 231-248.

Cross-linking of receptors by the Fe domain of native IgG antibodies (FoyR)
triggers a wide variety of effector functions including phagocytosis, antibody-dependent
celtular cytotoxicity, and release of inflammatory mediators, as well as irnmune
complex clearance and regulation of antibody production. Fc moieties providing cross-
linking of receptors {e.g., FeyR) are contemplated heretn. In humans, three classes of
FeyR have been characterized to-date, which are: (1) FoyRI (CD64), which binds
monomeric lgG with high affinity and is expressed on macrophages, monocytes,
neutrophils and eosinophils; (i) FoyRI (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 FoyRIC, which perform different functions in the inmune
system, but bind with similar low affinity to the IgG-F¢, and the ectodomains of these
receptors are highly homologuous; and (1) FeyRHI (CD16), which binds 1gG with
medium to low affinity and has been found in two forms: FoyRIIA, which has been
found on NK cells, macrophages, eosinophils, and some monocytes and T cells, and is
believed to mediate ADCC, and FoyRHIB, which is highly expressed on neutrophils.

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

small immune complexes,” Journal of Immunology 189: 4981-4988). FoyRIUB i3
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abundantly expressed on Liver Sinuseidal 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; FoyRUb on hiver sinusoidal endothelium clears small
immune complexes. Journal of Immunclogy 18%9: 498149883

in some embodiments, the antibodies disclosed herein and the antigen-binding
fragments thereof comprise an Fc polypeptide or fragroent thereof for binding to
FeyRIb, in particular an Fe region, such as, for example lgG-type antibodies.
Moreover, it is possible to engineer the Fc moiety to enhance FoyRIB binding by
introducing the mutations S267E and L328F as described by Chu, S, Y. et al |, 2008:
inhibition of B cell receptor-mediated activation of primary human B ceils by
coengagement of CD19 and FegamroaRIlb with Fe-engineered antibodies. Molecular
Immunology 45, 3926-3933. Thereby, the clearance of immune complexes can be
enhanced (Chu, 8, et al, 2014: Accelerated Clearance of IgH In Chimpanzees Is
Mediated By Xmab7195, An Fc-Engineered Antibody With Enhanced Affinity For
Inhibitory Receptor FeyRIlb. 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 Fe
moiety with the mutations S267E and L328F, in particular as described by Chu, S. Y. et
al., 2008: Inhibition of B cell receptor-mediated activation of primary human B cells by
coengagement of CB19 and FegammaRIlb with Fe-engineered antibodies. Molecular
Immunoclogy 45, 3926-3933.

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

Regarding FoyRI binding, modification in native Ig( of at least one of E233-
(G236, P238, D265, N297, A327 and P329 reduces binding to FeyRE IgG2 residues at
positions 233-236, substituted into corresponding positions IgG1 and 1gG4, 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. fur J. fmmunod.
29 (1999)2613-2624).

Regarding FoyRI binding, reduced binding for FoyRIA is found, e g, for IgG
mutation of at least one of E233-G236, P238, D265, N297, A327, P329, D270, 295,
A327, R292 and K414,

Two allelic forms of human FeyRIA are the "H13 1" variant, which binds to
Ig(G1 Fo with higher affinity, and the "R131" variant, which binds to IgG1 Fc with low
affinityer. See, e.g., Bruhns ef af., Blood 113:3716-3725 (2009}

Regarding FoyRI binding, reduced binding to FoyRIIA is found, e.g., for
mutation of at least one of E233-(G236, P238, D265, N297, A327, P329, D270, Q295,
A327, 8239, E269, E293, Y296, V303, A327, K338 and D376, Mapping of the binding
sites on human Ig(G1 for Fe receptors, the above-mentioned mutation sites, and methods
for measuring binding to FoyR1 and FoyRIIA, are described in Shields, R. L etal, J
Biol. Chem. 276 (2001) 6591-6604.

Two allelic forms of human FeyRHIA are the "F158" variant, which binds to
IgG1 Fe with lower affinity, and the "V158" variant, which binds to IgG1 Fe with
higher affinity. See, e.g., Bruhns ef af., Blood 7113:3716-3725 (2009).

Regarding binding to FeyRI, two regions of native IgG Fc appear to be
involved in interactions between FeyRHs and IgGs, namely () the lower hinge site of
lgG Fe, in particular amine acid residues L, L, G, G (234 - 237, EU numbering), and
(it) the adjacent region of the CHZ domain of Ig( Fe, in particular a loop and strands in
the upper CH2 domain adjacent to the lower hinge region, e.g. in a region of P331
(Wines, B.D, et al,, 1. Immunol. 2000; 164: 5313 — 5318}, Moreover, FeyR1 appears to
bind to the same site on IgG Fe, whereas FcRn and Protein A bind to a different site o
IgG Fc, which appears to be at the CH2Z-CH3 interface {Wines, B D, etal. J. Immunol.
2000; 164: 5313 —~ 5318).

Also contemplated are mutations that increase binding affimity of an Fe
polypeptide or fragment therecf of the present disclosure to a (7.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

67



w

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 Fe mutations and techniques of which are incorporated herein by reference.
fn any of the herein disclosed embodiments, an antibody or antigen-binding

fragment can comprise a Fc polypeptide or fragment thereof comprising a mutation
selected from G2Z36A; S$2395; A330L; and 1332F; or a combination comprising any
two or more of the same; e.g., 8239D/I332E,; S239IWA330L/1332E;
G236A/S239D/1332E, G236A/A330L/1332E (also referred to herein as "GAALIE"); or
G236A/S239D/A3301/1332E. In some embodiments, the Fe polypeptide or fragment
thereot does not comprise S239D. In some embodiments, the Fe polypeptide or
fragment thereof comprises S at position 239 (EU numbering).

In certain embodiments, the Fe polypeptide or fragment thereof may comprise
or consist of at least a portion of an Fc¢ polypeptide or fragment thereof that is involved
in FcRa binding. In certain embodiments, the Fc polypeptide or fragment thereof
comprises one or more amino acid modifications that improve binding affinity for (e.g.,
erthance binding to} FcRu {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 ot is derived
from a IgG Fe and a half-life-extending mutation comprises any one or more of)
MA428E; N4348; N434H, N434A; N4348; M252Y, 82547, T256E, 12504, P2571
Q311E D376V, T307A; E380A (EU numbening). In certain embodiments, a halt-life-
extending mutation comprises M4281/N434S (also referred to herein as "MLNS",
LS, LS, and "-LS"). In certatn embodinents, a half-life-extending mutation
comprises M252Y/8254T/T256E. In certain embodiments, a half-life-extending
mutation comprises T2500/M428L. In certain embodiments, a half-life-extending
mutation comprises P2STI/Q3 111 In certain embodiments, a half-life-extending
mutation comprises P257VN434H. In certain embodiments, a half-life-extending
mutation comprises D376V/N434H. In certain embodiments, a half-life-extending

mutation comprises T30TA/E380A/N434A.
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In some embodiments, an antibody or antigen-binding fragment includes a Fe
moiety that comprises the substitution miuations M428L/N4348. In some
embodiments, av antibody or antigen-binding fragment includes a Fe polypeptide or
fragment thereof that comprises the substitution mtuations G236A/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 [332E mutation
(GAALIE), and does not comprise a 82390 mutation {e.g., comprises a native 8 at
position 239). In particular embodiments, an antibody or antigen-binding fragment
includes an Fc polypeptide or fragment thereof that comprises the substitution
mutations: M4281L/N434K and G230A/A330L/1332E, and optionally does not comprise
82390 (e.g., comprises S at 239). In certain embodirvents, an antibody or antigen-
binding fragment includes a Fc polypeptide or fragment thereot that comprises the
substitution mutations: M428L/N434S and G236A/S239D/A330L/1332E.

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

In certain embodiments, the antibody or antigen-binding fragment 18 capable of
eliciting continued protection i vive in a subject even once no detectable levels of the
antibody or antigen-bivding 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 ersbodiments, 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 I332F, that are capable of activating dendritic
cells that may induce, e.g., T cell immunity to the antigen.

fn any of the presenily disclosed embodiments, the antibody or antigen-binding
fragment comprises a Fc polypeptide or a fragment thereof, including a CH2 {ora
fragment thereof, 3 CH3 {or a fragment thereof}, or a CH2 and a CH3, wherein the
CH2, the CH3, or both cau be of any isotype and may contain amino acid substitutions
or other modifications as compared 1o a corresponding wild-type CH2 or CH3,
respectively. In certain embodiments, a Fc of the present disclosure comprises two
CH2-CH3 polypeptides that associate to form a dimer.

in any of the presently disclosed embodiments, the antibody or antigen-binding
fragment can be monoclonal. The term "monoclonal antibody" (mAb) as used herein
refers to an antibody obtained from a population of substantially homogeneous
anttbodies, 7., 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 "monoclonal” is not to be construed as
requiring production of the antibody by any particular method. For example,
monoclonal antibodies useful in the present invention may be prepared by the
hybridoma methodology first described by Kobler e7 af., Nature 256495 (1975), or
may be made using recombinant DNA methods in bacterial, eukaryotic animal, or plant
cells (see, e.g., U.S. Pat. No. 4,816,567} Monoclonal antibodies may alsc be isolated
from phage antibody libraries using the techniques described in Clackson er ol | Nature,
352:624-028 (1991) and Marks et 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 corresponding sequences in antibodies derived from a particular
species or belonging to a particular antibody class or subclass, while the remainder of
the chain{s} is identical with or homologous 10 corresponding sequences in anttbodies
derived from another species or belonging to another antibody class or subclass, as well
as fragments of such antibodies, so long as they exhibit the desired biclogical activity
(see, U.S. Pat. Nos. 4,810,567, 5,530,101 and 7,498 415; and Morrison et /., Proc.
MNatl. Acad. Sci. USA, §/:6851-6855 (1984}, For example, chimeric antibodies may
comprise human and non-human residues. Furthermore, chimeric antibodies may
comprise residues that are not found in the recipient antibody or in the donor antibody.
These modifications are made to further refine antibody performance. For further
details, see Jones ef af., Nature 321:522-525 (

(1986); Riechmann ef o/, Nature 332:323-
329 {1988); and Presta, Cuir. Op. Struct. Biol 2

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 s non-human.
These non-human amino acid residues are typically taken from a variable domain.
Humanization moay be performed following the method of Winter and co-workers
{(Jones ef ai., Nature, 321.522-525 (1986); Reichmann ef o/, Nature, 332:323-327
{1988); Verhoeyen ef af, Science, 239:1534-1536 (1988)), by substituting non-human
variable sequences for the corresponding sequences of a human antibody. Accordingly,
such "humanized” antibodies are chimeric antibodies (1.8, Pat. Nos. 4,816,567,
5,530,101 and 7,498,415) wherein substantially less than an intact human variable
domain has been substituted by the corresponding sequence from a non-human species.
in some instances, a "humanized” antibody is one which is produced by a non-human
cell or animal and comprises human sequences, e.g., He domains.

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

anttbody-encoding genes). However, as used herein, human antibodies may comprise
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residues 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 U8 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 hergin,
Details regarding collection of antibody serum concentrations for purpose of evaluating
PK parameters are described in association with the Examples berein. The term "t1n" or
"half-life" refers to the elimination half-life of the antibody or antigen-binding fragment
included in the pharmaceutical composition administered to a subject. The term "Crg”
generally refers to the last measurable plasma concentration (7.¢., 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.

fn any of the presenily disclosed embodiments, an antibody or antigen-binding
fragment can comprise the CL amino acid sequence set forth in SEQ ID NG 211

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

QVOLVOSGAEVKEPGSSVTVSCKASGGTFSNNVISWVRQAPGQGLEW
MGGHPTSGIANYAQKFOGRVAHADKSTSTVYMALSSLRSEDSAVYFCARARS
DYFNRDLGWEDYYFENWGQGTLYTVSSASTKGPSVEFPLAPSSKSTSGGTAAL
GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTQ
TYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTL
MISRTPEVTCVVVDVSHEDPEVEKFNWY VDOGVEVHNAKTEKPREEQYNSTYRVY
SVETVLHODWINGKEYKCKVANKALPAPIEKTISKAKGOPREPOVYTLPPSREE
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MTKNOQVSLTCLVKGFYPSDIAVEWESNGOQPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWOQQGNVESCSVLHEALHSHYTOKSLSLSPGK (SEQ 1D NO..212)

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

EIVMTQSPATLSVSPGERATLSCRASQSVGSSLAWYQOKPGQAPRLLIY
GASTRATGVPARFSGSGSGTEFTLTISSLOSEDFAVYYCQHYNNWPPWTFGQG
TKVEIKRTYVAAPSVFIFPPSDEQGLKSGTASYVCLLNNFYPREAKVOWKYVDNALG
SONSQESVTEQDSKDSTYSLSSTLTLAKADYEKHK VY ACEVTHOGLISPVTKSE
NRGEC (SEQID NG..214)

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

QVQLVQSGAEVKEPGSSVTVSCKASGGTFSNNVISWVRQAPGQGLEW
MGGHPTSGIANYAQKFOORVAIADKSTSTVYMALSSLRSEDSAVYFCARARS
DPYFNRDBLGWEDYYFENWGQGTLVYTVSSASTKGPSVFPLAPSSKSTSGGTAAL
GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQ
TYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPIVFLFPPEKPRKDTL
MISRTPEVTICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVY
SVLETVLHODWINGKEYKCKVSNKALPAPIEK TISKAKGQPREPOVY TLPPSREE
MTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWQOGNVFSCSVLHEALHSHYTOKSLSLSPG

(SEQ ID NO.:213)

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

EIVMTOSPATLSVSPGERATLSCRASQSVGSSLAWYQOKPGOQAPRLLIY
GASTRATGVPARFSGSGSGTEFTLTISSLOSEDFAVYYCQHYNNWPPWTIFGOG
TKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLINNFYPREAKVOWKVDNALQ
SGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSF
NRGEC (SEQ IDNO..214)

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

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

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

Polynucleotides, Vectors, and Host cells

In another aspect, the present disclosure provides isclated polynucleotides that
encode any of the presently disclosed antibodies or an antigen-binding fragment
thereof, or a portion thereof (e.g., a CDR, a VH, 3 VL, a heavy chain, or a light chain,
or a heavy chain and a light chain}, or that encode a presenily disclosed polypeptide.

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

in some embodiments, the polynuciectide 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 Né-methyladenonsine, a 5-
methyleytiding, a 2-thiouridine, or any combination thereof. In some embodiments, the
pseudouridine comprises Ni-methylpsendouridine.

In certain embodiments, a polynuclectide comprises a polynucleotide having at
least 50% (e.g., 50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 01%, 92%, 94%,
04%, 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, 83,
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, ©1, 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 known 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 1D NO.. 198 and the polynucleotide sequence of SEQ [ N{O.:200.

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

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

Vectors are also provided, wherein the vectors comprise or contain a
polynucleotide as disclosed herein (e.g., a polynucleotide that encodes an antibody or
antigen-binding fragment or polypeptide that binds to IAV NA}. A vector can comprise
any one or more of the vectors disclosed herein. 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 "DMADL"; see, e.g., Muthumani ef
al., Jinfect Dis. 274(3):369-378 (2016); Muthumani ef of, Hum Vocein Imnnwmother
9:2253-2262 (2013)y, Flingai ef ol | 5¢i Rep. 5:12616 (2015); and Elliott ef al., NPJ
Vaccines 18 (2017), which antibody-coding BNA constructs and related methods of
use, including administration of the same, are incorporated herein by reference). In
certain embodiments, a DNA plasmid construct comprises a single open reading frame
encoding a heavy chaiv and a light chain (or a VH and a VL) of the antibody or antigev-
binding fragment, wherein the sequence encoding the heavy chain and the sequence
encoding the light chain are optionally separaied by polynucieotide 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



w

10

15

20

25

WO 2022/109309 PCT/US2021/060155

a pelynucleotide comprised in two or more plasmids {e.g., a first plasmid comprises a
polynucleotide encoding a heavy chain, YH, or VH+CH]1, and a second plasmid
comprises a polynucleotide encoding the cognate tight chain, VL, or VE+CL). In
certain embodiments, a single plasmid comprises a polynucleotide encoding a heavy
chain and/or a light chain from two or more antibodies or antigen-binding fragments of
the present disclosure. An exemplary expression vector is pVax|, 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 o 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) 15 provided that encodes
a heavy chain and a light chain of an antibody or antigen-binding fragment thereof. In
some ernbodiments, a polynucleotide (e.g., mRNA} i3 provided that encodes two heavy
chains and two light chains of an antibody or antigen-binding fragment thereof. See,
eg L, JQ., Zhang, ZR, Zhang, HQ. ef ol Intranasal delivery of replicating mRNA
encoding neutralizing avtibody against SARS-CoV-2 tnfection in mice. Sig fransduct
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 alphaviras replicon particle (VRP) delivery systern. 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 is provided that

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

Examples of such cells include but are not limited to, eukaryotic cells, e.g, veast
cells, amimal cells, insect ceils, plant cells; and prokaryotic cells, including F. cofi. In
some embodiments, the cells are mammalian celfs, such as human B celis. In certain
such embodiments, the cells are a mammalian cell line such as CHO cells {e.g., DHFR-
CHO cells (Urlaub ef af, PNAS 77:4216 (1980)), human embryonic kidney cells (e.g.,
HEKZ293T cells), PER.CO cells, YO cells, Sp2/0 cells. NSO cells, human liver cells, e.g.
Hepa RG cells, myeloma cells or hybridoma cells. (Other examples of mammalian host
cell lines include mouse sertoli cells {e.g, TM4 cells); monkey kidney CV1 line
transformed by SV40 (COS-7}; baby hamster kidney cells (BHK); African green
monkey kidney cells (VERG-76};, monkey kidoey cells (CV1); human cervical
carcinoma cells (HELA)Y; human lung cells (W138); human Hiver cells (Hep G2); canine
kidney cells (MDCK; buffalo rat liver cells (BRL 3A);, mouse mammary tumor (MMT
(60562, TRI celis; MRC S cells, and FS4 cells. Marmalian host cell lines suitable for
antibody production also include those described in, for exarple, Yazaki and
Whu, Methods in Molecular Biclogy, Vol. 248 (B. K. . Lo, ed., Humana Press, Totowa,
N.1L), pp. 255-268 (2003},

In certain embodiments, a host cell is a prokaryotic cell, such as an £ cofi. The
expression of peptides in prokaryotic cells 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 glvcosylation and Fe effector function are not
needed. For expression of antibody fragments and polypepiides in bacteria, see, e.g,
U.S. Pat. Nos. 5,648 237; 5,789,199; and 5,840,523,

in particular embodiments, the cell may be transfected with a vector according
to the present description with an expression vector. The terma "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 BEAE-dextran or polyethylenimine,
efe. 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
anttbody, or an antigen-binding fragment thereof, according to the present disclosure.
in such embodiments, the cells may be stably transfected with the vector as described
herein. Altervatively, cells roay be transiently transfected with a vector according to the
present disclosure encoding an antibody or antigen-binding fragment as disclosed
heretn. In any of the presently disclosed embodiments, a polynucleotide 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 avtibody). In some embodiments, the cell
type of the host cell does not express the antibody or antigen-binding fragment in
nature. Moreover, the host cell may impart a post-transiational modification (PTM;
e.g., glysocylation or fucosylation), or a lack thereof] on the antibody or antigen-
binding fragment that is not present in a native state of the antibody or antigen-binding
fragrent (or iu a vative state of a parent avtibody from which the antibody or antigen
binding fragment was engineered or derived). Such a PTM, or a lack thereof, may
result in a functional difference (e.g., reduced immunogenicity}. Accordingly, an
antibody or antigen-binding fragment of the present disclosure that is produced by a
host cell as disclosed herein may include one or more post-transiational modification
that 1s distinct from the antibody {or parent antibody} in its native state {e.g., a human

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

Insect cells useful expressing a binding protein of the present disclosure are
known in the ast and include, for example, Spodopiera frugipera 59 cells, Trichoplusia
ui BTI-TN3B -4 cells, and Spodopiera frugipera SISWTO1 “Mimic™" cells. See, e.g.,
Palmberger es o, J. Biotechnol. 153(3-4):160-166 (2011). Numerous baculoviral
strains have been identified which may be used in conjunction with insect cells,
particularly for transfection of Spadoptera frugiperda cells.

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

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

Plant cells can also be utilized as hosts for expressing an antibody or antigen-
binding fragment of the present disclosure. For example, PLANTIBODIES™
technology {described in, for example, U.S. Pat. Nos. 5,959,177, 6,040,498, 6,420,548,
7,125,978, and 6,417 429} employs transgenic plants 1o produce antibodies.

fn certain embodiments, the host cell comprises a mammalian cell. To particular
erbodiments, the host cell is a CHO cell, a HEK293 celi, a PER. C6 cell, a YO cell, a
Sp2/0 cell, a N8O cell, a human liver cell, a myeloma cell, or a hybridoma cel}.

In a related aspect, the present disclosure provides methods for producing an
anttbody, 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 a2 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 ion exchange resin, One of more reverse phase HPLC steps may be employed to
turther 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 controlied 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 composttions, 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 polyaucleotide encoding a heavy chain, VH, or VH+CHI1, and a
second plasmid comprises a polynucleotide encoding the cognate Hight chain, VL, or
YVEA+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 micelle, cochlear liposome, lipid microtubule, lipid microcylinder, or lipid
nanoparticle (LNP) or a nanoscale platform (see, e.g., Li ef al. Wilery Interdiscip Rev.
Nanomed Nanobiorechnol. 11{2).21530 (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. {(J Control Release 277345-351 (2015));

Thess ef af. (Mol Ther 23 1456-1464 (201583}, Thran ef of. (EMBO Mol Mied

&0
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9(10):1434-1448 (2017); Kose er al. (Sci. Immunol, 4 caaw6647 (2019); and Sabnis ef
al. (Mol Ther. 26:1509-1519 (2018)), which techniques, include capping, codon
optimization, nucleoside moodification, purification of mRNA, ncorporation of the
mRNA into stable lipid nanoparticles {e.g., ionizable cationic
lipid/phosphatidyicholine/cholesterol/PEG-lipid; 1onizable lipid.distearovi
PC:cholesterol: polvethylene glycol lipid), 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 antiboedy 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

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

Methods and Uses

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

Methods of diagnosis {e.g., 71 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 isolated tissue sample taken
from, for example, nasal passages, sinus cavities, salivary glands, lung, liver, pancreas,
kidney, ear, eye, placenta, alimentary tract, heart, ovaries, pituitary, adrenals, thyroid,
brain, skin or blood. The methods of diagnosis may also include the detection of an
antigen/antibody complex, in particular following the contacting of an antibody or
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
imnmunosorbent assay), including direct, 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, 13 believed to have, or is at risk for having an infection

"o

by influenza. "Treat," "treatment,” or "ameliorate" refers to medical management of a
disease, disorder, or condition of a subject {e.g., a human or non-human roammal, 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 arvount 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 occcurrence 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;
remisston; 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 influenza infection (e, in a statistically significant moavner). lo certain
embodiments, therapeutic or prophylactic/preventive benefit includes a reduced or
abrogated need for respiratory intervention, such as intubation and/or the use of a
respirator device. In certain embodiments, therapeutic or prophylactic/preventive
benefit includes reversing a late-stage disease pathology and/or reducing mortality.

A "therapeutically effective amount” or "effective amount” of an antibody,
antigen-hinding fragment, polynucleotide, vector, host cell, or composition of this
disclosure refers to an amount of the composition or molecule sufficient to resultin a
therapeutic effect, including improved clinical outcome; lessening or alleviation of
symptoms associated with a disease; decreased occurrence of symptoms; improved
quality of hife; longer disease-free status; diminishment of extent of disease,
stabilization of discase 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.

Subiects 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 gerniatric subjects.

A number of criteria are believed to contribute to high risk for severe symptoms
or death associated with an influenza infection. These include, but are not limited to,
age, occupation, general health, pre-existing health conditions, locale, and lifestyle
habits. In some embodiments, a subject treated according to the present disclosure
coruprises one ot 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 ermnbodiments, 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 years
old {e.g.. S, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100,
105, 110, 115, or 125 years old, including any and all ages therein or therebetween). In
certain embodiments, a human subject treated according to the present disclosure is O-

~
I

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

In certain embodiments, 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
{etther no diagnosis was performed or diagnosts 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 in subjects at greater
risk of severe disease or complications when infected, such as pregnant women,
children (such as children under 59 months}, the elderly, individuals with chronic
medical conditions {such as chronic cardiac, pulmonary, renal, metabolic,
neurodevelopmental, liver or hematologic diseases) and individuals with
immunosuppressive conditions (such as HIV/AIDS, receiving chemotherapy or
sterotds, or malignancy). 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 subjecis working or staying i 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
pharmaceuiical 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), (i) a subject of a same or a sirnilar: age or age group; gendet; pregnancy
status; chronic medical condition {such as chronic cardiac, pulmonary, renal, metabolic,
neurodevelopmental, liver or hemaiologic diseases) or lack thereof, and/or
immunosuppressive condition or lack thereof] or (iit) a typical subject within a
population (e.g., local, regional, or national, including of a same or similar age or age
range and/or general state of health) during an influenza virus season. Prophylaxis can
be determined by, for example, the failure to develop a diagnosed influenza infection
and/or the lack of symptoms associated with influenza infection during a part of a fuil
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 imnmediate risk of influenza infection. An immediate risk of influenza
infection typically occurs during an influenza epidemic. Influenza viruses are known to
circudate 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 year,
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 o the southern bemisphere the risk of an influenza epidemic is high
during May, June, July, August and September.

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

in some embodiments, the subject has received, is receiving, or will receive an
antiviral agent. Tu sore embodiments, 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 thereof.

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

Pharmaceutical compositions according o 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 aerosol form may hold a plurality of
dosage units. Actual rethods of preparing such dosage forms are known, ot 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 compeosition to be administered will, in any event, contain an effective
amount of an antibody or antigen-binding fragment, polynucleotide, vecior, host cell, |
or composition of the present disclosure, for treatment of a disease or condition of
interest in accordance with teachings herein.

A composition may be in the form of a solid or liquid. In some embodiments,
the carrier{(s) are particulate, 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 liguid or an aerosol, which is useful in, for example, inhalatory

administration. When intended for oral adnunistration, the pharmaceutical composition

&6



w

10

15

30

WO 2022/109309 PCT/US2021/060155

is preferably in either solid or liguid form, where semi solid, semi liquid, suspension
and gel forms are included within the forms considered herein as either solid or liquid.

As a solid composttion for oral administration, the pharmaceutical coroposition
may be formulated into a powder, granule, compressed tablet, pill, capsule, chewing
gum, wafer or the like. Such a solid composition will typically contain one or more
inert diluents or edible carriers. In addition, one or more of the following may be
present: binders such as 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 Sterotex; glidants such as colloidal
silicon dioxide; sweetening agents such as sucrose or saccharin; a flavoring agent such
as peppermint, methyl salicylate or orange flavoring; and a coloring agent. When the
composition is in the form of a capsule, for example, a gelatin capsule, it may contain,
in addition to materials of the above tyvpe, 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 Hquid may be for oral administration or for
delivery by injection, as two examples. When intended for oral adminisiration,
preferred compositions contain, iu addition to the present compounds, one or more of a
sweetening agent, preservatives, dye/colorant and flavor enhancer. In a composition
intended to be administered by injection, one or more of a surfactant, preservative,
wetting agent, dispersing agent, suspending agent, buffer, stabilizer and 1sotonic agent
may be tncluded.

Liquid 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, isotonic sodium chioride, fixed oils such as synthetic mono or diglycerides
which may serve as the solvent or suspending medium, polyethvlene giveols, glycerin,
propylene glycol or other solvents; antibacterial agents such as benzyl alcohol or methyi

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 sytinges 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 etther patenteral or oral adrsinistration should
contain an amount of an antibody or antigen-binding fragment as herein disciosed 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 coroposition. 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
inveniion 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 intended for topical administration, in which case the
carrier may suitably comprise a solution, emulsion, ointrent or gel base. The base, for
example, may comprise one or more of the following: petrofatum, lanolin,
polyethylene glycols, bee wax, mineral oil, diluents such as water and alcohol, and
emulsifiers and stabilizers. Thickening agents may be present in a composition for
topical administration. H intended for iransdermal administration, the composition may
include a transdermal patch or iontophoresis device. The pharmaceutical composition
may be intended for rectal administration, in the form, for example, of a suppository,
which will melt o the rectum and release the drug. The composition for rectal
administration may contain an oleaginous base as a suitable nonirritating excipient.
Such bases inchude, 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 ingredients. The materials that form the

coating shell are typically inert, and may be selected from, for example, sugar, shellac,

&g



w

10

15

30

WO 2022/109309 PCT/US2021/060155

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 arn agent that
binds to the avtibody or antigen-binding fragment of the disclosure and thereby assists
in the delivery of the compound. Suitable agents that may act in this capacity include
monocional or polyclonal antibodies, one or more proteins or a liposome. The
composition may consist essentially of dosage units that can be adrinistered as an
aerosol. The term aerosol is used to denote a variety of systems ranging from those of
colloidal nature to systems consisting of pressurized packages. Delivery 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, bt phasic, or tri phasic systems
in order to deliver the active ingredieni(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 preterred aerosols.

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

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

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

henefit (such as described herein, including an improved clinical outcome {e.g., a
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decrease in frequency, duration, or severity of diarrhea or associated dehydration, 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 fo the methods
described herein can be determined by performing pre-clinical (ncluding in viteo 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 depeuding upon 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 a 99% reduction in one or more symptoms associated with the disease or disorder
being treated as compared to placebo-treated or other suitable control subjects.

Generally, a therapeutically effective dose of an antibody or antigen binding
fragment is {for a 70 kg mammal) from about 8.001 mg/kg (F.e., 0.07 mg) to about 100
mg/kg (i.e., 7.0 g); preferably a therapeutically effective dose 1s (for a 70 kg mammal)
from about 0.01 mg/kg (J.e., 0.7 mg) to about S0 mg/kg (f.e., 3.5 g), more preferably a
therapeutically effective dose is (for a 70 kg mammal) from about 1 mghkg (i.e., 70 mg)
to about 25 mg/kg (i.e., 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, polynuclectide, vector, host cell, or composition at least one
time prior to the subject being infected by influenza.

