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ANTI-SARS-COV-2 SPIKE GLYCOPROTEIN ANTIBODIES AND THE
THERAPEUTIC USE THEREOF

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. provisional application serial No. 63/142,787,

filed on January 28, 2021, which is incorporated herein by reference in its entirety.

SEQUENCE LISTING

This application contains a Sequence Listing in computer readable WIPQ ST.25 format
entitled TALM-001_00WQO_Seq_Listing_ST25.txt, created on January 26, 2022 and having a size

of ~104 kb, which is incorporated herein by reference.

TECHNICAL FIELD

The present disclosure generally relates to the field of viral infections and diseases, and
more specifically to infections and diseases caused by coronaviruses such as severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2).

BACKGROUND ART

The coronavirus disease 2019 (COVID-19) pandemic has created an unprecedented
challenge for the global medical and scientific communities. Public health efforts to slow the
spread of the disease and the incredible work of medical personnel have helped combat the
pandemic, but modeling data suggests that the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) virus (GenBank Accession Nos. NC_045512.2, MN908947.3, YP_009724390.1,
and preferably QHD43416.1) will continue to circulate in the human population and cause disease
even after the pandemic has subsided [Tang D, Comish P, Kang R, PLoS Pathogens 16(5):
1008536 (2020)]. The global spread and inter-species transmission of the virus furtherincreases
its resistance to eradication efforts by providing multiple reservoirs from which new outbreaks or
mutated strains may arise [Hu, B., Guo, H., Zhou, P. et al. Nat Rev Microbiol (2020)]. These
factors make it highly likely that the SARS-CoV-2 virus will continue to impact human health long
into the foreseeable future.

While some pre-existing immunity against SARS-CoV-2 does exist in the population, this
diminishes with age [Ng ef al., Science (370)6522: 1339-1343 (2020) and leaves those at highest
risk for severe disease and death are still in danger until an effective vaccine can provide
widespread immunity. To compound the problem, the most severe presentation of the disease is,
in part, caused by an overactive immune response and damaging inflammation in the lungs (an
effect which may be exacerbated by certain types of vaccines) [Tang D, Comish P, Kang R, PLoS
Pathogens 16(5): e1008536 (2020)][Lee, W.S., Wheatley, A K., Kent, S.J. et al. Nat Microbiol 5,
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1185-1191 (2020). The common immune-modifying therapies, such as corticosteroids or
inhibition of specific cytokines like IL-6, can pose a significant risk to the patient if not paired with
effective virus-specific therapies to control the virus [Zhong et al., Lancet Rheumatol (2)7, E428-
E436 (2020)].

Multiple variants of SARS-CoV-2 are circulating globally and within the United States.
Four new variants that have rapidly become dominant within their countries have aroused
concerns: B.1.1.7 (also known as VOC-202012/01 or alpha), 501Y.V2 (B.1.351, Beta), P.1
(B.1.1.28.1, Gamma), Delta (B.1.617.2) and B.1.1.529 (Omicron). Studies on these variants have
provided compelling evidence that they have the potential to escape naturally-induced immunity
as well as the immunity induced by currently approved vaccines.

Most neutralizing antibodies described so far target the ACE2-binding interface of the
receptor-binding domain (RBD) of the SARS-CoV-2 Spike protein, making them vulnerable to
escape by evolving viral mutations within the RBD. Antibody monotherapy significantly increases
this risk. Dual-Ab cocktails from Regeneron (casirivimab and imdevimab, targeting adjacent, non-
overlapping epitopes) and Eli Lilly (bamlanivimab and etesevimab, targeting overlapping
epitopes) leaves both Abs in each cocktail potentially susceptible to evasion by single point

mutations. Indeed, recent evidence shows that these cocktails are ineffective at neutralizing
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Thus, there is a need for the development of therapies that elicit neutralizing activity
against SARS-CoV-2, including SARS-CoV-2 variants, and that minimize the risk of viral escape.
The present disclosure refers to a number of documents, the content of which is herein

incorporated by reference in their entirety.

SUMMARY OF THE DISCLOSURE
Provided herein are antibodies and antigen-binding regions thereof that bind SARS-CoV-

2 Spike (S) protein. The antibodies are useful, inter alia, for inhibiting or neutralizing the activity
of SARS-CoV-2 S protein. In some embodiments, the antibodies are useful for blocking binding
of the virus to its host cell receptor angiotensin-converting enzyme 2 (ACE2), for preventing entry
of SARS-CoV-2 virus into host cells and/or for eliciting Fc-mediated clearance of the virus. In
certain embodiments, the antibodies are useful in preventing, treating or ameliorating at least one
symptom of SARS-CoV-2 infection in a subject. In some embodiments, the antibodies are
administered prophylactically or therapeutically to a subject having or at risk of having SARS-
CoV-2 infection. Also provided are isolated heavy and light chain immunoglobulins derived from
human anti-SARS-CoV-2 S protein antibodies and nucleic acid molecules encoding such

immunoglobulins.
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The antibodies can be full-length (e.g., IgG1 or IgG4 antibody) or may comprise only an
antigen-binding portion thereof (e.g., a Fab, F(ab)z or scFv fragment) and may be modified to
affect functionality (e.g., to increase persistence in a host or to eliminate residual effector
functions. In certain embodiments, the antibodies are multispecific (e.g., bispecific).

In one aspect, isolated recombinant monoclonal antibodies or antigen-binding fragments
thereof that bind specifically to the SARS-CoV-2 Spike protein are provided. In some
embodiments, the antibodies are fully human monoclonal antibodies. In some embodiments, the
antibodies and antigen-binding fragments thereof bind to an epitope within the receptor binding
domain (RBD) of the Spike protein of SARS-CoV-2. In other embodiments, the antibodies and
antigen-binding fragments thereof bind to an epitope outside the RBD of the Spike protein.

In some embodiments the antibodies are useful for blocking the attachment of the SARS-
CoV-2 virus and/or preventing entry of the viral genome into host cells. In some embodiments,
the antibodies are useful in preventing, treating, or ameliorating one or more symptoms of SARS-
CoV-2 infection in human hosts. In certain embodiments, compositions containing one or more
antibodies or antigen-binding fragments described herein may be useful for the treatment of
SARS-CoV-2 infection.

In certain embodiments, the antibodies or antigen-binding fragments are bispecific. In
related embodiments, a bispecific antibody or antigen-binding fragment thereof comprises a first
binding specificity to a first epitope in the receptor binding domain of SARS-CoV-2 Spike protein
and a second binding specificity to a second epitope in the receptor binding domain of SARS-
CoV-2 Spike protein wherein the first and second epitopes are distinct and non-overlapping. In
other related embodiments, a bispecific antibody or antigen-binding fragment thereof comprises
a first binding specificity to a first epitope in the receptor binding domain of SARS-CoV-2 Spike
protein and a second binding specificity to a second epitope outside the receptor binding domain
of SARS-CoV-2 Spike protein wherein the first and second epitopes are distinct and non-
overlapping.

Exemplary anti-SARS-CoV-2 Spike protein antibodies are listed in Tables 1 and 2.
Tables 1 and 2 set forth the amino acid sequence identifiers of the heavy chain variable regions
(HCVRs), light chain variable regions (LCVRSs), heavy chain complementarity determining regions
(HCDR1, HCDR2, HCDR3) and light chain complementarity determining regions (LCDR1,
LCDR2, LCDR3) of exemplary anti-SARS-CoV-2 Spike protein antibodies.

In various aspects, provided herein are antibodies or antigen-binding fragments thereof
comprising an HCVR comprising an amino acid sequence selected from any one of the HCVR
amino acid sequences listed in Table 2, or a sequence having at least 70%, at least 75%, atleast
80%, at least 85%, at least 90%, at least 95%, at least 98% or at least 99% sequence identity
thereto.
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Also provided herein are antibodies or antigen-binding fragments thereof comprising an
LCVR comprising an amino acid sequence selected from any one of the LCVR amino acid
sequences listed in Table 2, or a sequence having at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, at least 95%, at least 98% or at least 99% sequence identity thereto.

Also provided herein are antibodies or antigen-binding fragments thereof comprising a
heavy chain CDR1 (HCDR1) comprising an amino acid sequence selected from any one of the
HCDR1 amino acid sequences listed in Table 1, or a sequence having at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 98% or at least 99% sequence
identity thereto.

Also provided herein are antibodies or antigen-binding fragments thereof comprising a
heavy chain CDR2 (HCDR2) comprising an amino acid sequence selected from any one of the
HCDR2 amino acid sequences listed in Table 1, or a sequence having at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 98% or at least 99% sequence
identity thereto.

Also provided herein are antibodies or antigen-binding fragments thereof comprising a
heavy chain CDR1 (HCDRS3) comprising an amino acid sequence selected from any one of the
HCDR3 amino acid sequences listed in Table 1, or a sequence having at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 98% or at least 99% sequence
identity thereto.

Also provided herein are antibodies or antigen-binding fragments thereof comprising a
light chain CDR1 (LCDR1) comprising an amino acid sequence selected from any one of the
LCDR1 amino acid sequences listed in Table 1, or a sequence having at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 98% or at least 89% sequence
identity thereto.

Also provided herein are antibodies or antigen-binding fragments thereof comprising a
light chain CDR2 (LCDR2) comprising an amino acid sequence selected from any one of the
LCDR2 amino acid sequences listed in Table 1, or a sequence having at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 98% or at least 99% sequence
identity thereto.

Also provided herein are antibodies or antigen-binding fragments thereof comprising a
light chain CDR3 (LCDR3) comprising an amino acid sequence selected from any one of the
LCDRS3 amino acid sequences listed in Table 1, or a sequence having at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least 98% or at least 99% sequence
identity thereto.

Also provided are antibodies, or antigen-binding fragments thereof, comprising an
HCDR3 and an LCDR3 amino acid sequence pair (HCDR3/LCDR3) comprising any of the

HCDR3 amino acid sequences listed in Table 1 paired with any of the LCDR3 amino acid
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sequences listed in Table 1. Also provided herein are antibodies, or antigen-binding fragments
thereof, comprising a set of six CDRs (i.e., HCDR1-HCDR2-HCDR3-LCDR1-LCDR2-LCDR3)
contained within an HCVR/LCVR amino acid sequence pair as defined by any of the exemplary
anti-SARS-CoV-2 antibodies listed in Table 2.

In other aspects, also provided is an antibody or antigen-binding fragment thereof
comprising (a) a HCDR1 domain comprising one of the following amino acid sequences: SEQ ID
Nos: 1, 8, 11, 20, 25, 36, 39, 45, 50, 54, 57, 64, 74, 89, 94, 99, 103, 108, 113, 117, 122, 125, or
128 (b) a HCDR2 domain comprising one of the following amino acid sequences: SEQ ID Nos:
2,7,12,16, 21, 26, 30, 40, 46, 51, 55, 58, 65, 69, 75, 90, 95, 100, 104, 109, 114, 118, 123, 126,
or 129 (c) a HCDR3 domain comprising one of the following amino acid sequences: SEQ ID Nos:
3,8,13,17, 22,27, 31, 34, 41, 47, 52, 53, 56, 59, 62, 66, 70, 73, 76, 79, 82, 84, 91, 96, 101, 105,
110, 115, 119, 124, 127 or 130 (d) a LCDR1 domain comprising one of the following amino acid
sequences: SEQ ID Nos:4, 9, 14, 18, 23, 28, 32, 35, 37, 42, 48, 60, 67, 71, 77, 80, 83, 85, 87, 92,
97,106, 111 0or 120, (e) a LCDR2 domain comprising one of the following amino acid sequences:
GND, DNN, YDN, EDN, DDN, SAS, EDK, NNN, SEQ ID NO:43, AND, YDD, NNI, YDY, ANS,
RDS, TNN, RND, AAS, YDT, DVS, WAS, ENN, EVS, DDT, GNS or EVA, and (f) a LCDR3 domain
comprising one of the following amino acid sequences: SEQ ID Nos:5, 10, 15, 19, 24, 29, 33, 38,
44, 49, 61, 63, 68, 72, 78, 81, 86, 88, 93, 98, 102, 107, 112, 116, or 121.

In other aspects, also provided is an antibody or antigen-binding fragment thereof
comprising CDRS having one or more amino acid substitutions relative to the above-noted CDRs.

Methods and techniques for identifying CDRs within HCVR and LCVR amino acid
sequences are well known in the art and can be used to identify CDRs within the specified HCVR
and/or LCVR amino acid sequences disclosed herein. Exemplary conventions that can be used
to identify the boundaries of CDRs include, e.g., the Kabat definition, the Chothia definition, the
international ImMunoGeneTics information system® (IMGT) definition, the Contact definition and
the AbM definition. In general terms, the Kabat definition is based on sequence variability, the
Chothia definition is based on the location of the structural loop regions, the AbM definition is a
compromise between the Kabat and Chothia approaches, the Contact definition is based on an
analysis of which residues contact antigen in crystal structures, and the IMGT definition is based
CDR and Framework definitions as defined by IMGT. See, e.g., Kabat, "Sequences of Proteins
of Immunological Interest,”" National Institutes of Health, Bethesda, Md. (1991); Al-Lazikani et al.,
J. Mol. Biol. 273:927-948 (1997); Martin et al., Proc. Nat/. Acad. Sci. USA 86:9268-9272 (1989);
Whitelegg N & Rees AR, Protein Eng. 13(2000):819-824; Whitelegg N & Rees AR, Methods Mol
Biol. 248(2004)51-91; MacCallum RM, Martin ACR & Thornton JM, J. Mol. Biol. 262(1996)732-
745. Public databases are also available for identifying CDR sequences within an antibody (e.g.,
abYsis; Swindells et al., J Mol Biol. 2017 Feb 3;429(3):356-364).
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In some aspects, the antibody or antigen-binding fragment thereof specifically binds to
the RBD region of the SARS-CoV-2 Spike protein and preferably inhibits interaction of SARS-
CoV-2 with its cognate ACE2 receptor (e.g., GenBank Accession No. NM_021804.3). In other
aspects, the antibody or antigen-binding fragment thereof binds to the S1 subunit of the SARS-
CoV-2 Spike protein in a region other than the RBD or binds to the S2 subunit. In some
embodiments, the antibodies are human antibodies. In some embodiments, the antibodies cross-
react with the Spike protein of another coronavirus (e.g., the SARS-CoV-1 Spike protein,
GenBank Accession No. YP_009825051.1). In some embodiments, an antibody or antigen-
binding fragment thereof comprising HCVR CDRs and/or LCVR CDRs of SEQ ID Nos: 163 and
164 cross-reacts with the SARS-CoV-1 Spike protein.

The present disclosure also provides for antibodies and antigen-binding fragments
thereof that compete for specific binding to SARS-CoV-2 Spike protein with an antibody or
antigen-binding fragment thereof comprising the CDRs of a HCVR and the CDRs of a LCVR,
wherein the HCVR and LCVR each has an amino acid sequence selected from the HCVR and
LCVR sequences listed in Table 2.

In some embodiments, provided herein are isolated antibodies and antigen-binding
fragments thereof that block SARS-CoV-2 Spike protein binding to ACE2. In some embodiments,
the antibody or antigen-binding fragment thereof that blocks SARS-CoV-2 Spike protein binding
to ACE2 may bind to the same epitope on SARS-CoV-2 Spike protein as ACE2 or may bind to a
different epitope on SARS-CoV-2 Spike protein as ACE2. In some embodiments, the present
disclosure provides antibodies or antigen-binding fragments thereof that block the binding of
SARS-CoV-2 Spike protein to human ACE2 and/or elicit Fc-mediated clearance of the virus.

In one embodiment, the disclosure provides an isolated antibody or antigen-binding
fragment thereof that has one or more of the following characteristics: (a) is a fully human
monoclonal antibody; (b) interacts with one or more amino acid residues in the receptor binding
domain of SARS-CoV-2 Spike protein selected from amino acid residues 345 to 490 of SEQ ID
NO: 197 (e.g., 23-H7) or selected from amino acids 417 to 505 of SEQ ID NO:197 (e.g., 22-E8);
(c) binds to SARS-CoV-2 Spike protein with an apparent dissociation constant (Kp) of less than
300 nM, preferably less than 50 nM, as measured in a label-free (biolayer interferometry) assay;
(d) blocks binding of SARS-CoV-2 Spike protein to ACE2 as measured in a label-free (biclayer
interferometry) or HTRF assay; (e) neutralizes SARS-CoV-2 infectivity of human host cells by at
least 80%, preferably by at least 90% and with an ICso less than 10 mg/mL, preferably less than
5 mg/mL or less than 1 mg/mL, as measured in a live virus or pseudovirus neutralization assay;
(f) neutralizes SARS-CoV-2 infectivity wherein the infectious particle is a pseudotyped virus
expressing the SARS-CoV-2 surface glycoprotein (GenBank: YP_009724390) or the live SARS-
Cov-2 virus isolate BetaCoV/Munich/BavPat1/2020 containing the D614G mutation in the surface

glycoprotein; (g) is a bispecific antibody comprising a first binding specificity to a first epitope in
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the receptor binding domain of SARS-CoV-2 Spike protein and a second binding specificity to (i)
a second epitope in the receptor binding domain of SARS-CoV-2 Spike protein wherein the first
and second epitopes are distinct and non-overlapping or (ii) a second epitope in the Spike protein
of SARS-CoV-2 outside the RBD and (h) induce complement-dependent cytotoxicity (CDC),
antibody-dependent cellular cytotoxicity (ADCC) and/or antibody-dependent cellular
phagocytosis (ADCP) against infected cells.

In other embodiments, a combination or cocktail (e.g., a pharmaceutical combination or
cocktail) is provided comprising at least two (e.g., at least two, at least three, atleast four, at least
five or more) antibodies or antigen-binding fragments thereof as described herein. In certain
embodiments, the combination or cocktail comprises two or more antibodies or antigen-binding
fragments thereof that exhibit an additive or synergistic effect (e.g., according to a neutralization
assay). In some aspects, antibodies of the combination or cocktail are for administration to a
subject infected with SARS-CoV-2 (or prophylactically to a subject at risk of being infected with
SARS-CoV-2) as part of the same pharmaceutical formulation. In other aspects, antibodies of the
combination or cocktail are for administration to the subject simultaneously or sequentially in two
or more different pharmaceutical formulations.

In other embodiments, a pharmaceutical composition is provided comprising an antibody
or antigen-binding fragment thereof that binds to SARS-CoV-2 Spike protein as herein described.
In related embodiments, the pharmaceutical composition comprises a combination of two or more
antibodies or antigen-binding fragments thereof, that in an embodiment exhibit an additive or
synergistic effect.

In other related embodiments, use of a pharmaceutical composition as herein described
is provided to reduce viral shedding of a subject infected with SARS-CoV-2 and/or to treat COVID-
19 and/or treat/prevent acute respiratory distress syndrome (ARDS) in a subject infected with
SARS-CoV-2. In other related embodiments, a pharmaceutical composition as herein described
is provided for use in the manufacture of a medicament to reduce viral shedding of a subject
infected with SARS-CoV-2 and/or to treat COVID-19 and/or treat/prevent ARDS in a subject
infected with SARS-CoV-2.

Also provided are therapeutic methods for treating a disorder, symptom or syndrome
associated with SARS-CoV-2 such as viral infection in a subject using an antibody or antigen-
binding portion thereof as herein described, wherein the therapeutic methods comprise
administering a therapeutically effective amount of a pharmaceutical composition comprising an
antibody or antigen-binding fragment thereof as herein described to a subject in need thereof.
The disorder treated is any disease or condition which is improved, ameliorated, inhibited or
prevented by inhibition of SARS-CoV-2 activity. In certain embodiments, the disclosure provides
methods to prevent, treat or ameliorate at least one symptom of SARS-CoV-2 infection, the

method comprising administering a therapeutically effective amount of an anti-SARS-CoV-2
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Spike protein antibody or antigen-binding fragment thereof as herein described to a subject in
need thereof. In some embodiments, methods are provided to ameliorate or reduce the severity
of at least one symptom or indication of SARS-CoV-2 infection in a subject by administering an
antibody as herein described, wherein the at least one symptom or indication is inflammation in
the lung, alveolar damage, fever, cough, shortness of breath, diarrhea, organ failure, pneumonia,
septic shock or death. In certain embodiments, the disclosure provides methods to decrease viral
load in a subject, the methods comprising administering to the subject an effective amount of an
antibody or fragment thereof as herein described that binds SARS-CoV-2 Spike protein and
blocks SARS-CoV-2 binding to host cell receptor ACE2. In some embodiments, the antibody or
antigen-binding fragment thereof may be administered prophylactically or therapeutically to a
subject having or at risk of having SARS-CoV-2 infection and/or of developing a more severe form
of COVID-19. The subjects at risk include, but are not limited to, an immunocompromised or
immunosuppressed subject, an elderly adult (more than 65 years of age), healthcare workers,
adults or children in close contact with a person(s) with confirmed or suspected SARS-CoV-2
infection, and people with underlying medical conditions (or comorbidities) such as pulmonary
infection, heart disease, obesity or diabetes. In certain embodiments, a combination of antibodies
or antigen-binding fragments thereof as herein described is administered to the subject in need
thereof. A second therapeutic agent may be co-administered to the subject in need thereof with
one or more antibodies or antigen-binding fragments thereof as herein described such as an anti-
inflammatory drug (e.g., corticosteroids), an anti-infective drug, a different antibody to SARS-CoV-
2 Spike protein, an anti-viral drug, a dietary supplement such as anti-oxidants and any other drug
or therapy known in the art. In certain embodiments, the second therapeutic agent may be an
agent that helps to counteract or reduce any possible side effect(s) associated with an antibody
or antigen-binding fragment thereof as described herein, if such side effect(s) should occur. The
antibody or fragment thereof may be administered subcutaneously, intravenously, intradermally,
intraperitoneally, orally, intranasally, intramuscularly, or intracranially. In one embodiment, the
antibody may be administered as a single intravenous infusion for maximum concentration of the
antibody in the serum of the subject. The antibody or antigen-binding fragment thereof may be
administered at a dose of about 0.1 mg/kg of body weight to about 100 mg/kg of body weight of
the subject. In certain embodiments, an antibody of the present disclosure may be administered
at one or more doses comprising between 50 mg to 600 mg.

In other embodiments, nucleic acid molecules encoding anti-SARS-CoV-2 antibodies or
portions thereof as herein described are provided. For example, nucleic acid molecules encoding
any of the HCVR, LCVR, HCDR1, HCDR2, HCDR3, LCDR1, LCDR2, and LCDR3 amino acid
sequences listed in Tables 1-2 are provided.

In various aspects and embodiments, the present disclosure also provides the following

items:



WO 2022/165039

1.