Compositions comprising an antibody, antigen-binding fragment,
polynucleotide, vector, host cell, or composition of the present disclosure may also be
administered simultaneously with, prior to, or afier administration of one ot more other
therapeutic agents, such as, for example, a neuraminidase inhibitor, e.g., oseltamivir,
Zananuvir, peramivir, or lanigamivir. Such combination therapy may include
administration of a single pharmaceutical dosage formulation which contains g
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 its own separate dosage formulation. For
example, an antibody or antigen-binding fragment thereof as described hergin and the
other active agent can be administered to the patient together in a single oral dosage
composition such as a tablet or capsule, or each agent administered in separate oral
dosage formulations. Similarly, 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, i.¢ | concurrently, or at
separately staggered times, i.¢., sequentially and in any order; combination therapy is

understood to include all these regimens.
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In some embodiments, an anttbody {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,

w

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

anti-inflammatory agent and/or one or more antiviral agent is admivistered 1o 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 laninanuvir,

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

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

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

preventing an influenza infection in a subject.

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

or preventing a influenza infection in a subject.

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

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

25  influenza B virus (IBV).

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

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

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

(iv} the N8 1s from A/harbor seal/New Hampshire/179629/2011; (vythe N2 isa 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/80606/2017,
A/Texas/SO/2012, A/Victoria/361/2011, A/HongKong/2671/2019,
A/SW/Mexico/SG1444/2011, A/Tanzania/205/2010, A/Aichi/2/1968,
A/Bilthoven/21793/1972, A/Netherlands/233/1982, A/Shanghai/11/1987,
A/Nanchang/933/1993, A/Fukui/45/2004, and A/Brisbane/10/2007; (vi) the N3 is from
A/Canada/rv504/2004; (v) the N6 is from Alswine/Ontario/01911/1/99; (vi) the N7 is
from A/Netherlands/078/03; and/or (vii) the N9 s 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 15 a NA from any one or more of;
B/Lee/10/1940 {Ancestral);, B/Brisbane/00/2008 {Victoria), B/Malaysia/2506/2004
(Victoria), B/Malaysia/3120318925/2013 (Yarvagata), B/Wisconsin/1/2010
{Yamagata);, B/Yamanashi/166/1998 (Yamagata}, B/Brisbane/33/200%;
B/Colorado/06/2017; B/Hubet-wujiang/158/2009; B/Massachuseits/02/2612;
B/Netherlands/234/2011; B/Perth/211/2001; B/Texas/06/2011 (Yamagata);
B/Perth/211/2611; B/HongKong/05/1972; B/Phuket/3073/2013, B/Harbin/7/1994
(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 JAV NA; (i) a Group 2 IAV NA; and (iit) a IBV NA

with an ECso in a range from about 0.1 ug/mL to about 50 yg/mb, or in a range
from about 0.1 ug/mkL to about 2 pg/ml, or in a range from 0.1 ug/mkL to about 10
ug/ml., orin a range from 2 pg/ul to about 10 pg/ml, or in a range from about 0.4
pug/mL to about 50 ug/ml, or in a range from about 0.4 pg/ml to about 2 pug/ml, orin a
range from 0.4 pg/ml to about 10 pg/ml, or in a range from 2 pg/mL to about 10
pg/mb, orin 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 tragment of Embodiment
6, wherein the antibody or antigen-binding fragroeunt is capable ot binding to: (i) the
Group 1 AV NA with an ECso in a range from about 0.4 ug/mL to about 50 pg/mi,
from about 0.4 ug/mL to about 10 pg/mi, from about 0.4 pg/ml. to about 2 pg/mli.,
from about 2 pg/mL to about 50 ug/mL, from about 2 pg/mL to about 10 yg/mkb, or
from about 10 yg/mL to about 50 pg/mL; (i) the Group 2 FAV NA withan ECsp ina
range from about 0.4 ug/ml. to about 530 ug/ml., or from about 0.4 pg/mL to about 10
ug/mL, or from about 0.4 yg/mL to about 2 pg/mL, or from about 2 ug/mL to about 50
ug/mk, or from about 2 pg/ml 1o about 10 ug/mi, or from about 10 ug/mi to about 50
ug/mk; and/or (i) the IBV NA with an ECse of about 0.4 pg/md., or i a range from
about 0.1ug/mL to about 1.9 yg/ml, or from about 0. 1pg/mL to about 1.5 ng/mL, or
from about 0.1 ug/mL to about 1.0 ng/mi, orabout 0.1,0.2,0.3,04,0.5,0.6,07, 08,
0.9, or 1.0 ug/mi..

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 pg/mL, or in a range from about 0.4 pg/mkb to about
S0ug/mlb, or in a range from about 8. 1ug/mL to about 1.9 pyg/mL, or from about
0. 1pg/mb to about 1.5 ug/ml, or 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/mk; (i1) a N4 with an ECso of about
0.4 ug/ml,, orin a range from about 0. 1pg/mi. to about 1.9 ug/ml., or from about

O 1pg/mL to about 1.5 ug/mL, or from about 0.1 pg/ml to about 1.0 ug/mk, or about
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0.1,02,03,04,05,06,07,08,09 or 1.0 ug/mL; (it) a N5 withanECsoin a
range from about 0.4 pg/mL to about 2 pg/mL; (iv) a N8 with an ECse of about 50
pug/mk; (v} a N2 with an ECso in a range from about 0.4 pg/ml. to about 20 pg/ml, or
from about 0.4 ug/mL to about 10 pg/m1L, or from about 0.4 ug/mkb to about 2 ug/mk,
from about 1 pg/mi to about 10 yg/mb, or from about 1 ug/mk to about 20 ug/mi, or
from about 1 pg/ml to sbout S pg/ml, orsbout 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

3

g/mL., or from about 0. 1pg/ml to about 1.5 pg/ml, or from

0. 1pg/mL to about 1.9 ug

about 0.1 pg/ml to about 1.0 ug/mb, orabout 0.1,0.2,03,064,05,06,07 08,09 or
1.0 pug/mL; (vii} a No with an ECso of about 0.4 yg/mL, orin a range from about
0. 1ug/ml to about 1.9 ug/mL, or from about 0. 1pg/ml to about 1.5 ug/ml., or from
about 0.1 pg/mL to about 1.0 ug/mb, orabout 0.1,02,0.3,04,0.5,06,0.7, 08,09, or
1.0 pg/mb; {viii} a N7 with an ECse in a range from about 2 pg/mL to about 50 pg/mi,;
(ix}  a N9 with an ECso of about 0.4 pg/mL, or in a range from about 0. 1ug/ml to
about 1.9 pg/mL. or from about 0. lug/mL to about 1.5 png/ml, or from about 0.1 pg/mbL
to about 1.0 ug/ml, orabout 0.1,0.2,03,04,0.5,06,0.7,08, 0.9, or 1.0 yg/ml;
and/or {xi}  a BV NA with an ECso of about 0.4 pg/mL, or in a range from about
G.1ug/mk to about 1.9 ug/mL., or from about 0. Tpg/mL to about 1.5 ug/mk, or from
about .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/mkb.

Embodiment 9. The antibody or antigen-binding fragment of Embodiment
7 or & wherein the antibody or antigen-binding fragment is capable of binding to: (1)
one or more of: N1 A/California/07/2009, N1 A/California/07/2009 1223R/H275Y, N1
A/Stockholm/18/2007, N1 A/Swine/Jiangsu/J004/2008, N4 A/mallard
duck/Netherlands/30/2011, N5 A/aquatic bird/ Korea/CN5/2009, N2 A/Hong Kong/68,
N2 A/Leningrad/134/17/57, N3 A/Canada/rv504/2004, No
A/Swine/Ontario/01911/1/99, N9 A/Anhut/1/2013, B/Lee/10/1940 {Ancestral),
B/Brisbane/60/2008 (Victoria), B/Malaysia/2506/2004 (Victoria),
B/Malaysia/3120318925/2013 (Yamagata), B/Wisconsin/1/2010 (Yamagata), and

B/Yamanashi/166/1998 (Yamagata), with an ECso of about 0.4 ug/mL, or in a range of
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from about 0. Tug/mL to about 1.9 pg/ml, or of from about 0. 1ug/mL to about 1.3
ug/mL, or of from about 0.1 pg/mL to about 1.0 pg/mL, orabout 0.1, 0.2, 0.3, 0.4, 0.5,
0.6,0.7,08, 0.9, or L.Oug/mL; (it} N5 A/aqguatic bird/ Korea/CNS/2009 with an ECso
of about 2 ug/mb, or in a range of from about 2 pg/mL to about 10 pg/mi,; (it} N8
Alharbor seal/New Hampshire/179629/2011 with an ECse of about 50 ug/mlL; (iv)N2
A/Washington/01/2007 with an ECso in a range from about 2 yg/ml. to about 10
pg/mb; (v} N7 A/Netherlands/078/03 with an ECso in a range from about 2 pg/mbL
to about SO pg/ml; {(vi) N2 A/South Australia/34/2019 with an ECso in a range of from
about 0.4 pg/ml to about 50 ug/mL; (vit) N2 A/Switzerland/8060/2017 with an ECso
i a range of from about 9.5 pg/ml 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 pg/mi; (iv) N2 A/Switzerland/9715293/2013 with an ECs in a range of
from about 1.6 ug/mL to about 1.2 pg/mi.; and/or (v} N1 A/Swine/Hangsu/J004/2018
with an ECso 1n a range of from about 0.4 ug/mL to about 50ug/mL, or about 0.4, about
2, about 10, or about 50 pug/mL.

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

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

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

H344, 5247 D198, DIS1, R11§; and/or (31) a NA epttope that comprises any one or
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more of the following amino acids (N2 NA numberingy R371, R292, E227 E344,
8247 D198, D151, R118; and/or (2)(i) a NA epitope that comprises the aming acids
R368, R293, E228, 3151, and R118 (N1 NA numbering); and/or (if) a NA epitope that
comprises the amino acids R371, R202 E227 D151, and R118 (N2 NA numbering);
and/or (3) an epitope comprised in or comprising a NA active site, wherein, optionally,
the NA active site comprises the following amino acids (N2 numbering): R118, D151,
R152, R224, 276, R292 R371, Y406, E110, R156, W78, 8179, D/N19g 1222 E227,
H274, E277, 13293, F425; and/or (4) an IBY NA epitops that comprises: (i) any one o
more of the following amino acids: R116, D149 E226, R292 and R374; or (1) the
amino acids R116, D149, £226, R292, and R374.

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

Embodiment 15 The antibody or antigen-binding fragmeunt of any ove of
Embodiments 1-14, which is capable of binding to a NA comprising a S245N amino
acid mutation and/or a E221D amino acid mutation.

Embodiment 16. The avtibody or antigen-binding fragment of any ouve of
Embodiments 1-15, wherein the antibody or antigen-binding fragment is capable of
inhibiting a sialidase activity of (i) an IAY NA, wherein the AV NA comprises a
Group T IAV NA, a Group 2 1AV NA, or both, and/or of (i1) an IBV NA in an i vitro
model of infection, an iz vive animal model of infection, and/or in a human.

Embodiment 17. The antibody or antigen-binding fragment of Embodiment
16, wherein: (1) the Group 1 IAV NA comprises a HIN1 and/or a HSN1; (i1} the Group
more of B/Lee/10/1940 (Ancestraly;, 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/d/2006(Y amagata), B/Hangsu/10/2003 (Yamagata), B/Texas/06/2011



w

10

15

20

25

30

WO 2022/109309 PCT/US2021/060155

(Yamagata); B/Perth/211/2011; B/Harbin/7/1994 (Victona), B/Colorado/06/2017
(Victoria);, B/Washington/02/2019 (Victoria), B/Perth/211/2001 (Yamagata), B/Hubei-
wujiagang/158/2009 (Yamagata), B/Wiscousin/01/2010 (Yamagata);
B/Massachusetts/02/2012 (Yamagata), and B/Phuket/3073/2013 (Yamagata).
Embodiment 18. The antibody or antigen-binding fragment of any one of
Embodiments 1-17, wheretn the antibody or antigen-binding fragment is capable of
inhibiting a sialidase activity by: a Group | 1AV NA; a Group 2 AV NA; and/or 2 IBY
NA, with an IC50 in a range of from about 0.0008 pg/mi to about 4 pg/mi., from about
0.0008 ug/mL to about 3 yg/mL, from about 0.0008 pug/ml to about 2 yg/ml, from
about 6.0008 pg/ml to about 1 pg/mi., from about 0.0008 png/mi 1o about 0.9 pg/mi,
from about 4.0008 pg/ml to about 0.8 ng/ml., from about 0.0008 pug/mk to about 0.7
pg/mL, from about 0.0008 pg/mb to about 0.6 ug/ml, from about 0.0008 ug/mL to
about 0.5 pe/mi, from about 0.0008 ug/mi to about 0.4 pg/mk., from about 0.0008
wg/mL to about 0.3 pg/mL, from about 0.0008 ug/mL to about 0.2 pg/mL, from about
0.0008 pg/mL to about 8.1 pg/mL, from about 0.0008 pg/mL to about 0.09 pg/ml,
from about §.0008 pg/mL to about 0.08 pg/ml., from about 0.0008 pug/ml. to about 0.07
pug/ml, from about 0.0008 ug/mL to about 0.06 pg/ml, about 0.0008 ug/mL to about
G.05 ug/ml, about ¢.0008 yg/mL to about .04 pg/mi, about 6.0008 ug/mL to about
0.03 ug/ml, about 0.0008 pg/ml. to about 0.02 uglfwl., about 0.0008 pg/ml to about
0.01 pg/mlL, from 0.002 ug/mL to about 4 pg/mL, from about ¢.001 pg/mL to 50
ug/mb., from about 0.1 pg/ml to about 30 pg/ml, from about 0.1 pg/mi to about 20
ug/mi, from about 0.1 ug/mL to about 10 pg/mL, from about 0.1 pg/ml to about 9
ug/mL, from about 0.1 ug/ml 1o about B pg/mi., from about 0.1 ug/mL to about 7
ug/mk, from about 0.1 ug/mi. to about 6 ug/ml., from about 0.1 pg/ml. to about 5
wg/mkb, from about 0.1 pg/mL to about 4 pg/mi, from about 0.1 pg/ml to about 3
wg/mi., from about ¢.1 pg/mL to about 2 ug/mk, from about 0.1 pg/mi to about 1
ug/mL, from about 0.1 ug/mL to about 0.9 pg/mL, from about 0.1 ug/mL to about 0.8
pug/mkb, from about 0.1 yg/mb to about 0.7 pg/mL, from about 0.1 pg/mL to about 0.6
ug/mk, from about 0.1 ug/ml to about 0.5 pg/ml., from about 0.1 pg/rol to about 0.4

wg/mL, from about 0.1 ug/mL to about 0.3 pg/mlL, from about 0.1 pg/rul to about 0.2
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¢/mL, from about 0.8 ug/mL to about 30 pg/mL, from about 0.8 ug/ml to about 20
pug/mL, from about 0.8 yg/mbL to about 10 pg/mb, from about 0.8 pg/mL to about 9
ug/mk, from about 0.8 ug/ml to about 8 ug/ml., from about 0.8 pg/mi to about 7
wg/mkb, from about 0.8 pug/mk to about 6 yg/mL, from about 0.8 pg/mb to about 5
ug/mi., from about 0.8 pug/mk to about 4 ug/ml., from about 0.8 pg/mi. to about 3
ug/ml., from about 0.8 pg/ml to about 2 pg/mi., from about 0.8 yg/mL to about 1
pug/mb, or of about 0.1 ug/ml, about 0.2 pg/ml, about 0.3 ug/ml, about 0.4 ug/miL,
about 0.5 pg/ml, about 0.6 pg/ml., about 0.7 yg/ml., about 0.8 pg/mi., about 0.9
pg/mb, about 1.0 pg/ml, about 1.5 pg/mL, about 2.0 ug/mL, about 2.5 ug/mL, about
3.0 pg/mk, about 3.5 pg/mL, about 4.0 ug/ml, about 4.5 pg/mi, about 5.0 ug/mi.,
about 5.5 pg/ml, about 6.0 pg/ml., sbout 6.5 pg/ml., about 7.0 ug/ml, about 7.5
pg/mL, about 8.6 pg/mL, about 8.5 pg/ml, about 9.0 ug/mL, about 10 pg/mL, about 11

/

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

Embodiment 19. The antibody or antigen-binding fragmeunt of Embodiment
18, which is capabie of inhibiting NA sialidase activity of one or more Group 1 and/or
Group 2 1AV, and/or of one or more BV, with an IC50 in a range of from: about
B0001 ug/ml to about 25 pg/ml, or about 0.0001 pg/ml to about 10 pg/mi, or about
0.0001 pg/ml to about 1 pg/ml, or about 0.0001 pg/mi to about 6.1 ug/ml, or about
0.0001 pg/ml to about 0.01 ug/ml, or about 0.0001 pug/ml to about 001 pg/ml, or about
(.0001 ug/m! to about 0001 pg/ml, or about 0001 ug/ml to about 25 pg/mi, or about
D001 ng/mi to about 10 pg/ml, or about 0001 ug/ml to about 1 pg/ml, or about 0001
pg/ml to about 0.1 ug/ml, or about 0001 pg/ml to about 0.01 ug/ml, or about 001
ng/ml 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 ng/mi to about 0.1 pug/ml, or about 001 pg/ml o about
0.01 pg/mi, or about .01 pg/mi to about 25 pg/mi, or about 01 ug/ml to about 10
pg/mi, or about .01 pg/ml to about 1 pg/mi, or about .01 pg/ml to about 0.1pug/ml, or

about 1 pg/mi to about 25 pg/ml, or about 1 ug/m! to about 10 ug/mi,
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orofabout 1, 152,25 3,35,4,45,5,55,6,65,7,75/8 85,9 95,10,
10.5, 11, 11.5, 12, 12.5, 13, 13.5, 14, 14.5, or 15 pg/ml.

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

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: {1) the human FeyR1a (optionally, a F158 allele); and (i1} a NFAT
expression control sequence operably linked to a sequence encoding a reporter, such as
a huciferase reporter, following tncubation {e.g., of 23 hours) of the antibody or antigen-
binding fragment with a target cell {e.g., a AS49 cell) infected with a JAY.

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

Embodiment 23. The antibody or antigen-binding fragmeunt of any ove of
Embodiments 1-22, which is capable of neutralizing infection by an 1AV and/or an
IBVY.

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

Embodiment 25 The antibody or antigen-binding fragment of any one of
Embodiments 1-24, wherein the IAY comprises a N1 NA that comprises the amino acid
mutation{s) H27SY; E119D + H27SY; 8247N + H275Y,; 1222V, and/or N2948S,
wherein, optionally, the 1AV comprises CAO9 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 (i) an IBV infection, in a subject.

Embodiment 28. The antibody or antigen-binding fragment of any one of
Embodiments 1-27, wherein the antibody or antigen-binding fragment ts capable of
treating and/or attenuating an infection by: (i) a HINI virus, wherein, optionally, the
HINT virus comprises A/PRS8/34; and/or (i1} a H3N2 virus, wherein, optionally, the
H3N2 virus optionally comprises A/Hong Kong/68.

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

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

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

Embodiment 32. The antibody or antigen-binding fragment of any one of
Embodiments 1-31, wherein the antibody or antigen-binding fragment has an iz vivo
half-life in a mouse (e.g., a tg32 mouse): (i) in arange of from: about 10 days to about
14 days, about 10.2 days to about 13.8 days, about 10.5 days to about 13.5 days, about
11 days to about 13 days, about 11.5 days to about 12.5 days, between 10 days and 14
days, or between 105 days and 13.5 days, or between 11 days and 13 dayvs, 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. 129,
130,131, 132,133,134, 135,136,137, 13.8, 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 1S days, or between 13.5 days and 14.5 days, or of about 12.0,
121,122,123, 12,4, 125,126,127, 128,129 130, 13.1, 13.2, 133, 134, 13.5,
136,137, 138,139,140, 141,142, 143,144, 145,146,147, 148,149,150
151,152,153, 154, 1S5, 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 determuning region {CDR}HI, a CDRHZ, and a CDRH3, and a hight
chain variable domain (VL) comprising a CDRL1, a CDRLZ, and a CDRL3, wherein:
(1) optionally, the CDRH1 comprises ot consists of the amino acid sequence set forth in
any one of SEQ ID NOs.: 147, 3, 15, 27, 39, 51, 63, 75, 87, 99, 111, 123, 135, 159, and
231, or a functional variant thereof comprising one, fwo, or three acid substitutions, one
or more of which substitutions is optionally a conservative substitution and/or is a
substitution to a germline-encoded amino acid; (it} optionally, the CDRH2 comprises or
consisis of the amino acid sequence set forth in any one of SEQ D 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 acid substitutions, one or more of which
substitutions is optionally a conservative substitution and/or 1s a substitution to a
germline-encoded amino acid; (i) the CDRH3 comprises or consists of the amino acid
sequence set forth in any one of SEQ 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 substintions is optionally
a conservative substitution and/or is a substifution 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 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 {0 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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SEQID NGs.: 154, 10, 22, 34, 46, 58, 70, 82, 94, 106, 118, 130, 142, 166, and 235, ora
functional variant thereof comprising one, two, or three amino acid substitutions, one or
more of which substitutions is optionally a conservaiive 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 D NOs.:
155, 11,23, 35, 175, 178, 181, 47, S9, 71, 83, 95, 187, 193, 107, 119, 131, 143, 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 1s a substitution to a germline-encoded amino acid.
Embodiment 34. The antibody or antigen-binding tragment of Embodiment
33, comprising CDRHL, CDRH2, CDRH3, CDRLL, CDRL2, and CDRL3 amino acid
sequences set forth in SEQ ID NOs.: (1) 147-149 and 153-155, respectively; (i1} 15-17
and 21-23, respectively; (111} 27-29 and 33-35, respectively; (1v) 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; (viit}) 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; (i) $1-53 and 57-59,
respectively; (xiii} 63-65 and 69-71, respectively; (xtv} 75-77 and 81-&3, 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, 03, 94, and 190, respectively; {xix) §7-
89, 93, 94, and 193, respectively, (xx) 87, 88, 184, 93, 94 and 187, respectively; {xxi)
87, 88 184, 93, 94, and 190, respectively; (xxi1} 87, 88, 184, 93, 94, and 193,
respectively; (xxiti) 87-89, 141, 142, and 131, respectively; (xxiv) 99-101 and 105-107,
respectively; Ooov) 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: (i) the VH comprises or consists of an amino acid

sequence having at least 80% (e.g., 80%, 85%, 90%, 1%, 92%, 93%, 94%, 95%, 9a%,
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7%, 98%, 99%, or more) identity to the amino acid sequence set forth in any one of
SEQ D NOs.: 199, 2, 14, 26, 171, 38, 50, 62, 74, 86, 183, 98, 110, 122, 134, 146, 138,
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 germiine~-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%,
02%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more) identity to the amino acid
sequence set forth in any one of SEQ [ NQGs.: 201, &, 20, 32, 44, 56, 68, 80, 92, 104,
116, 128,140, 152, 174, 177, 180, 186, 189, 192, 164, 205, 209, 217, and 230, wherein
sequence variation is optionally Himited to one or more framework regions and/or
sequence variation comprises one or more substitution to a germline-encoded amino
acid.

Embodiment 36. The anttbody 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 1D NOs.: (i) 199 and 201, respectively; (ii) 14 and 20,
respectively; (1) 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; (ix3 171 and 177, respectively; (x) 171 and 180, respectively,; (xi1) 38
and 44, respectively; (xii) 50 and 56, respectively; (xiti) 62 and 68, respectively; (xiv)
74 and 86, respectively; (xv) 86 and 92, respectively; (xvi) 86 and 1806, respectively;
{xvit) 86 and 189, respectively; {xviii} 86 and 192, respectively; {xix} 183 and 92,
respectively; (xx} 183 and 186, respectively; (xx1) 183 and 189, respectively; (xxit) 183
and 192, respectively; (xxiii) 98 and 104, respectively; (xxiv) 110 and 116,
respectively; Ooxv) 122 and 128, respectively; (xxvi) 134 and 140, respectively; (oovit)
146 and 152, respectively; (xoviii} 158 and 164, respectively; (xxix) 2 and §,
respectively; (xxx) 203 and 205, respectively; (xxxi} 207 and 209, respectively; (xxxii}
216 and 217, respectively; or {xxxiit) 228 and 230, respectively.

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

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

Embodiment 38. The antibody or antigen-binding fragment of any one of
Embodiments 1-37, comprising: (1} a heavy chain comprising or consisting of the
amino acid sequence set forth in SEQ 1D NO..212 or 213, and (2) alight chain
comprising or consisting of the amino acid sequence set forth in SEQ 1D NG.:214.

Embodiment 39 The antibody or antigen-binding fragment of any one of
Embodiments 1-38, comprising: {1} a heavy chain comprising of consisting of the
amino acid sequence set forth in SEQ 1D 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 fragmeunt of any ove of
Embodiments 1-39, comprising: (1} a heavy chain comprising or consisting of the
amino acid sequence set forth tn SEQ ID NO.: 213; and (2) a light chain comprising or
consisting of the amino acid sequence set forth in SEQ ID NO.:214.

Embodiment 41. An antibody, or antigen-binding fragment thereof,
comprising a heavy chain variable domain (VH) comprising a CDRHI1, a CDRH2, and
a CDRH3, and a light chain variable domain (VL) 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 ID NOs: 147-149, respectively, and the CDRLL,
CDRI2, and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ
112 NQOs: 153-155, respectively; (if) the CDRH1, CDRHZ, and CDRH3 comprise or
consist of the amino acid sequences set forth in SEQ D NOs: 15-17, respeciively, and
the CORLY, CDRL2, and CDRL3 comprise or consist of the amino acid sequences set
forth in SEQ D NQs: 21-23, respectively; (iii) the CDRHI, 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 CDRL1, CDBRLZ, and CDRL3 comprise or consist of
the amino acid sequences set forth in SEQ 1D NOs: 33, 34, and 35 or 175 or 178 or 181,
respectively; (iv) the CDRH1, CDRH2, and CDRH3 comprise or consist of the amino
acid sequences set forth in SEQ ID NQOs: 39-41, respectively, and the CDRL1, CDRL2,

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 CDRH1, CDRH2, and CDRH3 comprise or consist of the
amino acid sequences set forth in SEQ ID NOs: 51-53, respectively, and the CDRLI,
CDRLZ, and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ
I NOs: 57-59, respectively; (vi) the CDRHI, CDRH2, and CDRH3 comprise or
consist of the amino acid sequences set forth in SEQ D NQGs: 63-65, respectively, and
the CDRL1, CDRL2, and CDRL3 comprise or consist of the amino acid sequences set
forth in SEQ ID NOs: 69-71, respectively; (vil)} the CDRH1, CDRH2, and CDRH3
comprise of consist of the aming acid sequences set forth in 8EQ 1D NOs: 75-77,
respectively, and the CDRL1, CDRL2, and CDRL3 comprise or consist of the amino
acid sequences set forth in SEQ I NQGa: 81-83, respectively; {(viii} the CBRH1,
CDRH2, and CDRH3 comprise or consist of the amino acid sequences set forth in SEQ
1D NOs: 87, 88, and 89 or 184, respectively, and the CDRLI, CDRL2, and CDRL3
comprise or consist of the amino acid sequences set forth in SEQ 1D NQOs: 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 ID NOs: 87, 88, 184,
respectively, and the CDRL1, CDRL2, and CDRL3 comprise or consist of the amino
acid sequences set forth in SEQ ID NOs: 93-95, respectively; {x) wherein the
CDRHI, CDRH2, and CBRH3 comprise or consist of the amino acid sequences set
forth in SEQ D NQGs: 99-101, respectively, and the CDRL1, CDRL2, and CDRL3
comprise or consist of the amino acid sequences set forth in SEQ ID NOs: 105-107,
respectively; (xi} the CDRH1, CDRH2, and CDRH3 comprise or consist of the amino
acid sequences set forth in SEQ ID NQOs: 111-113, respectively, and the CDRL1,
CDRLZ, and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ
ID NOs: 117-119, respectively; (xii} the CDRHI, CDRH2Z, and CDRH3 comprise or
consist of the aminoe acid sequences set forth in SEQ D NOs: 123-125, respectively,
and the CORLI, CDRL2, and CDRL3 comprise or consist of the amino acid sequences
set forth in SEQ ID NQOs: 129-131, respectively; {xiii) the CDRHI, CDRH?2, and
CDRH3 comprise or consist of the amino acid sequences set forth in SEQ [D 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 amine acid sequences set
forth in SEQ D NOs: 3-5, respectively, and the CDRL1, CDRLZ, and CDRI3
coruprise ot consist of the arvino 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 CDRL1,
CDRL2, and CDRL3 comprise or consist of the amino acid sequences set forth tn SEQ
1D NQOs: 165-167, respectively; (xvi)the CDRH1, CDRH2, and CDRH3 comprise or
consist of the amino acid sequences set forth in SEQ D NOs: 87-89, respectively, and
the CDRLL, CDRL2, 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
1D NOs: 231-233, respectively, and the CDRL1, CDRL2, 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 bindingto a
neuraminidase (NA} from: (i} an influenza A virus (1AVY), wherein the IAY comprises a
Group 1 IAV, a Group 2 1AV, or both; and/or (it} 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: (i) the VH comprises or consists of the amino acid sequence set forth in
SEQ ID NO: 199 and the VL comprises or consists of the amine acid sequence set forth
in SEQ I NO: 201; (i} 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 NG 20; (3i1) the VH comprises or consists of the amino acid
sequence set forth in SEQ 1D NO: 26 or 171 and the VL comprises or cousists of the
amino acid sequence set forth in SEGQ ID NO: 32, 174, 177, or 180; (iv) the VH
comprises or consists of the amino acid sequence set forth in SEQ ID NO: 38 and the
VL comprises or consists of the amino acid sequence set forth in SEQ ID NG: 44; (v}
the VH comprises or consists of the amino acid sequence set forth in SEQ 1D NO: 50
and the VL comprises or consists of the amino acid sequence set forth in SEQ 1D NO:

56; {(vi) the VH comprises or consists of the amino acid sequence set forth in SEQ ID
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NGOG: 62 and the VL comprises or consists of the amino acid sequence set forth in SEQ
1D NO: 68; (vii) the VH comprises or consists of the amino acid sequence set forth in
SEQ ID NO: 74 and the VL comprises or consists of the amino acid sequence set forth
in SEQ D NO: 80; (viii} the VH comprises or consists of the amino acid sequence set
forth in SEQ D NO: 86 or 183 and the VL comprises or consists of the amino acid
sequence set forth in SEQ ID NO: 92, 186, 189, or 192; (ix) the VH comprises ot
consists of the amino acid sequence set forth in SEQ ID NQO: 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 NQ: 122
and the VL comprises or consists of the amino acid sequence set forth in SEQ ID NO:
128&; (xit) the VH comprises or consists of the amino acid sequence set forth in SEQ D
NG: 134 and the VL comprises or consists of the amino acid sequence set forth in SEQ
I NO: 140; (xiii) the VH comprises or consists of the amino acid sequence set forth in
SEQ ID NG: 146 and the VL comprises or consists of the amino acid sequence set forth
in SEQ ID NO: 152; (xiv) the VH comprises or consists of the amino acid sequence set
forth in SEQ 1D NO: 158 and the VL comprises or consists of the amino acid sequence
set forth in SEQ D NG 164, {(xv} the VH comprises or consists of the amino acid
sequence set forth in SEQ ID NO: 2 and the VL comprises or consists of the amino acid
sequence set forth in SEQ ID NO: & (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: 203; (xvii) the VH comprises or consists
of the amino acid sequence set forth in SEQ D NO: 207 and the VL. comprises ot
consists of the amino acid sequence set forth in SEQ [ NO: 209; or (xviii} the VH
comprises or consists of the amino acid sequence set forth in SEQ 1D NO: 228 and the
VL comprises or consists of the amino acid sequence set forth in SEQ ID NG: 230,
Embodiment 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
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SEQ ID NG.:216 and the VL comprises comprises or consists of the amino acid
sequence set forth in SEQ ID NG 217,

Embodiment 44. The antibody or antigen-binding fragment of Embodiment
42 or 43, wherein the antibody or antigen-binding fragment is capable of binding to a
neuraminidase (NA) from: (i) an influenza A virus (JAVY), wherein the JAY comprises a
Group 1 JAV, 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 {AV and/or
BV,

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

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

Embodiment 47. The polypeptide of Embodiment 45 or 46, wherein the
amino acid sequence according to SEQ D NO.:219 comprises any ong 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 SEQ ID NO.:220; and/or an amino acid sequence according to SEQ 1D
N{3..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 13 NO.:222; (ii)an
amino acid sequence according to SEQ ID NO.:223; and/or (i) an amino acid
sequence according to SEQ 1D 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 NOs.: 199, 2, 14, 26, 171, 38, 50, 62, 74, 86, 183, 98,
110, 122, 134, 146, 158, 203, 207, 216, and 228,

Embodiment 51. The polypeptide of Embodiment 49 or 50, wherein the
VL comprises or consists of an amino acid sequence having at feast 30%, 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, 2053, 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 & 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% identity to the amino acid sequence of any one of SEQ ID NGs.: 199, 2, 14,
26, 171, 38, 50, 62, 74, 86, 183, 98, 110, 122, 134, 146, 158, 203, 207, 216, and 228,
and wherein the VL comprises or consists of an amino acid sequence having at least
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 NQOs.: 201, §, 20, 32, 44, S6, 68, 80, 92, 104, 116, 128,
140, 152, 174, 177, 180, 186, 189, 192 164, 2053, 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 (JAV), wherein the TAV
comprises a Group 1 1AV, a Group 2 IAVY, or both; and/or (i1} an influenza B virus
(IBV}.

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

(IBV), and wherein, optionally, the antibody or antigen-binding fragment is capable of
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(1) inhibiting NA sialidase activity and/or (2) neutralizing infection by the 1AV and/or
IBV.

Embodiment 55. An antibody, or an antigen-binding {ragment 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, 5247, D198,
D15, RUIB; and/or (i) a NA epitope that comprises any one or more of the following
amino acids (N2 NA numbering): R371, R292, E227 344 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, H227, D151, and R118 (N2 NA numbering).

Embodiment 57 An antibody, or an antigen-binding fragment thereof, that
is capable of binding to an epitope comprised in or comprising a NA active site,
wherein, optionally, the NA active site comprises the following amino acids (N2
numberingy: R118 D151, R152 R224, E276, R292, R371, Y406, E119, R156, W178,
8179, D/N198, 1222, E227, H274, E277, D293, B42S.

Embodiment 58, The antibody or antigen-binding fragment of any one of
Embodiments &3-85 wherein the epitope further comprises any one or more of the
following NA amino acids (N2 numbering): E344, E227, 8247, and D198,

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

Embodiment 60. 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 IBY NA epitope that comprises the amino acids R11¢6,

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, 1gE, or IgD 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 1gG
isotype selected from IgGl, IgG2, IgG3, 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 monoclional
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 32, wherein the
antibody or antigen-binding fragment is a multi-specific antibody or antigen-binding
fragment.

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

Embodiment 68. The antibody or antigen-binding fragment of Embodiment
66 or &7, comprising: (1) a first VH and a first VL; and (11} a second VH and a second
VL., wherein the first VH and the second VH are different and each independently
coruprise an amino actd sequence having at least 855 identity to the amino acid
sequence set forth in any one of SEQ ID NQOs.: 199, 2, 14, 26, 171 38, 50, 62, 74, 86,
183,08, 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 ID
NOs: 201, 8,20, 32, 174, 177. 180, 44, 56, 68, 80, 92, 186, 189, 192, 104, 116, 128,
140, 152, 164, 205, 209, 217, and 230, and wherein the first VH and the first VL
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together form a first antigen-binding site, and wherein the second VH and the second
VL together form a second antigen-binding site.

Embodiment 69. The antibody or antigen-binding fragment of any one of
Embodiments 1-44 and 53-68, or the polypeptide of Embodiment 32, wherein the
antibody or antigen-binding fragment comprises an {e.g., IgG1) Fe polypeptide or a
fragment thereof.

Embodiment 70. The antibody or antigen-binding fragment of Embodiment
69, or the polypeptide of Embodiment 69, wherein the Fe polypeptide or fragment
thereot comprises: (i) 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
instrurent, 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
affinity to a human FeyR {e.g., as measured using surface plasmon resonance (SPR)
{e.g., Biacore, e.g., T200 instrurnent, using manufacturer’s protocolsy) as compared to a
reference Fe polypeptide that does not comprise the mutation.

Embodiment 71. The antibody or antigen-binding fragmeunt of Embodiment
70, or the polypeptide of Embodiment 70, wherein the mutation that increases binding
affinity 10 a human FcRao comprises: M428L; N434§K; N434H, N434A; N4345;

M252Y; 8254T; T256E; 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 1o 2 human FcRa comprises: (i) M428E/N434S; (1)
M252Y/S2S4T/T256E; (111) T2ZS0Q/MA428L,; {iv) P2ATVQ311L (v) P25TI/N434H, (vi)
D370VINA34H; (vii) T307A/EIBOA/N4A34A; or (viii} any combination of (1)-{vii}.

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

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

e
73

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 239D 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 FoyR comprises: (1) S239D/I332E; (i)
S239LVA330L/I332E; (1i1) G230A/82391I332E; or (iv)  (G230A/A330L/I332E,
wherein the Fe 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

aglvcosvlated 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 in SEQ ID
NO.:214.

Embodiment 73. An antibody comprising: (1) a heavy chain comprising or
consisting of the amino acid sequence set forth in SEQ ID NO.: 213; and (2) a light
chain comprising or consisting of the amino acid sequence set forth in SEQ D
NG.2Z14.

Embodiment 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 arvino acid sequence set forth
in SEQ ID NG..214.

Embodiment 80. An antibody comprising: {1} two heavy chains, each
comprising or consisting of the amino acid sequence set forth in SEQ 1D 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 encoding a
VH, a heavy chain, a VL, and/or a light chaiu of the antibody or the antigen-binding
fragment.

Embodiment 82. Anisolated polynuclectide 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 deoxyribonucleic acid (BNA) or ribonucleic acid (RNA),
wherein the RNA optionally comprises messenger RNA {(mRNA).

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

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

Embodiment 86. The polynucleotide of Embodiment 84, wherein the
pseudouridine comprises N1-methylpseudouridine.

Embodiment 87. The polynucleotide of any one of Embodiments 81-86,
which is codou-optimized for expression in a host cell.

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

Embodiment 89 The polynucleotide of any one of Embodiments 8§1-88,
comprising a polynucleotide having at least 50% (e.g., 50%, 55%, 60%, 65%, 706%,
75%, 80%, 85%, 90%, 91%, 92%, 94%, 94%, 95%, 96%, 9%, 98%, 99%, or more)
identity to the polynuciectide sequence set forth in any one or more of SEQ I 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,
o1, 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 polynucieotide of Embodiment 89, comprising the
polynucleotide sequence of SEQ [} NG.: 198 and/or the polynucleotide sequence of
SEQ D NG 200,

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

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

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

Embodiment 94. A composition comprising: (1) the antibody or antigen-
binding fragment of any one of Embodiments 1-44 and 53-80; (i1} the polypeptide of
any one of Embodiments 45-52 and 63-76; (i1} the polynucleotide of any one of
Embodimenis 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
anttbody 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 81-96 or the vector of Embodiment 91 encapsulated in a carrier
molecule, wherein the carrier molecule optionally comprises a lipid, a lipid-derived
delivery vehicle, such as a liposome, a solid lipid nanopasticle, an oily suspension, a

submicron lipid emulsion, a lipid microbubble, an inverse lipid micelle, a cochlear
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liposome, a lipid microtubule, a lipid microcylinder, lipid nanoparticle (LNP), or a
nanoscale platform.

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

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

Embodiment 99. A method of treating or preventing an IAV infection
and/or an IBY 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; (i1}  the polypeptide of any one of
Embodiments 45-52 and 63-76; (111} the polymuclectide of any one of Embodiments
81-90; (iv}  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
composition of any one of Embodiments 94-96.

Embodiment 100 A method of treating or preventing an influenza infection
in a human subject, the method comprising 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, wherein the polynucleotide
comprises mRNA

Embodiment 101, The method of Embodiment 100, wherein the influenza
infection comprises an {AV iofection 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, polynuclectide, 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 to
the subject.

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

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

Embodiment 106. The method of any one of Embodiments 99-105,
comprising administering the antibody or antigen-binding fragment, polypeptide,
polynucieotide, recombinant vector, host cell, or composition intramuscuiasly,
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 recetved, 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.

Embodiment 110, The method of Embodiment 108 or 109, wherein the
antiviral comprises oseltanmivir, zanamivir, haloxavir, peramivir, lantnamivir, 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 45-32 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 preveniing an 1AV wofection and/or an IBV infection in a subject.
o) =
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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 polynuclectide of any one of Embodiments 81-90, the recombinant vector of
Embaodiment 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 i vitro diagnosis of an IAV infection
and/or an IBV infection, the method comprising’ (i) contacting a sample from a subject
with an antibody or antigen-binding fragment of any one of Embodiments 1-44 and 53-
80; and (1)  detecting a complex comprising an antigen and the antibody, or
comprising an antigen and the antigen-binding fragment.

Embodiment 114, The method of anv 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 [AV comprises a Group 1 IAV,
a Group 2 IAV, or both, wherein, optionally, the Group 1 IAV NA comprises a N1, a
N4, a N3, and/or a N&; and/or the Group 2 1AV NA comprises a N2, a N3, a N6, a N7,
and/or a N9, wheretn, further optionally, the N1 is from A/Csalifornia/07/2009, is from
A/California/07/2009 I223R/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, is from A/Vietnamy/1203/2004, is from
A/G4/SW/Shangdong/1207/2016, is from A/G4/SW/Henan/SN13/2018, is from
ASGA/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 1s 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/INFEMH-16-0019/2016, 1s from A/Switzerland/9715293/2013, 1s from
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AfLeningrad/134/17/57 1s from A/Florida/4/2006, is from A/Netherlands/823/1992, 15
from A/Norway/466/2014, is from is from A/Texas/50/2012, is from
A/Victoria/361/2011, is from A/SW/Mexico/SG1444/2011, is from A/Aichi/2/1968, is
from A/Bilthoven/21793/1972, is from A/Netherlands/233/1982, is from
AlShanghai/11/1987, is from A/Nanchang/933/1995, is from A/Fukui/45/2004,
A/Brishane/10/2007, is from A/Tanzania/205/2010; the N3 is from
A/Canada/rv504/2004; the N6 is from A/swine/Ontario/01911/1/99; the N7 1s from
A/Netherlands/078/03; and/or the N9 is from A/Anhui/2013, is from A/Hong
Kong/56/201S; and/or (11) 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/Hubei-wujiang/158/2009 (Yamagata);
B/Massachusetts/02/2012 (Yamagata), B/Netherlands/234/2011;
B/Pertly211/2001(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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TABLE I. TABLE OF CERTAIN SEQUENCES AND SEQ 1D NUMBERS

AGAGGCCTGGGTCCTCGGTGAGGATCTCCTGCAA
GOCCTCTGGTGACACCTTCAACAACTATGTTCTC
AGCTGOOTGCGACAGGCCCCTGCACAAGGGOTTG
AGTGGATCGGGGOGAATCATCCCTATCTICTGGTA
TCCCACATTACGCACAGAAGTTCCAGGGUAGAGT
COCAATTATCGCGGACGAATCCGCGAGCACAGTC
TACATGGAGTTGAGCAGCCTACGATCTGAGGACTC
GOGCCGTATATTACTOTGLCGAGAGCGGTTITCCGAT
TATTTTAATCGAGACCTCGGUTGGGATGATTALC
TACTTTCCTTTGTGGGGCCAGGGCACCOTOETCA
CCOGTCTCCTCAG

SEQ Sequence Identifier

D

RO

i CAAGTTCAGCTGGTGCAGTCTGGGGCTGAGGTGA NI VH (wi-nt)

GOCCAGGATCCAGCOTGCGGATCAGCTGCAAGGCTTC
TGGCGACACCTTCAACAATTACGTGCTGTCCTGGGTGA
GGCAGGCTCCAGGACAGGGACTGGAGTGGATGGGLGE
CATCATCCCCATCAGCGGCATCCCTCACTACGCCCAGA
AGTTTCAGGGCAGGGTGOCCATCATCGCTGACGAGTC
COGCTAGCACAGTGTATATGGAGCTGTCTTCCCTGAGAT
CTGAGGATTCCGCCGTOTACTATIGTGCCAGAGCCGTG
TCCGACTATTTCAACCGCGATCTGGOGUTGOGACGATTA
CTATTTTCCACTOTGGOGACAGGGCACCCTGGTGACAG
TGAGCTCT

> IOVOLVQSGAEVKRPGSSVRISCKASGDTFNNYVLS FNIT VH (aa)
WYVROQAPGQGLEWMGGHPISGIPHY AQKFQGR VAT
ADESASTVYMELSSLRSEDSAVYYCARAVSDYFNR
DLGWDDYYFPLWGQGTLVTVSS

3 IGDTFNNYV FNIL CDRHI (aa)

4 HIPISGIP FNIT CDRIUZ (aa)

5 JARAVSDYFNRDLGWDDYYFPL FNIT CDRH3 (aa)

6 CAGGTGCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGA JFNIL VH (co-ni)
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SE{} Sequence identifier
HE
NG

/

GAAATAGTGATGACGCAGTCTCCAGCCACCCTIGT
CTGTGTCTCCAGGOGAAAGAGCCACCCTCTTCTGC
AGGGCCAGTCGGAGTGTTAGTGACAACTTAGCC
TGOGTACCAGCAGAAACCTGGLCAGGCTCCCAGGE
TCCTCATCTTITGGTGCCTCCACCAGGGCCACTGG
TGTCCCAGCCAGGTTCGOTGGCAGTGOGTCTGGE
ACACAGTTCACTCTCACCATCAGCAGCCTGCAGTC
TGAAGATTTTGCAGTTTATTACTGTCAGCATTATA
ATACCTGGOCCTCCGTGGACCTTCGGUCAAGGGA
CCAAGGTGGAAATCAAAC

FINIT Vk (wi-nt}

GOGTACCAGCAGAAGCCAGGUCAGGUTCCCAGACT
GCTGATCTTTGGAGCTTCCACCAGAGCTACAGGT
GTGCCAGCTAGGTTCGGAGGAAGCGGATCTGGCA
CCCAGTTTACCCTGACAATCTCCAGCUTGCAGAGC
GAGGATTTCGCCGTGTACTATTGTCAGCACTATAA
TACCTGOGCCCCCTTGGACATTTGOGCCAGGGCACC
AAGGTGGAGATCAAG

8 [EIVMTOQSPATLSVSPGERATLFCRASRSVSDNLAWY NI VK (aa)
QOKPGQAPRLLIFGASTRATGVPARFGGSGSGTOFT
LTISSLOSEDFAVYYCOHYNTWPPWTFGOGTK VEI
K

5 IRSVSDN FNI1 CDRL1(aa)

10 |GAS NI CDRL2(aa)

11 (QHYNTWPPWT FNIT CDRL3(aa)

12 |GAGATCGTGATGACCCAGICTCCTGCCACACTGTC FNIL VK (corit)
CGTGTCCCCAGGCGAGAGGGCCACACTGTTOTGO
AGGGCTAGCAGGTCCGTGTCCGACAACCTGGCCT
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SE
HE
NO

Sequence lidentifier

13

CAGGTTCAGCTGOTGCAGTCTGGGGCTCGAGGTGAAGA FNIZ VH (wi-nt)
GGCCTGOOTCCTCGGTCGAGGGTCTCCTGCAAGGCTTICT
GGAGUCACCTTCAATAACCATGTTICTCACCTGGOTG
CGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGAG
GOATCATCCCTGTCTCTGGAAAAACAACCTACGCAC
AGAAGTTCCAGGGCAGAGTCGCGATAAGCACGGACGA
ATCCGCGAGCACAGCCTATATGGAGTTIGAGCAGCCTG
AGATCTGAGGACTCGGCCATATATTACTOTGCGAGAG
CGGTTTCCGATTACTTTAATCGAGACCTCGGCTIGEG
GAAGATTATTACTTITCCGATCTGGOGCCAGGGCACC
CTGGTCACCGTCTCITCAG

i4

QVQOLVQSGAEVKRPGSSVRVSCKASGATFNNHVLT {FNIZ VH (aa)
WVROQAPGOGLEWMGGHPYSGKTTYAQKFQGRVAIL
STDESASTAYMELSSLRSEDSAIYYCARAVSDYFNR
DLGWEDYYFPIWGQGTLVTIVSS

oses
4

GATFRNNHY FNEZ CDRH1 (aa)

16

HIPVSGKY FINEZ CDRHZ (aa)

17

ARAVSBYFNRDLGWEDBYYFPI FNI2 CDRHS3 (aa)

18

CAGGTGCAGCTGGTGCAGTCTGGAGCTGAGGTGA FNIZ VH (co-nt)
AGAGGCCAGGATCCAGCGTGCGGGTGAGCTGCAA
GOCTTCTGOGAGCTACCTTCAACAATCACGTGCTGA
CATGGGTGAGGCAGGCTCCAGGACAGGGACTGGA
GTGGATGOGCGGCATCATCCCCGTGTCCGGLAAG
ACCACATACGCCCAGAAGTTTCAGGGCAGGGTOG
CTATCAGCACCGATGAGTCCGCCAGCACAGCTTA
TATGGAGCTGTCTTCCCTGAGATCTGAGGACTCCG
CCATCTACTATTOTGCCAGAGCCGTOTCCGACTAL
TTCAACCGCGATCTGGGCTGGGAGGACTACTATIT
TCCCATCTGGGGCCAGOGGCACCCTGGTGACAGTG
AGCTCT




WO 2022/109309

PCT/US2021/060155

SE
HE
NO

Sequence

dentifier

19

GACGTAGTGATGACGCAGTCTCCAGCCACCCTGT
CTGTGTCTCCAGGOGAAAGAGUCACCCTCTECTG
CAGGGCCAGTCAGAGTGTTAGTAGCAACTTGGC
CTGGTACCAGCAGAAACCTGOCCAGGUTCCCAGE
CTCCTCATCTATGGTGCATCCACCAGGGCCACTG
GTGTCCCAGCCAGGTTCAGTGGCAGTOGOGTICTGE
GACACAGTTCACTCTCACCATCAGCAGCCTGCAG
TCTGAAGATTTTGCAGTTTATTACTOTCAGCACTA
TAATAACTGGCOTCOGTGGACGTTCGGCCAAGG
GACCAAGTTGGAAATCAAAC

FINIZ Vk (wi-nt}

DVVMTQSPATLSVSPGERATLSCRASQSVSSNLAW
YOOKPGQAPRLLIYGASTRATGVPARFSGSGSGTOF
TLTISSLOSEDFAVYYCQHYNNWPPWTFGQGTKLE
1K

FNIZ VK (a2)

QSYSEN

FINIZ CDRL1(aa)

GAS

FINIZ CDR1L.2(aa)

QHYNNWPPWT

FNI2 CDRL3(aa)

GACGTOGGTCATGACCCAGTCTCCTGCCACACTGA
GCOTGTCTCCAGGAGAGAGGGCCACCCTGTCCTG
CAGGGUTTCCCAGAGCGTOTCCAGCAACCTGGOC
TGGTACCAGCAGAAGUCAGGUCCAGGCTCCCAGGT
TGCTGATCTATGGAGCTAGCACCAGAGCTACAGG
CGTGCCAGCTCOCTTCTCTGGATCCGGAAGCGHC
ACACAGTITACCCTGACAATCTCTTCCCTGCAGTC
TGAGGATTTCGCCGTGTACTATTOTCAGCACTACA
ACAATTGGCCCCCTTGGACCTTIGGUCAGGOGCAC
AAAGCTGGAGATCAAG

FINI2 Vk {co-nt}
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SE{} Sequence identifier
HE
NG
25 WCAGGTTCAGCTGGTGCAGTCGGGGGCTGAGGTGA IFNI3 VH (wt-nt)

AGAGGCCTGGOTCCTCGGTGAAGGTCTCCTGCAA
GOCTTICTGGAGCCACCTTCAGCAACAATGTTAT
AGCCTOGOTGCGACAGGCCCCTGGACAAGGGCTT
CGAGTGGATCGOOOGGATCCACCCTATOTCTGCT
ACAGCAACCTACGCACAGAAGTTCCAGOGCAGAG
TCOGCGATTGCCGCGGACGAATTAACGAGCACAGE
CTACATGGAGTTGAATGGCCTGAGATCTGAGGACT
CGOCCOTGTATTACTGTGUGAGAGCGGGGTOCG
ATTACTTITAATAGAGACTUTCGGUTGGGAAAATT
ACTACTTTGACTCCTGGGGUCAGGGAACCCTGGT
CACCOGTCTCGTCAG

AGAGGCCAGGATCCAGCGTGAAGOGTOTCCTGCAA
GOCCAGCOGUGCTACCTTCAGCAACAATGTGATC
GCTTGGGTGAGACAGGCTCCAGGACAGGGACTGG
AGTGOATGGOAGGAATCCACCCTATCAGCGCCAL
CGCTACATACGCCCAGAAGTTTCAGGGCAGAGTG
GUCTATCGUCGCTGACGAGCTGACCTCTACAGCCT
ATATGGAGCTGAACGGCCTGCGCAGCGAGGATTIC
COGCCOTOTACTATTGTGCCAGGGCTGGCTCTGACT
ACTTCAACCGGGATCTGGGCTOGGAGAATTACTA
TTTTGACTCCTGOGGGCCAGGGCACCCTGGTGACA
GTGTCTTCC

26 OVOLYVQSGAEVKRPGSSVKVSCKASGATFSNNVIA NI VH (a2)
WYROAPGOGLEWMGGTHPISATATYAOKFQGRVA
IAADELTSTAYMELNGLRSEDSAVYYCARAGSDYF
NRDLGWENYYFDSWGQGTLVTVSS

27 IGATFSNNV FNI3 CDRII (ag)

08 THPISATA FNI3 CDRIZ (ag)

29 ARAGSDYFNRDLGWENYYFDS N3 CORHS (aa)

30 ICAGGTGCAGCTGGTGCAGTCCGGAGCTGAGGTGA FNI3 VH (co-nt)
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SE{} Sequence identifier
HE
NG
31 IGAAATATTGATGACGCAGTCTCCAGCCACCCTGT FNI3 Vk (wi-nt)

CTGTGTCTCCAGGOGAAAGAGUCACCCTCTECTG
CAGGGCCAGTCAGGATGTTAGCGGCAACTTAGC
CTGGTACCAGCAGAGACCTGOCCAGGUTCCCAGE
CTCCTTATCTATGGTGCATCCACGAGGGCCACTG
GTGTCCCAGCCAGOGTTCACTGGCGCTGOETCTGG
GACAGAGTTCACTCTCACCATCAGCAGCCTGCAG
TCTGAGGATTTTGCACTTTATTACTGTCAGCACTA
TAATAACTGGOOTCCGTGGACCTICGGCCAAGE
GACCAAGGTGGAAATCAAAC

COTGTCCCCAGGAGAGAGGOCCACCCTGAGCTGC
AGGOGCTTCTCAGGACGTGTCCGGCAACCTGGCCTG
GTACCAGCAGAGACCAGGACAGGCTCCAAGGCTG
CTGATCTATGGAGCTTCCACCAGGGCTACAGOGCGT
GCCAGCTAGATTCACCGGCGCTGGAAGUGGCACA
GAGTTTACCCTGACAATCTCCAGCCTGCAGTCTGA
GOATTTCGUTCTGTACTATTIGTCAGCACTACAACA
ATTGGCCCCCTTOGACCTTITGOLCCAGGGCACAAAG
GTGGAGATCAAG

32 EILMTOQSPATLSVSPGERATLSCRASQDVSGNLAWY FNI3 Vi (aa)
QORPGOAPRLLIYGASTRATGVPARFTGAGSGTEFT
LTISSLQSEDFALYYCOQHYNNWPPWTFGQGTKVEL
1Y

33 IQDVSGN FNE3 CDRL H{aa)

34 HGAS NI CDRE2(aa)

35 JQHYNNWPPWT FNI3 CDRL3(aa)

36 (GAGATCCTGATGACCCAGTCCCCTGCCACACTGTC FNE Vi (cont)
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SE{} Sequence identifier
HE
NG
37  (CAGGAGCAGCTGGTACAGTCTGGGGCTGAGGTGA FNI4 VH (wi-nt)

AGAAGCCGGGOTCCTCGOTGAGGGTCTICOTGCAA
GOCCTCTGGAGACACCTTCAGCAGATATACTAT
CAGCTGGOGTTCGACAGGCCCCCGGACAAGGACTT
CGAGTGGATCGOGAGGGATCATCGUTCTCTCTCGA
AGAGUCGACATACGCACAGAAGTTCCAGGGCAGA
GTTACCATTACCGCGOACGAATCCGCGACCACAG
CCTACATACAACTGAGCGOCCTGACATCTGACGAC
ACGGCCGTATATTACTGTGCGAGAGCACALCTCCG
ATTACTTITAATAGAGACTUTCGGOTGGGAAGATT
ACTACTTTGACTACTGGGGCCAGGGAACCCTGGT
CACCGTCTCCTCAG

AGAAGCCAGGATCCAGCGTGAGAGTGAGCTGCAA
GGCTTCTGGCGACACCTTICTCTAGATACACAATCT
CCTGGGTGCGCCAGGCTCOTGGACAGGGACTGGA
GTGOATGGUOAGGAATCATCGUTCTGAGCAGGLGE
GCCACCTACGCTCAGAAGTTTCAGGGCCGCGTGA
CCATCACAGCCGATGAGTCTGCCACCACAGCTTA
TATCCAGCTGTCCGGCCTGACCAGCGACGATACA
GUCOTGTACTATTGTGCCAGGOGCTCACAGCGACLT
ACTTCAACCGGGATCTGGGCTGGGAGGACTACTA
TTTTGATTATTGGGGCCAGGGCACCCTGGTGACA
GTGTCTTCC

38 QEQLVOSGAEVKKPGSSVRVSCKASGDTESRYTIS FNHM VH (aa)
WVRQAPGQGLEWMGGHALSRRATYAQKFQGRVTE
TADESATTAYIQLSGLTSDDTAVYYCARAHSDYFN
ROLGWEDYYFDYWGOQGTLVTVSS

39 IGDBTFSRYT FINI4 CDRHI (aa)

40 HIALSRRA HNI4 CDRHZ {aa}

41 JARAHSDYFNRDLGWEDYYFDY FINI4 CDRH3 (aa)

42 [CAGGAGCAGCTGGTGCAGTCCGGAGCTGAGGTGA FNIM VH (cont)
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SE{} Sequence identifier
HE
NG
43 IGAAGTAGTGCTGACGCAGTCTCCAGCCACCCTGET FNI4 Vk (wi-nt}

CTGTGTCTCTAGGGOAAAGAGCCATCCTCTCCTGE
AGGGCCAGTCAGAGTGTTAGCACCAACTTAGCC
TGOGTACCAGCAGAGACCTGGLCAGGCTCCCAGGE
TCCTCATCTCTGGTGCATCCACCAGGGCCACGGEG
TATCCCAGCCAGGTTCAGTGGCAGTGOGTCTGGE
ACAGAGTTCACGUTCACCATCAGCAGCCTGCAGT
CTGAAGATTTTGCAGTTTATTACTGTCAGCAGTA
TAATAACTGGCOTCOGTGGACGTTCGGCCAAGG
GACCAAGGTGGAAATCAGAC

CCGTOTCCOCTGGGAGAGAGGGCTATCOTGAGCTG
CAGGGCTAGCCAGTCCGTGTCCACCAACCTGGCC
TGGTACCAGCAGAGACCAGGACAGGUTCCAAGGC
TGCTGATCAGCGGAGCTTICTACCAGGGUTACAGE
CATCCCAGCCAGATTCAGCGOGCTCTGGLTCCGGC
ACAGAGTTTACCCTGACAATCTCCAGCCTGCAGTC
TGAGGACTTCGCCGTGTACTATTGTCAGCAGTATA
ACAATTGGCCCCCTTGOACCTTTOGUCAGGGCAL
AAAGOTGGAGATCAGE

44 [EVVLTOSPATLSVSLGERAILSCRASQSVSTNLAWY NI VK (aa)
QORPGQAPRLLISGASTRATGIPARFSGSGSGTEFTL
TISSLOSEDFAVY YCOQYNNWPPWIFGQGTKVEIR

45 IQSVSTN FNI4 CDRLI (aa)

46 IGAS FNI4 CDRL2 (aa)

47 IQQYNNWPPWT FNI4 CDRL3 (aa)

48 |GAGGTGGTGCTGACCCAGTCCCCTGUCACACTGT [FNI4 VK (co-it)




WO 2022/109309 PCT/US2021/060155
SE{} Sequence identifier
HE
NG
49 CAGGTGCAGCTGATACAATCTGAGGCTGAGGTGAAGA FNIS VH (wi-nt)

AGCCTGOGOTCCTCGGTGAGGUTCTCCTGCAAGGCTTCT
GGAGACACCTTCAGCAAATATACTATCGGCTOGOTG
CGACAGGCCCCCGOACAAGGGCTTIGAGTGGATGGGAG
GUATCATCCCTCTCTCTCGAACAGUGACCTACGCAC
AGAAGTTCCAGGGCAGAGTCACGATTACCGCGGACGA
ATCCACGACCACAGTTTACATGCAACTGAGCGGCOTG
AGATCTGACGACACGGCCGCATATTACTOTGCGAGAG
CACGCTCGGATTACTTITAATAGAGACCTCGGLTGG
GACGATTACTACTTTGATTACTGGGGCCAGGGAACC
CTGGTCACCGTCTCCTCAG