PCT/US2022/014103

An isolated antibody or antigen-binding fragment thereof that specifically binds to severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) Spike protein, wherein the antibody or

antigen-binding fragment comprises one of the combinations of heavy chain complementarity
determining regions (CDRs) (HCDR1, HCDR2 and HCDR3) and light chain CDRs (LCDR1,
LCDR2 and LCDR3) depicted in Table 6:

Table 6
Clone HCDR1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
GYTFSTYY IDPSGGTT SGSIAGNY QSYDASHLHVI
23-H7 (SEQ ID (SEQ ID ARGGIE];ADI\IAOV.D]_E)(SEQ (SEQ ID EDN (SEQ ID
NO:36) NO:16) : NO:37) NO: 38)
GEFSLNTRGMS IDWEDDK SLRNYY NSRDSSGNHVV
2-A6 (SEQ ID (SEQ ID A(EEZSEIEVEEF?ZI?\)[ (SEQ ID GGN (SEQ ID
NO:125) NO:126) ) NO:198) NO:199)
GGTENTYS IIPIFDKP RSNIGNYP ATWDDSLNVWV
22-D9 (SEQ ID (SEQ ID (2EST§;YESM§\9/) (SEQ ID YDD (SEQ ID
NO:57) NO:58) : NO:60) NO:61)
GFTENNYP ISYDGNHK SSDVGGYNY SSYTSSSTWV
22-E7 (SEQ ID (SEQ ID ASDILDS?\IAOE_DISOB()SEQ (SEQ ID EVS (SEQ ID
NO:103) NO:104) : NO:106) NO:107)
GYIFTNYD VNENSGKV SSNIGNNA AAWDDSLNGVV
21-F2 (SEQ ID (SEQ ID ARGHTNDOE: 5(6S)EQ Db (SEQ ID YDD (SEQ ID
NO:54) NO:55) : NO:14) NO:5)
GFSFTNYG ISYDGSIK KSDIGAYNY SSYTTSGTVV
22-F7 (SEQ ID (SEQ ID TRE?ETE(I)]?;]_)(SEQ (SEQ ID DVsS (SEQ ID
NO:89) NO:90) : NO:92) NO:93)
GYSFTSYW IYPGDSDT SSNIGSNP AAWDDSLNGVV
26-G2 (SEQ ID (SEQ ID ARLG?;SEI\(;IP\;) (SEQ (SEQ ID GND (SEQ ID
NO: 1) NO:2 : NO: 4) NO:5)
GYTFTSYY IDPSGGST SSNIGNNY GTWDSSLSAGV
izl (SEQ ID (SEQ ID A(F;SEF;DGIYDIEI)\I%A.ZE;I (SEQ ID DNN (SEQ ID
NO: 6) NO:7) . NO:9) NO:10)
GYTFTGYY INPNSGGT SSNIGNNA ASWDDRLDSPV
11-H1 (SEQ ID (SEQ ID QR?gggFigGﬁngg? (SEQ ID YDN (SEQ ID
NO:11) NO:12) : NO:14) NO:15)
GYTFTSYY IDPSGGTT SGSIASNY QSYDSGNVI
21-A6 (SEQ ID (SEQ ID ARGGIE]‘DA]:IJ\IAO\/:D]_Y;)(SEQ (SEQ ID EDN (SEQ ID
NO: 6) NO:16) . NO:18) NO:19)
GYTFTSYA INAGNGNT AREGMITFGGVIVINY NIGSES QAWDGSTVV
27-F5 (SEQ ID (SEQ ID GMDV (SEQ ID (SEQ ID DDN (SEQ ID
NO:20) NO:21) NO:22) NO:23) NO:24)
GFTFSSYG ISYDGSNK OSLLHSIGYN MQALQRTLYT
21-11 (SEQ 1D (SEQ 1D (JQESG?EREJS.FE) F (SEQ ID SAS (SEQ 1D
NO:25) NO:26) . NO:28) NO:29)
GYTFTSYY IDPTGGST SGSIARNY QSYDSSNQWY
27-G3 (SEQ ID (SEQ ID ASAGI\;GNNTOE:D3Y:I_)(SEQ (SEQ ID EDK (SEQ ID
NO: 6) NO:30) : NO:32) NO:33)
GYSFTSYW IYPGDSDT SSNIGSNT AAWDDSLNGVV
8-D4 (SEQ ID (SEQ ID (ASREI:\TQP SILDYSNSOP_T3D4Y) (SEQ ID NNN (SEQ ID
NOo:1) NO:2) . NO:35) NO:5)
GGTFSNYA ITIPILDTT SGINVGAYN YNSDSDN MIWRSSAWY
24-B8 (SEQ ID (SEQ ID VREEG;S?AH(_)SEQ Db (SEQ ID (SEQ ID (SEQ ID
NO:39) NO:40) : NO:42) NO:43) NO: 44)
GFTFDTYG ISNDGSKK GRVTEPYMVTPLMLFR NFGTKS QVWDSSADLRG
21-F1 (SEQ ID (SEQ ID MAIDN (SEQ ID (SEQ ID AND VvV (SEQ ID
NO:45) NO:406) NO:47) NO:48) NO:49)
GRTFSSYA ISRSGGST AASNEGGTWYGSSWYR
1l6-C6 (SEQ ID (SEQ ID PSSYEH (SEQ ID -——= -——= -
NO:50) NO:51) NO:52)
GRTFSSYA ISRSGGST AASNEGGTWYGSSWYR
16-Go6 (SEQ ID (SEQ ID PSSYEY (SEQ ID -——= -——= -—=
NO:50) NO:51) NO:53)
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GYSFTSYW IYPGDSDT SSNIGSNP ASWDDSLNEGY
13-A1 (SEQ ID (SEQ ID ARY%ifii&izm(SEQ (SEQ ID NNI (SEQ ID
NO:1) NO:2) : NO: 4) NO: 63)
GGTFSSYA IIPIFGTT DSNIGONG ASWDDSLSAWY
22-E8 (SEQ ID (SEQ ID (gggﬁggY§g¥gg) (SEQ ID ¥YDY (SEQ ID
NO:64) NO:65) : NO:67) NO: 68)
GGTFSSYA TIPMFNSA SSNIGAGYD 0SYDSSLSGVY
5-B6 (SEQ ID (SEQ ID ATEEZGigyggggg?P (SEQ ID ANS (SEQ ID
NO:64) NO:69) ) NO:71) NO:72)
GYSFTSYW IYPGDSDT SSNIGNNY GTWDSSLSAGY
13-H3 (SEQ ID (SEQ ID ARGiifiﬁiQi”(SEQ (SEQ ID DNN (SEQ ID
NO:1) NO:2) . NO:9) NO:10)
GDSVSSNSAA TYYRSKW ALPKQF OSADSSATYEV
27-B4 (SEQ ID (SEQ ID ARﬂi?qiRi6gSEQ (SEQ ID RDS (SEQ ID
NO:74) NO:75) : NO:77) NO: 78)
GYSFTSYW IYPGDSDT SSNVGSNS AAWDDSLNGWV
8-H1 (SEQ ID (SEQ ID ARR%iSiEiQi”(SEQ (SEQ ID TNN (SEQ ID
NO:1) NO:2) . NO:80) NO:81)
GYSFTSYW IYPGDSDT SSNIGSNS AAWDDSLNGVY
8-H5 (SEQ ID (SEQ ID ARWii?ﬁiizé)(SEQ (SEQ ID RND (SEQ ID
NO: 1) NO:2) : NO:83) NO:5)
GYTFTGYY INPNSGGT QSISSW QQGHSFPLT
8-A2 (SEQ ID (SEQ ID ﬁi%?ﬁifiﬁﬁiiﬁ (SEQ ID AAS (SEQ ID
NO:11) NO:12) ’ NO:85) NO: 86)
GETFSSYG ISYDGSNK NIESKY OVWDRTSGHEV
iil (SEQ ID (SEQ ID (gggGigRgé?zi) (SEQ ID ¥YDT (SEQ ID
NO:25) NO:26) : NO:87) NO: 88)
GFTFSNYG ISYDGSIE ESVSYSSSNK QQYYSSPLT
30-C5 (SEQ ID (SEQ ID ARD?BG§5P56;SEQ NY (SEQ ID WAS (SEQ ID
NO:94) NO:95) ’ NO:97) NO:98)
GETESDYP ISYDGWTK SSNIGNNY GTWDNSLSAWY
éia (SEQ ID (SEQ ID VR?gDig?ioifEQ (SEQ ID ENN (SEQ ID
NO:99) NO:100) ’ NO: 9) NO:102)
GFTLSDYP MSYDGSLK DIGSRS OAWDSSTVV
6-n4 (SEQ ID (SEQ ID ARG¥§D§8?§§O;SEQ (SEQ ID DDT (SEQ 1D
NO:108) NO:109) : NO:111) NO:112)
GFSENTFP ISYDGSFK SSNIGAGYD QSYDSSLSGYV
ASPGDSDWADFEN (SEQ ID
6-E1 (SEQ ID (SEQ ID (SF0 ID NO:115) (SEQ ID GNS NO:116)
NO:113) No:114) : NO:71) :
GENFSLYG ISYDGSOK TSDVGGYGY VSYTLSSLVV
6-F2 (SEQ ID (SEQ ID VK?ngg?iléfEQ (SEQ ID EVA (SEQ ID
NO:117) NO:118) : NO:120) NO:121)
GSIPSVNV VTSDGRT
LITNQDHNTLGYV
15-E4 (SEQ ID (SEQ ID (SEQ f% NO:124) N/A N/A N/A
No:122) No:123) :
GNVTSITL IINDDDRT
15-08 (SEQ ID (SEQ ID SA§§G§§?§3S§EQ N/A N/A N/A
NO:128) NO:129) :
GSIPSVNV VTSDGRT
LITNSDHNTLG (SE
15-F7 (SEQ ID (SEQ ID . NO'ZOS; 2 N/A N/A N/A
No:122) No:123) :
GSIPSVNV VTSDGRT (3
15-H3 (SEQ ID EQ ID (;igﬁifiiiain) N/A N/A N/A
NO:122) NO:123) :

2.

variable region (VH) depicted in Table 7:

The antibody or antigen-binding fragment according to item 1, comprising a heavy chain

Table 7
Clone Heavy Chain wvariable (VH) and Light Chain variable (LH) sequences
23-H7 | VH QVQLVQSGAEVKLPGASMKVSCKASGYTFSTYYMHWVROAPGQGPEWMGVIDPSGGTTSYAQKFHDRIAMTR
DTSTSTAYLELSSLRSEDMAVYYCARGGFADAVDYWGQGTLVTVSS (SEQ ID NO:147)
VL NEMLTQPHSVSGSPGKTVTISCTRNSGSIAGNYVOWYQORPGSAPTTVIYEDNQRPSGVPDRFSGSIDSSSN
SASLTISGLKTEDEADYYCQSYDASHLHVIFGGGTKVTVL (SEQ ID NO:148)
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2-A6 VH QVTLRESGPALVKPTQTLTLTCTFSGFSLNTRGMSVSWIRQPPGKALEWLALIDWEDDKEFYRTSLMTRLTIS
KDIFKNQVVLTMTNVDPVDTGTYYCARTYSVGVKYFGMDVWGQGTTVTIVSS (SEQ ID NO:191)
VL SSELTQDPAVSVALGQTVRITCQOGDSLRNYYASWYRQEPGQAPILLIYGGNYRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGNHVVFGGGTKLTVL (SEQ ID NO:182)
22-D9 | VH QVQLVQSGAEVKKPGSSVNVSCKTSGGTFNTYSINWVRQAPGOGLEWMGEITI PI FDKPNYAQKFQGRVTITA
DESTSTAYMELTSLRSDDTAVYYCARGTGYYYGMDVWGOGTTVTVSS (SEQ ID NO:157)
VL QSVLTQPPSVSGAPROQTVTISCFGSRSNIGNYPVNWYHQVPGKAPKVVVYYDDLLPSGISDRESGYKSGT SA
SLTISGLRSEDEADYYCATWDDSLNVWVFGGGTKLTVL (SEQ ID NO:158)
22-D9 | VH QVOLVQSGAEVKKPGS SVKVSCKTSGGTFNTYSINWVROAPGOGLEWMGEITIPI FDKPNYAQKFQGRVTITA
optim DESTSTAYMELTSLRSDDTAVYYCARGTGYYYGMDVWGQGTTVTVSS (SEQ ID NO:215)
ized VL QSVLTQPPSVSGAPRQTVTISCFGSRSNIGNYPVNWYHQVPGKAPKVVVYYDDLLPSGISDRESGYKSGT SA
SLTISGLRSEDEADYYCATWDDSLNVWVFGGGTKLTVL (SEQ ID NO:158)
22-E7 | VH QVQLVESGGGVVQPGTSLRLSCAASGFTFNNYPMEFWVROAPGKGLEWLALISYDGNHKVYADSVKGRETI SR
DNAKNTLYLOMHSLRAEDTALYYCASDLSGAEDSWGQGTLVTIVSS (SEQ ID NO:183)
VL QSALTQPASVSGSPGOSITISCTGTSSDVGGYNYVSWYQQHPGKAPKLLIYEVSNRPSGVSNRESGSKSGNT
ASLTISGLQAEDEADYYCSSYTSSSTWVFGGGTKLTVL (SEQ ID NO:184)
21-F2 | VH QVQLVQSGAEVKKPGASVTVSCKTSGYIFTNYDINWVROAPGQGLEWVGWVNPNSGKVGYAQKFQGRVIMTR
SDSESTAYMELTNLTSDDTAVYYCARGHTDFWGQGTLVTVSS (SEQ ID NO:155)
VL QSVLTQPPSVSEAPRQRVTISCSGSSSNIGNNAVNWYQQLPGRAPKLLIYYDDLLPSGVSDREFSGSKSGT SA
SLAISGLOSEDEADYYCAAWDDSLNGVVFGGGTQLTVL (SEQ ID NO:156)
21-F2 | VH QVQLVQSGAEVKKPGASVIVSCKTSGYIFTNYDINWVRQAPGQGLEWVGWVNPNSGKVGYAQKFQGRVIMTR
optim SDSESTAYMELTQLTSDDTAVYYCARGHTDFWGQGTLVTVSS (SEQ ID NO:214)
ized VL QSVLTQPPSVSEAPRQRVTISCSGSSSNIGNNAVNWYQQLPGRAPKLLIYYDDLLPSGVSDRESGSKSGT SA
SLAISGLQSEDEADYYCAAWDDSLNGVVFGGGTQLTVL (SEQ ID NO:156)
22-F7 | VH QVQLVESGGGVVQPGRSLRLSCAASGESFTNYGMHWVROAPGKGLEWVAVISYDGSIKYYEDSLKGRETVSR
DNSKKTLYLOMNSLRAEDTAVYYCTRERGTGIDYWGLGTLVTIVSS (SEQ ID NO:177)
VL QSALTQPASVSGYPGRSITLSCTGTKSDIGAYNYVSWYQOHPGKAPKIMVYDVSNRPSGLSNRESGSKSDNT
ASLTISGLOAEDEAHYYCSSYTTSGTIVVFGGGTKVTVL (SEQ ID NO:178)
26-G2 | VH EVQLVQSGAEVKKPGKSLKISCKGSGYSFTSYWIGWVROMPGKGLEWMGIIYPGDSDTRYSPSFQGQVTISA
DKSISTAYLOWS SLKASDTAMYYCARLGDYSGMDVWGQGTMVTVSS (SEQ ID NO:131)
VL QSVLTQPPSASGTPGORVTISCSGSSSNIGSNPVNWYQHLPGTAPKLLI SGNDOQRPSGVPDRFSGSKSGT SA
SLAISGLOSEDEGDYYCAAWDDSLNGVVFGGGTQLTVL (SEQ ID NO:132)
27- VH QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYYMHWVROAPGQGLEWMGIIDPSGGSTSYAQKFQGRVTLTR
All DTSTSTVYMELSSLRSEDTAVYYCARSRDGYIDDAFDIWGQGTLVTVSS (SEQ ID NO:133)
VL QSVLTQPPSVSAAPGOKVTISCSGSSSNIGNNYVSWYQQLPGTAPKLLIYDNNKRPSGIPDRESGSKSGT 3A
TLGITGLQTGDEADYYCGTWDSSLSAGVFGGGTKLTVL (SEQ ID NO:134)
11-H1 | VH QVOLVQSGAEVKKPGASVKVSCKASGYTFTGYYMHWVROAPGOGLEWMGRINPN SGGTNYAQKFOGRVTMTR
DTSISTAYMELSRLRSDDTAVYYCARDKLPFSVGATHGMDVWGQGTLVTVSS (SEQ ID NO:135)
VL QSVLTQPPSVSEAPROQRVTISCSGSSSNIGNNAVNWYQQLPGQAPRLLIYYDNLLPSGVSDRESASTSGT SA
SLAISDLRSEDEADYYCASWDDRLDSPVFGGGTKLTVL (SEQ ID NO:136)
21-A6 | VH QVQLVQSGAEVKKPGASVKVSCKASVKVSCKASGYTFTSYYMHWVRQAPGQGPEWMGVIDPSGGTT SYAQKE
HDRIAMTRDTSTSTAYLELSSLRSEDTAVYYCARGGFADAVDYWGQGTLVTVSS (SEQ ID NO:137)
VL NFMLTQPHSVSESPGKTVTISCTRSSGSIASNYVOWYQQRPGSSPTTVIYEDNQRPSGVPDREFSGSIDSSSN
SASLTISGLKTEDEADYYCQSYDSGNVIFGGGTKVTVL (SEQ ID NO:138)
27-F5 | VH EVOLVQSGAEVKKPGASVKVSCKASGYTFTS YAMHWVROAPGQRLEWMGWINAGNGNTKY SQKFQGRVTITR
DTSASTAYMELS SLRSEDTAVYYCAREGMITEFGGVIVTNYGMDVWGOGTMVTVSS (SEQ ID NO:139)
VL SYVLTQPPSVSVAPGQTARITCGGNNIGSESVHWYQQKPGQAP LLVVYDDNNRPSGIPERFSGSNSGNTATL
TINRVEAGDEADYSCQAWDGSTVVEGGGTKLTVL (SEQ ID NO:140)
21-H1 | VH QVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVAVISYDGSNKYYADSVKGREFTISR
DNSKNTLYLQOMNSLRAEDTAVYYCAKEGELRGAFDIWGOGTTVTVSS (SEQ ID NO:141)
VL DIVMTQSPLSLPVTPGEPASISCTSSQSLLHSIGYNFVDWYLOKPGQSPQLLIYSASNRASGVPDRESGSGS
GTDFTLKISRVEAEDVGVYYCMOALQRTLYTFGQGTKVESK (SEQ ID NO:142)
27-G3 | VH QVOLVQSGAEVKKPGASVKLSCTASGYTFTSYYMHWVROAPGOGLEWMGI IDPTGGST SYAQKFQGRVTMTR
DTSTSTVYMELSSLRSEDTAVYYCASAGVGNTFDYWGQGTLVTVSS (SEQ ID NO:143)
VL NFMLTQPHSVSASPGKTVTIISCTRSSGSIARNYVOQWYQQRPGRSPNILIFEDKQRPSGVPDREFSGSIDSSSN
SASLTISGLKTEDEADYYCQSYDSSNQWVFGGGTKLTVL (SEQ ID NO:144)
8-D4 VH EVQLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVROMPGKGLEWMGIIYPGDSDTRYSP3SFQGQVTISA
DKSISTAYLQWS SLKASDTAMYYCARNPSLYSSPTDYWGOGTLVTIVSS (SEQ ID NO:145)
VL QSVLTQPPSASGTPGORVTISCSGSSSNIGSNTVNWYQQLPGTAPKLLIYNNNQRPSGVPDRFSGSKSGT SA
SLAITGLQSEDEADYYCAAWDDSLNGVVFGGGTKVTVL (SEQ ID NO:146)
24-B8 | VH QVQLVQSGAEVKKPGSSVKVSCKASGGTFSNYAISWVROQAPGQGLEWMGGITIPILDTTNYAQKFQGRVTITA
DESTSTAYMELNSLRSEDTAVYYCVREEGFDYWGQGTLVTVSS (SEQ ID NO:149)
VL QSVLTQPSSLSASPGASASLTCTLRSGINVGAYNIYWYQOKPGSPPQEFVLRYNSDSDNQQGSGVPSRESGSK
DASANAGILLISGLOSEDEAEYYCMIWRS SAWVFGGGTKLTVL (SEQ ID NO:150)
21-F1 | VH QVQLVESGGGVVQPGRSLRLSCGASGFTFDT YGMHWVRQAPGRGPEWVAVISNDGSKKYYADSVKGREFTISR