AGAAGCCAGGCTCCAGCOTGAGGGTGAGCTGCAA
GOCTTCTGGUGACACATTCTCTAAGTACACCATCG
GATGGGTGCGGCAGGCTCCAGGACAGGGCCTGGA
GTGOGATGOGCGGCATCATCCCTCTGTCTAGAACA
GCCACCTACGCTCAGAAGTTTCAGGGCCGCOTGA
CAATCACCGCTGACGAGTCCACCACAACCGTGTA
TATGCAGCTGTCCGGUCTGAGAAGCGACGATACA
GCCGCTTACTATTGTOCCAGGGCTCGGTCCGACTA
CTTCAACCGCGATCTGGGUTGOGGACGATTACTATT
TTGATTATTGGGGCCAGGGCACACTGGTGACCGET
GTCTTCC

50 KOVOQLIQSEAEVKKPGSSVRVSCKASGDTFSKYTIGW [FNIS VH (aa)
VROAPGOQGLEWMGGHPLSRTATYAQKFQGRVTIT
ADESTTTVYMOLSGLRSDDTAAYYCARARSDYFEN
RDLGWBDYYFDYWGQGTLVTVSS

ST IGBTFSKYT HNES CDRHI {aa}

52 [HIPLSRTA ENES CDRHZ (aa)

53 JARARSDYFNRDLGWDDYYEDY FINES CDRH3 (aa)

54 ICAGGTGCAGCTGATCCAGAGCGAGGCCGAGGTGA FNIES VH (co-nt)

129




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

CTGTGTCTCCAGGOGAAAGAGUCACCCTCTECTG
CAGGGCCAGTCAGACTGTTAGCACCAACTTAGC
CTGGTACCAGCAGAAGCCTGOCCAGGUTCCCAGE
CTCCTCATCICTGGTGCATCCACCAGGGCCACTG
GTATCCCAGCCAGGTTCAGTGGCAGTOGOGTCTGE
GACAGAGTTCACGCTCACCATCAGCAGCCTGCAG
TCTGAAGATTTTGCAGTTTATTACTGTCAGCAGTA
TAATAATTGGUCTCCGTGGACGTTCOGGUCAAGE
GACCAAGGTGGAAATCAGAC

CGTOTCCCCAGOAGAGAGGOCCACACTOTCCTGO
COGOGOCTAGCCAGACCGTOTCTACAAATCTGGCCT
GGTACCAGCAGAAGCCAGGACAGGCTCCAAGGCT
GUTCGATCAGCGGAGCTTICTACCAGAGCTACAGGC
ATCCCAGCTCGUTTCAGUGGATCTGGATCOGGCA
CCGAQTTTACCCTGACAATCTCCAGCCTGCAGAG
COAGGACTTCGUCGTGTACTATTGTCAGCAGTATA
ACAATTGGCCCCCTTGGACCTTTGGCCAGGGCAC
AAAGGTGGAGATCAGA

56 [EIVMTQSPANLSVSPGERATLSCRASQTVSTNLAWY FNIS VK (aa)
OQKPGQAPRLLISGASTRATGIPARFSGSGSGTEFTL
TISSLOSEDFAVY YCQQYNNWPPWIFGQGTK VEIR
57 JQTVSTN FNIS CDRLI(aa)
S8 |GAS FNIS CDRL2(aa)
SO IQOYNNWEPWT FNIS CDRL3(aa)
60 [GAGATCGTGATGACCCAGTCCCCTGCTAACCTGTC FNIS VK (co-nt)

130




WO 2022/109309 PCT/US2021/060155
SE{} Sequence identifier
HE
NG
o1 JCAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGA FNI6 VH (wi-nt)

AGAAGCCTGGOTCCTCGGTGAAGGTCTCCTGCAA
GOCCTCTGGAGGCACCTTCAGTAGTCAAGTTAT
CAGCTGGOTGCGAGAGGCCCCAGGACAAGGECTT
GAGTGGATGGGAGGGATCATTICCTATCACTGGA
ATAGUCGAACAACGCACAGAAGTTCCAGGGCAGA
GTCACGATTACCGCOGGACGGATCCACGGGCACAG
TCTACATGGAGTTGAGCAGUCTGAGATCTGGGGA
CACGGUCOTCTATTACTOTGUGAGAGUGGGTTC
GGATTATTTTAATAGAGACCTCGGCTGGGAAA
ATTACTACTTTGAATATTIGGGOCCAGOGGAACCOT
GOGTCACCGTICTCCTCAG

AGAAGCCAGGCTCCAGCGTGAAGGTGTCTTGCAA
GGCTTCCOOCGGLCACCTTICTCTTCCCAGOTCATCT
CTTGGGTGAGGUAGGCTCCAGGACAGGGACTGGA
GTGOATGOGOCGGCATCATCCCTATCACAGGCATCG
CCAACAATGCTCAGAAGTTTCAGGGCAGAGTGAC
CATCACAGCCGACGGCAGCACCGGCACAGTGTAC
ATGGAGCTGAGCTCTCTGCGUTCTGGCGATACCGE
COTGTACTATTGTGCCAGGGUTGGCTCCGACTACT
TCAACCGGGATCTGOGUTGGUAGAATTACTATTIT
GAGTATTGGGGCCAGGGCACCCTGOTGACAGTGT
CCAGC

62 IOVOLVQSGAEVKKPGSSVKVSCKASGGTFSSQVIS [FNI6 VH (aa)
WVREAPGQGLEWMGGHPITGIANNAQKFQGRVTI
TADGSTGTVYMELSSLRSGDTAVYYCARAGSDYFN
RDLGWENYYFEYWGOQGTLVTVSS

63  IGGTFSSQV FNI6 CDRH! (aa)

64 WPITGIA FNI6 CDRHZ (aa)

55 ARAGSDYFNRDLGWENYYFEY FNIG CDRI3 (aa)

66  ICAGGTGCAGCTGGTGCAGAGCGGAGCTGAGGTGA FNI6 VH (co-ni)

131




WO 2022/109309 PCT/US2021/060155
SE{} Sequence identifier
HE
NG
o7 IGAAATCGTGATGACACAGTCTCCAGCCACCCTGT FNIG VK (wi-nt)

CTGTATCTCCAGGGGAAAGAGCCATCCTOTCCTGC
AGGGCCAGTCAGAGTGTTAGCACCCACTTAGCC
TGOGTACCAGCAGAAACCTGGLCAGGCTCCCAGAL
TCCTCGTTITTITGATGCATCCACCAGGGCCACTGG
TGTCCCAGCCAGATTCGOGTGGCAGTGOGTCTGGE
ACAGAGTTCACTCTCACCATCAGCAGCCTGCAGT
CTGAAGATTCTGCTOGTTTATTACTOTCAACACTATY
AATAACTGGCOTCOGTGGACGTTICGGLCAAGOG
ACCAACGTGGAAATCAGAC

GTCCCCAGGAGAGAGGGCTATCCTGTCCTGCAGGGLT
AGCCAGTCCGTGTCCACCCACCTGGCCTGGTACCAGCA
GAAGCCAGGUCAGGUTCCCAGGCTGCTGGTOGTTCGAC
GCTAGCACCAGAGCTACAGGCGTGCCAGCTAGGTTCG
GAGGAAGCGGATCTGGCACAGAGTTTACCCTGACAAT
CTCCAGCCTGCAGTCCGAGGATTCCGCCGTGTACTATT
GTCAGCATTATAACAATTIGGCCCCCTTIGGACCTTTGGC
CAGGGUACAAACGTGGAGATCAGA

63 [EIVMTOSPATLSVSPGERAILSCRASQSVSTHLAWY [FNI6 VK (az)
QOKPGOAPRLLVFDASTRATGVPARFGGSGSGTEFT
L TISSLOSEDSAVYYCQHYNNWPPWTFGOGTNVEL
R
69 |QSVSTH FNI6 CDRL1{aa)
70 IDAS FNI6 CDRL2(aa)
71 IQHYNNWPPWT FNI6 CDRL3(aa)
72 IGAGATCGIGATGALCCAGTCTCCTOCCACACTGTCCGT N6 VK (cont)




WO 2022/109309 PCT/US2021/060155
SE{} Sequence identifier
HE
NG

!

CAAGTGCAGCTGGTGCAGTCTGOGGCTGAGGTGA
AGAAGCCTGGOTCCTCGGTGAAAGTCTCCTGTAA
GACTICTGGAGGCACCTTCAATAGGCAAGTTAT
CAGCTGGOTOGCOGACAGGCCCCAGGACAAGGACTT
GAGTGGATGGGAGGGATCCTCCCTCTTACTGGT
AGAGGGGACGAGGCAGAGAGGTTTCAGGGCAGA
GTCACCATTACCGCGGACGAATCTGAGAGTACAG
TCTACATGGACTTGAGCAGCUTGAGATCTGGGOA
CACGGUCOTCTATTACTOTGUGAGAGCGLGTTC
GGATTACTTTAATAGAGACCTICGGUTGGGAAA
ATTACTACTTTGAATCTTIGOGOCCAGOGGAACCOT
GOGTCACCGTICTCCTCAG

FNI7 VH (wt-nt)

AGAAGCCAGGCTCCAGCGTGAAGOTGTUTTGCAA
GACCTCCGGCGGCACATTCAACAGGCAGGTCATC

AGCTGOOGTGCGGCAGGCTCCAGGACAGGGACTGG

AGTGGATGGGAGGAATCCTGCCTCTGACCGGCAG
GGGCCACGAGGCCGAGAGATTTCAGGGCCGCGTG
ACCATCACAGCTGATGAGTCCGAGAGCACCGTGT
ACATGGACCTGTCTTCCCTGAGAAGCGGCGATAC
AGCCGTOTACTATTOTGCCAGGGCTCGGTCTGALT
ATTTCAACCGCGATCTGOGCTGGGAGAATTACTA
TTTTGAGTCTTGGGGLCAGGGCACCUTGGTGACA
CTGAGCTCT

74 QVOLVQSGAEVKKPGSSVKVSCKTSGGTFNRQVIS FNI7 VH (aa)
WVROQAPGOGLEWMGGILPLTGRGDEAERFQGRVTY
HTADESESTVYMDLSSLRSGDTAVYYCARARSDYF
NRDLGWENYYFESWGQGTLVTIVSES

75 IGGTFRNRQY FINE7 CDRET (aa)

76 HLPLTGRG FINI7 CDRHZ (aa)

77 JARARSDYFNRDBLGWENYYFES FINT7 CDRH3 (aa)

78 ICAGGTGCAGCTGGTGCAGTCCGGAGCTGAGGTGA FNET VH (co-nt)




WO 2022/109309 PCT/US2021/060155
SE{} Sequence identifier
HE
NG

/

GAAATCGTGATGACGCAGTCTCCAGCCACCCTGT
CTGTATCTCCAGGOGAAAGAGUCCACCCTCTECTG
CAGGGCCAGTCAGAGTGTTAGTACCGACTTAGT
CTGGTACCAGCAGAAACCTGOCCAGGUTCCCCGE
CTCCTCATTTATGATGCATCCACTAGGGCCACTG
GTATCCCAGCCAGGTTCGGTOGCAGOGGETCTGEG
GACAGAGTTCACTCTCACCATCAGCAGCCTGCAG
TCTGAAGATTCTGCTGTTTATTACTGTCAGCACTA
TTCTTACTGGOCCTCCGTGGACATTICGGLCAAGS
GACCAAAGTGGAAATCAATC

FINTI7 Vk (wi-nt}

CCGTOTCCCCAGGAGAGAGAGCCACCCTGAGCTG
CAGGGCTAGCCAGTCCGTGTCCACAGACCTGOTG
TGGTACCAGCAGAAGUCAGGACAGGUTCCAAGGC
TGCTGATCTATGATGCCTCTACCAGAGCTACAGGC
ATCCCAGCTAGOGTTCGOAGGAAGGGGATCCGGCA
CCGAGTTTACCCTGACAATCTICCAGCCTGCAGAG
COGAGGACTCCGCCGTGTACTATIGTCAGCACTAC
AGCTATTGGCCCCCTTGUACCTTCGGUCAGGGCA
CAAAGGTGGAGATCAAC

80 EIVMTQSPATLSVSPGERATLSCRASQSVSTDBLVWY FNI7 VK (aa)
QOKPGOAPRLLIVBASTRATGIPARFGGRGSGTEFTL
TISSLOSERSAVYYCQHYSYWPPWTFGQGTKVEIN

81 {ISVSTD ENE7 CDRL[(aa)

32 IDAS FINI7 CDRE2(aa}

33  HYSYWPPWT FINI7 CDRL3(aa)

84 IGAGATCGTGATGACCCAGTCCCCTGCCACACTGT NI Vk {co-nt)




WO 2022/109309 PCT/US2021/060155
SE{} Sequence identifier
HE
NG
R5 CAGGTCCACCTGOTGCAGTCTGGGGCTCGAGGTGAAGG FNIS VH (wi-nt)

AGCCTGGOTCCTCGUTGACGGTCTCCTGCAAGGCATCT
GGAGGCAGCTTCAACAACCAGGUTATTAGCTGGOTG
CGACAGGCCCCAGGACAAGGCCTTIGAGTGGATGGGAG
GUATCTTCCCTATCTCTGGUACACCGACCAGUGCAL
AGAGGTTCCAGGGCAGAGTCACATTTACCGCGGACGA
GTCCACGACCACAGTCTACATGGATCTCGAGCAGCCTG
AGATCTGACGACACGGCCGTCTACTACTGTGCGAGAG
CGGGTTCGGATTACTTTAATAGAGACCTCGGUTGE
GAAAACTACTACTTTGCGTCCTGGGGCCAGGGAACC
CTGGTCACCGTCTCCTCAG

AGGAGCCAGGATCCAGCGTGACAGTOTCTTGCAA
GOCTTCCOOCGGCAGCTTCAACAATCAGGCTATC
TCCTOGOTGAGGCAGGUTCCAGGACAGGGACTGG
AGTGGATGGGCGGCATCTTTCCCATCTCTGGCACA
CCTACCTCCGUCCAGAGGTTCCAGGGAAGGOTGA
CCTTCACCGCTGACGAGAGCACCACAACCGTGTA
CATGGATCTGTCTTCCCTGAGATCTGACGATACCE
CCGTGTACTATTGTGCCAGAGCTGGCTCCGACTAT
TTCAACCGCGATCTGGGCTGGGAGAATTACTATTT
TGCTTCCTGGGOCCAGGGCACACTGOTGACCOTG
AGCTCT

86 JOVHLVQSGAEVKEPGSSVTVSCKASGGSFNNQAIS FNIS VH (aa)
VVRQAPGQGLEWMGGIFPISGTPTSAQRFQGRVTF
TADESTTTVYMDLSSLRSDDTAVYYCARAGSDYFN
ROLGWENYYFASWGQGTLVTVSS

87 IGGSFNNQA FNIO CDRH!1 (aa)

3% WFPISGTP FNIO CDRHZ (aa)

80 |ARAGSDYFNRDLGWENYYFAS N9 CDRI (aa)

00 [CAGGTGCACCTGGTGCAGAGCGGAGCTGAGGTGA FNIO VH (co-nt)

135




WO 2022/109309 PCT/US2021/060155
SE{} Sequence identifier
HE
NG
91  IGAAATCGTGATGACGCAGTCTCCAGCCACCCTGT FNIS VK (wt-nt)

CTCTATCTTCAGGGGAAAGAGCCACCCTCTCCTGO
AGGGCCAGTCGGAGTGTTAGTAGCAACTTAGCC
TGOGTACCAGCAGAAACCTGGLCAGGCTCCCAGGE
TCCTCATTTATGATGCATCCACCAGGGCCACTGG
TTTTTCAGCCAGGTTCGOTGGCAGTGGOTCTGGGA
CAGAGTTCACTCTCACCATCAGCAGCCTGCAGTCT
CAAGATTCTGCTATTTATTACTOTCAGCAGTATA
ATAACTGGOCCTCCGTGGACGTTCGGCCAAGGGA
CCAAGGTGGAAATCAAAC

GCCTGTCCAGCGOAGAGAGGGCCACCCTGTCCTG
CAGGOCTTCCCOGAGCOTGTCTTCCAACCTGGECT
GOTACCAGCAGAAGUCAGGCCAGGCTCCCAGACT
GCTGATCTATGACGCCTCTACCAGAGCTACAGGC
TTCTCCGCCAGOGTTTGUTGGATCTGGATCCGGCALC
AGAGTTCACCCTGACAATCAGCTCTCTGCAGAGC
CAGGATTCTGCTATCTACTATTGTCAGCAGTACAA
CAATTGGCCCCCTTGGACCTTTGGCCAGGGCACA
AAGGTGGAGATCAAG

92  EIVMTOSPATLSLSSGERATLSCRASRSVSSNLAWY FNI® VK (aa)
QOKPGOAPRLLIYDASTRATGFSARFAGSGSGTEFT
LTISSLOSEDSAIVYCQOYNNWPPWTTIGOOGTEVEIK

03 IRSVSSN FNI9 CDRE 1(aa)

G4 IDAS FINIS CDRL2(aa)

05 IQOYNNWPPWT FINES CDRL3{aa)

06 IGAGATCGTGATGACCCAGTCCCCAGCCACACTGA NS Vi (cont)




WO 2022/109309 PCT/US2021/060155
SE{} Sequence identifier
HE
NG
37  CAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGA FNITO VH (wi-nt)

AGAAGCCTGGOTCCTCGGTGAAAGTCTCCTGCAA
GOCTICTGGAGGCACCTTGAGTAGTCAAGTTAT
TAGCTGGGTGCGACAGGCCCCAGOACAAGGALTG
GAGTGGATCGGAGGGATCATCCCCACCACTGGT
ACAGGGGOGCGCGECAGAGGGGTTCCAGGGCAGA
GICTCCATTTCCGCGGACGAATCCAGGAGCACAG
TCTACATGGAACTGACCAGCCTGACTTCTGGOGA
CACGGUCOTCTATTATIGTGCGAGAGCGETITEG
GATTACTTTAATAGAGACCTCGGUTGGGAAARA
TTACTACTTTGAATCTTGGOGCCAGGGAACCCTG
GTCACCGTCTCCTCAG

AGAAGCCAGGCTCCAGCGTGAAGOTGTCCTGCAA
GGCTAGCOGCGGCACCCTGTICTTCCCAGGTCATCT
CTTGGGTGAGGCAGGCTCCAGGACAGGGACTGGA
GTGGATCGGUGGCATCATCCCTACCACAGGCACA
GGCGGAGCTGCTGAGGGATTCCAGGGCAGAGTGT
CCATCAGCGCCCACGAGTCTCGCTCCACCOTGTAC
ATGGAGCTGACCAGUCTGACATCTGGCGATACAG
CCOTGTACTATTGTGCCAGGOCCGTGTCCGACTAT
TTCAACCGGOATCTGGOGCTGGGAGAATTACTATTT
TGAGTCCTGGGGCCAGGGCACCCTGGTGACAGTG
AGCTCT

98 IQOVOLVQSGAEVKKPGSSVKVSCKASGGTLSSQVIS FNIIO VH (aa)
WVROQAPGOQGLEWIGGIHIPTTGTGGAAEGFQGRVSIS
ADESRSTVYMELTSLTSGDTAVYYCARAVSDYFNR
DLGWENYYFESWGQGTLVTVSES

0% WGGTLSSOV N0 CDRHI (as)

100 {PTTGYG FINITO CDRH2 (aa)

101 JARAVSDYFNRDLGWENYYFES FINELO CDRHS (aa)

102 ICAGGTGCAGCTGGTGCAGAGUGGAGCTGAGGTGA FNITO VH (co-nt)

137




WO 2022/109309 PCT/US2021/060155
SE{} Sequence identifier
HE
NG
103 IGAAATCGTGATGACGCAGTCTCCAGCCACCCTGT FNILO Vk {wi-nt)

CTGTGTCTCCAGGOGAAAGAGCCACCCTCTOTTGC
AGGGCCAGTCGGAGTGTTAGTATCAACTTAGCC
TGOGTACCAACAGAAACCTGGCCAGGCTCCCCGGL
TCCTCATTTATGATGCATCTACGAGGGCCACTGG
CATCCCAGCCAGGTTCGGTGGCAGGGGGTCTGGA
ACAGAGTTCACTCTCACCATCAGCAGCCTGCAGT
CTGAAGATTCTGOTOGTTITATTACTOTCAGCACTAT
AATAACTGGCOTCOGTGGACATTICGGCCAAGGD
ACCAGAGTGGAAATCAAAC

EIVMTQSPATLSVSPGERATLSCRASRSYSINLAWY()
QRKPGOAPRLLIVDASTRATGIPARFGGRGSGTEFTLTE
SSLOSEDSAVYYCQHYNNWEPPWTFGQGTRVEIK

FINELO VK (aa)

REVEIN

FINILO CDRL [{aa)

DAS

ENITO CDRL2(aa)

QHYNNWPPWT

FNITO CDRL3(aa)

GAGATCGTGATGACCCAGTCCCCTGCCACACTGTCCGT
GTCCCCAGGAGAGAGAGCCACCCTGAGCTGCAGHGET
AGCAGGTCCGTGTCCATCAACCTGGCCTGGTACCAGCA
GAAGCCAGGCCAGGCTCCCAGGCTGLTGATCTATGACG
CTTCTACCAGGGCTACAGGCATCCCAGCTAGATTCGGA
GOAAGGGGATCCGGAACAGAGTTTACCCTGACAATCT
CCAGCCTGCAGAGCGAGGATTCCGCCGTGTACTATICT
CAGCACTACAACAATIGGCCACCTTGGACCTTICGGCCA
GOGAACACGCOTGGAGATCAAG

FINEEO Vk {co-nt)

CAGGTGCACCTGOTACAGTCTGGGGCTGAGGTGA
AGAAGCCTOGGOTCCTCGOTCAGGGTCTCCTGCAA
GGCTTCTGGAGACTCCTTCAACAAATATGAAGTC
AGCTGGGTGCGACAGGCCCCCGHACATGHACTTG
AGTGOATGOGOAGGCATCATCCCTCTOTCTCOCTATY
AGCGAGGTACGCAGAGAAATTTCAGGGCAGAGTC
ACGATTACCGUGGACGAATTCACGAGCACGOTCT
ATATACAACTGACCAGCCTGAGATCTGACGACAC
GGCCGTATACTACTOTGCGACAACACGYTCGGAT
TACTTTAATAGAGACCTCGGOTGGGAAGATTALC
TTCTTTGACCACTGGGGCCAGGGAACCCTGGTICA
CCGTCTCCTCAG

FINIE2 VH (wt-nt}

138




WO 2022/109309

PCT/US2021/060155

SE
HE
NO

Sequence

dentifier

110

QVHLVOSGAEVKKPGSSYVRVSCKASGDSFNKYEVS
NVROAPGHGLEWMGGHPLSPIARY AEKFQGRVTIT

ADEFTSTVYIOLTSLRSDDTAVYYCATTRSDYFRNRD

LGWEDYFFDHWGQGTLYTVESS

FNTL2 VH (aa)

GDSFNKYE

FNIi2 CDRHI (as)

HIPLSPIA

N2 CDRHZ {aa)

ATTRSDYFNEDLGWEDYFFDH

FNIT12 CDRI3 (aa)

114

CAGOGTGCACCTGGTGCAGTCTOGCGCCGAGGTGAAGA
AGCCAGGCTCCAGCGTGAGGOGTGTCCTGCAAGGCTAG
COGCOGACTCTTTCAACAAGTACGAGGTGAGCTGGGTGA
GACAGGCTCCAGGACATGGACTGGAGTGGATGGGLGE
CATCATCCCCCTGTCTCCTATCGCCAGATACGCTGAGA
AGTTCCAGGGCCGCGTCGACCATCACAGCTGATGAGTTY
ACCTCCACAGTGTATATCCAGCTGACCTCCCTGAGGAG
CGACGATACAGCCGTGTACTATTGTGUTACCACAAGGA
GCGACTACTTTAATCGGGATCTGGGCTGGGAGGACTAT
TTCTTTGATCACTOGGGCCAGGGCACCCTGGTGACAGT
GTCTTCC

FNELZ VH (co-nt)

GAAATAGTGATGACGCAGTCTCCAGCCACCCTIGTC
TGTOGTCTCCAGGGGAAAGAGCCACCCTCTCCTGL A
GOGOGCCAGTCAGAGTATTAGCACCAACTTAGCCTG
GTACCAGCAGAAACCTGGCCAGGCTCCCAGGCTC
CTCATCTCTGGTGCATCCACCAGGGCCACTGOTA
TCCCAGCCAGGTTCAGTGGCAGTGGOTCTGGGAC
AGAGTTCACTCTCACCATCAGCAGCCTGCAGICTEG
AAGATTTTGGAGTTTATTACTGTCAGCACTATAATY
AACTGGUCCTCCGTGGACGTTCGGCCAAGGGACC
AAGGTGGAAATCAAAC

FINIL2 Vk (wt-nt)

116

EIVMTOSPATLSVSPGERATLSCRASQSISTRLAWYQ
QOKPGOAPRLLISGASTRATGIPARFSGSGSGTEFTLTI
SSLOQSEDFGVYYCQHYNNWPPWTFGOQGTKVEIK

FNIT2 VK (as)

117

OJSISTN

FNI1Z CDRL(aa)

118

GAS

FINELZ CDRE2{aa)

119

OHYNNWPPWT

FNIIZ CDRE3(aa)

139




WO 2022/109309 PCT/US2021/060155

SE
HE
NO

Sequence lidentifier

120

GAGATCGTGATGACCCAGTCCCCTGCCACACTGTCFNILZ VK (co-nt)
COTGTCCCCAGGAGAGAGOGCCACCCTGAGCTGO
CGOGOGCTAGCCAGTCTATCTCCACAAACCTGGOCTO
GTACCAGCAGAAGCCAGGACAGGCTCCAAGGCTG
CTGATCAGCGGAGCTTCTACCAGAGCTACAGGCAT
CCCAGCTCGCTTCAGCGGATCTGGATCCGGAACCE
AGTTITACCCTGACAATCTCCAGCCTGCAGTCTGAG
CACTTCGGCGTGTACTATTGTCAGCACTATAACAA
TTGGCCCCCTTOGGACCTTTGOUCCAGGGCACAAAGG
TGGAGATCAAG

121

CAGOTTCAGCTGGTGCAATCTGGGGCTGAGGTGA FNES VH (wi-nt)
AGAGGCCTGGGTCCTCGGTCGAGGGTCTCCTGCAA
GOGTTCTGGAGACACCTTCAACAACTATGYTTATC
AGTTGGOTGCOACAGGCCCCTGGCCAAGGGLTTG
AGTGGATGOGGOGCGATCATCCCTATCTTTICAAAC
ACCAAACTACGCAGAGAAGTTCCAGGGUAGAGTC
GCGATTACCGCGGACGAATCCACGAGCACGGCCT
ACATGGAGTTGAGCAGCCTGAGATCTGAGGACTC
GOCCATTTATTACTGTGCGAGAGCGAATTCCGAT
TACTTTAATAGAGACCTCGGCTGGGAAAATTAC
TACTTTGAAGACUTGGGGCCAGGGAACCUTOGGTCA
CCGTCTCCTCAG

QVOQLVQSGAEVKRPGSSVRVYSCKGESGDTENNYVIS FNII3 VH (aa)
WVROAPGOGLEWMGGHPIFOTPNY AEKFOQGRVAL
TADESTSTAYMELSSLRSEDSAIYYCARANSDYFNR
DLGWENYYFEBWGQOTLVTVSS

GDTENNYY FNIE3 CDRHI (as)

HPIFQTP FINEES CDRH2 (aa)

ARANSDYFNRDLGWENYYFED FINEE3 CDRH3 (a2}

140




WO 2022/109309 PCT/US2021/060155
SE{} Sequence identifier
HE
NG
126 ICAGGTGCAGCTGOTGCAGTCCGGAGCTCGAGGTGAAGA FNIL3 VH {co-nt)

GGCCAGOGATCCAGCGTGCGGGTCGAGCTGCAAGGGATC
TOOCGACACCTTCAACAATTACGTGATCAGCTGOGOTGA
GGCAGGCTCCAGCGACAGGCGACTGGAGTGGATGGGCGE
CATCATCCCCATCTTCCAGACCCCTAACTACGUTGAGA
AGTTTCAGGGCAGGOTGGUCATCACAGCTGALCGAGTCC
ACCAGCACAGCCTATATCGGAGCTGTCTTCCCTGAGATC
TGAGCGATTCCGCTATCTACTATTIGTGCCAGAGCTAACT
CTGACTATTTCAATCGCCGATCTGGGCTGGGAGAATTAC
TATTTTGAGGATTGOGGCCAGGGCACCCTQUGTGACAGT
GAGCTCT

127

GAAAGAGTGATGACGCAGTCTCCAGCCACCCTTTC
TGTGTCTCCAGGGGGAAGAGUCACCCTUTCCTGCA
GGOCCAGTCAGAGTGTTGGTAGCAACTTAGCCY
GGTACCAGCAGAAACCTGOCCAGGCTCCCAGGLT
CCTCATCTATGATGUTTCTGCCAGGGCCACTGOT
GTCCCAGCCAGGTTCAGTGGCAGTGGOTCTGGGA
CAGAGTTCTCTCTCTCCATCAACAGCCTGCAGTCY
CGAAGATTCTGCAGTTTATTACTGTCAGCACTATAA
TATCTGGLCGCCGTGGACGTTCGOCCAAGGGAC
CAAGGTGGAAATCAAAC

FINTES VE (wi-nt)

128

ERVMTOSPATLSVSPGGRATLSCRASQSVGSNLAW
YOQOKPGQAPRLLIVBASARATGVPARFSGSGSGTEFRS
LSINSLOSEDSAVYYCOQHYNIWPPWTFGOQGTKVEIK

FNELS VK (aa)

QSVGSN

FNII3 CDRLaa)

DAK

FNIL3 CDRL2(aa)

QHYNIWPPWT

FNIT3 CDRL3{za)

GAGAGAGTGATGACCCAGTCTCCTGUTACACTOTC
COGTGAGCCCAGGAGGAAGGGCTACCCTGTCCTGC
AGOGGUTTCTCAGTCCOTGGGAAGCAACCTGGOTTG
GTACCAGCAGAAGCCAGGCCAGOGCCCCCAGACTG
CTGATCTATGACGCTTCCGCTAGAGCTACCGGCGT
GUCAGCTCGCTTCAGCGGATCTGOCTCCGGCACAG
AGTTTAGCCTOTCTATCAACTCCCTGCAGAGCGAG
CATTCTGCCGTGTACTATTGTCAGCACTACAATAT
CTOGGCCACCTTGCGACCTTCGOCCAGGGAACAAAG
GTGGAGATCAAG