DNSKNTVYLQMNSLRAEDTGVYYCGRVTEPYMVTPLMLFRMAIDNWGOGTLVTVSS (SEQ ID NO:151)
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VL SYVLTQPPSMSVAPGETARITCGGGNFGTKSVHWYQQRSGRAPVLVVYANDDRPSGIPERFSGSKSGDTATL
TISRVEAGDEADYFCQVWDSSADLRGVVEFGGGTQLTVL (SEQ ID NO:152)
1l6-Co | VH QVQLOESGGGLVQAGGSLRLSCAASGRTESS YAMGWFROVLGKERELVAAISRSGGSTYYADSVKGRETVSR
DNVENTVYLOMNSLKPEDTAGYYCAASNEGGTWYGSSWYRPSSYEHWGQGTQVTVSS (SEQ ID
NO:153)
le-Go | VH QVQOLOQOSGGGLVQAGGSLRLSCAASGRTFSS YAMGWFROVLGKERELVAAISRSGGSTYYADSVKGREFTISR
DNVKNTVYLOMNSLKPEDTAGYYCAASNEGGTWYGSSWYRPSSYEYWGQGTQVTVSS (SEQ ID
NOC:154)
13-A1 | VH EVQLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVROMPGKGLEWMGIIYPGDSDTRYSPSFQGQVTISA
DKSISTAYLOWSSLKASDTAMYYCARYLSSEGMDVWGKGTTVTIVSS (SEQ ID NO:159)
VL QSVLTQPPSASGTPGRRVTISCSGRSSNIGSNPVNWYQQLPGTAPKLLIYNNIQRPSGVPDREFSGSKSGTSA
SLAISGLQSEDEAVYYCASWDDSLNEGVFGGGTQLTVL (SEQ ID NO:160)
22-E8 | VH QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVROAPGQGLEWMGGIIPIFGTTNYAQKFQGRVTITA
DESTSTAYMELS SLRSEDTAVYYCARDHGYYYGMDVWGOGTTVTVSS (SEQ ID NO:161)
VL QSVLTQPSSVSAAPRORVTLSCSGGDSNIGONGVNWY LHVPGKAPRLVVYYDYLVSAGMSARFSGSRSGT SA
SLAISGLOSEDEGVYYCASWDDSLSAWVFGGGTKLTVL (SEQ ID NO:162)
5-B6 VH QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVROQAPGOGLEWVGGII PMENSASYAQKFQGKVTITA
DKATNTAYMELSSLRSEDTAVYYCARESSGYYYVSNWEFDPWGQGTLVTVSS (SEQ ID NO:163)
VL QSVLTQPSSVSGAPGORVTISCTGSSSNIGAGYDVHWYQQIPGTAPRLLIYANSGRASGVPDRESGSKSGTS
ASLAITGLOAEDEADYYCQSYDSSLSGVVFGGGTKLTVL (SEQ ID NO:164)
13-H3 | VH EVQLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVROMPGKGLEWMGIIYPGDSDTRYSPSFQGQVTISA
DKSISTAYLQWSSLKASDTAMYYCARGSHYGDYDYWGQGTLVTVSS (SEQ ID NO:165)
VL QSVLTQPPSVSAAPGOKVTISCSGSSSNIGNNYVSWYQQLPGTAPKLLIYDNNKRPSGIPDRESGSKSGT SA
TLGITGLQTGDEADYYCGTWDSSLSAGVFGGGTKLTVL (SEQ ID NO:166)
27-B4 | VH QVQLQOSGPGLVKPSQTLSLTCAISGDSVISNSAAWNWIROSP SRGLEWLGRTYYRSKWYNDYAVSVKNRIT
INPDTSKNOFSLOLNSVTIPEDTAVYYCARTIGWYDSWGOGTLVTVSS (SEQ ID NO:167)
VL SYELMQPPSVSVSPGQTARITCSGDALPKQFANWYQQKPGQAPVLLVYRDSERPSGIPERFSGSTSGTTVTL
TISGVQAEDEADYYCQSADSSATYEVFGGGTKVIVL (SEQ ID NO:168)
8-H1 VH EVQLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVROMPGKGLEWMGTIYPGDSDTRYSPSFQGQVTISA
DKSISTAYLQOWSSLKASDTAIYYCARRQSGSGYDYWGQGTLVTVSS (SEQ ID NO:169)
VL QSVLTQPPSASGTPGORVTISCSGSSSNVGSNSVSWYQQFPGTAPKLLIYTNNQRPSGVPDRESGSKSGASA
SLAISGPQOSEDEADYYCAAWDDSLNGWVFGGGTKLTVL (SEQ ID NO:170)
8-H5 VH EVQLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVROMPGKGLEWMGIIYPGDSDTRYSPSFQGQOVTISA
DKSISTAYLQWSSLKASDTAMYYCARWSEGNGFDYWGQGTMVTVSS (SEQ ID NO:171)
VL QSVLTQPPSTSGTPGOWVTISCSGSSSNIGSNSVSWYQQLPGMAPKLLIYRNDQRPSGVPDRESASKSGT SA
SLAISGLQSEDEADYYCAAWDDSLNGVVFGGGTKLTVL (SEQ ID NO:172)
8-A2 VH QVOLVQSGAEVKKPGASVKVSCKASGYTFTGYYLHWVROAPGOGLEWMGRINPN SGGTNYAQKFQGRVTMTR
DTSISTAYMELSRLTSDDTAVYYCLAVAGTGGDAFDIWGOGTTVIVSS (SEQ ID NO:173)
VL DIOMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQQKPGKAPKLLIYAASSLESGVPSRFSGSGSGTDET
LTISSLOPEDFATYYCQQGHSFPLTFGGGTKVDIK (SEQ ID NO:174)
23- VH QVQLVESGGGVVQPGRSLRLSCAASGFTEFS3S YGMHWVROAPGKGLEWVAVISYDGSNKYYADSVKGRETI SR
All DNSKNTLYLQOMNSLRAEDTAVYYCAKEGELRGAFDIWGOGTMVTVSS (SEQ ID NO:175)
VL SYVLTQOPPSVSVAPGKTARITCGGDNIESKYVHWYQQKPGOAPVLVIYYDTDRPSGIPERFSGANSGN SATL
TISRVEAGDEADYYCQVWDRTSGHEVFGPGTKVTIVL (SEQ ID NO:176)
30-C5 | VH QVQLVESGGGVVQPGRSLRLSCAASGFTFSNYGMHWVROAPGKGLEWVAVISYDGSIEYYADSVKGREFTISR
DNSSNTLYLOMNSLRAEDTAVYYCARDEDGAFDIWGQGTTVIVSS (SEQ ID NO:179)
VL DIVMTQSPESLAVSLGERATINCKSSESVSYSSSNKNYLSWYQQIPGQPPKLLIYWASTRESGVPDRESGSG
SGTDFTLTISSLOAEDVAVYYCOOYYSSPLTFGGGTKVEIK (SEQ ID NO:180)
22- VH QVQLVESGGDVVQPGTSLRLSCAASGFTFSDYPLHWVRQAPGKGLEWLAVISYDGWTKYYADSVKGRFTI SR
B10 DNSKNTLSLOMDSLRPEDTAVYYCVRGTDYGDSWGQGTLVTVSS (SEQ ID NO:181)
VL QSVVTQPPSVSAAPGOKVTISCSGSSSNIGNNYVSWYQQFPGTAPKFLIYENNKRPSGIPDRESGSKSGT SA
TLGITGLQTGDEADYYCGTWDNSLSAWVFGGGTKVTVL (SEQ ID NO:182)
6-A4 VH QVQLVESGGGVVQPARSLRLSCAASGFTLSDYPMHWVROAPGKGLEWVALMS YDGSLKFYADSVKGRSTISR
DISENTMYLOMNSLRAEDTAVYYCARGNSDGDFDYWGRGTLVTVSS (SEQ ID NO:185)
VL SYVLTQPPSVSVAPGOTATITCGGRDIGSRSVHWYQQTPGQAPVLVVYDDTARPSEIRARFSGENSGNTATL
TISRVEAGDEATYYCQAWDSSTVVEGGGTKLTVL (SEQ ID NO:186)
6-El1 VH QVQLVESGGGVVQPGTSLRLSCAASGFSFNTFPMHWVROTPGKGLEWVASISYDGSFKFYADSVKGRETISR
DNSKNTLILQLNSLRAEDTAVYYCASPGDSDWADFENWGOGTTVTIVSS (SEQ ID NO:187)
VL QSVLTQPPSVSGAPGORVTISCTGSSSNIGAGYDVHWYQOLPGTAPKLLIYGNSNRPSGVPDRESGSKSGTS
ASLAITGLOAEDEADYYCQSYDSSLSGYVFGTGTKVTIVL (SEQ ID NO:188)
6-F2 VH QVQLVESGGGVVQPGRSLRLSCEASGFNFSLYGMHWVROQAPGKGLEWMAVISYDGSQKYYADSVKGRFTISR
DNSENTMYLQOMNSLRAEDTAVYYCVKGEGSLDYWGQGTLVTVSS (SEQ ID NO:189)
VL QSALTQPASASGSPGOSVTISCTGTTSDVGGYGYVSWYQHHPGKAPQLLIYEVAKRPSGVPDRESGSKSGNT
ASLTISGLOAEDEADYYCVSYTLSSLVVFGGGTKLTVL (SEQ ID NO:190)
15-E4 | VH QVQLOESGGGLVQOSGGSLKLSCAASGSIPSVNVMGWYROAPGKQRELVAAVT SDGRTNYADSVKGRFTVSRD

NAKNTVALQMDSLKPEDTAVYYCLITNQDHNTLGVGKGTLVTIVSS (SEQ ID NO:196)
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15-C8 | VH QVQLQOESGGGLVQSGGSRRLSCAVSGNVT SITLMGWYRHAPGKQREAVGI INDDDRTRYEDSMKGREFTISRD
PAKNMLYLOMTNLKPEDTAVYYCSAKAGGNEYMGQGTQVTVSS (SEQ ID NO:193)

15-F7 | VH QVQLQOESGGGLVQSGGSLKLSCAASGSIPSVNVMGWYRQAPGKQRELVAAVT SDGRTNYADSVKGREFTVSRD
NAKNTVALOMDSLKPEDTAVYYCLITNSDHNTLGVGKGTLVIVSS (SEQ ID NO:194)

15-H3 | VH QVQLQOQSGGGLVQSGGSLKLSCAASGSIPSVNVMGWYRQAPGKQRELVAAVT SDGRTSYADSVKGRETVSRD

NAKNTVALQOMDSLKPEDTAVYYCLITNSDHNTLGVGKGTLVIVSS (SEQ ID NO:195)

3. The antibody or antigen-binding fragment according to item 1 or 2, comprising a light chain
variable region (VL) depicted in Table 7.

4, The antibody or antigen-binding fragment thereof according to any one of items 1 to 3,
comprising one of the following VH/VL pairs: a VH comprising the amino acid sequence of SEQ
ID No:131 and a VL comprising the amino acid sequence of SEQ ID No: 132; a VH comprising
the amino acid sequence of SEQ ID No0:133 and a VL comprising the amino acid sequence of
SEQ ID No: 134; a VH comprising the amino acid sequence of SEQ ID No:135 and a VL
comprising the amino acid sequence of SEQ ID No: 136; a VH comprising the amino acid
sequence of SEQ ID No:137 and a VL comprising the amino acid sequence of SEQ ID No: 138;
a VH comprising the amino acid sequence of SEQ ID No:139 and a VL comprising the amino acid
sequence of SEQ ID No: 140; a VH comprising the amino acid sequence of SEQ ID No:141 and
a VL comprising the amino acid sequence of SEQ ID No: 142; a VH comprising the amino acid
sequence of SEQ ID No:143 and a VL comprising the amino acid sequence of SEQ ID No: 144;
a VH comprising the amino acid sequence of SEQ ID No:145 and a VL comprising the amino acid
sequence of SEQ ID No: 146; a VH comprising the amino acid sequence of SEQ ID No:147 and
a VL comprising the amino acid sequence of SEQ ID No: 148; a VH comprising the amino acid
sequence of SEQ ID No:149 and a VL comprising the amino acid sequence of SEQ ID No: 150;
a VH comprising the amino acid sequence of SEQ ID No:151 and a VL comprising the amino acid
sequence of SEQ ID No: 152; a VH comprising the amino acid sequence of SEQ ID No:153 and
a VL comprising the amino acid sequence of SEQ ID No: 154; a VH comprising the amino acid
sequence of SEQ ID No:155 or 214 and a VL comprising the amino acid sequence of SEQ ID No:
156; a VH comprising the amino acid sequence of SEQ ID No:157 or 215 and a VL comprising
the amino acid sequence of SEQ ID No: 158; a VH comprising the amino acid sequence of SEQ
ID No:159 and a VL comprising the amino acid sequence of SEQ ID No: 160; a VH comprising
the amino acid sequence of SEQ ID No:161 and a VL comprising the amino acid sequence of
SEQ ID No: 162; a VH comprising the amino acid sequence of SEQ ID No:163 and a VL
comprising the amino acid sequence of SEQ ID No: 164; a VH comprising the amino acid
sequence of SEQ ID No:165 and a VL comprising the amino acid sequence of SEQ ID No: 166;
a VH comprising the amino acid sequence of SEQ ID No:167 and a VL comprising the amino acid
sequence of SEQ ID No: 168; a VH comprising the amino acid sequence of SEQ ID No:169 and
a VL comprising the amino acid sequence of SEQ ID No: 170; a VH comprising the amino acid

sequence of SEQ ID No:171 and a VL comprising the amino acid sequence of SEQ ID No: 172;
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a VH comprising the amino acid sequence of SEQ ID No:173 and a VL comprising the amino acid
sequence of SEQ ID No: 174; a VH comprising the amino acid sequence of SEQ ID No:175 and
a VL comprising the amino acid sequence of SEQ ID No: 176; a VH comprising the amino acid
sequence of SEQ ID No:177 and a VL comprising the amino acid sequence of SEQ ID No: 178;
a VH comprising the amino acid sequence of SEQ ID No:179 and a VL comprising the amino acid
sequence of SEQ ID No: 180; a VH comprising the amino acid sequence of SEQ ID No:181 and
a VL comprising the amino acid sequence of SEQ ID No: 182; a VH comprising the amino acid
sequence of SEQ ID No:183 and a VL comprising the amino acid sequence of SEQ ID No: 184;
a VH comprising the amino acid sequence of SEQ ID No:185 and a VL comprising the amino acid
sequence of SEQ ID No: 186; a VH comprising the amino acid sequence of SEQ ID No:187 and
a VL comprising the amino acid sequence of SEQ ID No: 188; a VH comprising the amino acid
sequence of SEQ ID No:189 and a VL comprising the amino acid sequence of SEQ ID No: 190;
or a VH comprising the amino acid sequence of SEQ ID No:191 and a VL comprising the amino
acid sequence of SEQ ID No: 192.

5. The antibody or antigen-binding fragment thereof according to item 4, comprising one of
the following VH/VL pairs: a VH comprising the amino acid sequence of SEQ ID No:147 and a VL
comprising the amino acid sequence of SEQ ID No: 148, a VH comprising the amino acid
sequence of SEQ ID No:191 and a VL comprising the amino acid sequence of SEQ ID No: 192;
a VH comprising the amino acid sequence of SEQ ID No:157 or 215 and a VL comprising the
amino acid sequence of SEQ ID No: 158; a VH comprising the amino acid sequence of SEQ ID
No:183 and a VL comprising the amino acid sequence of SEQ ID No: 184; a VH comprising the
amino acid sequence of SEQ ID No:155 or 214 and a VL comprising the amino acid sequence of
SEQ ID No: 1586; or a VH comprising the amino acid sequence of SEQ ID No:177 and a VL
comprising the amino acid sequence of SEQ ID No: 178.

6. The antibody or antigen-binding fragment thereof according to item 5, comprising a VH
comprising the amino acid sequence of SEQ ID No:147 and a VL comprising the amino acid
sequence of SEQ ID No: 148.

7. The antibody or antigen-binding fragment thereof according to item 5, comprising a VH
comprising the amino acid sequence of SEQ ID No:191 and a VL comprising the amino acid
sequence of SEQ ID No: 192.

8. The antibody or antigen-binding fragment thereof according to item 5, comprising a VH
comprising the amino acid sequence of SEQ ID No:157 or 215 and a VL comprising the amino
acid sequence of SEQ ID No: 158.

9. The antibody or antigen-binding fragment thereof according to item 5, comprising a VH
comprising the amino acid sequence of SEQ ID No:183 and a VL comprising the amino acid
sequence of SEQ ID No: 184.
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10. The antibody or antigen-binding fragment thereof according to item 5, comprising a VH
comprising the amino acid sequence of SEQ ID No:155 or 214 and a VL comprising the amino
acid sequence of SEQ ID No: 156.

1. The antibody or antigen-binding fragment thereof according to item 5, comprising a VH
comprising the amino acid sequence of SEQ ID No:177 and a VL comprising the amino acid
sequence of SEQ ID No: 178.

12. The antibody or antigen-binding fragment thereof according to any one of items 1 to 11,
wherein the antibody or antigen-binding fragment thereof blocks the binding of SARS-CoV-2 to
angiotensin converting enzyme 2 (ACE2) on a host cell and/or mediates Fc-mediated clearance
of SARS-CoV-2.

13. The antibody or antigen-binding fragment thereof according to any one of items 1 to 12,
wherein the antibody or antigen-binding fragment thereof induces complement-dependent
cytotoxicity (CDC), antibody-dependent cellular cytotoxicity (ADCC) and/or antibody-dependent
cellular phagocytosis (ADCP) against SARS-CoV-2-infected cells.

14. The antibody or antigen-binding fragment thereof according to item 12 or 13, wherein the
cell is a human cell.

15. The antibody or antigen-binding fragment thereof according to any one of items 1 to 14,
which is a polyclonal, monoclonal, chimeric, humanized or fully human antibody.

16. The antibody or antigen-binding fragment thereof according to item 15, which is a fully
human antibody.

17. The antibody or antigen-binding fragment thereof according to any one of items 1 to 16,
which is an Fab, F(ab). or scFv fragment.

18. The antibody or antigen-binding fragment thereof according to any one of items 1 to 17,
which is a bispecific antibody.

19.

fragments thereof according to any one of items 1 to 18.

An antibody combination comprising at least two of the antibodies or antigen-binding

20. The antibody combination of item 19, which comprises:

(i) an antibody or antigen fragment thereof comprising the following combination of CDRs:

HCDR1 HCDR2 HCDR3 LCDRA1 LCDR2 LCDR3
GYTFSTYY IDPSGGTT SGSIAGNY QSYDASHLHVI
(SEQ ID (SEQ ID ARGC}FS%%V_DE)(SEQ (SEQ ID EDN (SEQ ID
NO: 36) NO:16) ' NO:37) NO:38)

(ii) at least one additional antibody or antigen fragment thereof comprising one of the

following combinations of CDRs:

HCDR1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
a GE'SLNTRGMS IDWEDDK SLRNYY NSRDSSGNHVV
@ | Tso | oo o | ARTSSVEEIESMDY | ooty | gey | (smp 10
NO:125) NO:126) ’ NO:198) NO:199)
b GYTFTGYY INPNSGGT Q3ISSW QQGHSFPLT
( ) (SEQ ID (SEQ ID (LSAEVéAGITDGiIDC‘)A_ZD;) (SEQ ID AAS (SEQ ID
NO:11) NO:12) ’ NQ:85) NO:86)
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c GETFSSYG ISYDGSNK NIESKY QVWDRTSGHFEV
@1 Sepor | smean | AKESEIRGARDT || vpr | ismo 1o
NO:25) NO:26) ) NO:87) NO:88)
d GETEFSNYG ISYDGSIE ESVSYSSSNK QOYYSSPLT
( ) (SEQ ID (SEQ ID ARD?BG@S?;6;SEQ NY (SEQ ID WAS (SEQ ID
NO:94) NO:95) : NO:97) NO:98)
e GGTENTYS IIPIFDKP RSNIGNYP ATWDDSLNVWY
© 1 Tmom | s | ARererwemy | Sty v | isse 1
NO:57) NO:58) ) NO: 60) NO:61)
GYIFTNYD VNPNSGKV SSNIGNNA AAWDDSLNGVV
(0 (SEQ ID (SEQ ID ARGH13$523EQ 1D (SEQ ID YDD (SEQ ID
NO:54) NO:55) : NO:14) NO: 5)
GETEFNNYP ISYDGNHK SSDVGGYNY SSYTSSSTWV
(g) (SEQ ID (SEQ ID ASDILDSGI\%E.DlsO;)SEQ (SEQ ID EVS (SEQ ID
NO:103) NO:104) : NO:106) NO:107)
21. The antibody combination of item 20, which comprises at least two of the additional

antibodies or antigen fragment thereof defined in item (ii).

22.

The antibody combination of item 20, which comprises at least three of the additional

antibodies or antigen fragment thereof defined in item (ii).

23.

The antibody combination of item 20, which comprises at least four of the additional

antibodies or antigen fragment thereof defined in item (ii).

24, The antibody combination of item 19, which comprises:
() an antibody or antigen fragment thereof comprising the following combination of CDRs:
HCDRA1 HCDR2 HCDR3 LCDRA1 LCDR2 LCDR3
GGTENTYS IIPIFDKP RSNIGNYP ATWDDSLNVWVY
(SEQ ID (SEQ ID (QEST(I;;Y;SMEZ) (SEQ ID YDD (SEQ ID
NO:57) NO: 58) ’ NO:60) NO: 61)
(ii) at least one additional antibody or antigen fragment thereof comprising one of the
following combinations of CDRs:
HCDRA1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
a GEFSLNTRGMS IDWEDDK SLRNYY NSRD3SSGNHVV
@ | Tpom | ismean | ARTSSVevEKESV | iRy | ey | isee o
NO:125) NO:126) ) NO:198) NO:199)
b GYTFTGYY INPNSGGT QSISSW QQOGHSFPLT
( ) (SEQ ID (SEQ ID (LSAE\/(QAGITDGGI\ID()A_F8D4I) (SEQ ID AAS (SEQ ID
NO:11) NOC:12) ’ NO:85) NO:86)
c GETES3YG ISYDGSNK NIESKY QVWDRTSGHEV
@1 “smow | smean | AESERGAMI ety | vor | iseo o
NO:25) NO:26) ) NO:87) NO:88)
d GETFSNYG ISYDGSIE ESVSYSSSNK QOYYSSPLT
( ) (SEQ ID (SEQ ID ARD?BGS?_D;@(SEQ NY (SEQ ID WAS (SEQ ID
NO:94) NO:95) : NO: 97) NO:98)
e GETEFNNYP ISYDGNHK SSDVGGYNY SSYT333STWV
( ) (SEQ ID (SEQ ID ASDILDSGI\%E_DlsOS()SEQ (SEQ ID EVS3 (SEQ ID
NO:103) NO:104) ) NO:106} NO:107)
25. The antibody combination of item 24, which comprises at least two of the additional

antibodies or antigen fragment thereof defined in item (ii).

26.

The antibody combination of item 19, which comprises:

(i) an antibody or antigen fragment thereof comprising the following combination of CDRs:

HCDR1 |

HCDR2

HCDR3 [

LCDR1

[LCDR2 |

LCDR3 |
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GYIFTNYD VNPNSGKV SSNIGNNA AAWDDSLNGVV
(SEQ ID (SEQ ID ARGH?&?iSEiEQ 1D (SEQ ID ¥DD (SEQ ID
NO:54) NO:55) ) NO:14) NO:5)

(ii) at least one additional antibody or antigen fragment thereof comprising one of the

following combinations of CDRs:

HCDR1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3

a GEFSLNTRGMS IDWEDDK SLRNYY NSRDSSGNHVV

@ | Tpom | ismean | ARTSSVeVEKESDV | iRy | oy | iseo o
NO:125) NO:126) ) NO:198) NO:199)

b GYTEFTGYY INPNSGGT QSISSwW QQGHSFPLT

( ) (SEQ ID (SEQ ID hﬁiﬁéﬁfiﬁ?iﬁi (SEQ ID AAS (SEQ ID
NO:11) NO:12) ‘ NO:85) NO:86)

c GFTEFSSYG ISYDGSNK NIESKY QVWDRTSGHFV

© 1 Tseto | spo o | AKESELRGARDI | oty | Piso 1
NO:25) NO:26) ) NO:87) NO:88)

d GFTEFSNYG ISYDGSIE ESVSYSSSNK QOYYSSPLT

( ) (SEQ ID (SEQ ID ARD?BGSS?36;SEQ NY (SEQ ID WAS (SEQ ID
NO:94) NO:95) : NO:97) NO:98)

e GEFTENNYP ISYDGNHK 3S3DVGGYNY SSYTSSSTWV

( ) (SEQ ID (SEQ ID AS%%??if?f%;fEQ (SEQ ID EVS (SEQ ID
NO:103) NO:104) ) NO:106) NO:107)

27. The antibody combination of item 19, which comprises:

(i) a first antibody or antigen fragment thereof comprising the following combination of CDRs:

HCDR1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
GYTESTYY IDPSGGTT SGSIAGNY QSYDASHLHVI
(SEQ 1D (SEQ 1D ARG?i??ﬁX%ﬁ)(SEQ (SEQ 1D EDN (SEQ 1D

NO: 36) NO:16) ' NO:37) NO: 38)

(i) a second antibody or antigen

fragment thereof comprising the foll

owing combinations of CDRs:

HCDR1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
GFSLNTRGMS IDWEDDK SLRNYY NSRDSSGNHVV
(SEQ ID (SEQ ID ?2;25¥§V§§?223Y (SEQ ID GGN (SEQ ID
NO:125) NO:126) ’ NO:198) NO:199)

(iiif) a third antibody or antigen fragment thereof comprising one of the following combinations of

CDRs:
HCDRA1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
a GYIFTNYD VNPNSGKV SSNIGNNA AAWDDSLNGVV
( ) (SEQ ID (SEQ ID ARGH?&£523EQ Db (SEQ ID YDD (SEQ ID
NO:54}) NO:55} : NO:14) NO:5)
b GGTFNTYS IIPIFDKP RSNIGNYP ATWDDSLNVWV
( ) (SEQ ID (SEQ ID (SEGTigY;gvgg) (SEQ ID YDD (SEQ ID
NO:57) NO:58) © : NO: 60) NO:61)
and

(iv) a fourth antibody or antigen fragment thereof comprising one of the following combinations of

CDRs:
HCDRA1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
c GFTEFNNYP ISYDGNHK SSDVGGYNY SSYTSSSTWV
( ) (SEQ ID (SEQ ID AS?i?iiEéiQ;fEQ (SEQ ID EVS (SEQ ID
NO:103) NO:104) ; NO:106) NO:107)
d GESFTNYG ISYDGSIK KSDIGAYNY SSYTTSGTVV
( ) (SEQ ID (SEQ ID TRE?ET32?§1;SEQ (SEQ ID DVS (SEQ ID
NO:89) NO:90) : NO:92) NO:93)
28. The antibody combination of item 27, wherein:
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(i) the first antibody or antigen fragment thereof comprises a VH comprising the sequence
of SEQ ID NO:147 and a VL comprising the sequence of SEQ ID NO:148;

(ii) the second antibody or antigen fragment thereof comprises a VH comprising the
sequence of SEQ ID NO:191 and a VL comprising the sequence of SEQ ID NO:192;

(iii) the third antibody or antigen fragment thereof comprises a VH comprising the
sequence of SEQ ID NO:155 or 214 and a VL comprising the sequence of SEQ ID
NO:156, or a VH comprising the sequence of SEQ ID NO:157 or 215 and a VL comprising
the sequence of SEQ ID NO:158; and

(iv) the fourth antibody or antigen fragment thereof comprises a VH comprising the
sequence of SEQ ID NO:183 and a VL comprising the sequence of SEQ ID NO:184, or a
VH comprising the sequence of SEQ ID NO:177 and a VL comprising the sequence of
SEQ ID NO:178.