FNI13 VK {co-nt)

141




WO 2022/109309 PCT/US2021/060155
SE{} Sequence identifier
HE
NG
133 [CAAGTTCAGTTGGTGCAGTCTGGGGCTGAGCTGAAIFNITA VH (wi-nt)

GCGGCCTGGOTCCTCGOTGAGGATCTCCTGCAAGE
CCTCTGGTGTCACCTTCAACAAGTATGTTCTCAG
CTGGGTGCGACTGGCCCCTGGACAAGGGCTTGAG
TCGOATGGGAGOGAATCATCCCTATTITCTGGTATAC
CACATTACGCAGAGAAGTTCCAGGGCAGAGTCGE
GATTACCGCGGACGAATCCACGAGCACAGTCTAL
ATGGAGTTGAGCAGCCTACGATCTGAGGACTCGG
CCCTATATTACTOTGUCGAGAGUGGTCTCCGATTA
TTTTAATCGGGACCTOGGUTGGGATGATTACTA
CTTTCCTTTGTGOGOCCACGGCACCCTGHTCALC
GTCTCCTCAG

GGCCAGOGATCCAGCGTGCGOGATCAGCTGCAAGGCTTCT
GOCGTGACCTTCAACAAGTACGTGCTGTCCTGGOTGAG
GCTGOGCTCCAGGACAGGGACTGGAGTGGATGOGGCGEE
ATCATCCCCATCAGCGGCATCCCTCACTACGCTGAGAA
GTTTCAGGGCAGGGTGGCCATCACAGUTGACGAGTCCA
CCAGCACAGTOTATATGGAGCTGTCTTCCCTGAGATCT
GAGOGATTCCGCCCTGTACTATTIGTGCCAGAGCCGTGTC
CCACTATTTCAATCGCGATCTGGGCTGGGACGATTACT
ATTTTCCCCTGTGOGOGCCATGGCACCCTGGTGACAGTG
AGCTCT

134 IOVOLVOSGAELKRPGSSVRISCKASGVTFREYVLS {FNIT4 VH (aa)
WVRLAPGQGLEWMGGHIPISGIPHY AEKFQGRVAIT
ADESTSTVYMELSSLRSEDSALYYCARAVSDYFNRD
LGWBDYYFPLWGHGTLVTVSS

i35 [GVTFNKYVY FINEE 4 CDRHI (aa)

136 [[IPISGIP FINIT4 CDRH2 (aa)

137 JARAVSDYFNRDLGWDDYYFPL FINEE 4 CDRH3 (aa)

138 [CAGGTGCAGCTGGTGCAGTCTGGAGCTCGAGCTGAAGA [FINIT4 VH {(co-nt)

142




WO 2022/109309 PCT/US2021/060155
SE{} Sequence identifier
HE
NG
139 IGAAATAGTGATGACGCAGTCTCCAGCCACCCTGTCIENITS Vk (wi-nt)

TGTOGTCTCCAGGGGAAAGCGCCACCCTCTICTGCA
GOGOCCAGTCGGAGTGTTAGTGACAACTTAGCCT
GOTACCAGCAGAAACCTGGCCAGGCTCCCAGGCT
CCTCATCTTTIGGTGCTTCCACCAGGGLCACTOGT
GTCCCAGCCAGGTTCGGTGGCAGTGOGTCTGGGA
CACAGTTCACTCTCACCATCAGCAGCCTGCAGTCT
GAAGATTTTGCAGTTTATTACTGTCAGCATTATAA
TAACTGGCOTCOGTGGACGTTCGGCCAAGGGAL
CAAGGTGGAGATCAAAC

140

EIVMTQSPATLSVSPGESATLFCRASRSVSDNLAWY
QOKPGOAPRLLIFGASTRATGVPARFGOGSGSGTQFTL
TISSLOQSEDFAVYYCQHYNNWPPWTFGOGTKVEIK

FNIi4 VK (aa)

i41

RSVSDN

FNIT4 CDRL1{aa)

142

GAS

FNIT4 CDRL2(aa)

143

QHYNNWEPPWT

FINEE 4 CDRL3{aa)

144

GAGATCGTGATGACCCAGTCCCCTGUCACACTGTC
COTGTCCCCAGGAGAGAGCGCCACCCTOGTTCTGCA
GGOCTAGCAGGTCCOTGTCCGACAACCTGGOCTG
GTACCAGCAGAAGCCAGGCCAGGCTCCCAGGCTG
CTGATCTTTGGCGCCTCTACCAGAGCTACAGGCGT
GUCCAGCTAGOTTCGOAGGAAGCGGATCTGGCACA
CAGTTTACCCTGACAATCTCCAGCCTGCAGTCCGA
GGATTTCGCCOGTGTACTATTGTCAGCACTATAACA
ATTGOGCCCCCTTGGACCTTTOGGUCAGGGCACAAAG
GTGGAGATCAAG

ENIT4 Vk (co-nt)

145

CAGOGTTCAACTGGTGCAGTCTGGOGGCTCGAGGTGAAGA
GGCCTGGOTCCTCOGGTGAAGOTCTCCTGCAAGCCTTCC
GGAGGUCACCTTCAGCAACAATGTTATCAGUTGGGIC
CGACAGGCCCUTGOGACAAGGUCTTCGAGTGGATGGGAG
GOATCATCCCCACCTOTGGTATAGCAAACTACGCGC
AGAAGTTCCAGGGCAGAGTCGCGATTATTIGCGGACAA
ATCTACGAGCACAGTCTACATGGCGTTGAGCAGCCTGA
GATCTGAGGACTCGGUCGTGTATTICTGTGCCAGAGC
GCGGTCCGACTACTTCAATAGAGACCTOGGLTGGE
AAGATTACTACTTTGAGAACTGGGGCCAGGGAACCCT
GOTCACCGTCTCCTCAG

FNT17 VH (wi-ni)




WO 2022/109309

PCT/US2021/060155

SE
HE
NO

Sequence

dentifier

146

VROAPGQOGLEWMGGHPTSGIANYAQKFOQGRVALA
DEKSTSTYYMALSSLRSEDSAVYFCARARSDYFNRD
LGWEDYYFENWGQGTLYTVSS

QVOLVOSGAEVKRPGSSVKVSCKPSGGTFSNRNVISWIENILT VH (aa)

147

GGTESNNY

FINEL7 CDRHI (aa)

148

HIPTSGIA

FNIL7 CDRIZ (aa)

149

ARARSDYFRNRDLGWEBDYYFEN

FINIL7 CDRHS3 (aa)

150

CAGGTGCAGCTGGTGCAGTCCGGAGCTGAGGTGA
AGAGOGCCAGGUTCCAGCGTGAAGOTGAGCTGCAA
GCCTTCTGGCGGCACCTTCTCCAACAATGTGATCA
GCTGGOTGAGACAGGUTCCAGGACAGGGACTGGA
GTGOATGOGOAGGAATCATCCCCACATCTGGCATC
GCCAACTACGCTCAGAAGTTTCAGGGCAGGGTGE
CCATCATCGUTGATAAGTCCACCAGCACAGTGTATY
ATGGCCCTGTCTTCCCTGAGATCTGAGGACTCCGO
CGTOTACTTICTGTGCCAGGGCTCOGGTCCGACTACT
TCAACCGUGATCTGGGCTGGGAGGACTACTATTTC
GAGAATTGGGGCCAGGGCACCCTGGTGACAGTGA
GCTCT

FNELT VH {(co-nt)

GAAATAGTGATGACGCAGTCTCCAGCCACCCTGTC
TGTOTCTCCAGGGGAAAGAGCCACCCTCTCCTGLA
GOGOCCAGTCAGAGTGITGGCAGCAGUTTAGTCT
GOTACCAGCAGAAACCTGGCCAGGUTCCCAGGOT
CCTCATCTATGGTGCATCCACCAGGGCCACTGGT
GTCCCAGCCAGGTTCAGTGGCAGTGGGTICTGGGA
CAGAGTTCACTCTCACCATCAGCAGCCTGCAGTCY
GAAGATTTTGCAGTTTATTACTGTCAGCACTATAA
TAACTGGCCTCCGTGGACGTTICGGCCAAGGGAL
CAAGOTGGAAATCAAAC

FINILT Yk (wi-nt)

EIVMTOSPATLSVSPGERATLSCRASQSVGSSLYWY
QOKPOGQAPRLLIYGASTRATGVPARFSGSGSGTEFTL
TISSLOSEDFAVYYCQHYNNWPPWTIFGOQGTKVEIK

FINTLT VK (aa)

QSVGSS

FNI17 CDRL1(aa)

GAS

FNII7 CDRL2(aa)

QHYNNWPPWT

FNII7 CDRL3(aa)

144




WO 2022/109309 PCT/US2021/060155
SE{} Sequence identifier
HE
NG
156 {GAGATCGTGATGACCCAGTICTCCTGCCACACTGAGIFNITT Vk {co-nt)

COTGTCTCCAGGAGAGAGGGCCACCCTGTCCTGLA
GGOCTTCCCAGAGCGTGGOATCCAGCCTGOTOTG
GTACCAGCAGAAGCCAGGACAGGCTCCAAGGCTG
CTGATCTATGOAGCTAGCACCAGAGCTACAGGCG
TGCCAGCTCOCTTCTCTGGATCCGGAAGCGGCACA
GAGTTTACCCTGACAATCTCTTCCCTGCAGTCTGA
GOACTTCGCCGTGTACTATTGTCAGCACTACAACA
ATTGOGUCCCCCTTGGACCTTITGGUCAGGGCACAAAG
GTGGAGATCAAG

CAAGTTCAGCTGGTGCAGTCTGGGGCTGAGGTGA
AGAGOGCCTGGGTCCTCGOTGAGGGTCTICCTGCAA
GGCTTCTGAAGGCACCTTCAACAAGTATACTCIC
ACCTGOGTGCCGACAGGCCCCTGGACAGGGACTTG
AGTGGATGGGAGGAATCATCCCTATCTCCGGTA
TAGCAAACTACGCACAGAAGTTCCAGGGCAGAGT
CGCOATTACCGCGGACGAATCCACGACCACAGCC
TACATGGAATTGAGCAGCCTAAGATCTGAAGACT
COGUCCOGTATATTACTGTGUGACAGCGGTCTCCGA
TTATTTTAATCGAGACCTCGLGUTGGGAAGATTA
CTACTTTCCGTTOCTGGOGUCAGGOGCACCOTGHTC
ACCGTCGCCTCAG

FNITO VH (whnt)

138

QVQLVOSGAEVKRPGSSVRVSCKASEGTFNKYTLT
WVROAPGOGLEWMGGHPISGIANY AQKFQGRVAIT
ADESTTTAYMELSSLRSEDSAVYYCATAVSDYFNR
DLGWEDYYFPFWGQGTLVTVAS

FNLES VH (aa)

EGTENKYT

FINILS CDRHI (aa)

160

HIPISGIA

FNI19 CDRHZ (aa)

161

ATAVSDYFNRDLGWEDYYFPF

FNELS CDRH3 {aa)

145




WO 2022/109309 PCT/US2021/060155
SE{} Sequence identifier
HE
NG
162 [CAGGTGCAGCTGGTGCAGTCCGGAGCTGAGGTGA FNIIS VH {co-nt)

AGAGGCCAGGATCCAGCGTGCGOUTGTCCTGCAA
GGCTAGCOAGGOCACATTCAACAAGTACACACTG
ACCTGGGTGAGGCAGGCTCCAGGACAGGGACTGG
AGTGGATGOGCGGLATCATCCCTATCTCTGGCATC
GCCAATTACGCTCAGAAGTTTCAGGGCAGAGTGE
CCATCACAGCTGATGAGTCCACCACAACCGCCTAT
ATGGAGCTGTCTTCCCTGAGAAGCGAGGACTCCGC
COTGTACTATTGTGCCACCGUTGTGAGCGACTATT
TCAACCGCGATCTGGGUTGGOAGGACTACTATTTC
CCCTTTTGGGGLCAGGGCACACTOGTGACCOGTGEC
TTCT

COTGTCCCCAGGAGCTAGGGUTACCCTGTTCTGCA
GGOCTAGCAGGTCCOTGTCCGACAACCTGOOTTOH
TACCAGCAGAAGCCAGGCCAGGCCCCCAGACTOC
TCATCTTTGGAGCTAGCACCAGAGCTACAGGUGTG
CCAGCTCGCTTCAGCGGATCTGOATCCGGCACACA
GTTTACCCTGACAATCYTCCAGCCTGCAGTCTGAGG
ATTTCOCCGTGTACTATTGTCAGCACTATAATATC
TGGCCCCCTTGGACCTTITGGCCAGGGCACAAAGGT
GOAGATCAAG

163 (GAAATAGTGATGACGCAGTCTCCAGCCACCCTGTCENIS Vi {(wi-nt)
TGTOGTCTCCGGOGGGUCAGAGCCACCCTCTTCTGL A
GGOCCAGTCGGAGTGTTAGTGACAACTTAGCCT
GOTACCAGCAGAAACCTGGCCAGGCTCCCAGGCT
CCTCATCTTTGGTGCATCCACCAGGOCCACTGOT
GTCCCAGCCAGGTTCAGTGGAAGTGGOTCTGGGA
CACAGTTCACTCTCACCATCAGCAGCCTGCAGTICC
CAAGATTTTGCAGTTTATTACTGTICAGCATTATAA
TATTTGGUCCTCCGTGGACGTTCGGCCAAGGGAL
CAAGGTGGAGATCAAAC

164 [EIVMTQSPATLSVSPGARATLFCRASRESVSDNLAWY FNIIS VK (aa)
QOKPGOAPRLLIFGASTRATGVPARFSGSGSGTQEFTL
TISSLOSEDFAVYYCQHYNIWPPWTIFGOGTEVEIK

i65 RSVSDN FINITO CDRL1{aa)

1606 GAS FINITO CDRLZ{aa)

167 [QHYNIWPPWT FINEEO CDRI3(aa)

168 IGAGATCOTGATGACCCAGTCCCCTGCTACACTGTC NS VK (co-nt)

146




WO 2022/109309 PCT/US2021/060155
SE{} Sequence identifier
HE
NG
169 {Reserved]
170 CAGGTGCAGUTGGTGCAGTCCGGAGUCTGAGGTGA FNI3-VH-W1TI0F

AGAGOGCCAGOATCCAGCGTGAAGGTOTCCTGCAA
GOCCAGUGGCGUTACCTTCAGCAACAATGTGAT
COGCTTGGOTGAGACAGGCTCCAGGACAGGGACTG
CAGTGGATGOGAGGAATCCACCCTATCAGCGLC
ACCGCTACATACGCCCAGAAGTTTCAGOGGCAGAG
TGOGCTATCGUCCGUTOGACGAGCTGACCTCTACAGCC
TATATGGAGCTGAACGGCCTGCGCAGCGAGOATT
CCGUCGTGTACTATTGIGCCAGGGCTGGCTCTGA
CTACTTCAACCGGGATCTIGGGUTTCGAGAATTA
CTATTTTGACTCOTGGGGCCAGGGCACCCTGOTG
ACAGTGTICTTCC

(nt)

i71

QVOLVOSGAEVERPGSSVE VSCK ASGATFSNNVIA
WVROAPGOGLEWMGGIHPISATATY AQKFQGRVAT
AADELTSTAYMELNGLRSEDSAVYYCARAGSDYFN
RDLGFENYYFDSWGOGTLVTVSS

FNI3-VH-W110F
(aa)

ARAGSDYFNRDLGFENYYFDS

FNI3-VH-W110F
CDRIH3 (aa)

GAGATCCTGATGACCCAGTCCCCTGCCACACTGTC
COGTGTCCCCAGGAGAGAGGOCCACCCTGAGCTGC
AGGGCTTCTCAGGACGTGTCCGGCAACCTGGOCT
GGTACCAGCAGAGACCAGGACAGGCTCCAAGGCT
GCTCGATCTATGGAGCTTCCACCAGGGCTACAGGC
GTGCCAGCTAGATTICACCGGUGCTGGAAGCGGCA
CAGAGTTTACCCTGACAATCTCCAGCCTGCAGTCY
GAGGATTTCGCTCTGTACTATTIGTCAGCACTACAA
CAATTTTCCCCCTTGGACCTTTGGCCAGGGCACA
AAGGTGGAGATCAAG

FINE3-VK-WO4F (nt)

174

EILMTOSPATLSVSPGERATLSCRASQDVSGNLAWY
QORPGOAPRLLIYGASTRATGVPARFTGAGSGTEFT
LTISSLOSEDFALYYCQHYNNFPPWIFGQGTKVEIK

FNI3-VK-WO4F (aa)

QHYNNFPPWT

FNI3-VK-WH4F
CDRL3 (aa)

147




WO 2022/109309 PCT/US2021/060155
SE{} Sequence identifier
HE
NG
176 IGAGATCCTGATGACCCAGTCCCCTGCCACACTGTC FNIZ3-VK-WITF (nt)

COTGTCCCCAGGAGAGAGOGCCACCCTGAGCTGO
AGGGCTTCTCAGGACGTGTCCGGLCAACCTGGCCT
GOTACCAGCAGAGACCAGGACAGGCTCCAAGGCT
GCTCATCTATGGAGUTTCCACCAGGGUTACAGGC
GTGCCAGCTAGATTICACCGGUGCTGGAAGCGGLA
CAGAGTTTACCCTGACAATCTCCAGCCTGCAGTCT
GAGGATTTCGCTCTGTACTATTIGTCAGCACTACAA
CAATTGGCCCCCTTTCACCTTTGGUCAGGGLACA
AAGOGTGGAGATCAAG

EILMTOSPATLSVSPGERATLSCRASQDVSGNLAWY
QORPGOAPRLLIYGASTRATGVPARFTGAGSGTERT
LTISSLOSEDFALYYCQHYNNWPPFTFGOGTRVEIK

FNI3-VK-WOTF (aa)

QHYNNWPPFT

FINI3-VE-WOTF
CDRL3 {aa})

GAGATCCTGATGACCCAGTCCCCTGCCACACTGTC
CGTOTCCCCAGGAGAGAGGGCCACCCTGAGCTGC
AGGOCTTCTCAGGACGTGTCCGGCAACCTGGOCT
GGTACCAGCAGAGACCAGGACAGGCTCCAAGGCT
GCTGATCTATGGAGCTTCCACCAGGGCTACAGHC
GTGCCAGCTAGATTCACCGGCGUTGGAAGCGGCA
CAGAGTITTACCCTGACAATCTCCAGCCTGCAGTCT
GAGGATTTCGCTCTGTACTATTGTCAGCALCTACAA
CAATTTTCCCCOCTTTCACCTTITGGCCAGGGCACA
AAGGTGGAGATCAAG

FNI3-VEK-WO4F -
WITE (nt)

180

EILMTOQSPATLSVSPGERATLSCRASQDVSGRNLAWY
QORPGOAPRLLIYGASTRATGVPARFTGAGSGTEFT
LTISSLOQSEDFALYYCQHYNNFPPRTFGOQGTKVEIK

FNI3-VK-WO4F-
WOTF (aa)

181

OQHYRNNFPPFT

FNI3-VE-WO4F-
W97F CDRL3 (aa)

143




WO 2022/109309 PCT/US2021/060155
SE{} Sequence identifier
HE
NG
182 ICAGGTGCACCTGGTGCAGAGCGGAGCTGAGGTGA FNIS-VH-WI1I0F

AGGAGCCAGGATCCAGCGTGACAGTGTCTTGCAA
GGCTTCCGGUGGCAGUTTCAACAATCAGGCTAT
CTCCTGGOGTGAGGCAGGCTCCAGGACAGGGACTG
GAGTGGATOGOCOGOCATCTTITCCCATUTCTGHCA
CACCTACCTCCGCCCAGAGGTTCCAGGGAAGGET
GACCTTCACCGCTGACGAGAGCACCACAACCETG
TACATGGATCTGTCTTCCCTGAGATCTGACGATALC
COCCOTOTACTATTGTGCCAGAGUTGGOTCUGALC
TATTTCAACCGCGATUTGGGUTTCGAGAATTAC
TATTTTGUTTCCTGOGGCCAGGGCACACTOGTGA
CCGTGAGCTCT

(nt})

183

OVHLVQSGAEVKEPGSSVTVSCKASGGSFNNQAIS
WVRQAPGQGLEWMGGIFPISGTPTSAQRFQGRVTF
TADESTTTVYMDLSSLRSDDTAVYYCARAGSDYFN
RDLGFENYYFASWGQGTLVTVSS

FINIS-VH-W110F
(aa)

184

ARAGSBYFNRDLGFENYYFAS

FNIO-VH-W110F
CDRH3 (aa)

185

GAGATCGTGATGACCCAGTCCCCAGUCCACACTGA
GCCTGTCCAGCGGAGAGAGGGCCACCCTGTCCTG
CAGGGCTTCCCGGAGUCGTGTCTTCCAACCTGHCC
TGGTACCAGCAGAAGCCAGGCCAGGCTCCCAGAL
TGCTGATCTATGACGCCTCTACCAGAGCTACAGG
CTTCTCCGCCAGOTTTGCTGGATCTGGATCCGGCA
CAGAGTTCACCCTGACAATCAGCTCTCTGCAGAGC
GAGGATTCTGCTATCTACTATTGTICAGCAGTACA
ACAATTTCCCCOCCTTGGACCTTTGGUCAGGGCALC
AAAGGTGGAGATCAAG

FNIG-VK-WO4F (nt)

186

EIVMTOSPATLSLSSGERATLSCRASRSVSSNLAWY()
QKPGOAPRLLIYDASTRATGFSARFAGSGSGTEFTLT
HSSLOSEDSAIYYCQQYNNYPPWTFGQGTEKVEIK

FNIO-VE-WO4F (aa)

187

QOYNNFPPWT

FINIO-VK-WO4F
CDRL3 (aa)

149




WO 2022/109309 PCT/US2021/060155
SE{} Sequence identifier
HE
NG
188 IGAGATCGTGATGACCCAGTCCCCAGUCACACTGA FNIS-VK-WITF (ut)

GCCTGTCCAGCGGAGAGAGGGCCACCCTGTICCTG
CAGGCGCTTCCCGGAGUGTGTCTTCCAALCTTGRCC
TGGTACCAGCAGAAGCCAGGCCAGGCTCCCAGALC
TCGCTGATCTATGACGCOTCTACCAGAGCTACAGD
CTTCTCCGCCAGGTTTGCTGGATCTGGATCCGGCA
CAGAGTTCACCCTGACAATCAGUTCTCTGCAGAGC
GAGGATTCTGCTATCTACTATIGTCAGCAGTACA
ACAATTGOUCCCCTTTCACCTTTGOGCCAGGGCALC
AAAGGTGGAGATCAAG

189

EIVMTQSPATLSLSSGERATLSCRASRSVESNLAWYQ
QKPGOQAPRLLIVDASTRATGFSARFAGSGSGTEFTLT
ISSLOSEDSAIY YCQOQYRNWPPFTFGOGTKVEIK

HMNI9-VIK-WOTF (aa)

190

CQOYNNWEPPFT

FNIS-VK-WOTEF
CDRL3 (aa)

191

GAGATCGTGATGACCCAGTCCCCAGCCACACTGA
GCCTGTCCAGCOGGAGAGAGOGLCACCCTGTICCTG
CAGGGCTTCCCGGAGUGTGTCTTCCAACCTGGLC
TGGTACCAGCAGAAGCCAGGCCAGGCTCCCAGALC
TGCTGATCTATGACGLCTCTACCAGAGUTACAGG
CTTCTCCGCCAGOTTTGCTOGGATCTGGATCCGGCA
CAGAGTTCACCCTGACAATCAGCTCTCTGCAGAGC
GAGGATTCTGCTATCTACTATTGTCAGCAGTACA
ACAATTTTCCCCCTTTCACCTTTGGCCAGOGGLAC
AAAGGTGGAGATCAAG

FNIO-VK-WO4F -~
WOTF (ot}

EIVMTQSPATLSLSSGERATLSCRASRSVSSNLAWYQ
QKPGOAPRLLIVDBASTRATGFSARFAGSGSGTEFTLT
ISSLOSEDSAIYYCQQYNNFPPFTIFGOGTKVEIK

FNIO-VK-W94F-
WOTF (aa)

QOQYRNFPPETY

FNIO-VE-WO4F-
WO7F CDRL3 (aa)

QVOLOQSGPGLVKPSQTLSLTCAISGDSVSSYNAVW

NWIRQSPSROLEWLGRTYYRSOWYNDYAESVEKSRIT
INPDTSENQFSLOLNSVTPEDTAVYYCARSGHITVEG
VNVDAFDMWGQGTMVYTVSS

FMOS VH

150




WO 2022/109309

PCT/US2021/060155

SE
HE
NO

Sequence

dentifier

195

DIQMTQSPSSLSASVGDRVTITCRTSQSLSSYTHWY ()
OKPGKAPKLLIYAASSRGSGVPSRESGSGSGIDFTLTE
SSLOQPEDFATYYCQOQSRTFGOOGTEVEIK

FMO8 VL

APELLGGPSVFLFPPKPKDTLMISRTPEVTICVVVIIVE
HEDPEVEFNWYVDGVEVHNAKTRPREEQYNSTYRV
VSVLTVLHODWEINGKEYKCKVENKALPAPIEKTISK
ARKGOPREPOVYTLPPSRDELTKNQVSLTCLVEGEYP
SDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWQOGNVESCSVMHEALHNHYTQKSLSLSPG
I

WT higGl Fe

197

ESKYGPPCPPCPAPPVAGE

Chimeric hinge
sequence

198

CAGGTCCAGCTOGTCCAGAGTGGGGCAGAGGTCA
AAGAGCCAGGGTCTTCAGTCACAGTCTCATGCAA
AGCAAGCGGAGGAACATTTTCCAACAATGTGATC
AGCTGGGTGAGGCAGGCTCCAGGACAGGGACTGE
AGTGGATGGGCGGCATCATCCCTACCTCTGGCATC
GUCCAACTACGCTCAGAAGTTCCAGGGCAGAGTGG
CCATCATCGUTGACAAGTCTACCTCCACAGTGTAT
ATGGCCCTGTCCAGCCTCGAGAAGCGAGGATTCCG
CCOTGTACTTCTGCGCCAGGGCTCGUGTCCGALTAC
TTCAACCGCGATCTGGOGTITGGGAGGACTATTACTT
TCGAAAACTGOGGOGCAGGOGCACACTGGTICACTGTC
TCATCAGC

FNIL7-v19-VH {co-
nt}

199

QVOLVOSGAEVKEPGSSVTVSCKASGGTFSNNVISW
VROAPGOGLEWMGGHPTSGIANYAQKFQGRVATIA
DEKSTSTYYMALSSLRSEDSAVYFCARARSBYFNRD
LGWEDYYFENWGQGTLVTVSS

FNI17-v19-VH (az)

200

GAAATTGTGATGACCCAGTICTCCAGCCACTCTGTC
AGTCTCTCCAGGOGAACGAGUCACTCTGTCATGTC
GGGCCTCTCAGTCCGTCGGCTCCAGCCTGGUTTGG
TACCAGCAGAAGCCAGGACAGOGCTCCTAGGCTGC
TGATCTATGGAGCTAGCACCAGGGUTACAGGCGT
GCCAGQUTCGOTTCAGCGCGATCTGGATCCGGCACCH
AGTTTACCCTGACAATCTCTTCCCTGCAGTCTGAG
CGACTTCGUCOTGTACTATTGCCAGCACTACAATAA
CTGGCCTCCTTGGACATTCGGGCAGGGGACAAAA
GTCGAGATTAAG

FNEE7-v19-VEK {co-
nt)

151




WO 2022/109309

PCT/US2021/060155

SE
HE
NO

Sequence

dentifier

201

EIVMTOSPATLSVSPGERATLSCRASQSVGSSLAWY
QOKPOGOQAPRLLIYGASTRATGVPARFSGSGSGTEFTL
TISSLOSEDFAVYYCQHYNNWPPWIFGOQGTKVEIK

FNIT7-vI9-VK (aa)

CAGGTCCAGUTGGTGCAGAGTGGTGCCGAGGTCA
AAAAGCCAGGGTCAAGTOTCAAAGTCAGTTGTAA
AGCATCAGAGGOGAACATTCAACAAGTACACAATC
AGCTGOGTGAGACAGGCTCCAGGACAGGGACTGE
AGTGGATGOGCGGUCATCATCCCTATCTCTGGCATC
GCCAATTACGCTCAGAAGTTCCAGGGCCGCGTGG
CCATCACAGCTGACGAGTCCACCACAACCGCCTAT
ATGGAGCTGTCCAGCCTGAGGTCTGAGGATTECGC
COTGTACTATTGCGCCACCGCTGTGAGCGACTACT
TCAACCGGGATCTGOGUTGGUAGGACTATTATTIT
CCATTCTGGOGTCAGGGGACACTGOTCACCGTCTC
TTCC

ENE19-v3-VH (co-
it}

203

OVOLVOSGAEVKKPGSSVEVSCKASEGTFNKYTIS
NVROAPGQGLEWMGGHPISGIANY AQKFQGRVAIT

ADESTTTAYMELSSLRSEDSAVYYCATAVSDYFNR
DLGWEDYYFPFWGOQGTLVTVSES

FNI19-v3-VH (aa)

GAGATCGTGATGACCCAGTCCCCTGCTACACTGTC
CGTOTCCCCAGGAGCTAGGOGCTACCCTGTTICTGCA
GGGCTAGCAGGTCCGTGTCCGACAACCTGGCTTGG
TACCAGCAGAAGCCAGGCCAGGCCCCCAGACTGO
TGATCTTTGGAGCTAGCACCAGAGCTACAGGCGTH
CCAGCTCGCTICAGCGGATCTGGATCCGGCACACA
GITTACCCTGACAATCTCCAGCCTGCAGTCTGAGG
ATTTCGCCGTGTACTATTGTCAGCACTATAATATC
TGGCCCCCTTGOACCTTTGGCCAGGGCACAAAGGT
GGAGATCAAG

FINEE9-v3-VK {co-
nt)

P
<D
L

EIVMTOSPATLSVSPGARATLFCRASRSVSDNLAWY
QOKPGQAPRLLIFGASTRATGVPARFSGSGSGTOFTL
TISSLOSEDFAVYYCQHYNIWPPWTFGOGTK VEIK

FNI19-v3-VK (aa)




WO 2022/109309 PCT/US2021/060155
SE{} Sequence identifier
HE
NG
206 ICAGGTGCACCTGGTGCAGAGCGGAGCTGAGGTGA FNIS-vE-VH (co-nt)