29. The antibody combination of item 19, which comprises:

(i) a first antibody or antigen fragment thereof comprising the following combination of CDRs:
HCDR1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
GYTESTYY IDPSGGTT SGSIAGNY QSYDASHLHVI

(SEQC ID (SEQC ID ARG%??\T%\{Dly;)(SEQ (SEQ ID EDN (SEQ ID
NO: 36) NO:16) ) NO:37) NO: 38)

(i) a second antibody or antigen fragment thereof comprising the following combinations of CDRs:

HCDR1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
GFSLNTRGMS IDWEDDK SLRNYY NSRDSSGNHVV
(SEQ ID (SEQ ID A(EEZS¥EV§ZF§D;3Y (SEQ ID GGN (SEQ ID
NO:125) NO:126) : NO:198) NO:199)

(iii) a third antibody or antigen fragment thereof comprising the following combinations of CDRs:
HCDRA1 HCDR2 HCDR3 LCDRA1 LCDR2 LCDR3
GYIFTNYD VNPNSGKV SSNIGNNA AAWDDSLNGVV

(SEQ ID (SEQ ID ARGHII‘\IDOF_ 5(6S)EQ D (SEQ ID YDD (SEQ ID
NO:54) NO:55) ) NO:14) NO:5)
and

(iv) a fourth antibody or antigen fragment thereof comprising the following combinations of CDRs:

20

GGTENTYS IIPIFDKP RSNIGNYP ATWDDSLNVWV
(SEQ ID (SEQ ID (AQEST?;Y;SM];Z) (SEQ ID YDD (SEQ ID
NO:57) NO:58) : NO:60) NO:61)

and

(v) a fifth antibody or antigen fragment thereof comprising comprising one of the following

combinations of CDRs:

HCDR1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
(C) GFTFNNYP ISYDGNHK ASDLSGAEDS (SEQ SSDVGGYNY SSYTSSSTWV

o | man | QIR | pmn | oee | ema
(d) G(FSSEF('QTNIEG I(SSYEDQGSIIDK TRERGTGIDY (550 KS(];; gAﬁIng s SS(YSTE":I‘QSGITD\/’V

NO:89) NO:90) ID NO:31) NO:92) NO:93)
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30. The antibody combination of any one of items 27 to 29, wherein the first antibody, second
antibody, third antibody, fourth antibody and, if present, fifth antibody, or antigen-binding
fragments thereof, are fully human antibodies.

31. A nucleic acid comprising a sequence encoding the light and heavy chains of the antibody
or antigen binding fragment thereof of any one of items 1 to 18; or a first nucleic acid comprising
a sequence encoding the light chain of the antibody or antigen binding fragment thereof of any
one of items 1 to 18 and a second nucleic acid comprising a sequence encoding the heavy chain
of the antibody or antigen binding fragment thereof of any one of items 1 to 18.

32. Nucleic acids comprising sequences encoding the light and heavy chains of the antibodies
or antigen-binding fragments thereof of the antibody combination of any one of items 19 to 30.
33. The nucleic acid or nucleic acids of item 31 or 32, which is/are in the form of mMRNA.

34. The nucleic acid or nucleic acids of any one of items 31 to 33, which is/are encapsulated
into lipid vesicles.

35. A pharmaceutical composition comprising (a) at least one antibody or antigen-binding
fragment thereof according to any one of items 1 to 18, (b) the antibody combination of any one
of items 19 to 30, or (c) the nucleic acid or nucleic acids of any one of items 31 to 34, and a
pharmaceutically acceptable carrier.

36. The pharmaceutical composition of item 35, wherein the pharmaceutical composition is in
the form of an injectable solution.

37. A method for blocking the entry of a betacoronavirus in an ACE2-expressing cell and/or
for inducing complement-dependent cytotoxicity (CDC), antibody-dependent cellular cytotoxicity
(ADCC) and/or antibody-dependent cellular phagocytosis (ADCP) against betacoronavirus-
infected cells, the method comprising contacting the cell and/or the virus with an effective amount
of the antibody or antigen fragment thereof according to any one of items 1 to 18, the antibody
combination of any one of items 19 to 30, the nucleic acid or nucleic acids of any one of items 31
to 34, or the pharmaceutical composition according to item 35 or 36.

38. A method for preventing or treating a betacoronavirus infection or a related disease in a
subject in need thereof, the method comprising administering to the subject an effective amount
of the antibody or antigen fragment thereof according to any one of items 1 to 18, the antibody
combination of any one of items 19 to 30, the nucleic acid or nucleic acids of any one of items 31
to 34, or the pharmaceutical composition according to item 35 or 36.

39. A method for reducing the risk of developing a betacoronavirus-related disease or the
severity of a betacoronavirus-related disease in a subject, the method comprising administering
to the subject an effective amount of the antibody or antigen fragment thereof according to any
one of items 1 to 18, the antibody combination of any one of items 19 to 30, the nucleic acid or
nucleic acids of any one of items 31 to 34, or the pharmaceutical composition according to item
35 or 36.
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40. The method of any one of items 37 to 39, wherein the betacoronavirus is a sarbecovirus.
41. The method of item 40, wherein the sarbecovirus is SARS-CoV-2.

42. The method of item 41, wherein the SARS-CoV-2 is a variant of the Wuhan original SARS-
CoV-2 strain.

43. The method of any one of items 37 to 42, wherein the antibody, antigen-binding fragment
thereof, antibody combination, nucleic acid or nucleic acids, or pharmaceutical composition, is
administered with (i) at least one additional anti-SARS-CoV-2 antibody or antigen-binding
fragment thereof, or nucleic acid(s) encoding said at least one additional anti-SARS-CoV-2
antibody or antigen-binding fragment thereof; and/or (ii) at least one antiviral or anti-inflammatory
drug.

44, The method of any one of items 37 to 43, wherein the subject is an immunosuppressed
or immunocompromised subject.

45, Use of the antibody or antigen binding fragment thereof of any one of items 1 to 18, the
antibody combination of any one of items 19 to 30, the nucleic acid or nucleic acids of any one of
items 31 to 34, or the pharmaceutical composition according to item 35 or 36, for preventing or
treating a betacoronavirus infection or a related disease in a subject.

46. Use of the antibody or antigen binding fragment thereof of any one of items 1 to 18, the
antibody combination of any one of items 19 to 30, the nucleic acid or nucleic acids of any one of
items 31 to 34, or the pharmaceutical composition according to item 35 or 36, for the manufacture
of a medicament for preventing or treating a betacoronavirus infection or a related disease in a
subject.

47. Use of the antibody or antigen binding fragment thereof of any one of items 1 to 18, the
antibody combination of any one of items 19 to 30, the nucleic acid or nucleic acids of any one of
items 31 to 34, or the pharmaceutical composition according to item 35 or 36, for reducing the
risk of developing a betacoronavirus-related disease or the severity of a betacoronavirus-related
disease in a subject.

48. Use of the antibody or antigen binding fragment thereof of any one of items 1 to 18, the
antibody combination of any one of items 19 to 30, the nucleic acid or nucleic acids of any one of
items 31 to 34, or the pharmaceutical composition according to item 35 or 36, for the manufacture
of a medicament for reducing the risk of developing a betacoronavirus-related disease or the
severity of a betacoronavirus-related disease in a subject.

49. Use of the antibody or antigen binding fragment thereof of any one of items 1 to 18, the
antibody combination of any one of items 19 to 30, the nucleic acid or nucleic acids of any one of
items 31 to 34, or the pharmaceutical composition according to item 35 or 36, for blocking the
entry of a betacoronavirus in an ACE2-expressing cell and/or for inducing complement-dependent
cytotoxicity (CDC), antibody-dependent cellular cytotoxicity (ADCC) and/or antibody-dependent
cellular phagocytosis (ADCP) against betacoronavirus-infected cells.

RECTIFIED SHEET (RULE 91) ISA/EP
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50. Use of the antibody or antigen binding fragment thereof of any one of items 1 to 18, the
antibody combination of any one of items 19 to 30, the nucleic acid or nucleic acids of any one of
items 31 to 34, or the pharmaceutical composition according to item 35 or 36, for the manufacture
of a medicament for blocking the entry of a betacoronavirus in an ACE2-expressing cell and/or
for inducing complement-dependent cytotoxicity (CDC), antibody-dependent cellular cytotoxicity
(ADCC) and/or antibody-dependent cellular phagocytosis (ADCP) against betacoronavirus-
infected cells.

51. The use of any one of items 45 to 50, wherein the betacoronavirus is a sarbecovirus.

52. The use of item 51, wherein the sarbecovirus is SARS-CoV-2.

53. The use of item 52, wherein the SARS-CoV-2 is a variant of the Wuhan original SARS-
CoV-2 strain.

54. The use of any one of items 45 to 53, wherein the antibody, antigen-binding fragment
thereof, antibody combination, nucleic acid or nucleic acids, or pharmaceutical composition is for
administration with (i) at least one additional anti-SARS-CoV-2 antibody or antigen-binding
fragment thereof, or nucleic acid(s) encoding said at least one additional anti-SARS-CoV-2
antibody or antigen-binding fragment thereof; and/or (ii) at least one antiviral or anti-inflammatory
drug.

55. The use of any one of items 45 to 54, wherein the subject is an immunosuppressed or
immunocompromised subject.

56. The antibody or antigen-binding fragment thereof of any one of items 1 to 18, the antibody
combination of any one of items 19 to 30, the nucleic acid or nucleic acids of any one of items 31
to 34, or the pharmaceutical composition according to item 35 or 38, for use in preventing or
treating a betacoronavirus infection or a related disease in a subject.

57. The antibody or antigen-binding fragment thereof of any one of items 1 to 18, the antibody
combination of any one of items 19 to 30, the nucleic acid or nucleic acids of any one of items 31
to 34, or the pharmaceutical composition according to item 35 or 36, for use in reducing the risk
of developing a betacoronavirus-related disease or the severity of a betacoronavirus-related
disease in a subject.

58. The antibody or antigen-binding fragment thereof of any one of items 1 to 18, the antibody
combination of any one of items 19 to 30, the nucleic acid or nucleic acids of any one of items 31
to 34, or the pharmaceutical composition according to item 35 or 36, for use in blocking the entry
of a betacoronavirus in an ACE2-expressing cell and/or for inducing complement-dependent
cytotoxicity (CDC), antibody-dependent cellular cytotoxicity (ADCC) and/or antibody-dependent
cellular phagocytosis (ADCP) against betacoronavirus-infected cells.

59. The antibody, antigen-binding fragment thereof, antibody combination, nucleic acid or
nucleic acids, or pharmaceutical composition for use according to any one of items 56 to 58,

wherein the betacoronavirus is a sarbecovirus.
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60. The antibody, antigen-binding fragment thereof, antibody combination, nucleic acid or
nucleic acids, or pharmaceutical composition for use according to item 59, wherein the
sarbecovirus is SARS-CaoV-2.
61. The antibody, antigen-binding fragment thereof, antibody combination, nucleic acid or
nucleic acids, or pharmaceutical composition for use according to item 60, wherein the SARS-
CoV-2 is a variant of the Wuhan original SARS-CoV-2 strain.
62. The antibody, antigen-binding fragment thereof, antibody combination, nucleic acid or
nucleic acids, or pharmaceutical composition for use according to any one of items 56 to 61,
wherein the antibody, antigen-binding fragment thereof, mixture or cocktail, or pharmaceutical
composition is for administration with (i) at least one additional anti-SARS-CoV-2 antibody or
antigen-binding fragment thereof, or nucleic acid(s) encoding said at least one additional anti-
SARS-CoV-2 antibody or antigen-binding fragment thereof; and/or (ii) at least one antiviral or anti-
inflammatory drug.
63. The antibody, antigen-binding fragment thereof, antibody combination, nucleic acid or
nucleic acids, or pharmaceutical composition for use according to any one of items 56 to 62,
wherein the subject is an immunosuppressed or immunocompromised subject.

Other objects, advantages and features of the present disclosure will become more
apparent upon reading of the following non-restrictive description of specific embodiments

thereof, given by way of example only with reference to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

A fuller understanding of the foregoing may be had by reference to the accompanying
drawings, wherein:

FIGs. 1A-l show the library-to-leads triage process used in the present study.

FIG. 1A: High-level schematic of the workflow.

FIG. 1B: Heat map for a pairwise analysis of 19 library-derived anti-SARS-CoV-2 S1-
specific antibodies (Abs) merged with a panel of ten structural benchmarks (9 literature Abs and
ACE2). Ab pairs that are blocked (b), partially blocked (pb), or not blocked (nb), are shown. Cells
with a designation of “b, pb, or nb” were measured empirically, whereas those without a
designation are “inferred”. The black boxed cells along the diagonal indicate the “self-blocked”
pairs. In the bin-definition, bin-members block one another and show similar blocking behaviors
when tested against other Abs in the panel. RBD-specific clones were assigned to five bins (1-5).
RBD binders that did not block ACE2 were assigned bin “1”, which was split into sub-bins (bin 1a,
1b, and 1c¢) based on their nuanced blockade towards the structural benchmarks. A cluster of S1
non-RBD binders blocked bin 1 (but not the sub-bins) and did not block any of the literature Abs,
so were assigned to bin “C”, representing the C-terminal nub of the S1 fragment, between the

RBD and the furin cleavage site, distinct from the N-terminal domain (NTD); hence, bin C’s
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specificity is assigned as S1-nonRBD-nonNTD. One RBD-binder Ab (23-H7) blocked bin 1,
REGN10987 (Imdevimab) and uniquely perturbed/partially blocked ACE2, and was assigned to
bin 2. Within the ACE2 fully blocking clones, two discrete sets of Abs (bin 4 and bin 5) were
identified. Bin 4 co-located with REGN10933 (Casirivimab) and CB6 (etesevimab), while bin 5 co-
located with the “cryptic” epitope of CR3022, VHH-72 and SB68. Bin 3 blocked both bin 2 (23-
H7) and bin 4.

FIG. 1C: Images of the Spike trimer and zoomed in view of the RBD in grey (PDB ID:
7BNM residues 330-520) showing the epitope contacts for benchmark Abs CR3022 (PDB ID:
6YMQ) REGN10987 (PDB ID: 6XDG), REGN10933 (PDB ID: 6XDG), CB6 (PDB ID: 7C01), and
REGN10833/CB6 shared residues. Depiction of the benchmark “bald spot” present on the RBD,
an area of the Spike where none of the available literature controls bound. The C terminus of S1-
nonRBD is shaded darker grey (residues 320-329; 521-593). Predicted epitope regions for Abs
assigned to bin C, bin 1 and sub-bins 1a, 1b, and 1c (dotted ovals) are also indicated. RBD and
benchmark antibody structures were imported from PDB to Maestro. Proteins were aligned via
Protein Structure Alignment.

FIG. 1D: Wheel showing the composition of TATX-03 blends comprised from six lead
Abs distributed across four distinct bins.

FIGs. 1E-G: Nuanced binning profiles for the sub-bins including a Venn diagram
demonstrating cross-blockade between bins (FIG. 1E). Sensorgram overlay plots showing the
sandwich binding of 27-G3 (FIG. 1F) (bin 1b) or21-H1 (FIG. 1G) (bin 1c) as analyte to
recombinant S1-His(D614G) that is first tethered via sensors coated with benchmark Abs. In this
example, 27-G3 (bin 1b) blocks REGN10987 and CB6 but not REGN10933, whereas 21-H1 (bin
1c) blocks REGN10933 but not CB6 of REGN10987.

FIG. 1H: Image of the RBD in grey (PDB ID: 7BNN residues 330-520) showing the
epitope contacts for benchmark Abs REGN10987 (PDB ID: 6XDG), REGN10933 (PDB ID:
6XDG), CB6 (PDB ID: 7C01), and REGN10933/CB6 shared residues. Despite REGN10933 and
CB6 sharing substantial overlapping epitope contacts, the library described herein contained
clones that discriminated between them, as here shown by bin 1b and bin 1c.

FIG. 11 shows “Waterfall’ classical binning assays. Titration sensorgrams of analytes 23-
H7 or 22-D9 over S1-His(D614G) that is tethered via ACE2-coated sensors showing that 23-H7
binding is kinetically perturbed (partially blocked) suggesting that 23-H7 and ACE2 target closely
adjacent or minimally overlapping epitopes, whereas 22-D9 is fully blocked, suggesting that its
epitope may overlap substantially with that of ACE2. Dose-dependent unhindered sandwiching
signals of S1-His(D614G) tethered via anti-His mAb-coated sensors (right panel) serve as
controls to indicate the results expected for analyte binding at a distinctly different and non-

overlapping site relative to that of the immobilized binding partner on the sensor.
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FIGs. 2A-H show multi-Ab epitope binning results using complementary assay formats.
Binning results verifying the simultaneous saturation of Spike trimer protein with up to four Abs
targeting distinct non-overlapping epitopes. FIG. 2A: Tandem cocktail experimental scheme and
sensorgrams showing that tethering Spike trimer protein via sensors coated with 23-H7 (bin 2)
allows for the stepwise association of Abs from three other non-overlapping bins represented by
22-F7 (bin C), 2-A6 (bin S2), and 21-F2 (bin 4). FIG. 2B: Premix experimental scheme. Spike was
premixed in solution phase with saturating concentrations of up to four Abs from non-overlapping
epitope bins, used individually or as 2, 3-, or 4-Ab cocktails and these premixed samples were
presented to Ab-coated sensors (probes), which were blocked in a bin-specific manner. The Abs
used for the premix assays were 23-H7 (bin 2), 21-F2 (bin S2) or 22-D9 (bin 4), 22-F7 or 22-E7
(bin C) and 2-A6 (bin S2). FIGs. 2B-D: Sensorgrams from FIG. 2A with each binding step aligned
to Y=0 demonstrating similar magnitude of signal for association of 23-H7 (bin 2) (FIG. 2C), 2-A8
(bin $82) (FIG. 2D) or 21-F2 (bin 4) (FIG. 2E) regardless of whether the Spike has been saturated
with other Abs. FIGs 2F-H: Sensorgrams from premix assay showing the results from sensors
coated with bin C (FIG. 2F), ACE2-hFc (FIG. 2G), or anti-His-mAb (FIG. 2H) to probe for “free”
Spike binding sites in premixes of Spike with various Abs, individually, or as cocktails. Only
premixes containing ACE2-blocker Abs (bin 2 or bin 4) blocked binding to ACE2-coated sensors,
whereas none of the cocktails blocked anti-His-coated sensors, confirming universal access of
the Spike’s His tag irrespective of Ab decoration. These controls confirmed a bin-specific blockade
of the Spike upon saturation with Abs from up to four non-overlapping bins, simultaneously.

FIGs. 3A-D: Examples of Octet-based affinity estimates determined in complementary
assay orientations, Fab as analyte (FIGs. 3A-B), monovalent target as analyte (FIG. 3C)
and solution affinity (FIG. 3D). The overlay plots show the sensorgrams (measured data, at
different analyte concentration) and their global fits. The kinetic (left) and steady-state (right)
analysis fitting routines gave comparable affinity determinations.

FIGs. 4A-C: In vitro cell-based neutralization data for representative multi-Ab cocktails
comprising Abs from bins 2, 4 and C. FIG. 4A: Pseudovirus (Wuhan-1 isolate Spike sequence)
neutralization by individual clones in bins 2, 4 and C respectively, with ICso values reported in
Mg/mL. 2-A6 (bin S2) was non-neutralizing in this assay. FIG. 4B: Pseudovirus neutralization of
two 4-Ab cocktails with ICso values reported in ug/mL. FIG. 4C: IC50 values of single Abs and
cocktail combinations in authentic virus (D614G strain) neutralization assays. Dotted line
represents non-neutralizing limit of detection. Individually, only 21-F2 (bin 4) showed any
neutralization. All cocktails produced synergistic effects, boosting potencies over an order of
magnitude compared with their individual components. All cocktails were mixed in a 1:1:1:1 (4-
Ab) or 1:1:1:1:1 (5-Ab) concentration ratio. The 4-membered cocktails contained 23-H7 + 22-DS
(or 21-F2) + 22-E7 (or 22-F7) + 2-A6, while the 5-membered cocktail contained 23-H7 + 22-D9 +
21-F2 + 22-F7 + 2-A6. Thus, all cocktails contained both 23-H7 (bin 2) and 2-A6 (bin S2). The
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remaining bin 4 and bin C members were included as follows: cocktail #1 (4-Ab: TATX-03a) 22-
D9 + 22-E7; cocktail #2 (4-Ab: TATX-03b) 21-F2 + 22-F7; cocktail #3 (4-Ab) 22-D9 + 22-F7,;
cocktail #4 (4-Ab) 21-F2 + 22-E7; and cocktail #5 (5-Ab: TATX-03c) 22-D9 + 21-F2 + 22-F7. Note
that cocktail #1 (TATX-03a) and cocktail #3 were each comprised of non-neutralizing Abs (lacked
21-F2). Benchmark Abs used in these assays gave ICso values of 0.45 ug/mL (REGN10987),
0.67 ug/mL (REGN10933) and 0.58 pg/mL (REGN10987+REGN10933) in pseudovirus assays
and 10.5 pg/mL (REGN10987), 0.7 yg/mL (REGN10933) 0.3 ug/mL (RGN10987+REGN10933)
and 0.2 pg/mL when the last combination was repeated.

FIGs. 5A-I show the effect of antibodies in a Hamster challenge model for SARS-CoV-2
infection. FIG. 5A: Study design. Primary measures of in vivo efficacy of cocktails and individual
Abs in blends TATX-03a (FIGs. 5B-C) and TATX-03b (FIGs. 5D-E). TATX-03a (23-H7, 22-D9,
22-E7, 2-A6) was administered pre-challenge (prophylactic, PPx) or post-challenge (therapeutic,
Tx) as indicated at 40 mg/kg of body weight (bw) total Ab concentration (10 mg/kg bw/Ab in the
4-Ab blend), while the individual Abs of TATX-03a were on administered pre-challenge at 40
mg/kg bw. TATX-03b (23-H7, 21-F2, 22-F7, 2-A6) was administered at 20 mg/kg bw total Ab
concentration (5 mg/kg bw/Ab in the 4-Ab blend) as Tx only. Individual antibodies were
administered post-challenge at 20 mg/kg bw (23-H7, 21-F2 and 22-F7) and 5 mg/kg bw (23-H7
and 21-F2). In addition, one group was post-challenge treated with a 2-Ab combination of 23-H7
and 21-F2 at 5 mg/kg bw total Ab concentration (2.5 mg/kg bw/Ab). Replication-competent viral
titers (Log10 Median Tissue Culture Infective Dose (TCID50) in throat swab (day 3 post-infection;
lowest level of detection, LLOD = 0.8) (FIGs. 5B, D) and lung (day 4 post-infection, endpoint;
LLOD = 1.3) (FIGs. 5C, E). Statistics are described in Example 1. *p<0.05, **p<0.01, ***p<0.001.
FIGs. 5F-: Additional data from the in vivo efficacy studies evaluating TATX-03. FIG. 5F: Study
1 throat swab real-time PCR analysis at day 1 confirming presence of viral RNA in all
animals. FIG. 5G: Study 1 body weight change at day 4 (endpoint) expressed as a percentage of
day 0 body weight FIGs. 5H and I: Replication-competent viral titer in nasal turbinate
homogenate at endpoint for study 1 and 2, respectively. Horizontal lines represent the lowest limit
of detection (LLOD) for assay.

FIGs. 6A-D show the results of histopathology analysis of challenge infection model.
FIG. 6A-B: Representative images from hematoxylin and eosin-stained slides of endpoint lung
tissue shown at multiple magnifications for bronchitis scores of 0 (FIG. 6A) and 3 (FIG.
6B). Arrows point at areas of significant inflammatory cell infiltration. FIGs. 6C-D: Average
bronchitis (FIG. 6C) and tracheitis (FIG. 6D) severity as scored by an independent pathological
assessment. Scores were determined by the extent of inflammatory cell infiltration into the tissue
section.