AGGAGCCAGGATCCAGCGTGACAGTGTCTTGCAA
GGCTTCCOGOGUCGGLAGCTTCAACAATCAGGLTATCY
CCTGGOGTGAGGCAGGCTCCAGGACAGGGACTGGA
GTGOATGGOCGGCATCTTTCCCATCTCTGGCACAL
CTACCTCCGUCCAGAGGTTCCAGGGAAGGGTGAL
CTTCACCGCTGACGAGAGCACCACAACCGTGTAC
ATGGATCTGTCTTCCCTGAGATCTGACGATACCGO
COTGTACTATTOTGCCAGAGCTGGCTCCGACTATT
TCAACCGCGATCTGOGGUTGGGAGAATTACTATTTT
GUTTCCTOGGGGCCAGGGCACACTGOTGACCGTGA
GCTCT

OVHLVOSGAEVKEPGSSVTVSCKASGGSFNNQAILS
WVROQAPGOQGLEWMGGIFPISGTPTSAQRFQGRVTE
TADESTTTVYMDLSSLRSDDTAVYYCARAGSDYFN
RODLGWENYYFASWGQOQGTLVTVSS

FINIG-v5-VH {aa)

GAGATTGTGATGACCCAGTCCCCTGCTACCCTGAG
CGTGTCCCCCGGAGAGAGAGCTACCCTGAGTTOCC
GUGCCAGCCGCAGTOTCTCTGACAACCTGGCTTGEG
TACCAGCAGAAGCCAGGACAGGCTCCTAGGCTGC
TGATCTATGGUGCCTCCACCAGGGUTACAGGCATC
CCAGCTCGOTTCTCTOGGATCCGGAAGCGGCACCGA
GITTACCCTGACAATCTCCAGCUTGCAGAGCGAGE!
ATTTCGUCGTGTACTATTGCCAGCATTACAACATC
TGGCCTCCTTGGACATTCGGTCAGGGAACTAAAGT
GGAAATTAAG

FNI9-vS-VE {co-nt)

209

EIVMTOSPATLSVSPGERATLSCRASRSVSDNLAWY
QOKPOOAPRLLIYGASTRATGIPARFSGSGSGTEFTL
TISSLOSEDFAVYYCQHYNIWPPWTFGQGTKVEIK

FINES-v5-VK (aa}

210

ASTKGPSVEPLAPSSKATSGGTAALGCLVKDYFPEPY
TVSWNSGALTSGVHTFPAVLQSSGLYSLESSVVTVPSS
SLOTOTYICNVNHEKPSNTKVDKRVEPKSCDKTHICP
PCPAPELLGGPSVELFPPEPEKDTLMISRTPEVTICVVYY
DVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEK
TISKAKGOPREPQVYTLPPSREEMTKNQVSLTCLVK
GEFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFRLY)
SKLTVDKSRWQOQONVESCSVEHEALHSHYTQKSLSL
SPGK

feHG1*01, Glm3
CHI1-CH3 with
M428L and N4348
mutations and C-
terminal lysine
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RTVAAPSVFIFPPSDEGLKSGTASVVCLLNNFYPREA
KVOWKVDNALGSGNSQESVTEQDSKDSTYSESSTLT
LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

K appa light chain CL

[
N2

OVOLVOSGAEVKEPGSSVTVSCKASGGTFSNNVISW
VROAPGQGLEWMGGHPTSGIANYAQKFQGRVAIA
DKSTSTVYMALSSLRSEDSAVYFCARARSDYFNRD
LGWEDYYFENWGQGTLVTVSSASTKGPSVFPLAPS
SKSTSGGTAALGCLYKDYFPEPVTVSWNSGALTSGY
HTFPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNYNH
KPSNTKVDKRVEPKSCDK THTCPPCPAPELLGGPSVE
LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHOD
WLNGKEYKCKVSNKALPAPIEK TISKAKGOQPREPQV
YTLPPSREEMTKNOQVSLTCLYKGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQG
NVFSCSVLHEALHSHYTQKSLSLSPGK

FINEE7-v19 heavy
chain with M428L
and N4348 mutations
in CH3 and a C-
terminal lysine

OVOLVOSGAEVKEPGSSVTVSCRKASGGTFSNNVISW,
/ROAPGOQGLEWMGGHPTSGIANYAQKFOQGRVAHA
DKSTSTVYMALSSLRSEDSAVYFCARARSDYFNRD
LGWEDYYFENWGQOTLVTVSSASTKGPSVEPLAPS
SKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVY
HIFPAVLOSSCGLYSLSSVVTVPSSSLOGTOTYICNYNH
KPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVF
L FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFENW
Y VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHOD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQV
YTLPPSREEMTENOQVSLTCLVKGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQG
NVESCSVLHEALHSHYTQKSLSLSPG

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

EIVMTOSPATLSVSPGERATLSCRASQSVGSSLAWY
QOKPOQAPRLLIYGASTRATGVPARFSGSGSGTEFTL
TISSLOSEDFAVYYCQHYNNWPPWTIFGRQGTKVEIK
RTVAAPSVFIFPPSDEQLKSGTASVVCLENNFYPREA
KVOWKVDNALQSGNSQESVTIEGDSKDSTYSLSSTET
LSKADYEKHKVYACEVTHOGLSSPVTRSFNRGEC

FINIT7-v19 light
chain
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215 JASTKGPSVEFPLAPSSKSTSGGTAALGCLVKDYFPEPVY lgHG1*01, GIm3

TVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSS
SLOTOTYICNVNHKPSNTKVDKRVEPKSCDKTHTICP
PCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVY
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNST
YRVVSVLTVEHODWLNGKEYKCKVSNKALPAPIEK
TISKAKGQPREPOVYTLPPSREEMTENGVYSLTCLVK
GFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY)
SKLTVDKSRWOQOQGNVESCSVEHEALHSHYTOQKSLSL
SPG

CH1-CH3 with
MI428L and N434S
mutations, without
(C-terminal lysine

216

QVOLVQSGARVEKEPGSSVEVSCKASGGTESNNVIS
WVRQAPGQGLEWMGGHIPTSGIANYAQKFQGRVANI
ADKSTSTVYMALSSLRSEDSAVYFCARARSDYFNR
DLGWEDYYFENWGQOTLVTVSS

FNT17-v13 VH (ag)

EIVMTOQSPATLSVSPGERATLSCRASQSVISSLAWY
QOQKPOQAPRLLIYGASTRATGVPARFSGSGSGTEFTL
TISSLOSEDRFAVYYCQHYNNWPPWTFGQGTKVEIK

FNEL7-v13 VK (aa)

218

ACCOGGTGTACATTCTCAGGTCCAGCTGOGTCCAGAG
TGGGOCAGAGOGTCAAAAGCCAGGGTCTTCAGTC
AcAGTCTCATGCAAAGCAAGCGGAGGAACATTTITC
CAACAATGTGATCAGUTGGOGTGAGGCAGGUTCCA
GGACAGGGACTGGAGTGGATGGGCOGCATCATCC
CTACCTCTGGCATCGCCAACTACGCTCAGAAGTTIC
CAGGGCAGAGTOGCCATCATCGUTGACAAGTCTA
CCTCCACAGTGTATATGOCCCTGTCCAGCCTGAGA
AGCGAGOATTCCGCCGTGTACTTCTGCGLCAGGEC
TCGOTCCGACTACTTICAACCGUGATCTGGOGTTOGO
AGCGACTATTACTTTGAAAACTGGGGGCAGGGCAC
ACTGOTCACTGTCTCATCAGCGTCGALC

Codon-optimized
nuclectide sequence
encoding FNIT7-

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

Ax o sSDYFNRDBLGraxsxs Y x7Fraxo

whergin
xi=RorT,x=AaT, =V, GHR orN;xs-WorF;

and xo=1, LS, Y,H, D, N, or F

FINT antibody
consensus CBRH3
amine acid sequence
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¥
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220 I XpOoM3X4XsReXTXS FINT antibody
. consensus CDRH1
vherein . .
amino acid sequence
x1=GorE =0 A GorV,xua=Tol xs=Forl;xs
=Nor S;xe=N, R K orS; =Y. H Q, or N, and xs=V,
T, A, orE
221 ixoxaxgxsxexy FNT antibody
. consensuys CDRH2Z
wherein : ;
amino acid sequence
=L H Lo x=PorArxs=1L V,LorT:xa=§, T,
or B, xs=G, AR P, or @ xe=L KR aor T; and x7=P, T,
A, or G
222 XrXaX3X4XsEs NI antibody
consensus CDRLI
wherein ] amino acid sequence
= QorRm=T, 8D u=VoLu=8So G as=8§,
G, LT, orDyandos=N, D, H, or §
223 X1AS FINE antibody
consensus CDRL2
wherein amino acid sequence
= (Gor
224 K YNxzxaPPx T FNI antibody
consensuys CDRIL3
vherein amine acid sequence
=0 orH, =N, T, orExs=WorF, and a=W or F;
225 [Reserved]
76 [ Reserved]
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227

CAGGTGCAGCTGGTGCAGTCTGGCGCCCGAGGTGAAGA
AGCCAGGCTCCAGCGTGAAGGTGAGCTGCAAGGCTTICT
GOCGOCACCTTICTCTICCTACGCTATCTCCTGOOTGAG
GCAGGCTCCAGGACAGGGACTGUGAGTGGATGGGOGGO
ATCATCCCTATCTTCGOGCACAGCCAACTACGCTCAGAA
GTTTCAGGGCAGAGTGACCATCACAGCCCGACGAGTCTA
CCTCCACAGCTTATATGGAGCTGAGCTCTCTGCGCTCC
GAGGATACCGCCGTGTACTATIGTGCCAGGGUTGGCAG
COACTACTICAACCGOOATCTGGGCTGGCAGAATTACT
ATTTTGACTATTGGGGCCAGGGCACCCTGGTCGACAGTG
TCCAGC

FNE-UCA-IGH
(wi-nt}

QVOLVQSGAEVKKPGSSVKVSCRASGGTFSSYALS
WVRQAPGQGLEWMGGHPIFGTANYAQKFQGRVTI
TADESTSTAYMELSSLRSEDTAVYYCARAGSDYFN
RDLGWENYYFDBYWGQGTLVTVSS

FNE-UCA VH (a)

229

GAGATCGTGATGACCCAGTCTCCTGCCACACTGAG
COTGTCTCCAGGAGAGAGGGCCACCCTGTCCTGLA]
GGGCTTCCCAGAGCGTGTCCAGCAACCTGGCCTGH
TACCAGCAGAAGCCAGGCCAGGCTCCCAGGCTG
TGATCTATGGCGCCAGCACCAGAGCTACAGGCAT
CCCAGCTCGCTTCTCTGGATCCGHAAGCGGCACAG
AGTTTACCCTGACAATCTCTTCCCTGCAGTOTGAG
CACTTCGCCOTGTACTATTGTCAGCAGTACAACAA
TTGGUCCCCTTGGACCTTTGGUCAGGGCACAAAGS
TGGAGATCAAG

FNE-UCA-IGK
(wit-nt)

EIVMTQSPATLSVSPGERATLSCRASQSVSSNLAWY
QOKPGOAPRLLIYGASTRATGIPARFSGSGSGTEFTL
TISSLOSEDFAVYYCQOYNNWPPWTIFGOGTKVEIK

FINE-UCA VK (aa)

GGTESSYA

FNI-UCA CDRHI
(aa)

HIPIFGTA

ENI-UCA CDRH2
(aa)

ARAGSDYFNRDLGWERYYFDY

FNI-UCA CDRH3
(aa)

ISV SSN

FNI-UCA CDRLI
(aa)

GAS

FNI-UCA CDRL2
(aa)
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236 QOQYNNWPPWT FNI-UCA CDRL3

(aa)
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Table 2, Sequence Key — SEQ 1D NQs. of certain antibodies
SEQ ID NO.:
Ab YH{VH| CBR | CBRH | CDR Vi VL | VL | CDR | CDBR CDR YL
fni} | (aa) Hi 2 {aa} H3 {co~ | (Vi | (VK i1 1z 3 {(Vk)
{aa) {aa) nt) {nt) 3 {aa) {aa) {aa) {co~
{aa} nt)
FNEL 1 2 3 4 5 G 7 8 9 10 11 12
FNiZ 13 14 115 16 17 18 15 20 21 22 23 24
FNI3 25 126 127 28 29 30 31 32 133 34 35 36
FNE3- 171427 28 172 170 32 133 34 35 36
VH-
WIIGF
FNE3- 5126 127 28 29 30 174 | 33 34 175 173
VK-
WO4F
FNI3- 5126 127 28 29 30 177 | 33 34 178 176
VK-
WIOTF
FNE3- 25 126 127 28 29 30 180G | 33 34 181 179
VK-
WIo4F-
WOTF
FNi4 37 138 (39 40 41 42 43 44 145 46 47 48
FNiS 49 130 |51 52 53 54 35 56 | 57 58 59 650
FNis 61 162 |63 64 65 66 67 68 | 69 70 71 7
FNE7 73 174 |75 76 77 7 75 &0 1 81 82 43 34
FNIS 85 186 |87 88 89 90 91 97 | 93 94 a3 96
FINIS- 183 | 87 88 184 182 91 92 193 94 95 96
VH-
WIIGKF
FNIS- 85 18 |87 &8 89 G 186 | 93 94 187 185
VK-
WOo4F
FNIS- 85 18 | 87 &8 89 G 189 | 93 94 190 188
VK.
WaTF
FNIS- 85 18 |87 88 89 G 192 193 94 193 191
VK-
WO4F-
WeTF
FNiiO 97 198 |99 100 101 102 103 | 104 | 105 106 107 108
FNii2 109 1 110 | 111 112 113 114 115 j1i6 | 117 118 119 120
FNi13 1214 122 | 123 124 125 126 127 1128 | 129 130 131 132
FNiid 133§ 134 1 135 136 137 138 139 1 140 | 141 142 143 144
FNiEY 145+ 146 | 147 148 149 150 151 | 152 1 153 154 155 1356
FNit® 157 1 158 | 159 160 161 162 163 | 164 | 1653 166 167 168
FNit7- 199 | 147 148 149 198 201 | 153 154 155 200
vi9
FNii9- 203 | 159 160 161 202 205 | 165 166 167 204
v3
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SEQ ID NO.

Ab VH I VH | CDR | CBRH | (DR VB VL | VL | CBR | CBR | CDR YL
{nt} | {aa) Hi 2 {aa} H3 {eo- | (VK | (VK i1 12 L3 (Vk)
{aa} {aa) nt) {nt} 3 {aa) {aa) {aa) {co-~
{aa) nt)
FNiG- 207 1 87 88 89 206 209 | 141 142 {31 208
v
FNii7- 216§ 147 148 149 217 | 1583 154 155
vi3
FNi- 227 1 228 | 231 232 233 229 1230 | 234 235 236
UCA

Table 3. Neuraminidase Amino Acid Position Comparison (HIN1

California. 072009 to H3NZ New York.392.2004)

residue N1 | position N1 | residue N2 | position NZ
M i M i
N 2 N 2
i 3 P 3
N 4 N 4
G 5 0Q 5
K 6 K 6
I 7 i 7
i & i 8
T 9 T o
i 10 i 10
G 11 G 11
S 12 S 12
Y 3 Y 13
C 14 8 14
M 15 L 15
T 16 T 16
i 17 I 17
G 18 S ig
M 19 T 19
A 20 i 20
N 21 C 21
L 22 F 22
i 23 ¥ 23
L 24 M 24
(3 25 Q 25
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residue N1 | position NI | residue N2 | position N2
1 26 i 26
G 27 A 27
N 28 i 28
1 29 L 29
1 30 i 30
S 31 i 31
1 32 T 32
W 33 vV 33
I 34 T 34
S 35 L 35
H 36 H 36
S 37 F 37
I 38 K 38
0 39 0 39
L 40 Y 40
S 41 B 41
N 42 F 42
Q 43 N 43
N 44 S 44
Q 45 p 45
I 46 P 46
E 47 N 7
T 48 - NA
C 49 - NA
N 50 N 43
O 51 O 49
S 52 V 50
N 53 M 51
1 54 L 52
T 35 C 53
Y 56 E 54
B 57 P 55
N 58 T 50
N 59 i 57
T 60 i 58
W 61 E 59
\ 62 R 60
N 63 N 61
Q 64 i 2
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residue N1

position N1

residue N2

position N2

65

63

- NA E 64
Y 66 1 65
N 67 \s 66
N 68 Y 7
I 69 L 68
S 70 T 69
N 71 N 70
T 72 T 71
N 73 T 72
P 74 ] 73
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
v 33 A 82
K 84 B 83
L 85 Y 84
A 86 R 85
G 87 N 86
N 88 W 87
S 8O S 88
) 90 K 89
- NA p 90
L 91 0 91
C 92 C 92
P 93 > 93
N 94 I 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

162
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residue N1 | position NI | residue N2 | position N2
K 102 K 102
D 103 D 103
N 104 N 104
5 105 S 105
vV 106 i 106
R 107 R 107
1 108 L 108
G 109 ) 109
S 110 A i10
K 111 G 111
G 112 & 112
D 113 D 113
v 114 i 114
¥ 115 W iis
i 116 Y 116
1 117 T 17
R 118 R 118
E 119 E 119
P 120 P 120
¥ 121 Y i21
I 122 v 122
S 123 S 123
C 124 C 124
S 125 D 125
P 126 P 126
L 127 D 127
B 128 K 128
C 129 C 129
R 130 Y 130
T 131 Q 131
¥ 132 F 132
¥ 133 A 133
L 134 L 134
T 135 G 135
0] 136 0 136
G 137 G 137
A 138 T i38
1 139 ] 139
L 140 L 140
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residue N1 | position NI | residue N2 | position N2
N 141 N 141
D 142 N 142
K 143 V 143
H 144 H 144
S 145 S i45
N 146 N 146
G 147 D i47
T 148 I 148
I 149 \4 149
K 150 H 150
B 151 D 151
R 152 R 152
S 153 T 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 & 164
F 165 - NA
Y 166 Y 165
P 167 P 166
S 163 F 167
P 169 H 163
Y 170 L 169
N 171 G 170
5 172 T 171
R 173 K 172
F 174 Q 173
E 175 V i74
8 176 C 175
\ 177 i 176
A 178 A 177
W 179 W 178
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residue N1 | position NI | residue N2 | position N2
S 180 3 176
A 131 S 180
S 182 8 181
A 183 S 182
C 184 C 183
H 185 H 184
D 186 D i85
G 187 G 186
I 188 K i87
N 189 A 188
W 190 W 189
L 191 L 190
T 192 H 191
1 193 v 192
G 194 C 193
1 193 Y 194
S 196 T 193
G 197 G 196
P 198 D 197
D 199 D 198
N 200 K 199
G 201 N 200
A 202 A 201
vV 203 1 202
A 204 A 203
N 205 S 204
L 206 F 205
K 207 1 206
Y 208 Y 207
N 209 N 208
G 210 G 209
1 211 R 210
I 212 L 211
T 213 V 212
D 214 D 213
T 215 S 214
I 216 i 215
K 217 V 216
S 218 S 217
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residue N1

position N1

residue N2

position N2

W 219 W 218
R 220 S 219
N 221 K 220
N 222 K 221
I 223 1 222
L 224 L 223
R 225 R 224
T 226 T 225
o) 227 0 226
E 228 E 227
S 229 S 228
E 230 B 229
. 231 C 230
A 232 v 231
C 233 C 232
\% 234 I 233
N 235 N 234
G 236 G 235
8 237 T 236
C 238 C 237
i 239 T 238
T 240 Vs 239
Y% 241 v 240
M 242 M 241
T 243 T 242
D 244 D 243
G 245 3 244
p 246 S 245
S 247 A 246
N 248 S 247
G 249 G 248
0 250 K 249
A 251 A 250
S 252 D 231
Y 253 T 252
K 254 K 253
¥ 255 i 254
¥ 256 L 255
R 257 ¥ 256

i
fo
@
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residue N1 | position NI | residue N2 | position N2
1 258 i 257
B 259 E 258
K 260 E 259
G 261 G 260
K 262 K 261
ji 263 i 262
vV 264 i 263
K 265 H 264
S 266 T 265
N4 267 S 266
E 268 T 267
M 269 L 268
N 270 S 209
A 271 G 270
P 272 S 271
N 273 A 72
Y 274 Q 273
H 275 H 274
Y 276 v 275
E 277 E 276
1) 27 E 277
C 279 C 278
) 280 S 279
C 281 C 280
Y 282 Y 281
P 233 P 282
D 284 R 233
S 285 Y 284
S 286 P 2385
B 287 G 286
I 288 Vv 287
T 289 R 288
C 290 C 289
Y 291 V 290
C 292 C 281
R 293 R 292
D 294 D 293
N 295 N 294
W 296 W 295
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residue N1 | position NI | residue N2 | position N2
H 297 K 296
G 298 O 297
S 299 8 208
N 300 N 299
R 301 R 300
P 302 P 301
W 303 i 302
N 304 \4 303
S 305 D 304
F 306 i 305
N 307 N 306
- NA i 307
Q 308 K 308
N 309 D 309
L 310 Y 310
B 311 5 3
Y 312 1 312
G 313 v 313
i 314 S 314
G 315 S 315
Y 316 Y 316
I 317 v 317
C 318 C 318
S 319 S 319
G 320 G 320
I 321 L 321
¥ 322 V 322
G 323 G 323
D 324 D 324
N 325 T 325
P 326 P 326
R 327 R 327
P 328 K 328
N 329 N 329
D 330 D 330
K 331 S 331
T 332 S 332
g 333 S 333
S 334 S 334
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residue N1 | position NI | residue N2 | position N2
C 335 3 335
- NA H 336
- NA C 337
- NA L 338
G 336 D 339
P 337 P 340
vV 338 N 341
S 339 N 342
S 340 E 343
N 341 E 344
G 342 & 345
A 343 G 346
N 344 H 347
G 345 G 343
Y 346 Y 349
K 347 K 350
G 348 G 351
¥ 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
vV 357 V 360
W 358 W 361
I 359 M 362
G 360 G 363
R 361 R 364
T 362 T 365
K 363 1 366
S 364 S 367
I 365 E 368
S 366 K 309
8 367 L 370
R 368 R 371
N 369 5 372
G 370 G 373
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residue N1 | position NI | residue N2 | position N2
¥ 371 Y 374
o) 372 E 375
M 373 T 376
1 374 F 377
W 375 K 378
D 376 Vv 379
P 377 i 380
N 378 E 381
G 379 G 382
W 380 W 383
T 381 S 384
o 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 389 1 392
- NA N 363
K 390 R 394
Q 391 0O 3585
D 392 v 396
I 393 i 397
Y 394 V 398
G 395 D 399
1 396 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 400
S 403 5 407
G 404 G 408
8 405 1 409
¥ 406 F 410
N 407 - NA
0 408 ) NA
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residue N1 | position NI | residue N2 | position N2
H 409 - NA
P 410 - NA
¥ 411 S 411
L 412 v 412
T 413 E 413
G 414 G 414
L 413 K 413
D) 416 ) 416
C 417 C 417
ji 418 i 418
R 419 N 419
P 420 R 420
C 421 C 421
¥ 422 F 422
W 423 Y 423
/ 424 Y 424
E 425 E 425
L 426 L 426
i 427 1 427
R 428 R 428
G 429 G 429
R 430 R 430
P 431 K 43
K 432 E 432
F 433 E 433
N 434 1 434
T 435 E 435
I 436 Y 436
- NA L 437
W 437 W 438
T 438 T 439
5 439 S 440
G 440 N 441
S 441 5 442
S 442 i 443
i 443 v 444
S 444 \4 445
¥ 445 F 446
C 446 C 447
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residue N1 | position NI | residue N2 | position N2
S 447 G 443
Y 448 T 449
N 449 S 450
5 450 G 451
D 451 T 452
i 452 Y 453
vV 453 8] 454
3 454 T 455
W 455 G 456
S 456 S 457
W 457 W 458
P 458 P 459
D 459 I 460
& 460 G 461
A 461 A 462
B 462 D 463
L 463 1 464
P 464 N 465
¥ 465 L 466
T 466 - NA
I 467 M 467
D 468 P 468
K 469 { 469

~1
3
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EXAMPLES

EXAMPLE |

IDENTIFICATION AND TESTING OF ANTI-NA MONOQCLONAL ANTIBODIES

Peripheral blood mononuciear cells (PBMUs) from anonymous donors were
selected based on binding of the corresponding serum against N1 and N4 (G1); and N2,
N3 and N9 {(32) 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
neuraminidase 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 cells (n=39,350} were co-cultured
with mesenchymal 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 (enzywe-linked lectin
assay), an absorbance-based assay that utilizes a large glveoprotein substrate, fetuin, as
a substrate for sialic acid cleavage by NA (Lambre et al J fmmunol Meithods. 1990},
Inhibition of N1, N2, and N9 sialidase activity was measured using a fluorescence-
based assay that measures cleavage of the 2'-(4-Methylumbelliferyl j-o-B-N-
acetylneuraminic acid {MUNANA) by the NA enzyme (Potier e af. Ancl. Biochem.
1979},

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

Fourteen clonally related monoclonal antibodies resulted from the discovery
workflow (Figure 2A). FNI3 (VH: SEQ 1D NO..26; VL: SEQ D NO.: 32) and FNI9
{(VH: SEQ ID NG.:86; VL: 8EQ ID NG.: 92) were selected for further evaluation and

it
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testing. Alignment of FNI3 and FNI9 VH with that of the unmutated common ancestor,
"UCA", is shown in Figure 28. The UCA binds to a breadth of IAV and IBY NAs {data
not shown). Binding of FNI3 and FNI9 to NA subtypes was evaluated. ELISA
{enzyme-linked immunosorbent assay} was used to measure binding of FNI3 and FNI©
to N1 (Figure 3A}), N2 (Figure 3B}, and N9 (Figure 3C) and reported as optical density
{OD) versus concentration in ng/ml. Bio-Layer Interferometry (BLI) was used to
measure KD}, association (kon), and dissociation (kdis) of FNI3 and FNIO for N1
binding (Figure 4A), N2 (Figure 4B}, and N9 (Figure 4C). Binding by a comparator
anttbody, TGU1-LS (1G01 is described by Stadlbaver ¢f al. (Science 366(64641.499-504
{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 M428L and N4348 Fc mutations), was also measured by ELISA and BLI assays.
A negative control antibody, K-, tested in the ELISA assays.

Binding of FNI3 and FNI9 to NAs from group T IAVs, group [EIAVSs, 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
TAY and IBY NAs. At 48 hours post-transfection cells were incubated with the serial
dilutions of the different mAbs. After 60 minutes incubation, the cells were washed and
then incubated with an anti-Human IgG-AF647 secondary antibody. Cells were then
washed twice and antibody binding was evaluated at the FACS, 1G0T was used as a
comparator.

Phylogenetic refatedness of NAs from group T 1AVSs, group 2 TAVS, 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. Glycosyiation sites can occur at positions 245
245Giy+) and 247 (247Gly+) (Wan et al. Nat Microbiology. 2019). Exemplary
245GlIy+ 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 TA. Figure 7B shows inhibition of
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sialidase activity (NAT) activity against A/Switzerland/8060/2017,

A/Singapore/ INFIMH-16-0019/2016, and A/Switzerland/9715293/2013 live virus
stocks, reported as ECS0 in pg/ml. Binding of FNI3 and FNIO to N2 in mammalian
cells infected with A/South Australia/34/2019 (245Gly+) was measured by flow
cytometry (Figure 7C). Eurasian avian-iike influenza virus strains isolated from swine
are genetically diverse (Sun et al. Froe Natl Acad Sci U S A, 2020). Binding of FNI3
and FNIO to NA in mammalian cells infected with a HIN1 Swine Eurasian avian-like
(EA) strain, A/Swine/Jiangsu/J004/2018 was measured by flow cytometry, as shown in
Figure 8.

The potential for polyreactivity of FNI3 and FNI9 was evaluated in human
epithelial type 2 (HEP-2) cells (Figure 9). A comparator anti-HA antibody, FI6v3, was
used as a positive control, and anti-paramyxovirus antibody "MPES" {Corti ef af
Nature 501{74671439-43 (2013} was included as a negative control.

Inhibition of sialidase activity in NAs was measured using a MUNANA assay
against group 1 IAVs, group HHIAVs, and IBVs, with results summarized in Figure 10,
Sialidase inhibition of antibody (reported as FCS0 in pg/ml) against multiple group I
IAVs, group HIAVs, and IBVs strains is summarized in Figure 11, Figures 124 and
128 show in vitre inhibition of stalidase activity {reported as ICSC tn pg/m!l) by FNI3 or
FINIO against group T{HINT} JAV, group B (H3N2) AV, and IBV NAs. Figure 12A
depicts group L IAVs, group HHIAVs, and IBVs within the same plot, and Figure 12B
depicts the groups in separate plots. FNI3, FNI9, FNI14 (VH: SEQ ID NO.1134; VL.
SEQ ID NG.: 140), FNIT7 (VH: SEQ ID NO. 146; VL: SEQ ID NO.: 152), and FNII9
(VH: SEQ ID NOL158, VE: SEQ 1D NO.: 164) were also evaluated for their ability to
inhibit sialidase activity (Figure 13B) of NAs from a panel IAV and IBV straivs (Figure
13A), some of which harbor a glycosylation site at position 245, as indicated by an
asterisk. Figures 14A-14D show neutralization curves for FNE {VH: SEQ ID NG..2;
VL: SEQ ID NO.: 8), FNI3, FNI9, FNI14, FNI17, and FNII9 against HINI
A/California/07/2009 (Figure 14A), H3N2 A/Hong Kong/8/08 (Figure 14B),
B/Malaysia/2506/2004 (Figure 14C), and B/Jiangsu/10/2003 (Figure 14D3) NAs
{reported as IC50 (ug/ml).
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FNI3 and FNI? were evaluated for activation of FeyRHla (Figure 15A) and
FeyRida (Figure 15B) using a NFAT-driven fuciferase reporter assay. Activation of
Jurkat-FoyRHla (F158 allele) and Jurkat-FoyRHa (H131 allele) cell lines was assessed
foliowing a 23 hour incubation with AS49 cells infected with HIN1 influenza strain
AlPuerto Rico/8/1934 at a multiplicity of infection (MO} of 6. Comparator antibodies
FYI1-GRLR and 1gG1 antibody FMO8_LS, the latter baving a VH of SEQ D NO.: 194
and a VL of SEQ ID NO.: 195, and comprising M428E and N434S (EU numbering) Fc

rautations, were also tested.

EXAMPLE 2

STRUCTURAL AND FUNCTIONAL STUDIES OF ANTI-NA ANTIBODIES

Neuraroinidase (NA) mutations responsible for influenza resistance to
oseltamivir can vary according to the NA subtype {see, e.g., Hussain ef al., Infection
and Dvug Resistance 10:121-134 (2017)). Figures 160A 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, H2NZ).