FIGs. 7A-H show the results of cell-based reactivity and pseudovirus neutralization

screening against variants of concern (VOCs). FIG. 7A: Heat map summarizing the
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complementary vulnerabilities of indicated clones of the TATX-03 cocktail against cell-associated
Spike protein trimers expressing Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), Epsilon
(B.1.429), lota (B.1.526) and Omicron (B.1.1.529) mutants. Corresponding dose-response graphs
are shown in FIGs. 7B-C. FIG. 7D: ELISA results to plate-adsorbed recombinant Spike proteins.
FIG. 7E: ELISA using plate adsorbed SARS-CoV-2 Spike Trimer carrying B.1.1.529 Omicron
lineage mutations. Antibodies were added in 3.2-fold titration. All antibodies were reactive to WT
spike trimer. 21-F2 (optimized) refers to a variant of 21-F2 comprising a mutation at a
glycosylation site in the VH chain (SEQ ID NO:214) and 22-D9 (optimized) refers to a variant of
22-D9 comprising a mutation at a glycosylation site in the VH chain (SEQ ID NO:215). FIG. 7F:
heat map summary of ELISA-based reactivity profiles. FIG. 7G: In vitro virus neutralization
screenings of TATX-03a-c using VSV-particles pseudo-typed with Spike proteins representing
the original Wuhan-1 isolate and SARS-CoV-2 variants of concern Alpha, Beta, Delta and
Omicron. FIG. 7H. In vitro virus neutralization screenings of antibodies 23-H7, 22-D9, 21-F2, 22-
F7 and 2-A6 (upper panel) or of the TATX-03c cocktail (lower panel) using VSV-particles pseudo-
typed with Spike proteins representing the original Wuhan-1 isolate and SARS-CoV-2 variant of
concern Omicron.

FIGs. 8A-C show the results of an jn vitro antibody-dependent cellular phagocytosis
(ADCP) reporter cell activity screening of mAbs in presence of SARS-CoV-2-expressing cells.
FIG. 8A: SARS-CoV2-S CHO-K1 cells (reflecting wild-type, Wuhan-1) were incubated with a dose
response of mAbs 21-F2 (optimized), 2-A6, 22-D9 (optimized), 22-F7, and 23-H7 (150 pg/mL to
10 pg/mL, four-fold dilution) in triplicate in presence of ADCP effector cells at a ratio of 3:2 effector
cells to target cells. The mixtures were incubated for 4 h at 37°C, whereafter Bio-Glo substrate
was added for 5 min. FIG. 8B: SARS-CoV2-S CHO-K1 cells were incubated with a dose response
of positive and negative control benchmark mAbs (230 pg/mL to 15 ug/mL, four-fold dilution) in
triplicate in presence of ADCC effector cells at a ratio of 4:1 effector cells to target cells. The
mixtures were incubated for 6 hrs at 37°C, whereafter Bio-Glo substrate was added for 10 min.
FIG. 8C: Control and candidate mAbs in dose response (230 pg/mL to 15 pug/mL, four-fold dilution)
were incubated in singlet with ADCC effector cells in the absence of SARS-CoV2-S CHO-K1 cells
for & hrs at 37°C, whereafter Bio-Glo substrate was added for 10 min.
Luminescence was read on an Envision spectrophotometer. Average luminescence +/- standard
deviation is depicted against concentration of respective effector.

FIGs. 9A-C show the results of an in vitro antibody-dependent cellular cytotoxicity
(ADCC) reporter cell activity screening of mAbs in presence of SARS-CoV-2 expressing cells.
FIG. 9A: SARS-CoV2-S CHO-K1 cells (reflecting wild-type, Wuhan-1) were incubated with a dose
response of mAbs 21-F2 (optimized), 2-A8, 22-D9 (optimized), 22-F7, and 23-H7 (230 pg/mL to
15 pg/mL, four-fold dilution) in triplicate in presence of ADCC effector cells at a ratio of 4.1 effector

cells to target cells. The mixtures were incubated for 6 h at 37°C, whereafter Bio-Glo substrate
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was added for 10 min. FIG. 9B: SARS-CoV2-S CHO-K1 cells were incubated with a dose
response of positive and negative control benchmark mAbs (150 pg/mL to 10 ug/mL, four-fold
dilution) in triplicate in presence of ADCP effector cells at a ratio of 3:2 effector cells to target
cells. The mixtures were incubated for 6 hrs at 37°C, whereafter Bio-Glo substrate was added for
5 min. FIG. 9C: Control and candidate mAbs in dose response (150 pg/mL to 10 ug/mL, 4-fold
dilution) were incubated in singlet with ADCP effector cells in the absence of SARS-CoV2-S CHO-
K1 cells for 6 hrs at 37°C, whereafter Bio-Glo substrate was added for 5 min. Luminescence was
read on an Envision spectrophotometer. Average luminescence +/- standard deviation is depicted

against concentration of respective effector.

DETAILED DISCLOSURE

The use of the terms "a" and "an" and "the" and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be construed to
cover both the singular and the plural, unless otherwise indicated herein or clearly contradicted
by context.

The terms "comprising”, "having", "including", and "containing" are to be construed as
open-ended terms (i.e., meaning "including, but not limited to") unless otherwise noted.

Recitation of ranges of values herein are merely intended to serve as a shorthand
method of referring individually to each separate value falling within the range, unless otherwise
indicated herein, and each separate value is incorporated into the specification as if it were
individually recited herein. All subsets of values within the ranges are also incorporated into the
specification as if they were individually recited herein.

The use of any and all examples, or exemplary language (e.g., "such as") provided
herein, is intended merely to better illustrate the invention and does not pose a limitation on the
scope of the invention unless otherwise claimed.

No language in the specification should be construed as indicating any non-claimed
element as essential to the practice of the invention.

Herein, the term "about" has its ordinary meaning. The term “about” is used to indicate
that a value includes an inherent variation of error for the device or the method being employed
to determine the value, or encompass values close to the recited values, for example within 10%
or 5% of the recited values (or range of values).

As used herein the term “individual,” “patient,” or “subject’ refers to individuals diagnosed
with, suspected of being afflicted with, or at-risk of developing at least one disease for which the
described compositions and method are useful for treating. In certain embodiments the individual
is @ mammal. In certain embodiments, the mammal is a mouse, rat, rabbit, dog, cat, horse, cow,

sheep, pig, goat, llama, alpaca, or yak. In certain embodiments, the individual is a human.
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As described herein severe SARS-CoV-2 infection refers to individuals infected with
SARS-CoV-2 that develop difficulty breathing or persistent chest pressure or pain. Severe SARS-
CoV-2 infection may require hospitalization, supplemental oxygen, and or mechanical ventilation.
Many individuals are at high risk for severe SARS-CoV-2 including the elderly, diabetic, or those
with pre-existing cardiovascular disease.

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or equivalent to those described herein can
be used in the practice or testing of the present invention, preferred methods and materials are
now described. All publications mentioned herein are incorporated herein by reference in their
entirety.

An ‘“isolated antibody”, as used herein, is intended to refer to an antibody that is
substantially free of other antibodies (Abs) having different antigenic specificities (e.g., an isolated
antibody that specifically binds SARS-CoV-2 Spike protein, or a fragment thereof, is substantially
free of Abs that specifically bind antigens other than SARS-CoV-2 Spike protein.

A “blocking antibody” or a “neutralizing antibody”, as used herein (or an “antibody that
neutralizes SARS-CoV-2 Spike protein activity” or “antagonist antibody”), is intended to refer to
an antibody (or an antigen-binding fragment thereof) whose binding to SARS-CoV-2 Spike protein
results in inhibition of at least one biological activity of SARS-CoV-2. For example, an antibody of
the disclosure may prevent or block SARS-CoV-2 binding to ACE2. In another example, an
antibody of the disclosure may induce complement-dependent cytotoxicity (CDC), antibody-
dependent cellular cytotoxicity (ADCC) and/or antibody-dependent cellular phagocytosis (ADCP)
against infected cells.

The term “label-free (biolayer interferometry)”, as used herein, refers to an optical
phenomenon that allows for the analysis of real-time biomolecular interactions by detection of
alterations in protein concentrations within a biosensor matrix, for example using the Octet™
system (Sartorious, Gottingen, Germany).

The term “Kp”, as used herein, is intended to refer to the equilibrium dissociation constant
of a particular antibody-antigen interaction.

The term “epitope” refers to an antigenic determinant that interacts with a specific
antigen-binding site in the variable region of an antibody molecule known as a paratope. A single
antigen may have more than one epitope. Thus, different antibodies may bind to different areas
on an antigen and may have different biclogical effects. The term “epitope” also refers to a site
on an antigen to which B and/or T cells respond. It also refers to a region of an antigen that is
bound by an antibody. Epitopes may be defined as structural or functional. Functional epitopes
are generally a subset of the structural epitopes and have those residues that directly contribute

to the affinity of the interaction. Epitopes may also be conformational, that is, composed of non-
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linear amino acids. In certain embodiments, epitopes may include determinants that are
chemically active surface groupings of molecules such as amino acids, sugar side chains,
phosphoryl groups, or sulfonyl groups, and, in certain embodiments, may have specific three-
dimensional structural characteristics, and/or specific charge characteristics.

The term “SARS-CoV-2 Spike Protein”, also called “Spike protein” is a trimeric
glycoprotein found on the surface of the SARS-CoV-2 virus which mediates the attachment of the
viral particle to the host cell via its canonical receptor Angiotensin Converting Enzyme 2 (ACE2)
and entry into host cells by conformational change. The Spike protein is comprised of two unique
subunits: S1 (containing a structural N-Terminal Domain [NTD] and the receptor binding domain
[RBD]) and S2. The Spike protein of SARS-CoV-2 shares significant sequence similarity to the
Spike protein from other related coronaviruses. It is produced as a single polypeptide chain, but
is cleaved by the enzyme Furin during its production in host cells at the junction between the S1
and S2 subunits.

The amino acid sequence of the full-length Spike protein from SARS-CoV-2 is
exemplified by the amino acid sequence provided in NCBI Reference Sequence number
YP_009724390.1 (Wuhan original strain).

In some embodiments, the SARS-CoV-2 Spike protein has the following amino acid

sequence (the S1 subunit, corresponding to amino acids 1-680, is underlined) or an amino acid

sequence at least 85%, 90%, 95%, 96%, 97%, 98%, or at least 99% identical thereto:

1

6l
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141

MFVFLVLLEL

VSSQCVNLTT

RTQLPPAYTN

SFTRGVYYPD

KVFRSSVLHS

TOQDLEFLPFFES

NVTWFHAIHV

SGTNGTKRED

NPVLPEFNDGV

YFASTEKSNIT

IRGWIFGTTL

DSKTQSLLIV

NNATNVVIKV

CEFQFCNDPF

LGVYYHKNNK

SWMESEFRVY

SSANNCTFEY

VSQPFLMDLE

GKOGNFKNLR

EFVFKNIDGY

FKIYSKHTPI

NLVRDLPQGF

SALEPLVDLP

IGINITRFEQT

LLALHRSYLT

PGDSSSGWTA

GAAAYYVGYL

QPRTFLLKYN

ENGTITDAVD

CALDPLSETK

CTLKSFTVEK

GIYQTSNEFRV

QPTESIVREP

NITNLCPEGE

VENATREFASV

YAWNRKRISN

CVADYSVLYN

SASFSTEFKCY

GVSPTKLNDL

CEFTNVYADSFE

VIRGDEVRQI

APGQTGKIAD

YNYKLPDDET

GCVIAWNSNN

LDSKVGGNYN

YLYRLFRKSN

LKPFERDIST

ETYQAGSTPC

NGVEGFNCYF

PLOSYGFQPT

NGVGYQPYRV

VVLSFELLHA

PATVCGPKKS

TNLVKNKCVN

FNENGLTGTG

VLTESNKKFL

PFQOFGRDIA

DTTDAVRDPO

TLEILDITPC

SFGGVSVITP

GTNTSNQVAV

LYQDVNCTEV

PVATIHADQLT

PTWRVYSTGS

NVFOQTRAGCL

IGAEHVNNSY

ECDIPIGAGI

CASYQTQTNS

SVTTEILPVS
VFAQVKQIYK
LGDIAARDLI
OMAYRENGIG
TLVKQLSSNE
SANLAATKMS
ICHDGKAHFP
LOPELDSFKE

MTKTSVDCTM
TPPIKDFGGF
CAQKEFNGLTV
VITQNVLYENQ
GAISSVLNDI
ECVLGQSKRV
REGVEVSNGT
ELDKYFKNHT

PRRARSVASQ
YICGDSTECS
NESQILFEDPS
LPPLLTDEMI
KLIANQENSA
LSRLDKVEAE
DFCGKGYHLM
HWEVTORNEY
SPDVDLGDIS

SITAYTMSLG
NLLLOQYGSFC
KPSKRSFIED
AQYTSALLAG
IGKIQDSLSS
VQIDRLITGR
SFPQSAPHGV
EPQIITTDNT
GINASVVNIOQ

AENSVAYSNN
TOLNRALTGI
LLFNKVTLAD
TITSGWTEGA
TASALGKLQD
LOSLQTYVTQ
VFLHVTYVPA
FVSGNCDVVI
KEIDRLNEVA

STIAIPTNFTI
AVEQDKNTOE
AGFIKQYGDC
GAALQIPFAM
VVNONAQALN
QLIRAAETIRA
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GIVNNTVYDP
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1201 QELGKYEQYI KWPWYIWLGEF IAGLIAIVMV TIMLCCMTSC CSCLKGCCSC GSCCKFDEDD
1261 SEPVLKGVKL HYT (SEQ ID NO:197).

Residues 1-12 correspond to the signal peptide, residues 13-685 correspond to the
Spike protein subunit S1 and residues 686-1273 correspond to the Spike protein subunit S2. The
receptor-binding domain (RBD) is defined by residues 319-541 (receptor-binding motif = residues
437-508). Residues 816-837 define the fusion peptide 1, residues 835-855 define the fusion
peptide 2, residues 920-970 define the heptad repeat 1 and residues 1163-1202 define the heptad
repeat 2.

In related embodiments, the full-length Spike protein comprises one or more mutations
relative to SEQ ID NO:197. In some embodiments, the Spike protein comprises one or more of
an L5F, L18F, D80Y, S98F, A222V, N354D, F342L, V367F, A435S, W436R, N439K, Y453F,
K458R, G476S, V483A, E484X, N501Y, A570D, D614G, A626S P681H, T7161, S982A, D1118H,
V1122L, and G1124V substitution. The Spike protein may also comprise a deletion (e.g., an HV
69-70 deletion and/or a Y144 deletion).

SARS-CoV2 variants comprise mutations in the Spike protein including L5F, S13I, L18F,
T19R, T20N, P26S, A67V, del69-70, G75V, T76l, D80Y, D80OA, T95l, S98F, R102l, D138Y,
G142D, del142-144, del144, W152C, E154K, EFR156-158G, F157L, R190S, ins214EPE,
D215G, A222V, del246-252, D253G, W258L, N354D, F342L, V367F, K417N, K417T, A435S,
WA436R, N439K, N440K, G446V, L452R, Y453F, K458R, G476S, S477N, S477G, T478K, V483A,
E484K, E484Q, F490S, N501Y, N501S, N501T, A570D, Q613H, D614G, AB26S, A653V, HB55Y,
Q677H, Q677P, P681H, P681R, A701V, T716l, D796H, D796Y, T859N, F888L, D950N, S982A,
T10271, Q1071H, E1092K, H1101Y, D1118H, V1176F, G1219V, and V1122L.

The Delta variant comprises the following Spike protein mutations: T19R, (V70F*), T95I,
G142D, E156-, F157-, R158G, (A222V*), (W258L*), (K417N*), L452R, T478K, D614G, P681R,
D950N.

The SARS-CoV-2 Omicron variant comprises the following Spike protein mutations:
ABTV, del69-70, T95I, G142D, del143-145, del211, L212I, ins214EPE, G339D, R346K, S371L,
S373P, S375F, K417N, N440K, G448S, S477N, T478K, E484A, Q493R/K, G496S, Q498R,
N501Y, Y505H, T547K, D614G, HB55Y, N679K, P681H, A701V, N764K, D796Y, N856K, Q954H,
N969K, L981F.

In an embodiment, the antibodies or antigen-binding fragments thereof described herein
bind to the native Spike protein (SEQ ID NO:197). In an embodiment, the antibodies or antigen-
binding fragments thereof described herein bind to a Spike protein variant comprising one or more
of the mutations disclosed above. In an embodiment, the antibodies or antigen-binding fragments
thereof described herein bind to a Spike protein variant comprising the mutations of the SARS-

CoV-2 Omicron variant.
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The term Spike protein also encompasses full-length or partial Spike proteins coupled
to, for example, purification and identification tags, signal sequences, or other modifications of
the native amino acid sequence necessary to perform analytical techniques described herein.

The term “SARS-CoV-2 infection”, as used herein, also characterized as “COVID-197,
refers to severe acute respiratory illness caused by the SARS-CoV-2 virus. The term also includes
respiratory tract infection and symptoms including but not limited to fever, fatigue, cough (e.g.,
dry cough), loss of appetite, body aches, anosmia, gastrointestinal symptoms (e.g., diarrhea,
abdominal pain, nausea and/or vomiting), dyspnea, and shortness of breath. The term also
encompasses diseases and syndromes caused by the SARS-CoV-2 virus including but not limited
to pneumonia, acute respiratory distress syndrome (ARDS), multi-system inflammatory syndrome
in children (MIS-C) and sepsis. The term also includes asymptomatic infection in which virus
replication is detectable by a PCR-based assay but the patient displays a subset of symptoms or
no symptoms of active infection.

In some embodiments, novel antibodies are provided that bind to the receptor-binding
domain (RBD) of SARS-CoV-2 Spike protein S1 and effectively block binding of angiotensin |
converting enzyme 2 (ACEZ2) to the RBD. In other embodiments, novel antibodies are provided
that bind to the SARS-CoV-2 S1 subunit in a region other than the RBD or bind to the SARS-
CoV-2 S2 subunit.

In some aspects, an antibody provided herein effectively neutralizes SARS-CoV-2. In
some aspects, a novel antibody provided herein neutralizes SARS-CoV-2 with an ICso value of
less than about 10 pg/mL. In some aspects, neutralizing activity is assessed using a VSV
pseudotyped virus neutralization assay such as that described in Wang ef al,, A human
monoclonal antibody blocking SARS-CoV-2 infection. Nat Commun 11, 2251 (2020). In some
aspects, neutralizing activity is assessed using a live virus neutralization assay such as that
described in Wec AZ, et al. Broad neutralization of SARS-related viruses by human monoclonal
antibodies. Science. 2020;369:731-736.

In some aspects, an antibody or combination of antibodies provided herein effectively
reduce viral load in a Syrian hamster model of SARS-CoV-2 infection such as that described in
Imai et al. (PNAS 117(28) 16587-16595 (2020)). Syrian hamsters as a small animal model for
SARS-CoV-2 infection and countermeasure development. In some aspects, reduction in viral load
is determined by reduction in the amount of replication-competent virus isolated from swabs or
tissue samples, or by the detection of viral RNA in the same.

In some aspects, an antibody or antigen fragment thereof comprises a heavy chain
variable region (HCVR) comprising a heavy chain CDR1, CDR2 and CDR3 (HCDR1, HCDR2,
HCDR3) having a sequence selected from among those in Table 1 and a light chain variable
region (LCVR) comprising a light chain CDR1, CDR2 and CDR3 (LCDR1, LCDR2, LCDR3)
having a sequence selected from those in Table 1:
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Clone HCDR1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
GYSFTSYW IYPGDSDT SSNIGSNP AAWDDSLNGVV
26-G2 (SEQ ID (SEQ ID ARLG?;SEI\C;“_D\;) (SEQ (SEQ ID GND (SEQ ID
NO: 1) NO:2 : NO:4) NO:5)
GYTFTSYY IDPSGGST SSNIGNNY GTWDSSLSAGYV
2]7_1 (SEQ ID (SEQ ID A(P;SEP;DGIYDI%]DOA_Q]D)I (SEQ ID DNN (SEQ ID
NO: 6) NO:7) : NO:9) NO:10)
GYTFTGYY INPNSGGT SSNIGNNA ASWDDRLDSPV
11-H1 (SEQ ID (SEQ ID éR?gégFigGﬁgHig? (SEQ ID YDN (SEQ ID
NO:11) NO:12) : NO:14) NO:15)
GYTFTSYY IDPSGGTT SGSIASNY QSYDSGNVI
21-A6 (SEQ ID (SEQ ID ARGGIE]'DADI\IAOV_D]E)(SEQ (SEQ ID EDN (SEQ ID
NO: 6) NO:106) : NO:18) NO:19)
GYTFTSYA TINAGNGNT AREGMITFGGVIVTNY NIGSES QAWDGSTVV
27-F5 (SEQ ID (SEQ ID GMDV (SEQ ID (SEQ ID DDN (SEQ ID
NO:20) NO:21) NO:22) NO:23) NO:24)
GFTFSSYG ISYDGSNK QSLLHSIGYN MQALORTLYT
21-H1 (SEQ ID (SEQ ID (iggGgng{ngi) F (SEQ ID SAS (SEQ ID
NO:25) NO:206) : NO:28) NO:29)
GYTFTSYY IDPTGGST SGSTARNY QSYDSSNQWV
27-G3 (SEQ ID (SEQ ID ASAGI\;GNNTOE:D;;L)(SEQ (SEQ ID EDK (SEQ ID
NO: 6) NO:30) : NO:32) NO: 33)
GYSFTSYW IYPGDSDT SSNIGSNT AAWDDSLNGVV
8-D4 (SEQ ID (SEQ ID (ASREI:\TQP SILDYSNSOP_T3D4Y) (SEQ ID NNN (SEQ ID
NO:1) NO:2) : NO:35) NO:5)
GYTFSTYY TIDPSGGTT SGSTAGNY OSYDASHLHVT
23-H7 (SEQ ID (SEQ ID ARGGIE]VDADI\IAO\/:D]_Y%)(SEQ (SEQ ID EDN (SEQ 1ID
NO:36) NO:106) : NO:37) NO: 38)
GGTFSNYA IIPILDTT SGINVGAYN YNSDSDN MIWRSSAWY
VREEGFDY (SEQ ID
24-B8 (SEQ ID (SEQ ID NO'4](_) © (SEQ ID (SEQ ID (SEQ ID
NO:39) NO:40) : NO:42) NO:43) NO: 44)
GFTFDTYG ISNDGSKK GRVTEPYMVTPLMLFR NFGTKS QVWDSSADLRG
21-F1 (SEQ ID (SEQ ID MAIDN (SEQ ID (SEQ ID AND VV (SEQ ID
NQO:45) NO:406) NO:47) NO:48) NO:49)
GRTFSSYA ISRSGGST AASNEGGTWYGSSWYR
16-C6 (SEQ ID (SEQ ID PSSYEH (SEQ ID N/A N/A N/A
NO:50) NO:51) NO:52)
GRTFSSYA ISRSGGST AASNEGGTWYGSSWYR
lo-G6 (SEQ ID (SEQ ID PSSYEY (SEQ ID N/A N/A N/A
NO:50) NO:51) NO:53)
GYIFTNYD VNENSGKV SSNIGNNA AAWDDSLNGVV
21-F2 (SEQ ID (SEQ ID ARGHTNDOE: 5(6S)EQ 1D (SEQ ID YDD (SEQ ID
NO:54) NO:55) : NO:14) NO:5)
GGTENTYS ITIPIFDKP RSNIGNYP ATWDDSLNVWV
22-D9 (SEQ ID (SEQ ID (éFEKST?;Y;gM]S;/) (SEQ ID YDD (SEQ 1ID
NO:57) NO:58) : NO:60) NO:61)
GYSFTSYW IYPGDSDT SSNIGSNP ASWDDSLNEGV
13-Al (SEQ ID (SEQ ID ARYLISDS]?\IG(;VI.DQ/Z)(SEQ (SEQ ID NNI (SEQ 1D
NO: 1) NO:2) : NO:4) NO: 63)
GGTFSSYA IIPIFGTT DSNIGQONG ASWDDSLSAWY
22-E8 (SEQ ID (SEQ ID (228H§;YEEMEZ) (SEQ ID YDY (SEQ ID
NO:64) NO:65) ) NO:67) NO: 68)
GGTFSSYA IIPMFNSA SSNIGAGYD QSYDSSLSGVV
5-B6 (SEQ ID (SEQ ID ATE;ZGE.;Y;\T/;N??)DP (SEQ ID ANS (SEQ 1D
NO:64) NO:69) : NO:71) NO:72)
GYSFTSYW IYPGDSDT SSNIGNNY GTWDSSLSAGV
13-H3 (SEQ ID (SEQ ID ARGSIHDY?\IDOY_%Y;)(SEQ (SEQ ID DNN (SEQ ID
NOo:1) NO:2) . NO:9) NO:10)
GDSVSSNSAA TYYRSKW ALPKQF QSADSSATYEV
27-B4 (SEQ ID (SEQ ID ARTIIDGVLYOD.S76()SEQ (SEQ ID RDS (SEQ 1D
NO:74) NO:75) : NO:77) NO:78)
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GYSFTSYW IYPGDSDT SSNVGSNS AAWDDSLNGWV
8-H1 (SEQ ID (SEQ ID ARR%i?iii?iﬂ(SEQ (SEQ ID TNN (SEQ 1ID
NO:1) NO:2) : NO:80) NO:81)
GYSFTSYW IYPGDSDT SSNIGSNS AAWDDSLNGVV
8-H5 (SEQ ID (SEQ ID ARWii?ﬁiizé)(SEQ (SEQ ID RND (SEQ 1ID
NOo:1) NO:2) . NO:83) NQ:5)
GYTFTGYY INPNSGGT 0SISSW QOGHSFPLT
8-A2 (SEQ ID (SEQ ID ﬁixfiifiﬁﬁii; (SEQ ID ARS (SEQ 1ID
NO:11) NO:12) ’ NO:85) NO: 86)
GFTFSSYG ISYDGSNK NIESKY QVWDRTSGHEV
iil (SEQ ID (SEQ ID (?ESGEERﬁg?Sg) (SEQ ID YDT (SEQ 1ID
NO:25) NO:26) ’ NO:87) NO:88)
GFSFTNYG ISYDGSIK KSDIGAYNY SSYTTSGTVV
22-F7 (SEQ ID (SEQ ID TRE?gTséP§1;SEQ (SEQ ID DVS (SEQ ID
NO:89) NO:90) ’ NO:92) NO: 93)
GFTFSNYG ISYDGSIE ESVSYSSSNK QQYYSSPLT
30-C5 (SEQ ID (SEQ ID ARD?gGﬁng6;SEQ NY (SEQ ID WAS (SEQ 1ID
NO:94) NO:95) ’ NO:97) NO:98)
GFTFSDYP ISYDGWTK SSNIGNNY GTWDNSLSAWV
Ei; (SEQ ID (SEQ ID VR?gDégPioifEQ (SEQ ID ENN (SEQ ID
NO:99) NO:100) ’ NO: 9) NO:102)
GFTENNYP ISYDGNHK SSDVGGYNY SSYTSSSTWV
22-E7 (SEQ ID (SEQ ID AsﬂifiﬁséijngQ (SEQ ID EVS (SEQ 1ID
NO:103) NO:104) ’ NO:106) NO:107)
GFTLSDYP MSYDGSLK DIGSRS QAWDSSTVV
6-A4 (SEQ ID (SEQ ID ARGggDEBF?TO;SEQ (SEQ ID DDT (SEQ ID
NO:108) NO:109) ’ NO:111) NO:112)
GFSENTFP ISYDGSFK SSNIGAGYD OSYDSSLSGYV
ASPGDSDWADFEN (SEQ 1ID
6-E1 (SEQ ID (SEQ ID (SEQ ID NO:115) (SEQ ID GNS NO:116)
NO:113) NO:114) ’ NO:71) ’
GFNFSLYG ISYDGSQK TSDVGGYGY VSYTLSSLVV
VKGEGSLDY (SE
6-F2 (SEQ ID (SEQ ID . NO'llé) Q (SEQ ID EVA (SEQ 1ID
NO:117) NO:118) ’ NO:120) NO:121)
GSIPSVNV VTSDGRT
15-E4 (SEQ ID (SEQ ID (;igﬁﬁfiiiain) N/A N/A N/A
NO:122) NO:123) :
GFSLNTRGMS IDWEDDK SLRNYY NSRDSSGNHVY
ARTYSVGVKYFGMDY
2-A6 (SEQ ID (SEQ ID (SEQ ID NO:127) (SEQ ID GGN (SEQ 1ID
NO:125) NO:126) ’ NO:198) NO:199)
GNVTSITL IINDDDRT
15-C8 (SEQ ID (SEQ ID SA§§G§§?§3S§EQ N/A N/A N/A
NO:128) NO:129) :
GSIPSVNV VTSDGRT
LITNSDHNTLG (SE
15-F7 (SEQ ID (SEQ ID . NO'ZOS; 2 N/A N/A N/A
NO:122) NO:123) ’
GSIPSVNV VTSDGRT
15-H3 (SEQ ID (SEQ ID (éﬁiﬁiﬁiﬁ?ﬁiﬂ) N/A N/A N/A
NO:122) NO:123) ;

N/A = not applicable (VHHs that do not comprise a light chain)

In other aspects, an antibody or antigen fragment thereof comprises a heavy chain
variable region having a sequence selected from among those in Table 2 and a light chain
variable region having a sequence selected from those in Table 2:

Table 2: HCVR/LCVR sequences of exemplary anti-SARS-CoV-2 S antibodies

Clone Heavy Chain wvariable (VH) and Light Chain variable (LH) sequences
26-G2 | VH EVQLVQSGAEVKKPGKSLKISCKGSGYSFTSYWIGWVROMPGKGLEWMGIIYPGDSDTRYSPSFQGQVTISA
DKSISTAYLQWSSLKASDTAMYYCARLGDYSGMDVWGQGTMVTVSS (SEQ ID NO:131)
VL QOSVLTOPPSASGTPGORVTISCSGSSSNIGSNPVNWYOHLPGTAPKLLI SGNDQRPSGVPDRESGSKSGT SA
SLAISGLQOSEDEGDYYCAAWDDSLNGVVFGGGTQLTVL (SEQ ID NO:132)
27~ VH QVQOLVQSGAEVKKPGASVKVSCKASGYTFTSYYMHWVROAPGQGLEWMGIIDPSGGSTSYAQKFQGRVTLTR
All DTSTSTVYMELSSLRSEDTAVYYCARSRDGYIDDAFDIWGQGTLVTVSS (SEQ ID NO:133)
VL QSVLTQPPSVSAAPGOKVTISCSGSSSNIGNNYVSWYQQLPGTAPKLLIYDNNKRPSGIPDREFSGSKSGT SA
TLGITGLOTGDEADYYCGTWDSSLSAGVFGGGTKLTVL (SEQ ID NO:134)
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11-H1 | VH | QVOLVQSGAEVKKPGASVKVSCKASGYTFTGYYMHWVROAPGQGLEWMGRINPNSGGTNYAQKFQGRVTMTR
DTSISTAYMELSRLRSDDTAVYYCARDKLPFSVGATHGMDVWGQGTLVTVSS (SEQ ID NO:135)
VL | QSVLTQPPSVSEAPRQRVTISCSGSSSNIGNNAVNWYQQLPGQAPRLLIYYDNLLPSGVSDRFSASTSGT SA
SLAISDLRSEDEADYYCASWDDRLDSPVFGGGTKLTVL (SEQ ID NO:136)
21-A6 | VH | QVOLVQSGAEVKKPGASVKVSCKASVKVSCKASGYTFTSYYMHWVRQOAPGQOGPEWMGVIDPSGGTTSYAQKE
HDRIAMTRDTSTSTAYLELSSLRSEDTAVYYCARGGFADAVDYWGQGTLVTVSS (SEQ ID NO:137)
VL | NFMLTQPHSVSESPGKTVTISCTRSSGSIASNYVQWYQORPGSSPTTVIYEDNQRPSGVPDRFSGSIDSSSN
SASLTISGLKTEDEADYYCQSYDSGNVIFGGGTKVTVL (SEQ ID NO:138)
27-F5 | VH EVQLVQSGAEVKKPGASVKVSCKASGYTFTS YAMHWVROAPGORLEWMGW INAGNGNTKY SOQKFQGRVTITR
DTSASTAYMELSSLRSEDTAVYYCAREGMITFGGVIVTNYGMDVWGOGTMVTVSS (SEQ ID NO:139)
VL SYVLTQPPSVSVAPGQTARITCGGNNIGSESVHWYQOKPGOAPLLVVYDDNNRPSGIPERFSGSNSGNTATL
TINRVEAGDEADYSCOAWDGSTVVFGGGTKLTVL (SEQ ID NO:140)
21-H1 | VH | QVOLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVAVISYDGSNKYYADSVKGRFTISR
DNSKNTLYLQOMNSLRAEDTAVYYCAKEGELRGAFDIWGQGTTVTVSS (SEQ ID NO:141)
VL DIVMTQSPLSLPVTPGEPASISCTSSQSLLHSIGYNFVDWYLOKPGOSPQLLIYSASNRASGVPDRFSGSGS
GTDFTLKISRVEAEDVGVYYCMOALQRTLYTFGQGTKVESK (SEQ ID NO:142)
27-G3 | VH | QVOLVQSGAEVKKPGASVKLSCTASGYTFTSYYMHWVRQAPGOGLEWMGIIDPTGGSTSYAQKFQGRVTMTR
DTSTSTVYMELSSLRSEDTAVYYCASAGVGNTFDYWGQGTLVTIVSS (SEQ ID NO:143)
VL | NFMLTQPHSVSASPGKTVTISCTRSSGSIARNYVQWYQORPGRSPNILIFEDKQRPSGVPDRFSGSIDSSSN
SASLTISGLKTEDEADYYCOSYDSSNOWVFGGGTKLTVL (SEQ ID NO:144)
8-D4 VH EVOLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVRQOMPGKGLEWMGI IYPGDSDTRYSPSFQGQVTI SA
DKSISTAYLQOWSSLKASDTAMYYCARNPSLYSSPTDYWGQGTLVTVSS (SEQ ID NO:145)
VL | QSVLTQPPSASGTPGQORVIISCSGSSSNIGSNTVNWYQQLPGTAPKLLIYNNNQRPSGVPDRFSGSKSGTSA
SLAITGLOSEDEADYYCAAWDDSLNGVVFGGGTKVTVL (SEQ ID NO:146)
23-H7 | VH | QVOLVQSGAEVKLPGASMKVSCKASGYTFSTYYMHWVRQAPGQGPEWMGVIDPSGGTTSYAQKFHDRIAMTR
DTSTSTAYLELSSLRSEDMAVYYCARGGFADAVDYWGQGTLVTVSS (SEQ ID NO:147)
VL | NFMLTQPHSVSGSPGKTVTISCTRNSGSIAGNYVQOWYQQRPGSAPTTVIYEDNQRPSGVPDRFSGSIDSSSN
SASLTISGLKTEDEADYYCQSYDASHLHVIFGGGTKVTVL (SEQ ID NO:148)
24-B8 | VH | QVOLVQSGAEVKKPGSSVKVSCKASGGTFSNYAISWVRQOAPGQGLEWMGGIIPILDTTNYAQKFQGRVTITA
DESTSTAYMELNSLRSEDTAVYYCVREEGFDYWGQGTLVIVSS (SEQ ID NO:149)
VL | QSVLTQPSSLSASPGASASLTCTLRSGINVGAYNIYWYCOOKPGSPPOFVLRYNSDSDNQQGSGVPSRESGSK
DASANAGILLISGLOSEDEAEYYCMIWRS SAWVFGGGTKLTVL (SEQ ID NO:150)
21-F1 | VH | QVOLVESGGGVVQOPGRSLRLSCGASGFTFDTYGMHWVRQAPGRGPEWVAVISNDGSKKYYADSVKGRFTI SR
DNSKNTVYLQMNSLRAEDTGVYYCGRVTEPYMVTPLMLFRMAI DNWGQGTLVTVSS (SEQ ID NO:151)
VL SYVLTQPPSMSVAPGETARITCGGGNFGTKSVHWYQORSGRAPVLVVYANDDRPSGIPERFSGSKSGDTATL
TISRVEAGDEADYFCQOVWDSSADLRGVVFGGGTQLTVL (SEQ ID NO:152)
16-C6 | VH | QVOLOESGGGLVQAGGSLRLSCAASGRTFSSYAMGWFROVLGKERELVAAISRSGGSTYYADSVKGRFTVSR
DNVKNTVYLQMNSLKPEDTAGYYCAASNEGGTWYGSSWYRPSSYEHWGQGTQVTVSS (SEQ ID
NO:153)
VL N/A
16-G6 | VH | OVOLOOSGGGLVQOAGGSLRLSCAASGRTFSSYAMGWFROVLGKERELVAAI SRSGGSTYYADSVKGRETI SR
DNVKNTVYLOMNSLKPEDTAGYYCAASNEGGTWYGSSWYRPSSYEYWGQGTQVTVSS (SEQ ID
NO:154)
VL | N/A
21-F2 | VH | QVOLVQSGAEVKKPGASVTVSCKTSGYIFTNYDINWVRQAPGOGLEWVGWVNPNSGKVGYAQKFOGRVIMTR
SDSESTAYMELTNLTSDDTAVYYCARGHTDFWGQGTLVTVSS (SEQ ID NO:155)
VL | QSVLTQPPSVSEAPRQRVTISCSGSSSNIGNNAVNWYQQLPGRAPKLLIYYDDLLPSGVSDRFSGSKSGTSA
SLAISGLQSEDEADYYCAAWDDSLNGVVFGGGTQLTVL (SEQ ID NO:156)
21-F2 | VH | QVOLVQSGAEVKKPGASVTVSCKTSGYIFTNYDINWVRQAPGOGLEWVGWVNPNSGKVGYAQKFOGRVIMTR
optim SDSESTAYMELTQLTSDDTAVYYCARGHTDFWGQGTLVTVSS (SEQ ID NO:214)
ized VL | QSVLTQPPSVSEAPRQRVTISCSGSSSNIGNNAVNWYQQLPGRAPKLLIYYDDLLPSGVSDRFSGSKSGTSA
SLAISGLOSEDEADYYCAAWDDSLNGVVFGGGTQLTVL (SEQ ID NO:156)
22-D9 | VH | QVQLVQSGAEVKKPGSSVNVSCKTSGGTFNTYSINWVROAPGQGLEWMGEIIPI FDKPNYAQKFQGRVTITA
DESTSTAYMELTSLRSDDTAVYYCARGTGYYYGMDVWGQGTTVTVSS (SEQ ID NO:157)
VL | QSVLTQPPSVSGAPRQTVTISCFGSRSNIGNYPVNWYHOVPGKAPKVVVYYDDLLPSGISDRFSGYKSGT SA
SLTISGLRSEDEADYYCATWDDSLNVWVFGGGTKLTVL (SEQ ID NO:158)
22-D9 | VH | QVOLVQOSGAEVKKPGSSVKVSCKTSGGTENTYSINWVROAPGQGLEWMGEIIPI FDKPNYAQKFQGRVTITA
optim DESTSTAYMELTSLRSDDTAVYYCARGTGYYYGMDVWGQGTTVTVSS (SEQ ID NO:215)
ized VL | QSVLTQPPSVSGAPRQOTVTISCFGSRSNIGNYPVNWYHQVPGKAPKVVVYYDDLLPSGISDRFSGYKSGTSA
SLTISGLRSEDEADYYCATWDDSLNVWVFGGGTKLTVL (SEQ ID NO:158)
13-A1 | VH EVOLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVROMPGKGLEWMGI IYPGDSDTRYSPSFQGQVTI SA
DKSISTAYLQOWSSLKASDTAMYYCARYLSSEGMDVWGKGTTVTVSS (SEQ ID NO:159)
VL | QSVLTQPPSASGTPGQORVIISCSGRSSNIGSNPVNWYQQLPGTAPKLLIYNNIQRPSGVPDRFSGSKSGTSA
SLAISGLQOSEDEAVYYCASWDDSLNEGVFGGGTQLTVL (SEQ ID NO:160)
22-E8 | VH | QVOLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVROAPGQGLEWMGGIIPIFGTTNYAQKFQGRVTITA

DESTSTAYMELSSLRSEDTAVYYCARDHGYYYGMDVWGQOGTTVTVSS (SEQ ID NO:161)
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VL | QSVLTQPSSVSAAPRQRVTILSCSGGDSNIGONGVNWYLHVPGKAPRLVVYYDYLVSAGMSARFSGSRSGT SA
SLAISGLQOSEDEGVYYCASWDDSLSAWVFGGGTKLTVL (SEQ ID NO:162)
5-B6 VH | QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQGLEWVGGIIPMFNSASYAQKFQGKVTITA
DKATNTAYMELSSLRSEDTAVYYCARESSGYYYVSNWFDPWGQGTLVTVSS (SEQ ID NO:163)
VL | QSVLTQPSSVSGAPGQRVTISCTGSSSNIGAGYDVHWYQQIPGTAPRLLIYANSGRASGVPDRFSGSKSGTS
ASLAITGLOAEDEADYYCQSYDSSLSGVVFGGGTKLTVL (SEQ ID NO:164)
13-H3 | VH EVOLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVRQOMPGKGLEWMGI IYPGDSDTRYSPSFQGQVTI SA
DKSISTAYLQOWSSLKASDTAMYYCARGSHYGDYDYWGQGTLVTVSS (SEQ ID NO:165)
VL | QSVLTQPPSVSAAPGOKVTISCSGSSSNIGNNYVSWYQOLPGTAPKLLIYDNNKRPSGIPDRFSGSKSGT SA
TLGITGLOTGDEADYYCGTWDSSLSAGVFGGGTKLTVL (SEQ ID NO:166)
27-B4 | VH | QVOLQQSGPGLVKPSQTLSLTCAISGDSVSSNSAAWNWIROSP SRGLEWLGRTYYRSKWYNDYAVSVKNRIT
INPDTSKNQFSLOLNSVTPEDTAVYYCARTIGWYDSWGQGTLVTVSS (SEQ ID NO:167)
VL SYELMQPPSVSVSPGQTARITCSGDALPKQOFANWYQOKPGOAPVLLYYRDSERPSGIPERFSGSTSGTTVTL
TISGVQAEDEADYYCQSADSSATYEVFGGGTKVTVL (SEQ ID NO:168)
8-H1 VH EVOLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVROMPGKGLEWMGT IYPGDSDTRYSPSFQGQVTI SA
DKSISTAYLQWSSLKASDTAIYYCARRQSGSGYDYWGQGTLVTVSS (SEQ ID NO:169)
VL | QSVLTQPPSASGTPGQORVIISCSGSSSNVGSNSVSWYQQFPGTAPKLLIYTNNQRPSGVPDRFSGSKSGASA
SLAISGPOSEDEADYYCAAWDDSLNGWVFGGGTKLTVL (SEQ ID NO:170)
8-H5 VH EVQOLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVROMPGKGLEWMGI IYPGDSDTRYSPSFQGQVTI SA
DKSISTAYLOWSSLKASDTAMYYCARWSEGNGFDYWGOGTMVTVSS (SEQ ID NO:171)
VL | QSVLTQPPSTSGTPGOWVIISCSGSSSNIGSNSVSWYQQLPGMAPKLLIYRNDQRPSGVPDRFSASKSGT SA
SLAISGLOSEDEADYYCAAWDDSLNGVVFGGGTKLTVL (SEQ ID NO:172)
8-A2 VH | QVQLVQSGAEVKKPGASVKVSCKASGYTFTGYYLHWVROAPGQGLEWMGRINPNSGGTNYAQKFQGRVTMTR
DTSISTAYMELSRLTSDDTAVYYCLAVAGTGGDAFDIWGQGTTVTVSS (SEQ ID NO:173)
VL DIQMTQSPSTLSASVGDRVTITCRASQSI SSWLAWYQQKPGKAPKLLIYAASSLESGVPSRFSGSGSGTDET
LTISSLOPEDFATYYCQQGHSFPLTFGGGTKVDIK (SEQ ID NO:174)
23— VH | QVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVAVISYDGSNKYYADSVKGRFTI SR
All DNSKNTLYLQOMNSLRAEDTAVYYCAKEGELRGAFDIWGQGTMVTVSS (SEQ ID NO:175)
VL SYVLTQPPSVSVAPGKTARITCGGDNIESKYVHWYQOKPGOAPVLVIYYDTDRPSGIPERFSGANSGNSATL
TISRVEAGDEADYYCQOVWDRT SGHFVFGPGTKVTVL (SEQ ID NO:176)
22-F7 | VH | QVOLVESGGGVVQOPGRSLRLSCAASGFSFTNYGMHWVRQAPGKGLEWVAVISYDGSIKYYEDSLKGRFTVSR
DNSKKTLYLQMNSLRAEDTAVYYCTRERGTGIDYWGLGTLVTVSS (SEQ ID NO:177)
VL | QSALTQPASVSGYPGQSITLSCTGTKSDIGAYNYVSWYQQOHPGKAPKLMVYDVSNRPSGLSNRFSGSKSDNT
ASLTISGLOAEDEAHYYCSSYTTSGTVVFGGGTKVTVL (SEQ ID NO:178)
30-c5 | VH | QVOLVESGGGVVQPGRSLRLSCAASGFTFSNYGMHWVRQOAPGKGLEWVAVISYDGSIEYYADSVKGRETI SR
DNSSNTLYLQOMNSLRAEDTAVYYCARDEDGAFDIWGQGTTVTVSS (SEQ ID NO:179)
VL DIVMTQSPESLAVSLGERATINCKSSESVSYSSSNKNYLSWYQQI PGOPPKLLIYWASTRESGVPDRESGSG
SGTDFTLTISSLOAEDVAVYYCQQOYYSSPLTFGGGTKVEIK (SEQ ID NO:180)
22— VH | QVQLVESGGDVVQPGTSLRLSCAASGFTFSDYPLHWVROAPGKGLEWLAVISYDGWTKYYADSVKGRFTISR
B10 DNSKNTLSLQOMDSLRPEDTAVYYCVRGTDYGDSWGQGTLVIVSS (SEQ ID NO:181)
VL | QSVVTQPPSVSAAPGQOKVTISCSGSSSNIGNNYVSWYQQFPGTAPKFLIYENNKRPSGIPDRFSGSKSGT SA
TLGITGLOTGDEADYYCGTWDNSLSAWVFGGGTKVTVL (SEQ ID NO:182)
22-E7 | VH | QVOLVESGGGVVQPGTSLRLSCAASGFTFNNYPMFWVRQAPGKGLEWLALISYDGNHKVYADSVKGRFTI SR
DNAKNTLYLQOMHSLRAEDTALYYCASDLS GAEDSWGQGTLVTVSS (SEQ ID NO:183)
VL | QSALTQPASVSGSPGQOSITISCTGTSSDVGGYNYVSWYQOQHPGKAPKLLIYEVSNRPSGVSNRFSGSKSGNT
ASLTISGLQOAEDEADYYCSSYTSSSTWVFGGGTKLTVL (SEQ ID NO:184)
6-A4 VH | QVQLVESGGGVVQPARSLRLSCAASGFTLSDYPMHWVROAPGKGLEWVALMS YDGSLKFYADSVKGRSTI SR
DISENTMYLOMNSLRAEDTAVYYCARGNSDGDFDYWGRGTLVTVSS (SEQ ID NO:185)
VL SYVLTQPPSVSVAPGQTATITCGGRDIGSRSVHWYQQTPGOAPVLVVYDDTARPSEIRARFSGFNSGNTATL
TISRVEAGDEATYYCQOAWDSSTVVFGGGTKLTVL (SEQ ID NO:186)
6-E1 VH | QVQLVESGGGVVQPGTSLRLSCAASGFSFNTFPMHWVROTPGKGLEWVASISYDGSFKFYADSVKGRFTISR
DNSKNTLILQLNSLRAEDTAVYYCASPGDSDWADFENWGQGTTVTVSS (SEQ ID NO:187)
VL | QSVLTQOPPSVSGAPGORVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYGNSNRPSGYPDRFSGSKSGTS
ASLAITGLOAEDEADYYCQSYDSSLSGYVFGTGTKVTVL (SEQ ID NC:188)
6-F2 VH | QVQLVESGGGVVQPGRSLRLSCEASGFNFSLYGMHWVROAPGKGLEWMAVISYDGSQKYYADSVKGRFTI SR
DNSKNTMYLQMN SLRAEDTAVYYCVKGEGSLDYWGQGTLVIVSS (SEQ ID NO:189)
VL | QSALTQPASASGSPGQSVIISCTGTTSDVGGYGYVSWYQOHHPGKAPQLLIYEVAKRPSGYPDRFSGSKSGNT
ASLTISGLQOAEDEADYYCVSYTLSSLVVFGGGTKLTVL (SEQ ID NO:190)
15-E4 | VH | QVOLQOESGGGLVQSGGSLKLSCAASGSIPSVNVMGWYROAPGKQRELVAAVTSDGRTNYADSVKGRFTVSRD
NAKNTVALQMDS LKPEDTAVYYCLITNQODHNTLGVGKGTLVTVSS (SEQ ID NO:196)
VL N/A
2-26 VH | QVTLRESGPALVKPTQTLTLTCTFSGFSLNTRGMSVSWIRQPPGKALEWLALIDWEDDKFYRTSIMTRLTIS
KDIFKNQOVVLTMTNVDPVDTGTYYCARTYSVGVKYFGMDVWGQGTTVTVSS (SEQ ID NO:191)
VL SSELTQDPAVSVALGOTVRITCOGDSLRNYYASWYRQEPGOAPILLIYGGNYRPSGIPDRFSGSSSGNTASL