A reverse genetics approach was used to engineer HINT A/California/07/2009
to harbor oseltamivir {OSE)}-resistant mutations {H275Y, E119D and H275Y, S247N
and H275Y}. Neutralization of reverse-engineered HINT A/California/07/2009 virus by
FNI3 (Figure 17A), FNIO (Figure 17B), and oseltamivir (Figure 17C) was measured,
along with neutralization by comparator antibodies FMO& (Figure 17D} and 1GO1
(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 1 (HIN1) IAV, group H (H3NZ}
IAV, and IBV viruses were engineered with reverse genetics to bear OSE-resistant
mutations (H275Y, EYIOD/H275Y, H27SY/S247N, 1222V, and N2948). Neutralization
activity of FNI3, FNI9, and comparator antibody 1G01 was measured and reported as
IC50 in pg/mol 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 204} 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 (NH) of residues E111 (CO) -~ D102 (NH), E111 (NH)
- D102 {CO), G109 (CO) - F104 (NH), G109 (NH) - N10S (CO), and L108 {NH) —
N105 (CO); bound FNI3~-N2 crystal structure (Figure 208 shows disruption of the beta
sheet conformation and one intact main chain hydrogen bond between G109 (COj —
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 it 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 FINE3. Figure 21A shows
coroparator antibodies: 1G0T in complex with N1 NA (upper panel}; and 1G04
FNI3 in complex with N2 NA {upper panel) wherein the docking angle is the same as
shown in Figure 19, but the Fab domain 13 in a different orientation. Figure 218 also
shows a comparator antibody, 1EO1 {Stadlbauer ef gl , supra), in complex with N2 NA
(lower paunel). Lines indicate angle of docking and Protein Data Bank (PDB)
identification codes are shown for comparator antibodies. From these studies, FNI3 has
a similar docking angle to 1E01, but a different Fab orientation.

FNI3 complementarity-determining region (CDR) interactions are shown
schematically in Figure 22, from "gquick 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 CDRLs do not appear to contribute to
the binding interaction. From this study, within the CDRH3, 11107 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 siructure of oselfamivir-bound
NZ 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 H3IN2 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 aminoc 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 (8247,
36.16%). Figure 268 {lower portion) shows interaction of Y60 and Y94 from FNI3
with residues E221, $245, and §247 of N2 NA. Using simple modeling, a S245N
mutation increased binding, a 82477 mutation decreased binding, and a E221D
mutation was neutral in effect (data not shown}.

Conservation of the FNI3 epitope was investigated using N1 NA sequences
from HIN1 viruses (n=57 597) isolated between the years 2000 and 2020. Figure 27
shows a comparison of N2 NA FNI3 epitope conservation analysis {(shown in Figures
26A and 26B) with analysis of FNI3 epitope conservation tn N1 NA sequences from
HINT. Pairs of consensus residues were tdentitied, R118 (N2 and R118 (N1}, D151
(M2yand DIST(NT), E227 (N2 and E228 (N1), R292 (N2} and R293 (N1), and R371
(N2} and R368 (N1). Important FN{3-interacting residues within N2 NA and
counterpart FNI3 CIDRH3 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 MONOCLONAL ANTIBODIES

Prophylactic activity of FNI3 and FNI9 was evaluated in a murine BALB/c
model of IAV infection. Briefly, BALB/c mice, 7-8 weeks of age, were administered
(iv.) FNI3 ("mADb-03" in Figure 28A), FNI9 ("mAb-09" in Figure 28A), or vehicle
control one day priog to iniranasal infection at LD90 (90% of a lethal dose} with HINT
subtype A/Puerto Rico/8/34 or HIN2 subtype A/Hong Kong/1/68 (Figures 28A and
288} Antibody was administered (iv.)at 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 ov
each 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 mice). 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 34B). Negative area~under-the-curve peaks compared with 1gG 1o
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-LS"), FNIS ("FNIO-LS") and comparator
antibodies FMO8 L8 and 1G0T ("1GOT-LS ") in tg32 mice is shown in Figure 36
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EXAMPLE 4

PHARMACOKINETIC STUBY

Pharmacokinetic analysis of F¢ variants (M428L/N4348 mutations) of FNI3
("FNI3-L8"y, FNIO ("FNI9-L8"), and comparator antibodies FM08 LS and 1G01-LS
was peformed 1o in tg32 mice, and half-life was performed, with results summarized 1o
Figure 36. Plasma concentration of the antibodies was determined in vifre using an
ELISA assay. Goat anti-human IgG antibody {Southern Bictechnology: 2040-01) was
diluted to 10 ug/ml in PBS and 25 ul was added to the wells of a 96-well flat bottom ¥~
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 diluted 1.2 stepwise in duplicates for a total of 8
dilutions. Standards for each antibody to be tested were prepared similarly via diluting
the antibodies to 0.5 pg/ml Standards were then diluted 1.3 stepwise in blocking
solution in duplicates for a total of 8 dilutions. Twenty-five pl of the prepared samples
or standards were added to Goat anti human IgG-coated wells and incubated for 1 h at
RT. After four washes, 25 ui of polyclonal anti-IgG-alkaline phosphatase conjugated
antibodies (Southern Biotechnology: 2040-04) diluted 1n 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 mi bicarbonate buffer). Atter 30 min
ncubation at RT, the absorbance was measured at 405 nm using a specirophotometer.

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
equation: Y=(A-D}/ (1+ {X/Cy"B} +D3}. The OD values of the sample dilutions that fell
within the predictable assay range of the standard curve %4 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

w

Core Version, Phoevix software, Certara) with the following settings: Model: Plasma
Data, 1.v. Bolus Administration; Number of non-missing observations: 8; Steady state
interval Tau: 1.00; Dose time: 0.00; Dose amount: 500 mg/kg; Calculation method:
Linear Trapezoidal with Linear Interpolation; Weighting for lambda_z calculations:

18 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

GENERATION OF FNE3 AnD FNIS VARIANT ANTIBODIES

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

variable regions. See Tables 1 and 2.

EXAMPLE 6

ADDITIONAL STUBIES

FNT antibodies were evaluated for binding and NAT activity against a panel of
20 1AV NAs and IBV NAs (Figure 37). FNI17 and FNI19 bound NA from human [AV
circulating strains {e.g. N1 from A/California/07/2009 or N2 from
A/Washington/01/2007) at a lower concentration than FNI3 and FNI9 {(see data
highlighted by rectangle in Figure 373 FNI3 and FNI9 displaved higher cross-reactivity
toward NAs from zoonotic strains {e.g. N9 from A/Anhui/1/2013, see data highlighted
25 by rectangle in Figure 37). All FNI antibodies bound to N1 from

AfSwine/Fangsu/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
Nat! Acad 5ci U S AL 2020). The FNI sequence variants were analyzed for function.
FNI antibodies were tested in further neutralization and NAI studies against [AVs and
viruses bearing OSE-resistant mutations. FNI antibodies were tested for activation of
FeyRs following incubation with 1AV and BY NAs. Epttope conservation studies and
in vitro resistance selectiou studies were performed. n vivo prophyiaxis studies of
FINI3 and FNI9 against IAVs and against B/Victoria/504/2000 and B/Brisbane/60/2008
were performed in Balb/c and DBA/2 mice, respectively. /# vivo pharmacokinetics of
FNI antihodies 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 FNI19.

EXAMPLE 7

BINDING STUDIES USING FNI MABS

Binding interactions between anti-NA antibodies and NA were evaluated by
crystal structure studies and docking analysts. FNI3 docking ou N2 NA i3 shown i
Figure 56A. An overlay of FNI3, FNI17, and FINT19 antibodies docking with WA is
shown in Figure 56B. The codes indicated in Figure 56B correspond with the ribbon
structures of FNI3, FNIL7 |, and FNI19. CDRH3, which interacts with NA, is
highlighted by a rectangle in Figure 56C, which shows VH amino acid sequence
alignments of FNI3, FNI9, FNI17, and FNI19 with unmutated common ancestor,
"UCA" No major differences in the angle of approach were observed between NA and
FNIZ, FNIO, FNIT7, and FNI19 antibodies.

The crystal structure of FNIL7 in complex with N2 NA| including residues of
light chain CDRs (L-1, L-2, £.-3) and heavy chain CDRs (H-1, H-2, H-3} is shown in
Figure S7TA. CDRH3 residues D107 and R106 of FNI17 are inserted 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 578.
Conservation of the top five interacting residues withiu the FNI NA epitope in

group 1 IAVs, group H IAVs, and IBVs from 2009 to 2019 are shown in Figure 58

5 EXAMPLE &

IV ViTro POTENCY: COMPARISON OF FNT ANTIBODINS Wity FMO8 Axp

OSELTAMIVIR

fn vitro potency of FNI antibodies was evaluated in comparison with potency of
OSE and FMO8. In vitro neutralizing activity of FNI9, OSE, and a comparator antibody
10 "FMO8B", measured by nucleoprotein {NP) staining against H3IN2 A/Hong Kong/8/68
virus, is shown in Figure 59.
In vitro inhibition of sialidase activity by FNI17 variant FNIT7-v19 (VH: SEQ
3 NQO:199; VL SEQ 1D NG 201), FNITS variant FNELO-v3 (VH: SEQ ID NG..203,
VL: SEG D NO.: 205), and FMOB-LS of group I (HIND AV, group I (H3N2) AV,
15 Victoria-lineage IBY, and Yamagata-lineage IBV NAs, as measured by ViroSpot
microneutralization assay, is shown in Figure 60. The ViroSpot ruicroneuntralization
assay is a tool for the detection and phenotypic characterization of influenza viruses. In
brief, the technique involves microtiter-format virus culture combined with automated

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

20 EXAMPLE 9

INVive POTENCY: COMPARISON OF FNE ANTIBODIES Wity FMOS AnD

OSELTAMIVIR

fn vive potency of NI antibodies was evaluated in comparison with potency of
OSE and FMOR.
25 Antibody activation of FeyRHla and FoyRHa by "GAALIE" variant antibodies

{G236A/A330L/1332E variants) was tested, as shown in Figure 61, Activation of
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FoyRITa (F158 allele) and FeyRIla (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 strain A/Puerto
Rico/8/34 at a multiplicity of infection (MOIy 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 "FMO08 _LS" and a negative
control antibody (FY 1-GRLR} were also tested.

An inter-ex periment in vivo study was designed to compare prophylactic activity
of FMOZ LS with FNI3 and FNIS tn BALB/¢ mice infected with HIN1 IAV A/Puerto
Rico/8/34 or HINZ 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 LI90
(90% lethal dose} of A/Puerto Rico/8/34 or H3INZ 1AV A/Hong Kong/8/68. The
timeline, data collection, and endpoints of the study are the same as those seen in Figure
28B. In Experiment A ("Exp-A") BALB/c mice were infected with A/Puerto Rico/8/34
following pre-treatment with FNI3 (Figures 29A-290}) or FNI9 (Figures 30A-30D). In
another arm of Experiment A, BALB/c mice were infected with A/Hong Kong/8/68
following pre-treatment with FNI3 (Figures 31A-31D) or FNIO (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-~6411) following pre-treatment with
FMOR LS.

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), 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/Puerte Rico/8/34 FMOS LS test group).  Negative area-under-the-curve peak values
compared with fgG 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)
tollowing 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 1.8

with FNI17 in BALB/c mice infected with HINT TAV A/Puerto Rico/8/34 (Figure 65).
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Antibody was administered at 1 mg/kg (Figure 66A), 0.5 mg/kg (Figure 66B), 0.25
mg/kg (Figure 66C), or 0.125 mg/kg (Figure 66D}, one day prior to infection with a
L3900 (90% lethal dose) of A/Puerto Rico/8/34. Body weight measurernents over twelve
days are shown in Figures 06A-60D) and survival over twelve days is shown in Figure
67.

An in vivo study was designed to evaluate biological potency of oseltamivir
(OSE} in female BALB/c mice infected with AV A/Puerto Rico/8/34 (Figure 68). OSE
was administered at 10 mg/kg by oral gavage on Day 0 beginning at two hours prior to
infection with 10-fold LD350 (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 OSE-~treated mice were measured from samples cbtained at two and four days

post-infection (Figure 71).

EXAMPLE 18

GENERATION AND CHARACTERIZATION OF Frni3, 19, Fril7, Axp Fril®

JARIANT ANTIBODIES

Varaible domain sequence variants were generated from FNI3, FNIS, FNIL 7,
and FNI119 and characterized for binding and neutralization. A total of thirty-two (32)
variant antibodies were generated, in which twenty-six (26) variants countained a
reversion of VH and/or VL framework amine acid(s) to germline sequence, three (3)
FNI17 variants contained a reversion of VH framework regions to germline sequence
and a WOTA/L/Y mutation in VL, and three (3} FNIL7 variants contained a wild-type
VH and a WITA/L/Y mutation in VL. A total of 11 variants were generated from FNI3,
S vartants from FNIO, 11 variants from FNIT7, and 5 variants from FNI19. Figures
72A-728 show acid sequences of FNI3, FNI9, FNI17, and FNI19 VH (Figure 72A) and

VK (Figure 728} aligned to unmutated common ancestor, "UUCA".
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71 vigro inhibition of sialidase activity against JAV NAs (NAT from H5N1
A/Vietnam/1203/2004; NAZ from H3N2 A/Tanzania/205/2010; NAS from H7NO
A/Hong Kong/536/2015) and IBV NAs (BNA7 from B/Malaysia/2506/2004; BNA2Z
from B/Perth/211/2011} by the developability variants was measured. Inhibition activity
is shown in Figures 73A-73E (FNI3 and variants FNI3-v& through FNI3-v18; see Table
2 for amino actd and nucleic acid sequences), Figures 74A-T4E (FNI9 and variavts
FNI9-v5 through FNI9-v9; see Table 2 for amino acid and nucleic acid sequences),
Figures 75A-75E (FNI17 and variants FNI17-v6 through FNI17-v16; see Table 2 for
amino acid and nucleic acid sequences), and Figures 70A-76E (FNI19 and varniants
FNI19-v1 through FNI19-v5; see Table 2 for amine acid and nucleic acid sequences).

Binding of all thirty-two (32) variants to JAV NAs and IBV NAs was evaluated
by FACS to exclude potential loss of breadth due to reversion to germline of mAb
framework regions. Binding was measured against N1 from A/Stockbolm/18/2007,
A/Calitornia/07/2009, and A/California/07/2000 123R/H27SY (Figure 77A), N2 from
AlSouth Australia/34/2019, A/Leningrad/134/17/57, and A/Washington/01/2007
{Figure 77B); N3 from A/Canada/rvS504/2004 (Figure 77C); N6 from
Alswine/Ountario/01911/1/99 (Figure 77C); N7 from A/Netherlands/078/03 (Figure
T7CY, IBY NA from B/Yamanasht/166/1998 {(Yamagata), B/Malaysia/2306/2004
(Victoria), and B/Lee/10/1940 (Ancestral) (Figure 77D).

Surface charge and pharmacokinetic (pK} values were determined for FNI3,
FNI9, FNIT7, and FNI19. Figure 78A shows an alignment of FNI3, FNI9, FNI17, and
FNI192 VH amino acid sequence with that of the unmutated common ancestor, "UCA”",
wherein the vertical rectangles indicate positively charged Lys12 and Lys19 residues in
the UCA sequence and corresponding residues at the same position in germ-live
reverted FNIE3, 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), FNIS (Figure 78C), FNI17 (Figure 78D}, and
FNI1© (Figure 78E), along with pK values and resolution {reported in A). Decreases in
overall positive charge on the surface of the antibody may serve to reduce sequestration

of the antibody by pinocytosis on the cell surface. FNIS presented a more negative
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surface charge and a correspondingly improved pK value in comparison to FNI3,
FNIT7, and FNEL9.

Two varianis (expressed as rigGl with MLNS muations in Fe) were selected for
pharmacokinetic evaluation: FNI17-v19-LS (VH: SEQ 1D NG .. 199; VL. SEQ ID NG
201) and FNIT19-v3-L8 (VH: SEQ D NG.:203; VL SEQ 1D NG 205) FNI17-v19 was
generated by further engineering FNIT7-v13 {o incorporate somatic mutations within
the framework 1 (FR1) region of the heavy chain (R/E and K/T) to reduce the positive
charge and decrease pinocytosis thus increasing the half-life. Inter-experiment
pharmacokinetic analyses were performed between FNIT7-LS and FNEI9-LS ("PK 1",
and FNI19-v3-L8 and FNI17-v19 {"PK2"}. T232 mice were intravenously injected 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 Vivo POTENCY: COMPARISON OF FNI17-v19 ANTIBODY WITH OSELTAMIVIR

in vivo potency of EN117-v19 was evaluated in comparison with that of OSE.
An in vivo study was designed to evaluate prophylactic activity of FNI7-v19-rigG1-LS
compared with oseliamivir (OSE} in BALB/c mice infected with [1AVs and BV, as
shown in Figure 80. Treatment groups were administered 9 mg/kg, 3 mg/kg, 0.9 mg/kg,
or 0.3 mg/kg of FNI17-v19-rigG1-LS 24 hours prior to infection at LI¥90 (90% lethal
dose}. FNI17-v19-rlgG1-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 H3N2 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 LI90 (90% lethal dose) with 1A Vs, HIN1 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 in the lungs was evaluated in mice from the #n vivo model described
in Figure 80. At day 3 post-infection, mice were euthanized, lungs were collected, and
tung viral titres were measured using plaque assay following infection with HIN1
A/Puerto Rico/®/34 (Figure 81A), H3N2 A/Hong Kong/8/68 (Figure §81B),
B/Victoria/504/2000 (Yamagata; Figure 81C), or B/Brishane/60/2008 (Victoria; Figure
81133 Administration of OSE resulted in a 1 log reduction in viral fitres in comparison
to the vehicle with all the virus tested with exception of the B/Brishane/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
fung titre by FNI17-v19-rIg(G1-LS was dose-dependent. Administration of the GRLR
version of the mAb (FNI17-v19-rIgG1-GRELR) resulted in a lower level of protection in
comparison to the parental antibody. The decrease in prophylactic activity associated to
the abrogation of the effector functions appeared consistent and independent of the dose
used. It was observed that the difference iv reduction of PFU between the FNI7-v19-
rigG1-LS and FNIT7-v19-rIgG1-GRLR mAbs was the same when comparing these

mAbs at the doses of @ mg/kg and 0.3 mg/kg,

EXAMPLE 12

IN Vivo POTENCY: PROPEHYLACTIC ACTIVITY OF FNI17-VI9% ANTIBODY IN

Houmanizep FeyR Mice

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

The design of an in vive study to evaluate prophylactic activity of FNI17-v19 in
humanized FeyR mice infected with HIN1TA/Puerto Rico/8/34 is shown in Figure 82.
Mice were pre-administered FNI17-vi9 mAb at 0.9 mg/kg, 0.3 mg/kg, or 0.09 mg/kg,

24 hours prior to intranasal infection at SLDA0 (five times 50% lethal dose) of HINI
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A/Puerto Rico/8/34. Animals were then monitored for body weight loss and mortality

over the course of 14 days. Mice losing more than 30% body weight were euthanized.
Figure 84 shows pre-infection concentration of hursan 1gG in sera from

humanized FeyR 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 HINT A/Pusrio

w

Rico/8/34. Body weight over fourteen days is shown in Figures 83A-83C.

Arnimals administered FNI17-v19 displayed limited to moderate body weight
loss {and no mortality} down to 0.3 mg/kg. Human 1gG quantification in the sera
collected from the animals 2 hours before infection showed that mice receiving

16 different doses of the mAb have similar human Ig(G concentrations, thus excluding

potential problerms associated to the administration of the antibody.

EXAMPLE 13
FURTHBER STUDIES
15

Additional studies were performed, as described and shown in Figures 80-115D.
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The various embodimenis described above can be combined to provide further
embodiments. All of the U S, patents, U.S. patent application publications, 1.8, patent
applications, foreign patents, foreign patent applications and non-patent publications
referred to in this specification and/or listed in the Application Data Sheet, including
U.S. Provisional Application No. 63/117,448, filed November 23, 2020; U S
Provisional Application No. 63/123,424, filed December 9, 2020; U.S. Provisional
Application No. 63/197,160, filed June 4, 2021 and U.S. Provisional Application No.
63/261,463, filed September 21, 2021 are incorporated heretn by reference, in their
entirety. Aspects of the embodiments can be modified, if necessary to employ concepts
of the various patents, applications and publications to provide vet further

embodiments.

These and other changes can be made to the embodiments in light of the above-
detailed description. In general, in the following claims, the terms used should not be
construed to it 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:

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

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

(i)  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:
1) the Group 1 IAV NA comprises a N1, 2 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 N1 is a N1 from any one or more of. A/California/07/2009,

A/California/07/2009 1223R/H275Y, A/Swine/Jiangsu/J004/2018,
A/Stockbolm/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/G4/SW / Henan/SN13/2018,
A/GA/SWikangsu/J004/2018, and A/New Jersey/8/1976;

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

(iti}y  the N5 is from Afaquatic bird/Korea/CN5/2(09;

(iv)y  the N8is from A/harbor seal/New Hampshire/1 79629/2011;

(v}  the NZisa N2 from any one or more of: A/Washington/01/2007,
A/HongKong/68, A/South Australia/34/2019, A/Switzerland/806G/2017,
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/HongKong/2671/2019, A/SW/Mexico/S(G1444/2011
A/Tanzania/205/2010, A/Aichi/2/1968, A/Bilthovenw21793/1972,
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/rvS04/2004;

(v} the N6 15 from A/swine/Ontario/01911/1/99;
(vi)  the N7 is from A/Netherlands/078/03; and/or
(vii} the N91is a N9 from any one or more oft. A/Anhui/2613 and A/Hong

Kong/56/2015.

5. The antibody or antigen-binding fragment of any one of claims 1-4,
wherein the IBV NA 15 2 NA from any one of more of. B/Lee/10/1940 (Ancestral};
B/Brishane/60/2008 (Victoria), B/Malaysia/2506/2004 (Victona);
B/Malaysia/3120318925/2013 (Yamagatay, B/Wisconsin/1/2010 (Yamagata);
B/Yamanashi/166/1998 (Yamagata), B/Brisbane/33/2008; B/Colorado/06/2017;
B/Hubei-wujiang/158/2009; B/Massachusetts/02/2012; B/Netherlands/234/2011;
B/Perth/211/2001; B/Texas/06/2011 (Yamagata}, B/Perth/211/2011;
B/HougKong/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 of:

(i) a Group 1 IAV NA,

(iity  aGroup 2 AV NA; and

(it} alBVNA
with an ECso in a range from about 0.1 pg/mk to about 50 pg/ml, or in a range from
about 0.1 pg/mb to about 2 pg/ml, or in a range from 0.1 pg/mL to about 10 pg/mb, or
in a range from 2 pg/ml to about 10 pg/ml, or in a range from about 0.4 pg/ml. to

about 50 ug/mL, or in a range from about 0.4 yg/mL to about 2 yg/mL, or in a range
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from 0.4 ug/mk to about 10 pg/ml, or in a range from 2 pg/mkL to about 10 pg/ml, or

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

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

{i) the Group 1 1AV NA with an ECsq in a range frorn about 0.4 pg/ml to
about 50 pg/mi, from about 0.4 pg/mi to about 10 pg/mL, from about 0.4 ug/mb to
about 2 yg/mL, from about 2 ug/mL to about 50 pg/mL, from about 2 pg/mL to about
10 ug/ml, or from about 10 pg/mL o about 50 ug/ml,;

(i1} the Group 2 AV NA with an ECss 1n a range from about 0.4 pg/ml. to
about 50 pg/ml., or from about 0.4 pg/ml to about 10 pg/ml, or from about 0.4 ug/ml.
to about 2 ug/mb, or from about 2 pg/mL to about 50 pg/mi, or from about 2 pg/mi to
about 10 pg/ml, or from about 10 pg/mL to about 50 pg/ml; and/or

(i} the IBY NA with an ECso of about 0.4 pug/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 ug/mL, or from
about 0.1 pg/mL to about 1.0 pg/mb, orabout 0.1,02,0.3,04,0.5,06,0.7,08,09, or
1.0 ug/mb.

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

{i) a Nt with an ECso of about 0.4 pg/mL, or in a range from about 0.4
ug/mkL to about SOug/ml, or tu a range from about 0 1ug/mL to about 1 9 pg/mL, or
from about 0. tug/mL to about 1.5 png/mi., or from about 0.1 ug/mL to about 1.0 pg/ml,
orabout 0.1,02,03,04,05,06,0.7, 08,09, or 1.0 ug/mi;

(i}  a N4 with an ECsp of about 0.4 ug/ml, or in a range from about
G 1pg/mi to about 1.9 ug/mL, or from about 0. 1ug/mi to about 1.5 yg/mi., or from
about 0.1 pg/mlb to about 1.0 ug/mL, orabout 0.1,02,03,04,05,06,07,08,09, or
1.0 ug/mb,;

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

{ivy  a N8 with an ECsp of about 50 pg/mL;
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(v} a N2 with an ECso in a range from about 0.4 ug/mkL to about 20 pg/ml,
or from about 0.4 pg/mL to about 10 pug/mb., or from about 0.4 pg/mi to about 2
ug/mk, from about 1 pg/mL o about 10 pg/ml., or fror about 1 yg/mL to about 20
pwg/mL, or from about 1 pg/ml to about 5 ug/ml, orabout 1,2, 3,4, 5,6, 7,8, 9, 10,
15, or 20 yg/mL,;

{vi)  aN3 with an ECsg of about 0.4 pg/mL, or in a range from about
0. 1pg/mb to about 1.9 ug/mb, or from about 0. 1pg/mL to about 1.5 ug/mlL, or from
about 0.1 pg/ml to about 1.0 ug/mb, orabout 0.1,0.2,0.3,04,0.5,06,07, 08,09, or
1.0 ug/mk,;

{vii} aN6with an ECso of about 0.4 pug/ml, or in a range from about
0. 1ug/ml to about 1.9 ug/mL, or from about 0. 1pg/ml to about 1.5 ug/ml., or from
about 0.1 pg/mL to about 1.0 ug/mb, orabout 0.1,02,0.3,04,0.5,06,0.7, 08,09, or
1.0 ug/mb,;

{viiiy a N7 with an ECso 1n a range from about 2 yg/mL to about 50 pg/mL,;

{ixy  aNO9with 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 0.1pg/ml to about 1.5 ug/ml, or from
about 0.1 pg/mL to about 1.0 ug/mb, orabout 0.1,02,0.3,04,0.5,06,0.7,08,09, or
1.0 ug/mb,; and/or

{xiy  alBV NA with an ECso of about 0.4 pg/ml., or v a range from about
0. 1ug/mi to about 1.9 ug/ml, or from about 0.1pg/ml to about 1.5 yg/mL, or from
about 0.1 pg/mL to about 1.0 ug/mb, orabout 0.1,0.2,0.3,04,0.5,06,0.7,08, 09, or
1.0 ug/mL.

3. The antibody or antigen-binding fragrent of claira 7 or 8, whertein the
antibody or antigen-binding fragment is capable of binding to:

{1 one or more of N1 A/California/07/2009, N1 A/California/07/20069
[223R/H275Y, N1 A/Stockholm/18/2007, N1 A/Swine/hangsu/J004/2008, N4
A/mallard duck/Netherlands/30/2011, N§ A/aquatic bird/ Korea/CN5/2009, N2 A/Hong
Kong/68, N2 A/flLeningrad/134/17/57, N3 A/Canada/rv304/2004, N6
A/Swine/Ontario/01911/1/99, NO 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 ug/ml, orin arange of
from about 0. 1ug/mL to about 1.9 pg/mL, or of from about 0.1pg/mb to about 1.5
ug/mi., or of from about 0.1 ug/ml to about 1.0 ug/ml, orabout 0.1, 0.2, 03,04, 0.5,
4.6,07, 08,09, or 1.0 yg/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/mL to about 10 pg/mi,;

(i} N8 A/harbor seal/New Hampshire/179629/2011 with an ECso of about
50 pg/mi;

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

(v} N7 A/Netheriands/078/03 with an ECso tn a range from about 2 pg/ml
to about 5O pg/mi;

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

{vity N2 A/Switzerland/B060/2017 with an ECso in a range of from about 9.5
ug/mL to about 3.8 pe/mi;

(vit) N2 A/Singapore/INFIMH-~16-0019/2016 with an ECso 10 a range of from
about 18.4 ug/mL to about 2.2 pg/mi;

{iv) N2 A/Switzerland/9715293/2013 with an ECss 1n a range of from about
1.6 ug/mL to about 1.2 yg/ml; and/or

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

0.4 ug/ml. to about 50ug/ml, or about 0.4, about 2, about 10, or about 50 pg/ml.
10, The antibody or antigen-binding fragment of any one of claims 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.
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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, less than LOE-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 1.0E-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, a N2, and/or a N9.