TITGAQAEDEADYYCNSRDSSGNHVVFGGGTKLTVL (SEQ ID NO:182)
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15-c8 | VH QVQLQOESGGGLVQSGGSRRLS CAVSGNVT SI TLMGWY RHAPGKQREAVGI INDDDRTRYEDSMKGRET I SRD
PAKNMLYLQOMTNLKPEDTAVYYCSAKAGGNFYMGQGTQVTVSS (SEQ ID NO:193)

VL N/A

15-F7 | VH QVQLQOESGGGLVQSGGSLKLSCAASGSIPSVNVMGWYRQAPGKQRELVAAVT SDGRTNYADSVKGRETVSRD
NAKNTVALQOMDS LKPEDTAVYYCLITNSDHNTLGVGKGTLVTVSS (SEQ ID NO:194)

VL N/A

15-H3 | VH QVQLOQSGGGLVQSGGSLKLS CAASGS I P SVNVMGWYRQAPGKQRELVAAVT SDGRTSYADSVKGRETVSRD
NAKNTVALQOMDS LKPEDTAVYYCLITNSDHNTLGVGKGTLVTVSS (SEQ ID NO:195)

VL N/A

N/A = not applicable (VHHs that do not comprise a light chain)

The sequences defining the CDRs presented in Table 1 have been determined
according to the IMGT definition. The skilled person would understand that the sequences
defining the CDRs may vary depending on the definition (nomenclature) used to identify the
regions in the variable heavy and light chains. As an example, the sequences defining the CDRs
of the variable region of the heavy chain of clone 26-G2 as determined according to various

definitions is presented below.

Definition HCDRH1 HCDR2 HCDR3
mMGT | GYSFTSYW(SEQ |  IYPGDSDT (SEQ ID ARLGDYSGMDV
ID NO:1) NO:2) (SEQ ID NO:3)
Chothia | GYSFTSY (SEQ YPGDSD (SEQID | LGDYSGMDV (SEQ
ID NO:204) NO:205) ID NO:206)
Kabat SYWIG (SEQID | IIYPGDSDTRYSPSFQG | LGDYSGMDV (SEQ
NO:207) (SEQ ID NO:208) ID NO:206)
A GYSFTSYWIG | IIYPGDSDTR (SEQID | LGDYSGMDV (SEQ
(SEQ ID NO:209) NO:210) ID NO:206)
Contact | TSYWIG (SEQID |  WMGIIYPGDSDTR ARLGDYSGMD
NO:211) (SEQ ID NO:212) (SEQ ID NO:213)

Thus, the present disclosure encompasses antibodies or antigen-binding fragments
thereof comprising CDRs of the variable heavy and light chains of the antibodies or antigen-
binding fragments depicted in Table 2 as determined according to any of the
nomenclatures/definitions (e.g., IMGT, Chothia, Kabat, AbM, Contact).

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising HCDR1 of SEQ ID NO:1, a HCDR2 of SEQ ID NO:3 and a HCDR3 selected from SEQ
ID Nos: 3, 34, 62, 73, 79 and 82. In related embodiments, the antibody or antigen-binding
fragment thereof comprises a HCVR sequence selected from SEQ ID Nos:131, 145, 159, 165,
169 and 171.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NQ:6, a HCDR2 selected from SEQ ID Nos: 7, 16 and 30 and a
HCDR3 selected from SEQ ID Nos: 8, 17 and 31. In related embodiments, the antibody or antigen-
binding fragment thereof comprises a HCVR sequence selected from SEQ ID Nos:133, 137 and
143.
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In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:11, a HCDR2 of SEQ ID NO:12 and a HCDR3 of SEQ ID
NO:13 or SEQ ID NQO:84. In related embodiments, the antibody or antigen-binding fragment
thereof comprises a HCVR sequence selected from SEQ ID Nos:135 and 173.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:20, a HCDR2 of SEQ ID NO:21 and a HCDR3 of SEQ ID
NO:22. In related embodiments, the antibody or antigen-binding fragment thereof comprises a
HCVR sequence of SEQ ID NO:139.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:25, a HCDR2 of SEQ ID NO:26 and a HCDR3 of SEQ ID
NQO:27. In related embodiments, the antibody or antigen-binding fragment thereof comprises a
HCVR sequence of SEQ ID NO:141 or 175.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:36, a HCDR2 of SEQ ID NO:16 and a HCDR3 of SEQ ID
NQ:17. In related embodiments, the antibody or antigen-binding fragment thereof comprises a
HCVR sequence of SEQ ID NO:147.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:39, a HCDR2 of SEQ ID NO:40 and a HCDR3 of SEQ ID
NO:41. In related embodiments, the antibody or antigen-binding fragment thereof comprises a
HCVR sequence of SEQ ID NO:149.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:45, a HCDR2 of SEQ ID NO:46 and a HCDR3 of SEQ ID
NO:47. In related embodiments, the antibody or antigen-binding fragment thereof comprises a
HCVR sequence of SEQ ID NO:151.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:50, a HCDR2 of SEQ ID NO:51 and a HCDR3 of SEQ ID
NO:52 or SEQ ID NQO:53. In related embodiments, the antibody or antigen-binding fragment
thereof comprises a HCVR sequence of SEQ ID No:153 or 154.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:54, a HCDR2 of SEQ ID NO:55, and a HCDR3 of SEQ ID
NO:56. In related embodiments, the antibody or antigen-binding fragment thereof comprises a
HCVR sequence of SEQ ID NO:155 or 214.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:57, a HCDR2 of SEQ ID NO:58, and a HCDR3 of SEQ ID
NO:59. In related embodiments, the antibody or antigen-binding fragment thereof comprises a
HCVR sequence of SEQ ID NO:157 or 215.
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In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:64, a HCDR2 of SEQ ID NO:65 or 69, and a HCDRS3 of SEQ
ID NO:66 or 70. In related embodiments, the antibody or antigen-binding fragment thereof
comprises a HCVR sequence of SEQ ID NO:161 or 163.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:74, a HCDR2 of SEQ ID NO:75, and a HCDR3 of SEQ ID
NQO:76. In related embodiments, the antibody or antigen-binding fragment thereof comprises a
HCVR sequence of SEQ ID NO:167.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:89, a HCDR2 of SEQ ID NO:90, and a HCDR3 of SEQ ID
NQO:91. In related embodiments, the antibody or antigen-binding fragment thereof comprises a
HCVR sequence of SEQ ID NO:177.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:94, a HCDR2 of SEQ ID NO:95, and a HCDR3 of SEQ ID
NQ:96. In related embodiments, the antibody or antigen-binding fragment thereof comprises a
HCVR sequence of SEQ ID NO:179.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:99, a HCDR2 of SEQ ID NO:100, and a HCDR3 of SEQ ID
NO:101. In related embodiments, the antibody or antigen-binding fragment thereof comprises a
HCVR sequence of SEQ ID NO:181.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:103, a HCDR2 of SEQ ID NO:104, and a HCDRS3 of SEQ ID
NO:105. In related embodiments, the antibody or antigen-binding fragment thereof comprises a
HCVR sequence of SEQ ID NO:183.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:108, a HCDR2 of SEQ ID NO:109, and a HCDR3 of SEQ ID
NO:110. In related embodiments, the antibody or antigen-binding fragment thereof comprises a
HCVR sequence of SEQ ID NO:185.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:113, a HCDR2 of SEQ ID NO:114, and a HCDR3 of SEQ ID
NO:115. In related embodiments, the antibody or antigen-binding fragment thereof comprises a
HCVR sequence of SEQ ID NO:187.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:117, a HCDR2 of SEQ ID NO:118, and a HCDR3 of SEQ ID
NO:119. In related embodiments, the antibody or antigen-binding fragment thereof comprises a
HCVR sequence of SEQ ID NO:189.
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In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:122, a HCDR2 of SEQ ID NO:123, and a HCDR3 of SEQ ID
NO:124. In related embodiments, the antibody or antigen-binding fragment thereof comprises a
HCVR sequence of SEQ ID NO:194,195 or 196.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:125, a HCDR2 of SEQ ID NO:126, and a HCDR3 of SEQ ID
NO:127. In related embodiments, the antibody or antigen-binding fragment thereof comprises a
HCVR sequence of SEQ ID NO:191.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCDR1 of SEQ ID NO:128, a HCDR2 of SEQ ID NO:129, and a HCDR3 of SEQ ID
NQO:130. In related embodiments, the antibody or antigen-binding fragment thereof comprises a
HCVR sequence of SEQ ID NO:193.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NQO:4, an LCDR2 of GND or NNI, and an LCDR3 of SEQ ID
NQ:5 or 63. In related embodiments, the antibody or antigen-binding fragment thereof comprises
an LCVR sequence of SEQ ID NO:132 or 160.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:9, an LCDR2 of DNN or ENN, and an LCDR3 of SEQ ID
NO:10 or 102. In related embodiments, the antibody or antigen-binding fragment thereof
comprises an LCVR sequence of any one of SEQ ID NOs:134, 166 and 182.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:14, an LCDR2 of YDN or YDD and an LCDR3 of SEQ ID
NQO:15 or 5. In related embodiments, the antibody or antigen-binding fragment thereof comprises
an LCVR sequence of SEQ ID NO:136 or 156.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:18, an LCDR2 of EDN and an LCDR3 of SEQ ID NO:19. In
related embodiments, the antibody or antigen-binding fragment thereof comprises an LCVR
sequence of SEQ ID NO:138.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:23, an LCDR2 of DDN and an LCDR3 of SEQ ID NO:24. In
related embodiments, the antibody or antigen-binding fragment thereof comprises an LCVR
sequence of SEQ ID NO:140.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:28, an LCDR2 of SAS and an LCDR3 of SEQ ID NO:29. In
related embodiments, the antibody or antigen-binding fragment thereof comprises an LCVR
sequence of SEQ ID NO:142.
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In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:32, an LCDR2 of EDK and an LCDR3 of SEQ ID NO:33. In
related embodiments, the antibody or antigen-binding fragment thereof comprises an LCVR
sequence of SEQ ID NO:144.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:35, an LCDR2 of NNN and an LCDR3 of SEQ ID NO:5. In
related embodiments, the antibody or antigen-binding fragment thereof comprises an LCVR
sequence of SEQ ID NO:146.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:37, an LCDR2 of EDN and an LCDR3 of SEQ ID NO:38. In
related embodiments, the antibody or antigen-binding fragment thereof comprises an LCVR
sequence of SEQ ID NO:148.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:42, an LCDR2 of SEQ ID NQO:43 and an LCDR3 of SEQ ID
NQ:44. In related embodiments, the antibody or antigen-binding fragment thereof comprises an
LCVR sequence of SEQ ID NO:150.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:48, an LCDR2 of AND and an LCDR3 of SEQ ID NO:49. In
related embodiments, the antibody or antigen-binding fragment thereof comprises an LCVR
sequence of SEQ ID NO:152.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:60, an LCDR2 of YDD and an LCDR3 of SEQ ID NO:61. In
related embodiments, the antibody or antigen-binding fragment thereof comprises an LCVR
sequence of SEQ ID NO:158.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:67, an LCDR2 of YDY and an LCDR3 of SEQ ID NO:68. In
related embodiments, the antibody or antigen-binding fragment thereof comprises an LCVR
sequence of SEQ ID NO:162.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:71, an LCDR2 of ANS or GNS and an LCDR3 of SEQ ID
NO:72 or 116. In related embodiments, the antibody or antigen-binding fragment thereof
comprises an LCVR sequence of SEQ ID NO:164 or 188.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:77, an LCDR2 of RDS and an LCDR3 of SEQ ID NO:78. In
related embodiments, the antibody or antigen-binding fragment thereof comprises an LCVR
sequence of SEQ ID NO:168.
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In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:80, an LCDR2 of TNN and an LCDR3 of SEQ ID NO:81. In
related embodiments, the antibody or antigen-binding fragment thereof comprises an LCVR
sequence of SEQ ID NO:170.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:83, an LCDR2 of RND and an LCDR3 of SEQ ID NO:5. In
related embodiments, the antibody or antigen-binding fragment thereof comprises an LCVR
sequence of SEQ ID NO:172.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:85, an LCDR2 of AAS and an LCDR3 of SEQ ID NO:86. In
related embodiments, the antibody or antigen-binding fragment thereof comprises an LCVR
sequence of SEQ ID NO:174

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NQO:87, an LCDR2 of YDT and an LCDR3 of SEQ ID NO:88. In
related embodiments, the antibody or antigen-binding fragment thereof comprises an LCVR
sequence of SEQ ID NO:1786.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:92, an LCDR2 of DVS and an LCDR3 of SEQ ID NO:93. In
related embodiments, the antibody or antigen-binding fragment thereof comprises an LCVR
sequence of SEQ ID NO:178.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:97, an LCDR2 of WAS and an LCDR3 of SEQ ID NO:98. In
related embodiments, the antibody or antigen-binding fragment thereof comprises an LCVR
sequence of SEQ ID NO:180.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:106, an LCDR2 of EVS and an LCDR3 of SEQ ID NO:107.
In related embodiments, the antibody or antigen-binding fragment thereof comprises an LCVR
sequence of SEQ ID NO:184.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:111 an LCDR2 of DDT and an LCDR3 of SEQ ID NO:112.
In related embodiments, the antibody or antigen-binding fragment thereof comprises an LCVR
sequence of SEQ ID NO:186.

In some embodiments, an antibody or antigen-binding fragment thereof is provided
comprising an LCDR1 of SEQ ID NO:120 an LCDR2 of EVA and an LCDR3 of SEQ ID NO:121.
In related embodiments, the antibody or antigen-binding fragment thereof comprises an LCVR
sequence of SEQ ID NO:190.
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In related embodiments, an antibody or antigen-binding fragment thereof is provided
comprising a HCVR comprising HCDR1, HCDR2 and HCDR3 a described above and an LCVR
comprising LCDR1, LCDR2 and LCDR3 as described above.

In some embodiments, an antibody or antigen-binding fragment thereof is provided that
specifically binds the RBD of SARS-CoV-2 S1 and comprises:

-a HCVR of SEQ ID NO:131 and an LCVR of SEQ ID NO:132;

- a HCVR of SEQ ID NO:133 and an LCVR of SEQ ID NO:134;

- a HCVR of SEQ ID NO:135 and an LCVR of SEQ ID NO:136;

- a HCVR of SEQ ID NO:137 and an LCVR of SEQ ID NO:138;

-a HCVR of SEQ ID NO:139 and an LCVR of SEQ ID NO:140;

-a HCVR of SEQ ID NO:141 and an LCVR of SEQ ID NO:142;

-a HCVR of SEQ ID NO:143 and an LCVR of SEQ ID NO:144;

-a HCVR of SEQ ID NO:145 and an LCVR of SEQ ID NO:146;

-a HCVR of SEQ ID NO:147 and an LCVR of SEQ ID NO:148;

-a HCVR of SEQ ID NO:149 and an LCVR of SEQ ID NO:150;

-a HCVR of SEQ ID NO:151 and an LCVR of SEQ ID NO:152;

-a HCVR of SEQ ID NO:153;

-a HCVR of SEQ ID NO:154;

- a HCVR of SEQ ID NO:155 or 214 and an LCVR of SEQ ID NO:156;

- a HCVR of SEQ ID NO:157 or 215 and an LCVR of SEQ ID NO:158;

- a HCVR of SEQ ID NO:159 and an LCVR of SEQ ID NO:160;

-a HCVR of SEQ ID NO:161 and an LCVR of SEQ ID NO:162;

-a HCVR of SEQ ID NO:163 and an LCVR of SEQ ID NO:164;

- a HCVR of SEQ ID NO:165 and an LCVR of SEQ ID NO:166;

- a HCVR of SEQ ID NO:167 and an LCVR of SEQ ID NO:168;

- a HCVR of SEQ ID NO:169 and an LCVR of SEQ ID NO:170;

-a HCVR of SEQ ID NO:171 and an LCVR of SEQ ID NO:172;

-a HCVR of SEQ ID NO:173 and an LCVYR of SEQ ID NO:174; or

-a HCVR of SEQ ID NO:175 and an LCVR of SEQ ID NO:176.

In some embodiments, an antibody or antigen-binding fragment thereof is provided that
specifically binds the SARS-CoV-2 S1 subunit in a region outside the RBD and comprises:

-a HCVR of SEQ ID NO:177 and an LCVR of SEQ ID NO:178;

- a HCVR of SEQ ID NO:179 and an LCVR of SEQ ID NO:180;

-a HCVR of SEQ ID NO:181 and an LCVR of SEQ ID NO:182;

- a HCVR of SEQ ID NO:183 and an LCVR of SEQ ID NO:184;

-a HCVR of SEQ ID NO:185 and an LCVR of SEQ ID NO:186;
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-a HCVR of SEQ ID NO:187 and an LCVR of SEQ ID NO:188; or
-aHCVR of SEQ ID NO:189 and an LCVR of SEQ ID NO:190.

In some embodiments, an antibody or antigen-binding fragment thereof is provided that
specifically binds the SARS-CoV-2 S2 subunit and comprises:

-a HCVR of SEQ ID NO:191 and an LCVR of SEQ ID NO:192;

-a HCVR of SEQ ID NO:193;

-a HCVR of SEQ ID NO:194;

-a HCVR of SEQ ID NO:195; or

-a HCVR of SEQ ID NO:196.

Antigen-binding fragments of antibodies

The terms "antigen-binding portion" of an antibody, "antigen-binding fragment" of an
antibody, and the like, as used herein, include any naturally occurring, enzymatically obtainable,
synthetic, or genetically engineered polypeptide or glycoprotein that specifically binds an antigen
(e.g., SARS-CoV-2 Spike protein) to form a complex. The terms "antigen-binding fragment" of an
antibody, or "antibody fragment", as used herein, refers to one or more fragments of an antibody
that retain the ability to specifically bind to SARS-CoV-2 Spike protein. An antibody fragment may
include a Fab fragment, a F(ab') fragment, a Fv fragment, a dAb fragment, a fragment containing
a CDR, or an isolated CDR. In certain embodiments, the term "antigen-binding fragment" refers
to a polypeptide fragment of a multi-specific antigen-binding molecule. Antigen-binding fragments
of an antibody may be derived, e.g., from full antibody molecules using any suitable standard
technigues such as proteolytic digestion or recombinant genetic engineering techniques involving
the manipulation and expression of DNA encoding antibody variable and (optionally) constant
domains. Such DNA is known and/or is readily available from, e.g., commercial sources, DNA
libraries (including, e.g., phage-antibody libraries), or can be synthesized. The DNA may be
sequenced and manipulated chemically or by using molecular biology techniques, for example,
to arrange one or more variable and/or constant domains into a suitable configuration, or to
introduce codons, create cysteine residues, modify, add or delete amino acids, etc.

Non-limiting examples of antigen-binding fragments include: (i) Fab fragments; (ii) F(ab'):
fragments; (iii) Fd fragments; (iv) Fv fragments; (v) single-chain Fv (scFv) molecules; (vi) dAb
fragments; and (vii) minimal recognition units consisting of the amino acid residues that mimic the
hypervariable region of an antibody (e.g., an isolated complementarity determining region (CDR)
such as a CDR3 peptide), or a constrained FR3-CDR3-FR4 peptide. Other engineered molecules,
such as domain-specific antibodies, single domain antibodies, domain-deleted antibodies,
chimeric antibodies, CDR-grafted antibodies, diabodies, triabodies, tetrabodies, minibodies,

nanobodies (e.g., monovalent nanobodies, bivalent nanobodies, etc.), small modular
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immunopharmaceuticals (SMIPs), and shark variable IgNAR domains, are also encompassed
within the expression "antigen-binding fragment,”" as used herein.

An antigen-binding fragment of an antibody will typically comprise at least one variable
domain. The variable domain may be of any size or amino acid composition and will generally
comprise at least one CDR, which is adjacent to or in frame with one or more framework
sequences. In antigen-binding fragments having a VH domain associated with a VL domain, the
VH and VL domains may be situated relative to one another in any suitable arrangement. For
example, the variable region may be dimeric and contain VH-VH, VH-VL or VL-VL dimers.
Alternatively, the antigen-binding fragment of an antibody may contain a monomeric VH or VL
domain.

In certain embodiments, an antigen-binding fragment of an antibody may contain at least
one variable domain covalently linked to at least one constant domain. Non-limiting, exemplary
configurations of variable and constant domains that may be found within an antigen-binding
fragment of an antibody of the present disclosure include: (i) VH-CH1; (ii) VH-CHZ2; (iii) VH-CH3;
(iv) VH-CH1-CH2; (v) VH-CH1-CH2-CH3, (vi) VH-CH2-CH3; (vii) VH-CL,; (viii) VL-CH1; (ix) VL-
CH2; (x) VL-CH3; (xi) VL-CH1-CH2; (xii) VL-CH1-CH2-CH3; (xiii) VL-CH2-CH3, and (xiv) VL-CL.
In any configuration of variable and constant domains, including any of the exemplary
configurations listed above, the variable and constant domains may be either directly linked to
one another or may be linked by a full or partial hinge or linker region. A hinge region may consist
of atleast 2 (e.g., 5, 10, 15, 20, 40, 60 or more) amino acids, which result in a flexible or semi-
flexible linkage between adjacent variable and/or constant domains in a single polypeptide
molecule. Moreover, an antigen-binding fragment of an antibody of the present disclosure may
comprise a homo-dimer or hetero-dimer (or other multimer) of any of the variable and constant
domain configurations listed above in non-covalent association with one another and/or with one
or more monomeric VH or VL domain (e.g., by disulfide bond(s)).

As with full antibody molecules, antigen-binding fragments may be mono-specific or

multi-specific (e.g., bi-specific), as described below.