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

(1} {1} a NA epttope that comprises any one or more of the following amino
acids (N1 NA numbering): R348, R293, E228, E344, 8247 D198, D151, R118; and/or
(it} a NA epitope that comprises any one or more of the following amino acids (N2 NA
numbering). R371, R292, £227, £344, §247, D198, D151, R118;

and/or

(2} {1} 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 5227 D151, and R118 (N2 NA numbering);

and/or

{3}  anepitope comprised in or comprising a NA active site, wherein,
optionally, the NA active site comprises the foliowing amino acids (N2 numbering}:
R118, D151, R152, R224, B276, R292, R371, Y406, E119, R156, W178, $179,
DVN198, 1222, H227 H274, E277, D293, BE425;

and/or

(4) an IBY NA epitope that comprises: {1) any one or more of the following
amino acids: R116, D149, E226, R292, and R374; or (i) the amino acids R116, D149,
F226, R292, and R374.
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14, The antibody or antigen-binding fragment of claim 13, wherein:

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

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

comprising a S245N amino acid mutation and/or a E221D 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 oue of clairus 1-15,
wherein the antibody or antigen-binding fragment is capable of inhibiting a sialidase
activity of (i} an IAY NA, wherein the AV NA comprises a Group 1 1AV NA, a Group
2 AV NA, or both, and/or of (i1) an IBV NA in an in vitro model of infection, an in

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

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

{i} the Group 1 JAV NA comprises a HINT and/or a H3N1;

(i) the Group 2 IAV NA comprises a H3NZ and/or a H7TN9; and/or

{(iit}  the IBY NA comprises one or more of: B/Lee/10/1940
{Ancestral y, B/HongKong/05/1972; B/Taiwan/2/1962 (Ancestral}; B/Brisbane/33/2008
{(Victoriay, B/Brisbane/60/2008 (Victoria), B/Malaysia/2506/2004 (Victoria), B/New
York/1056/2003 (Victoria), B/Florida/4/2006(Y amagata), B/Jangsu/10/2003
(Yamagata), B/Texas/06/2011 (Yamagata);, B/Perth/211/201 1; B/Harbin/7/1994
{Victoria), B/Colorado/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 1AV NA; a Group 2 AV NA; andfor a IBV NA,

with an IC50 in a range of

from about 0.0008 pg/mL to about 4 pg/ml, from about 0.0008 gg/mL to about
3 pug/ml, from about 0.0008 pg/ml. to about 2 pg/ml, from about 0.0008 pug/mL to
about 1 yg/mL, from about 0.0008 yg/mL to about 0.9 pg/ml, from about 0.6008
ug/ml to about 0.8 pug/ml, from about 0.0008 pg/ml to about 0.7 pg/ml, from about
0.0008 ug/mL to about 0.6 ug/mL, from about 0.0008 pg/mL to about 0.5 ug/mL, from
about 6.0008 pg/ml to about 0.4 pg/ml, from about 0.0008 pg/ml. to about 0.3 pg/ml,
from about §.0008 pg/mL to about 0.2 ug/ml., from about 0.0008 pg/ml to about 0.1
pug/mk, from about 0.0008 pg/mb to about 0.09 pg/ml, from about 0.0008 pg/ml to
about (.08 ug/mk, from about 0.0008 pg/mb to about 0.07 pg/mi, from about 0.0008
wg/mL to about 0.0 pg/mL, 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 pug/mL to about 0.03 ug/mi, about 0.0008
ug/ml. to about 0.02 pg/ml, about 0.0008 ng/ml. to about 0.01 pg/ml, from 0.002
pug/mL to about 4 ug/ml, from about 0.001 pg/mL to 50 pg/mL, from about 0.1 pg/mL
1o about 30 pg/mi, from about 0.1 pg/mi. to about 20 pg/mi., from about 0.1 pg/ml to
about 10 ug/ml, from about 0.1 pg/mL to about 9 ug/mL, from about 0.1 pg/ml to
about 8 pg/mb, from about 0.1 pg/mL to about 7 pg/mi, from about 0.1 pg/ml to
about 6 pg/ml., from about 0.1 pg/ml. to about 5 pg/mi, 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/ml to
about 2 pg/ml, from about 0.1 pg/mi to about 1 pg/ml, from about 0.1 pg/ml. to
about 0.9 pg/ml, 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 ug/mk, from about 0.1 pg/mL to
about 0.5 pg/mi, from about 0.1 pg/mkb to about 0.4 pg/mL, from about 0.1 ug/mL to
about 0.3 pg/mL, from about 0.1 pg/mL to about 0.2 ug/mL, from sbout 0.8 pg/ml to
about 30 pg/mi, from about 0.8 pg/mi to about 20 pg/mL, from about 0.8 ug/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 § pg/mL, from about 0.8 pg/mi to about 7 pg/mL, from about 0.8 pg/ml to

198



WO 2022/109309 PCT/US2021/060155

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

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

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 1AV, and/or
of one or more IBV, with an IC50 in a range of from: about 00001 pg/ml to about 25
pg/ml, or about 0.0001 pg/ml to about 10 pug/ml, or about 0.0001 pg/mi to about 1
pg/mi, or about 0.0001 pg/mi to about 0.1 pg/ml, or about 0.0001 pg/ml to about 6.01
ug/mi, or about ¢.0001 pg/mi to about 001 pg/mi, or about 0.0001 pg/mi to about
D001 ug/ml, or about 0001 ug/mi to about 25 ug/ml, or about 0001 pg/ml to about 10
wg/mlk, or about 0001 ug/ml to about 1 pg/mi, or about 0001 pg/ml to about 0.1 pg/ml,
or about 0001 pg/ml to about 0.01 pug/ml, or about 001 pyg/ml to about 25 pg/mi, or
about 001 pg/ml to about 10 ug/ml, or about .001 pg/ml to about 1 ug/mi, or about
001 pe/mi to about 0.1 pg/ml, or about 001 pg/mi to about 0.01 ug/mi, or about 01
pg/ml to about 25 ug/ml, or about .01 pg/mi to about 10 ug/ml, or aboui 01 pg/mi to
about 1 pg/mi, or about .01 pg/ml to about 0.1 pg/mi, or about 1 ug/ml to about 25
wg/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 FeyR{lla.

21 The antibody or antigen-binding fragment of claim 20, wherein
activation is as determined using a host cell {optionally, a Jurkat cell} comprising: ()
the burvan FeyRIa (optionally, a F158 alleley, and (i) a NFAT expression conirol
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 (optionally, for about 23 hours) of
the anttbody or antigen-binding fragment with the target cell infected with a HIN1
IAV, wherein, optionally, the HINT IAV is A/PR8/34, and/or wherein, optionally, the

infection has a multiplicity of infection (MO1} of 6.

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

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

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

and/or the 1BV 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}.
H275Y; E1190D + H278Y,; S247N + H275Y; 1222V, and/or N294S, wherein,

optionally, the IAV comprises CAU9 or A/Aicht.
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
preventing (i} an 1AV iofection and/or (i) 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

{11} 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
in a subject infected by the IAV and/or IBY, optionally for (i) up to 15 days, or (i)
more than 15 days, following administration of an effective amount of the antibody or

antigen-binding fragment.

30. The antibody or antigen-binding fragment of any ouve 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 IAV infection and/or an 1BV
infection, as determined by reference to the subject’s body weight just prior to the AV

and/or 1BV 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 TAV 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 i# vivo haif-life in a mouse
(e.g, a 1932 mouse}:

{i) in a range of from: about 10 days to about 14 days, about 10.2 days o
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,
10.5,10.6,10.7,10.8,10.9, 11.0,11.1,11.2, 11.3, 11.4, 11.5, 11.6, 11.7, 11.8, 11.9,
12.0,12.1,122,123, 124,125, 126,127,128 129 13.0, 13,1, 13.2, 133, 13 4,
13.5,13.6, 137, 13.8, 13.9, or 14.0 days; or

(iiy  inaraoge 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,
orof about 12.0, 12,1, 122,123,124 125, 12,6, 127, 128 129 130, 13,1, 132,
133,13.4, 135, 1.36, 137, 13.8, 13.9, 14.0, 14.1, 142, 143, 144, 14.5, 146, 147,
14.8,14.9, 15.0 15.1, 15.2, 153, 15.4, 15.5, 1.56, 15.7, 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 (CDR)H1, a CDRHZ, and 2 CDRH3, and a light chain variable
domain (VL) comprising a CDRLI, a CORL2, and a CDRL3, wherein:

(i} optionally, the CDRH1Y comprises or consists of the amino acid sequence
set forth in any one of SEQ ID NOs.: 147, 3, 15, 27, 39, 51, 63, 75, 87, 99, 111, 123,
135, 159, and 231, or a functional variant 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,

(i)  optionally, the CDRM2 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, or three amino
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acid substitutions, one or more of which substitutions is optionally a conservative
substitution and/or is a substitution to a germline-encoded amino acid;

(iti}  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, fwo, 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;

(ivy  optionally, the CDRL1 comprises or consists of the amino acid sequence
set forth in any one of SEQ D NOs : 153, 9, 21, 33, 45, 57, 69, 81,93, 105, 117, 129,
141, 165, and 234, or a functional variant thereof comprising one, fwo, 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 CIDRL2 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 i3 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 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

germiine-encoded amino acid.

34, The antibody or antigen-binding fragment of claim 33, comprising
CDRHE, CDREZ, CORH3, CDRLY, CDRL2, and CDRL3 amino acid sequences set
forth in SEQ ID NOs.: (i) 147-149 and 153-155, respectively; (i) 15-17 and 21-23,
respectively; (iii) 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; (vitiy 27, 28, 172, 33, 34, and
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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) 87~
89, 93, 94, and 193, respectively, {xx) 87, 88, 184, 93, 94, and 187, respectively; (xxi}
87, 88, 184, 93, 94, and 190, respectively; {xxii} 87, 88, 184, 93, 94, and 193,
respectively; (xxiii) 87-89, 141, 142, and 131, respectively; (xxiv) 99-101 and 105-107,
respectively; (oovy 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, Ooxix) 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:

(i) the VH comprises or consists of an amino acid sequence baving at least

80% (e.g., B0%, 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 I NGs.: 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
80% {e.g., 80%, BSY, 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.: 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 1s optionally limited to one or more
tframework regions and/or sequence variation comprises one or more substitution to a

germline-encoded amino acid.
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36. The antibody or antigen-binding fragment of claims 1-35, wherein the
VH and the VL comprise or consist of the amino acid sequences set forth in SEQ 1D
NOs.: (i) 199 and 201, respectively; (i) 14 and 20, respectively; (1ii) 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 56, respectively; (xiii) 62 and 68, respectively; (xiv}) 74 and 80,
respectively; (xv} 86 and 92, respectively; (xvi} 86 and 186, respectively; (xvii}) &6 and
189, respectively; {xviit) 86 and 192 respectively; (ax) 183 and 92, respectively; (xx)
183 and 186, respectively, (xxi} 183 and 189, respectively; (oxii) 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; (xxviil) 158 and 164, respectively; (xxix) 2 and &, respectively; (oo} 203

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

i

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

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

{1y  aCHI-CH3 comprising or consisting of the amino acid sequence set
forth in SEQ ID NO.:210 or SEQ D NG..215; and/or

{2}y  aCL comprising or consisting of the amino acid sequence set forth in
SEQ ID NG..211.

38. The antibody or antigen-binding fragment of any ouve of claims 1-37,
comprising:

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

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

forth in SEQ ID NQG..214
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39 The antibody or antigen-binding fragment of any one of claims 1-3§,
comprising:

(1} aheavy chain comprising or cousisting of the amino acid sequence set
forth in SEQ ID NO.:212; and

{2y a light chain comprising or consisting of the amino acid sequence set

forth in SEQ ID NG..214.

40, The antibody or antigen-binding fragment of any one of claims 1-39,
comprising’s

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

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

forth in SEQ D NG..214.

41, An antibody, or antigen-binding fragment thereof, comprising a heavy
chain variable domain (VH) comprising a CORH1, a CORH2, and a CDRH3, and a
light chain variable domain (VL) comprising a 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 1D NOs: 147-149, respectively, and the CORL1, CDRL2,
and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ 1D NOs:
153-155, respectively;

(i1}  the CDRHI, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ 1D NOs: 15-17, respectively, and the CDRL1, CDRL2, and
CDRI3 comprise or consist of the amino acid sequences set forth in SEG ID NQOs: 21-

3, respectively;

(iity  the CDRHY, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ ID NQOs: 27, 28, and 29 or 172, respectively, and the
CDRL1, CDRL2, 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, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ ID NQOs: 39-41, respectively, and the CDRL1, CDRI2, and
CDRL3 comprise or consist of the amino acid sequences set forth in SEQ 1D NQOs: 45-
47, respectively;

{v) the CDRH1, CORH2, and CDRH3 comprise or consist of the aming acid
sequences set forth in SEQ 1D NQOs: 51-53, respectively, and the CDRL1, CDRL2, and
CDRL3 comprise or consist of the amino acid sequences set forth in SEQ ID NOs: 57-
59, respectively;

{vi) the CDRHI, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ D NQGs: 63-65, respectively, and the CDRL1, CDRL2Z, and
CDRL3 comprise or consist of the amino acid sequences set forth in SEQ ID 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 CDRLI, CDRLZ, and
CDRL3 comprise or consist of the amino acid sequences set forth in SEG ID NQOs: 81-
83, respectively;

(vii1) the CDRHI, CDRHZ2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ D NOs: 87, 88, and 89 or 184, respectively, and the
CDRL1, CDRL2, and CDRL3 comprise or consist of the amino acid sequences set forth
in SEQ D NOGs: 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 NOs: 87, 88, 184, respectively, and the CDRL1, CDRL2,
and CDRL3 comprise or consist of the amino acid sequences set forth in 8EQ 1D NQGs:
93-95, respectively,

{x}  wherein the CORH1, CDRH2, and CDRH3S comprise or consist of the
amino acid sequences set forth tn SEQ 1D NOs: 99-101, respectively, and the CDBRIL1,
CDRL2, and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ
I NQOs: 105-107, respectively;

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

(xit} the CDRHI, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ 1D NOs: 123-125, respectively, and the CORL1, CDRL2,
and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ 1D NQs:
129-131, respectively;

(xiil} the CDRHI, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ 1D NOs: 135-137, respectively, and the CDRLI, CDRL2,
and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ ID NOs:
141-143, respectively;

(xiv} the CDRHI, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ ID NQOs: 3-5, respectively, and the CORLY, CDRL2, and
CDRL3 comprise or consist of the amino acid sequences set forth tn SEQ 1D NOs: 9-
11, respectively;

{xvy} the CORHI, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ 1D NQs: 159-161, respectively, and the CDRL1, CDRL2,
and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ 1D NOs:
165-167, respectively,;

{xvi} the CDRHI, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ [ NOs: 87-89, respectively, and the CDRU1, CDRL2, and
CDRL3 comprise or consist of the amino acid sequences set forth in 8EQ ID NQOs: 141,
142 and 131, respectively; or

(xvii} the CDRHI, CDRH2, and CDRH3 comprise or consist of the amino acid
sequences set forth in SEQ 1D NOs: 231-233, respectively, and the CDRLI, CDRL2,
and CDRL3 comprise or consist of the amino acid sequences set forth in SEQ ID NOs:

34-236, 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 IAV comprises a

Group 1 1AV, a Group 2 TAV, or both; and/or (it} an influenza B virus (IBV}).
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42, An antibedy, or antigen-binding fragment thereof, corprising a heavy
chain variable domain (VH) and a light chain variable domain (VL}, wherein: (i} the
VH comprises ot consists of the amino acid sequence set forth in SEQ ID NO: 199 and
the VL comprises or consists of the amino acid sequence set forth in SEGQ 1D NG: 201;
{11 the VH comprises or consists of the amino acid sequence set forth in SEQ 1D NO:
14 and the VL cowprises or consists of the amino acid sequence set forth in SEQ 1D
NO: 20; (1i1) the VH comprises or consists of the amino acid sequence set forth in SEQ
ID NQG: 26 or 171 and the VL. comprises or consists of the amino acid sequence set
forth in SEQ ID NQO: 32, 174, 177, or 180; {iv) the VH comprises or consists of the
amino 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 amino acid sequence set forth in SEQ 1D NO: 50 and the VL comprises or
consists of the amino acid sequence set forth in SEQ 1D NO: 56; (vi} the VH comprises
or consists of the amino acid sequence set forth in SEQ ID NO: 62 and the VL
comprises or consists of the amino acid sequence set forth in SEG D NO: 68; (vii) the
VH comprises or consists of the amino acid sequence set forth tn SEQ 1D NGO 74 and
the VL comprises or consists of the amino acid sequence set forth in SEQ ID NO: 80;
(viit) the VH comprises or consists of the amino acid sequence set forth in SEQ 3 NO:
86 or 183 and the VL comprises or consists of the arntno acid sequence set forth in SEQ
I NGO: 92, 186, 189, or 192; (ix) the VH comprises or consists of the amino acid
sequence set forth in SEQ ID NO: 98 and the VL comprises or consists of the amino
acid sequence set forth in SEQ ID NO: 104; (x) the VH comprises or consists of the
amino acid sequence set forth in SEQ 1D NO: 110 and the VL comprises or consists of
the amino acid sequence set forth in SEQ D NO: 116; (i) the VH comprises or
consists of the amino acid sequence set forth in SEQ D NG: 122 and the VL comprises
or conststs of the amino acid sequence set forth in SEQ ID NO: 128; (xii} 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 1D NO: 140;
(xiit} the VH comprises or consists of the amino acid sequence set forth in SEQ 1D NO:

146 and the VL comprises or consists of the anuno acid sequence set forth in SEQ ID
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NO: 152; (av) the VH comprises or consists of the amino acid sequence set forth in
SEQ [ NO: 158 and the VL comprises or consists of the amino acid sequence set forth
in SEQ ID NO: 164, (xvy  the VH comprises or consists of the amino acid sequence
set forth in SEQ D NO: 2 and the VL comprises or consists of the amino acid sequence
set forth in SEQ D NGO 8, (xvi)  the VH comprises or consisis of the amino acid
seguence set forth in SEQ ID NG: 203 and the VL comprises or consists of the amino
acid sequence set forth in SEQ ID NG: 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 NG: 209; or (xvii1) the VH comprises or
consists of the amino acid sequence set forth in SEQ [ NO: 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 NO.:216 and the
VL comprises comprises or consists of the amino acid sequence set forth in SEQ ID

NQO.: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: (i} an influenza A virus (IAV}), wherein the JAV comprises a Group 1 1AV, a
Group 2 TAV, or both; and/or (1) 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) veutralizing infection by the IAV and/or IBV.
45, A polypeptide comprising an aming acid sequence sequence according

to SEQ ID NO 219, 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 ID NG.: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 D NO.:219 comprises any one of SEQ ID NOs.: 149, 5 17,29, 172,
41,53, 65,77, 89, 184, 101, 113, 125, 137, and 161.

48. The polypeptide of any one of claims 45-47, wherein the polypeptide or
VH further comprises:
(i) an amino acid sequence sequence according to SEGQ ID NO.:220; and/or

(11}  an amino actd sequence according to SEQ D NG.221.

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

(i} an amino acid sequence according to SEQ ID NG..222;

(i) an aminc acid sequence according to SEQ 1D NG .:223; and/or

(i1} an amino acid sequence according to SEQ 1D NO..224.

50. The polypeptide of any one of claims 46-49, wherein the VH comprises
or consists of an amino acid sequence having at least 90%, at least 92%, at least 95%, at
least 97%, or at least 99% identity to the amino acid sequence of any one of SEQ 1D
NOs: 199, 2, 14, 26, 171, 38, 50, 62, 74, 86, 183, 98, 110, 122, 134, 146, 158, 203,

207, 216, and 228
51 The polypeptide of claim 49 or 50, wherein the VL comprises or consists

of an amino acid sequence having at least 90%, at least 92%, at least 95%, at least 97%,

or at least 99% identity to the amino actd sequence of any one of SEQ 1D NGs : 201, 8,
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20, 32, 44, 36, 68, 80, 92, 104, 116, 128, 140, 152, 174, 177, 180, 186, 189, 192, 164,
205, 209, 217, and 230.

$2.  The polypeptide of any one of claims 45-51, wherein the polypeptide

comprises an antibody or an antigen-binding fragment thereof

53, 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 D NQs.: 199, 2, 14, 26, 171, 38,
50, 62, 74, 86, 183, 08, 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 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
10 a neuraminidase (NA} from: (i) an influenza A virus (JAV), wherein the IAY
coroprises a Group 1 1AV, a Group 2 TAV, ot both; and/or (i1} an wnfluenza B virus

(1BV)

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 1o a neuraminidase (NA)
from: (i) an influenza A virus (JAV), wherein the AV comprises a Group 1 [AV, a
Group 2 1AV, or both; and/or (i1} an influenza B virus (IBV), and wherein, optionally,
the antibody or antigen-binding fragment is capable of {1} inhibiting NA sialidase

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

$S. Anantibody, or an antigen-binding fragment thereof, that is capable of

hinding to:

212



WO 2022/109309 PCT/US2021/060155

{(iy a NA epitope that comprises any one or more of the following amino acids
(N1 NA numbering): R368, R293, E228, E344, 8247 D198, D151, R118; and/or
(i1} a NA epitope that comprises any one or more of the following amino acids

{N2 NA numbering): R371, R292 E227 E344, S247 D198, D151, R118.

56. An antibody, or au 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

{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
binding to an epitope comprised in or comprising a NA active site, wherein, optionally,
the NA active site comprises the following amino acids (N2 numbering): R118, D151,
R152, R224, B276, R292, R371, Y406, E119, R1S6, W178, 8179, /N198, 1222, E227,
H274, E277, D293, E425.

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

acids (N2 numbering): E344, E227, 8247, and 13198,

59, The antibody or antigen-binding fragment of any one of claims 55-58,
which is capable of binding to a NA comprising a S245N amino acid routation and/or a

E221D amino acid mutation.
60, An antibody, or an antigen-binding fragment thereof, that is capable of

binding to an IBY NA epitope that comprises any one or more of the following amino

acids: R116, D149, £226, R292, and R374.
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61, An antibedy, or an antigen-binding fragment thereof, that is capable of
binding to an IBY NA epitope that comprises the amino acids R116, D149, E226,
R292, and R374.

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 1gG, IgA, IgM, IgE, 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 isotype selected from igGl,

13G2, 1gG3, and 1gG4.

65. The antibody or antigen-binding fragment of any one of claims 1-44 and
53-64, or the polypeptide of claim 52, wherein the antibody, or the antigen-binding
fragment, comprises a human antibody, a monoclonal antibody, a purified antibody, a

single chain antibody, a Fab, a Fab’, a F{ab")2, or Fv.

66. The antibody or antigen-binding fragment of any one of claims 1-44 and
53-65, or the 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 claim 66, or the
polypeptide of claim 66, wherein the antibody or antigen-binding fragmentisa

bispecific antibody or antigen-binding fragment.
68. The antibody or antigen-binding fragment of claim 66 or 67, comprising:
(i) a 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 85% identity to the amino acid
sequence set forth in any one of SEQ 1D NQs.: 199, 2, 14, 26, 171 38, 50, 62, 74, 86,
183,98, 110, 122, 134, 146, 158, 203, 207, 216, and 228 and

whergin the first VL and the second VL are different and each independently
comprise an amino acid sequence having at least 85% dentity to the amino acid
sequence set forth in any one of SEQ 1D NGs.: 201, &, 20,32, 174, 177, 180, 44, 56, 68,
80, 92, 186, 189, 192, 104, 116, 128, 140, 152, 164, 205, 209, 217, and 230,

and wherein the first VH and the first VL together form a first antigen-binding
site, and wherein the second VH and the second VL together form a second antigen-

binding site.

69 The antibody or antigen-binding fragment of any oune of claims 1-44 and
53-68, or the polypeptide of claim 52, wherein the antibody or antigen-binding

fragment comprises an (e.g., IgG1) Fe polypeptide or a fragment thereof,

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

(i) a mutation that increases binding affinity to a human FeRn (e.g., a3
measured using surface plasmon resonance (SPR) (e.g., Biacore, ¢.g., T200 instrument,
using manufacturer’s protocols)), as compared {0 a reference Fo polypeptide that does
not comprise the mutation; and/or

(i}  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 Fe polypeptide that does

not comprise the mutation.

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

polypeptide of claim 70, wherein the mutation that increases binding affinity to a

215



WO 2022/109309 PCT/US2021/060155

human FcRn comprises: M428L; N4345; N434H; N434A; N4348; M252Y,; S254T;
T256E; T250Q; P2571, Q3115 D376V, T307A; E380A; or any combination thereof.

72. The antibody or antigen-binding fragment of claim 70 or 71, or the
polypeptide of claim 70 or 71, wherein the mutation that increases binding affinity o a
buman FeRn comprises: (1) M428L/N43435; (1) M252Y/8254T/T256E,; (i)
T2500/M4A28L; (iv) P25THQ311L (v) P2STUNAS4H, (vi) D376V/N434H; (vil)

TI0TA/EI80A/MNAZ4AA, or (vill} any combination of {i)-(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 FcRn 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 FcyR comprises 8239D; [332E; 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 clairus 70-74, wherein the mutation that enhances binding

G236A/82390I332E; or (iv) G230A/A330L/1332E, wherein the Fe polypeptide or

fragment thereof optionally comprises Ser at position 239,

76.  The autibody or antigen-binding fragment of any ove of clairas 1-44 and
53-75, or the polypeptide of any one of claims 45-52 and 63-75, which comprises a
mutation that alters glvcosylation, wherein the mutation that alters glycosylation
comprises N297A, N297Q, or N297G, and/or which 1s aglycosyiated and/or

afucosylated.

77. An antibody comprising:
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(O a heavy chain comprising or consisting of the amino acid sequence set
forth in SEQ ID NG ..212; and
(2) a light chain comprising or consisting of the arino acid sequence set

forth in SEQ ID NO..214.

78. An antibody comprising:

(1} aheavy chain comprising or consisting of the amino acid sequence set
forth in SEQ ID NG.: 213; and

(2) a light chain comprising or consisting of the amino acid sequence set

forth in SEQ D NO..214.

79. An antibody comprising:

(1} two heavy chains, each comprising or consisting of the amino acid
sequence set forth in SEQ ID NO.:212; and

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

sequence set forth in SEQ ID NOG..214.

30. An antibody comprising;

{1} two heavy chains, each comprising or consisting of the amivo 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 NG..214.

81.  Anisolated polynucleotide encoding the antibody or antigen-binding
fragment of any one of claims 1-44 and 53-80, or encoding & VH, a heavy chain, a VL,
and/or a light chain of the antibody or the antigen-binding fragment.

82.  Anisolated polynuclectide encoding the polypeptide of any one of

claims 45-52 and 63-76.
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83 The polynucleotide of claim 81 or 82, wherein the polynuclectide
comprises deoxyribonucleic acid (DNA) 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,

85, The polynuclectide of claim 84, wherein the polynuclectide comprises a
pseudouridine, a N6-methyladenonsine, a S-methyleytidine, a 2-thioundine, or any

combination thereof,

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

Ni-methvipseudouridine.

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

optimized for expression in a host cell.

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

cell.

&89, The polynucleotide of any one of claims §1-38, comprising a
75%%, 80%, 85%,

0%, 91%, 92%, 94%, 94%, 95%, 96%, 97%, 98%, 99%, or more) identity to the

polynucleotide having at least 50% (e.g., 50%, 55%, 60%, 65%, 70%,
polynuclectide sequence set forth in any one or more of SEQ ID NQs.: 198, 200, 1, 13,
23, 170,37, 49, 61, 73,85, 182, 97, 109, 121, 133, 145, 157, 6, 18, 30, 42, 54, 66, 78,
90, 102, 114, 126, 138, 150, 162, 7, 19, 31, 173, 176, 179, 43, 55, 67, 79, 91, 185, 188,
191, 103, 115, 127, 139, 151, 163, 12, 24, 306, 48, 60, 72, 84, 96, 108, 120, 132, 144,
156, 168, 202, 206, 204, 208, 227, and 229.
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90. The polynucleotide of claim 89, comprising the polynucleotide sequence

of SEG ID NO.:198 and/or the polynucieotide sequence of SEQ 1D NO.:200.

91, A recombinant vector comprising the polynuclectide of any one of

claims 81-90.

92. A host cell comprising the polynuclectide of any one of claims 81-90
and/or the vector of claim 91, wherein the polynucleotide is optionally heterologous to
the host cell and/or wherein the host cell is 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 corsposition comprising:

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

(i) the polypeptide of any one of clauns 45-52 and 63-76;
{(iity  the polynucleotide of any one of claims 81-90;

{iv)  therecombinant vector of claim 91;

(v}  thehost cell of claim 92; and/or

(vi}  the human B cell of claim 93,

and a pharmaceutically acceptable excipient, carner, or diluent.

95 The composition of claim 94, comprising a {irst 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 cne of claims 1-44 and 53~

30
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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
nmolecule 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 liptd microtubule, 2

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 1AV infection and/ot an IRV
infection in a subject, the method comprising administering to the subject an effective
amount of!

(i) the antibody or antigen-binding fragment of any ove of claims 1-44 and
53-80;

{ii}y  the polypeptide of any one of claims 45-52 and 63-76;

(11}  the polynucleotide of any one of claims §1-90;

(iv)y  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 claims 81-90, the recombinant vector of claim 91, or the composition of claim

96, wherein the polynucleotide comprises mRNA.

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

TAV 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 fo 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,

polynucieotide, recombinant vector, host cell, or composition to the subject.

104,  The method of any one of claims 99-103, comprising administering a
dose of the antibody or antigen-binding fragment, polypeptide, polynucleotide,
recombinant vector, host cell, or composition to the subject once vearly, 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 or more tirmes 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, polynucleotide, recombinant vector,

host cell, or composition intramuscularly, subcutaneously, or intravenously.

107 The method of any one of claims 99-106, wherein the treatment and/or

prevention comprises post-exposure prophylaxis.
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108, The method of any one of claims 99-107, wherein the subject has

received, is receiving, or will receive an antiviral.

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

neuraminidase inhibitor, an influenza polymerase inhibitor, or both.

110, 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 composition of any one of claims 94-96, for use in
a method of treating or preventing an IAV infection and/or an IBV infection in a

subject.

112, The antibody or antigen-binding 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 composition of any one of claims 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.

113, A method for in vifro 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

(i)  detecting a complex comprising an antigen and the antibody, or

coruprising an antigen and the antigen-binding fragment.
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114, The method of any one of claims 99-110 and 113 or the antibody or
antigen-binding fragment, the polypeptide, the polynuclectide, the recombinant vector,
the host cell, the human B cell, and/or the composition for use of any one of claims 111
and 112 wherein:

{1} the IAV comprises a Group 1 AV, a Group 2 IAY, or both, whergin,
optionally, the Group 1 IAV NA comprises a N1, a N4, a N5, and/or a NB; and/or the
Group 2 IAV NA comprises a N2, a N3, a N6, a N7, and/or a N9, wherein, further
optionally, the N1 is from A/California/07/2009, is from A/California/07/2009
I223R/H275Y, is from A/Swine/Hangsu/J004/2018, 1s from A/Stockholm/18/2007, 1s
from A/Brisbane/02/2018, is from A/Michigan/45/2015, is from A/Mississippi/3/2001,
is from A/Netherlands/603/2009, is from A/Netherlands/602/2009, 1is from
A/Vietnam/1203/2004, is from A/G4/SW/Shangdong/1207/2016, is from
A/GASW /Henan/SN13/2018, is from A/GA/SW/Hangsuw/J004/2018, and/or 1s from
A/New Jersey/8/1976; the N4 1s from A/mallard duck/Netherlands/30/2011; the N3 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, 1s 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, is 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/301/2011, is from
A/SW/ Mexico/SG1444/2011, 1s from A/Aichi/2/1968, is from
A/Bilthoven/21793/1972, 1s from A/Netherlands/233/1982, is from
A/Shanghai/11/1987, 1s from A/Nanchang/933/1995, is from A/Fului/45/2004,
A/Brisbane/10/2007, is from A/Tanzania/205/2010; the N3 is from
A/Canada/rv304/2004; the N6 1s from Alswine/Ontario/01911/1/99; the N7 is from
A/Netherlands/078/03; and/or the N9 is from A/Anhui/2013, 18 from A/Hong
Kong/56/2015; and/or

(i1) the IBV NA is from: B/Lee/10/1940 (Ancestral ), B/Brisbane/60/2008
(Victoria)y, B/Malaysia/2506/2004 (Victonia); 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/211/201 1, or any combination

thereof
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