Multi-specific antibodies or antigen-binding fragments

Antibodies or antigen-binding fragments thereof described herein may be monospecific,
bispecific, or multi-specific. Multi-specific antibodies or antigen-binding fragments thereof may be
specific for different epitopes of one target polypeptide or may contain antigen-binding domains
specific for more than one target polypeptide. See, e.g., Tuttet al., 1991, J. Immunol. 147:60-69;
Kufer et al., 2004, Trends Biotechnol. 22:238-244.

Any of the multi-specific antigen-binding molecules of the disclosure, or variants thereof,
may be constructed using standard molecular biological techniques (e.g., recombinant DNA and

protein expression technology), as will be known to a person of ordinary skill in the art.
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In some embodiments, SARS-CoV-2 Spike protein-specific antibodies or antigen-binding
fragments thereof are generated in a bispecific format (a "bispecific") in which variable regions
binding to distinct domains of SARS-CoV-2 Spike protein are linked together to confer dual-
domain specificity within a single binding molecule. Appropriately designed bispecifics may
enhance overall SARS-CoV-2 Spike protein inhibitory efficacy through increasing both specificity
and binding avidity. Variable regions with specificity for individual domains, (e.g., segments of the
N-terminal domain), or that can bind to different regions within one domain, are paired on a
structural scaffold that allows each region to bind simultaneously to the separate epitopes, or to
different regions within one domain. In one example for a bispecific, heavy chain variable regions
(VH or Vu) from a binder with specificity for one domain are recombined with light chain variable
regions (VL or V) from a series of binders with specificity for a second domain to identify non-
cognate VL partners that can be paired with an original VH without disrupting the original
specificity for that VH. In this way, a single VL segment (e.g., VL1) can be combined with two
different VH domains (e.g., VH1 and VH2) to generate a bi-specific comprised of two binding
"arms" (VH1-VL1 and VH2-VL1). Use of a single VL segment reduces the complexity of the
system and thereby simplifies and increases efficiency in cloning, expression, and purification
processes used to generate the bispecific (See, for example, US2010/0331527).

Alternatively, antibodies or antigen-binding fragments thereof that bind more than one
domains and a second target, such as, but not limited to, for example, a second different anti-
SARS-CoV-2 Spike protein antibody, may be prepared in a bispecific format using techniques
described herein, or other techniques known to those skilled in the art. Antibody variable regions
binding to distinct regions may be linked together with variable regions that bind to relevant sites
on, for example, the extracellular domain of SARS-CoV-2 Spike protein, to confer dual-antigen
specificity within a single binding molecule. Appropriately designed bispecifics of this nature serve
a dual function. Variable regions with specificity for the extracellular domain are combined with a
variable region with specificity for outside the extracellular domain and are paired on a structural
scaffold that allows each variable region to bind to the separate antigens.

An exemplary bispecific antibody format that can be used in the context of the present
disclosure involves the use of a first immunoglobulin (Ig) CH3 domain and a second Ig CH3
domain, wherein the first and second Ig CH3 domains differ from one another by at least one
amino acid, and wherein at least one amino acid difference reduces binding of the bispecific
antibody to Protein A as compared to a bispecific antibody lacking the amino acid difference. In
one embodiment, the first I|g CH3 domain binds Protein A and the second I|g CH3 domain contains
a mutation that reduces or abolishes Protein A binding such as an H95R modification (by IMGT
exon numbering; H435R by EU numbering). The second CH3 may further comprise a Y96F
modification (by IMGT; Y436F by EU). Further modifications that may be found within the second
CH3 include: D16E, L18M, N44S, K52N, V57M, and V82| (by IMGT; D356E, L358M, N384S,
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K392N, V397M, and V422| by EU) in the case of IgG1 antibodies; N44S, K52N, and V82| (IMGT;
N384S, K392N, and V422| by EU) in the case of IgG2 antibodies; and Q15R, N44S, K52N, V57M,
R69K, E79Q, and V82l (by IMGT; Q355R, N384S, K392N, V397M, R409K, E419Q, and V422I
by EU) in the case of IgG4 antibodies. Variations on the bispecific antibody format described
above are contemplated within the scope of the present disclosure.

Other exemplary bispecific formats that can be used in the context of the present
disclosure include, without limitation, e.g., scFv-based or diabody bispecific formats, IgG-scFv
fusions, dual variable domain (DVD)-Ig, Quadroma, knobs-into-holes, common light chain (e.g.,
common light chain with knobs-into-holes, etc.), CrossMab, CrossFab, (SEED) body, leucine
zipper, Duobody, IgG1/IgG2, dual acting Fab (DAF)-IgG, and Mab? bispecific formats (see, e.g.,
Klein et al. 2012, mAbs 4:6, 1-11, and references cited therein, for a review of the foregoing
formats). Bispecific antibodies can also be constructed using peptide/nucleic acid conjugation,
e.g., wherein unnatural amino acids with orthogonal chemical reactivity are used to generate site-
specific antibody-oligonucleotide conjugates which then self-assemble into multimeric complexes
with defined composition, valency and geometry. (See, e.g., Kazane ef al. (2012) Site-specific
DNA-antibody conjugates for specific and sensitive immuno-PCR, PNAS 109 (10) 3731-3736;
DOI: 10.1073/pnas.1120682109), US Patens Nos. 4,496,689; 4,301,144; 4,670,417; 4,791,192
or 4,179,337.

The antibody or antigen-binding fragment thereof may further comprise one or more
modifications that confer additional biological properties to the antibody or antigen-binding
fragment thereof such as increased protease resistance, reduced plasma protein binding,
increased plasma half-life, increased intracellular penetration, increased storage stability,
increased expression, reduced aggregation, etc. Such modifications include, for example,
covalent attachment of molecules/moiety to the antibody or antigen-binding fragment thereof such
as fatty acids (e.g., Cs-C1s), attachment of proteins such as albumin (see, e.g., U.S. Patent No.
7,268,113); sugars/polysaccharides (glycosylation), biotinylation or PEGylation (see, e.g., U.S.
Patent Nos. 7,256,258 and 6,528,485). The antibody or antigen-binding fragment thereof may
also be mutated to remove a glycosylation site, e.g., by mutating one or more asparagine residues
in the sequence of the heavy and/or light chain(s) of the antibody or antigen-binding fragment
thereof. In an embodiment, the antibody or antigen-binding fragment thereof is an optimized
version of antibody 21-F2 disclosed herein (or an antigen-binding fragment thereof) comprising a
mutation at a glycosylation site, and comprises a VH chain comprising the sequence of SEQ ID
NO:214. In another embodiment, the antibody or antigen-binding fragment thereof is an optimized
version of antibody 22-D9 disclosed herein (or an antigen-binding fragment thereof) comprising a
mutation at a glycosylation site, and comprises a VH chain comprising the sequence of SEQ ID
NQO:215.
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The above description of modification of the antibody or antigen-binding fragment thereof
does not limit the scope of the approaches nor the possible modifications that can be engineered.
Thus, in another aspect, the present disclosure provides a conjugate comprising the antibody or
antigen-binding fragment thereof described herein and one or more additional molecules or
agents (hereinafter secondary molecules or agents). The antibody or antigen-binding fragment
thereof may be conjugated to any type of synthetic or natural secondary molecules or agents,
such as peptides. proteins, saccharides/polysaccharides, lipids, naturally-occurring or synthetic
polymers/co-polymers, etc. to modify one or more properties of the antibody or antigen-binding
fragment thereof.

In an embodiment, the conjugate comprises a covalent link or bond between the antibody
or antigen-binding fragment thereof and the molecule conjugated thereto. The molecule may be
conjugated directly to the antibody or antigen-binding fragment thereof, or indirectly via a linker.
The linker may be a polypeptide linker comprising one or more amino acids or another type of
chemical linker (e.g., a carbohydrate linker, a lipid linker, a fatty acid linker, a polyether linker,
PEG, etc.

In another embodiment, the molecule may be conjugated/attached to the side chain of
one the amino acids of the antibody or antigen-binding fragment thereof. Methods for conjugating
moieties to side chains of amino acids are well known in the art. For example, chemical groups
that react with primary amines (-NH.) present in the side-chain of lysine residues such as
isothiocyanates, isocyanates, acyl azides, NHS esters, sulfonyl chlorides, aldehydes, glyoxals,
epoxides, oxiranes, carbonates, aryl halides, imidoesters, carbodiimides, anhydrides, and
fluorophenyl esters may be used to conjugate the molecule to the antigenic peptide. Most of these
groups conjugate to amines by either acylation or alkylation. Cysteine residues present in the
antibody or antigen-binding fragment thereof may also be used to attach the molecule.

In an embodiment, the antibody or antigen-binding fragment thereof is labelled or
conjugated with one or more moieties. The antibody or antigen-binding fragment thereof may be
labeled with one or more labels such as a biotin label, a fluorescent label, an enzyme label, a
coenzyme label, a chemiluminescent label, or a radioactive isotope label. In an embodiment, the
antibody or antigen-binding fragment thereof is labelled with a detectable label, for example a
fluorescent moiety (fluorophore). Useful detectable labels include fluorescent compounds (e.g.,
fluorescein isothiocyanate, Texas red, rhodamine, fluorescein, Alexa Fluor® dyes, and the like),
radiolabels, enzymes (e.g., horseradish peroxidase, alkaline phosphatase and others commonly
used in a protein detection assays), streptavidin/biotin, and colorimetric labels such as colloidal
gold, colored glass or plastic beads (e.g., polystyrene, polypropylene, latex, etc.).
Chemiluminescent compounds may also be used. Such labelled antibodies or antigen-binding
fragments thereof may be useful, for example, for the detection of SARS-CoV-2 and/or SARS-

CoV-2-infected cells in vivo or in vitro, e.g., by flow cytometry, immunohistochemistry, etc. The
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antibody or antigen-binding fragment thereof can also be conjugated to detectable or affinity tags
that facilitate detection and/or purification of the antibody or antigen-binding fragment thereof.
Such tags are well known in the art. Examples of detectable or affinity tags include polyhistidine
tags (His-tags), polyarginine tags, polyaspartate tags, polycysteine tags, polyphenylalanine tags,
glutathione S-transferase (GST) tags, maltose binding protein (MBP) tags, calmodulin binding
peptide (CBP) tags, Streptavidin/Biotin-based tags, HaloTag®, Profinity eXact® tags, epitope tags
(such as FLAG, hemagglutinin (HA), HSV, S/S1, c-myc, KT3, T7, V5, E2, and Glu-Glu epitope
tags), reporter tags such as B-galactosidase (B-gal), alkaline phosphatase (AP), chloramphenicol
acetyl transferase (CAT), and horseradish peroxidase (HRP) tags (see, e.g., Kimple et al., Curr
Protoc Protein Sci. 2013; 73: Unit-9.9).

Antibody combinations or cocktails

In some embodiments, a pharmaceutical combination (or “cocktail’) is provided
comprising two or more antibodies or antigen-binding fragments thereof as herein described. In
some aspects, the combination is an additive or synergistic combination. In a further embodiment,
the combination is a synergistic combination.

By “synergistic combination” it is meant that the combined action of two or more
antibodies (or antigen-binding fragments thereof) generates a result that is greater than the sum
of their individual effects as measured, e.g., by a lowering in ICsp value in a live-virus cell-based
neutralization assay. Synergy occurs when the combined action of two or more antibodies (or
antigen-binding fragments thereof) is greater than would have been predicted based on the
performance of the antibodies (or antigen-binding fragments thereof) when used alone.

By “additive combination” it is meant that the combined action of two or more antibodies
(or antigen-binding fragments thereof) generates a result that corresponds to the additive effect
of their individual components as measured by additive ICs¢ values from the live-virus cell-based
neutralization assay.

In an embodiment, the combination of antibodies has broad neutralization or inhibitor
activity against SARS-CoV-2. In some preferred embodiments, the antibodies of the combination
bind to distinct (e.g., non-overlapping) epitopes on the Spike protein (see FIG. 1E for a Venn
diagram showing the blocking relationships between the bins) herein named bin1, 1a, 1b, 1c, 2,
3, 4, 5 (RBD), binC (S1 non-RBD non-NTD), and binS2 (S2 subunit). In some embodiments,
antibodies falling within the following non-overlapping bins are combined and provide additive or
synergistic effects; 1+3+5+S2; 1+4+5+S52; 1a+3+5+C+S2; 1a+4+5+C+S82; 2+4+5+C+S2.

In some embodiments, the pharmaceutical combination comprises (i) an antibody or
antigen-binding fragment thereof comprising a heavy chain variable region and a light chain
variable region each comprising a CDR1, CDR2 and CDR3 of clone 23-H7 (i.e., comprising
HCDR1, HCDR2 and HCDR3 of SEQ ID NOs: 36, 16 and 17 and LCDR1 of SEQ ID NO:37,



10

15

20

25

30

35

WO 2022/165039 PCT/US2022/014103
49

LCDR2 of EDN and LCDR3 of SEQ ID NO:38) and (ii) one or more antibodies or antigen-binding
fragments thereof, each comprising a heavy chain variable region and a light chain variable
region, each heavy chain variable region and light chain variable region comprising a CDR1,
CDR2 and CDRS of clone 2-A8, 8-A2, 23-A11, 30-C5, 22-D9 (or 22-D9-optimized), 21-F2 (or 21-
F2-optimized), 23-H7, 22-F7, or 22-E7. In some embodiments, the combination comprises (i) an
antibody or antigen-binding fragment thereof comprising heavy chain and light chain variable
regions of SEQ ID NOs:147 and 148 (23-H7) and (ii) one or more antibodies or antigen-binding
fragments thereof, each comprising a heavy and light chain variable region of SEQ ID NOs: 191
and 192 (2-A6), SEQ ID NOs:173 and 174 (8-A2), SEQ ID NOs:175 and 176 (23-A11), SEQ ID
NQOs:179 and 180 (30-C5), SEQ ID NOs:157 and 158 (22-D9), SEQ ID NOs:215 and 158 (22-D9-
optimized), SEQ ID NOs: 155 and 156 (21-F2), SEQ ID NOs: 214 and 156 (21-F2-optimized) or
SEQ ID NOs:183 and 184 (22-E7).

In some embodiments, a combination of two antibodies or antigen-binding fragments
thereof is provided, one antibody or antigen-binding fragment thereof comprising a heavy chain
variable region and a light chain variable region each comprising a CDR1, CDR2 and CDR3 of
clone 23-H7 and the other comprising a heavy chain variable region and a light chain variable
region each comprising a CDR1, CDR2 and CDR3 of one of 2-A6, 8-A2, 23-A11, 30-C5, 22-D9
(or 22-D9-optimized), 21-F2 (or 21-F2-optimized), 22-F7 and 22-E7. In a particular embodiment,
a combination of two antibodies comprises (i) an antibody or antigen-binding fragment thereof
comprising a heavy chain variable region and a light chain variable region each comprising a
CDR1, CDR2 and CDR3 of clone 23-H7 and (ii) an antibody or antigen-binding fragment thereof
comprising a heavy chain variable region and a light chain variable region each comprising a
CDR1, CDR2 and CDRS3 of clone 21-F2 (or 21-F2-optimized).

In some embodiments, a combination of three antibodies or antigen-binding fragments
thereof is provided, one antibody or antigen-binding fragment thereof comprising a heavy chain
variable region and a light chain variable region each comprising a CDR1, CDR2 and CDR3 of
clone 23-H7 and the other two each comprising a heavy chain variable region and a light chain
variable region each comprising a CDR1, CDR2 and CDR3, or VL/VH, of:

- 22-D9 (or 22-D9-optimized) and one of 30-C5, 23-A11, 8-A2, and 2-A6;

- 21-F2 (or 21-F2-optimized) and one of 30-C5, 23-A11, 8-A2, and 2-A6; or

- 22-E7 and one of 21-F2 (or 21-F2-optimized) and 22-D9 (or 22-D9-optimized).

In a particular embodiment, a combination of three antibodies comprises (i) an antibody
or antigen-binding fragment thereof comprising a heavy chain variable region and a light chain
variable region each comprising a CDR1, CDR2 and CDR3 of clone 23-H7 (ii) an antibody or
antigen-binding fragment thereof comprising a heavy chain variable region and a light chain
variable region each comprising a CDR1, CDR2 and CDR3 of clone 21-F2 (or 21-F2-optimized)

and (iii) an antibody or antigen-binding fragment thereof comprising a heavy chain variable region
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and a light chain variable region each comprising a CDR1, CDR2 and CDR3 of clone 22-E7 or
22-F7.

In some embodiments, a combination of four antibodies or antigen-binding fragments
thereof is provided, one antibody or antigen-binding fragment thereof comprising a heavy chain
variable region and a light chain variable region each comprising a CDR1, CDR2 and CDR3 of
clone 23-H7 and the other three each comprising a heavy chain variable region and a light chain
variable region each comprising a CDR1, CDR2 and CDR3, or VL/VH, of:

- 22-D9 (or 22-D9-optimized), 30-C5 and one of 23-A11, 8-A2 and 2-A8;

- 22-D9 (or 22-D9-optimized), 23-A11 and 22-E7

- 22-D9 (or 22-D9-optimized), 2-A6 and 22-E7

- 21-F2 (or 21-F2-optimized), 2-A6 and one of 22-E7 and 30-C5

- 21-F2 (or 21-F2-optimized), 8-A2 and one of 22-E7 and 30-C5

- 21-F2 (or 21-F2-optimized), 23-A11 and one of 22-E7 and 30-C5; or

- 22-E7, 22-D9 (or 22-D9-optimized) and 8-A2.

In a particular embodiment, a combination of four antibodies comprises (i) an antibody
or antigen-binding fragment thereof comprising a heavy chain variable region and a light chain
variable region each comprising a CDR1, CDR2 and CDR3, or VL/VH, of clone 23-H7 (ii) an
antibody or antigen-binding fragment thereof comprising a heavy chain variable region and a light
chain variable region each comprising a CDR1, CDR2 and CDR3, or VL/VH, of clone 21-F2 (or
21-F2-optimized) (iii) an antibody or antigen-binding fragment thereof comprising a heavy chain
variable region and a light chain variable region each comprising a CDR1, CDR2 and CDR3, or
VL/VH, of 8-A2 or 23-A11 and (iv) an antibody or antigen-binding fragment thereof comprising a
heavy chain variable region and a light chain variable region each comprising a CDR1, CDR2 and
CDRS3, or VL/VH, of clone 22-E7 or 22-F7.

In another particular embodiment, a combination of four antibodies comprises (i) an
antibody or antigen-binding fragment thereof comprising a heavy chain variable region and a light
chain variable region each comprising a CDR1, CDR2 and CDRS, or VL/VH, of clone 23-H7 (ii)
an antibody or antigen-binding fragment thereof comprising a heavy chain variable region and a
light chain variable region each comprising a CDR1, CDR2 and CDR3, or VL/VH, of clone 21-F2
(or 21-F2-optimized) (iii) an antibody or antigen-binding fragment thereof comprising a heavy
chain variable region and a light chain variable region each comprising a CDR1, CDR2 and CDR3,
or VL/VH, of 8-A2 or 23-A11 and (iv) an antibody or antigen-binding fragment thereof comprising
a heavy chain variable region and a light chain variable region each comprising a CDR1, CDR2
and CDR3, or YL/VH, of clone 2-A86.

In another particular embodiment, a combination of four antibodies comprises (i) an
antibody or antigen-binding fragment thereof comprising a heavy chain variable region and a light
chain variable region each comprising a CDR1, CDR2 and CDRS, or VL/VH, of clone 23-H7 (ii)



10

15

20

25

30

35

WO 2022/165039 PCT/US2022/014103
51

an antibody or antigen-binding fragment thereof comprising a heavy chain variable region and a
light chain variable region each comprising a CDR1, CDR2 and CDR3, or VL/VH, of clone 21-F2
(or 21-F2-optimized) (iii) an antibody or antigen-binding fragment thereof comprising a heavy
chain variable region and a light chain variable region each comprising a CDR1, CDR2 and CDR3,
or VL/VH, of 22-E7 or 22-F7 and (iv) an antibody or antigen-binding fragment thereof comprising
a heavy chain variable region and a light chain variable region each comprising a CDR1, CDR2
and CDR3, or YL/VH, of clone 2-A86.

In some embodiments, a combination of five antibodies or antigen-binding fragments
thereof is provided, one antibody or antigen-binding fragment thereof comprising a heavy chain
variable region and a light chain variable region each comprising a CDR1, CDR2 and CDR3, or
VL/VH, of clone 23-H7 and the other four each comprising a heavy chain variable region and a
light chain variable region each comprising a CDR1, CDR2 and CDR3, or VL/VH, of:

- 22-D9 (or 22-D9-optimized), 30-C5, 2-A6 and one of 23-A11 and 8-A2

- 22-D9 (or 22-D9-optimized), 2-A6, 22-E7 and one of 23-A11 and 8-A2

- 21-F2 (or 21-F2-optimized), 8-A2, 22-E7 and 2-A6

- 21-F2 (or 21-F2-optimized), 23-A11, 22-E7 and 2-A6

- 21-F2 (or 21-F2-optimized), 23-A11, 30-C5 and 2-A6

- 21-F2 (or 21-F2-optimized), 30-C5, 8-A2 and 2-A6

- 22-E7, 21-F2 (or 21-F2-optimized), 8-A2 and 2-A6.

In a particular embodiment, a combination of five antibodies comprises (i) an antibody or
antigen-binding fragment thereof comprising a heavy chain variable region and a light chain
variable region each comprising a CDR1, CDR2 and CDR3, or VL/VH, of clone 23-H7 (ii) an
antibody or antigen-binding fragment thereof comprising a heavy chain variable region and a light
chain variable region each comprising a CDR1, CDR2 and CDR3, or VL/VH, of clone 21-F2 (or
21-F2-optimized) (iii) an antibody or antigen-binding fragment thereof comprising a heavy chain
variable region and a light chain variable region each comprising a CDR1, CDR2 and CDR3, or
VL/VH, of 8-A2 or 23-A11 (iv) an antibody or antigen-binding fragment thereof comprising a heavy
chain variable region and a light chain variable region each comprisinga CDR1, CDR2 and CDR3,
or VL/VH, of 22-E7 or 22-F7 and (v) an antibody or antigen-binding fragment thereof comprising
a heavy chain variable region and a light chain variable region each comprising a CDR1, CDR2
and CDR3, or VL/VH, of clone 2-A86.

In some embodiments, the pharmaceutical combination comprises (i) an antibody or
antigen-binding fragment thereof comprising a heavy chain variable region and a light chain
variable region each comprising a CDR1, CDR2 and CDR3, or VL/VH, of clone 22-D8 (or 22-D9-
optimized) (i.e., comprising heavy chain CDR1, CDR2 and CDR3 of SEQ ID Nos:57-59 and light
chain CDR1 of SEQ ID NO:60, CDR2 of YDD and CDR3 of SEQ ID NO:61) and (ii) one or more

antibodies or antigen-binding fragments thereof, each comprising a heavy chain variable region
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and a light chain variable region, each heavy chain variable region and light chain variable region
comprising a CDR1, CDR2 and CDR3, or VL/VH, of clone 2-A8, 8-A2, 23-A11, 30-C5, or 22-E7.
In some preferred embodiments, the pharmaceutical combination has two antibodies or antigen-
binding fragments thereof, the first antibody or antigen-binding fragment thereof comprising a
heavy chain variable region and a light chain variable region each comprising a CDR1, CDR2 and
CDR3, or VL/VH, of clone 22-D9 (or 22-D3S-optimized) and the second antibody or antigen-binding
fragment thereof comprising a heavy chain variable region and a light chain variable region, each
comprising a CDR1, CDR2 and CDR3, or VL/VH, of clone 2-A8, 8-A2, 23-A11, 30-C5, or 22-E7.

In some embodiments, the pharmaceutical combination comprises (i) an antibody or
antigen-binding fragment thereof comprising a heavy chain variable region and a light chain
variable region each comprising a CDR1, CDR2 and CDR3, or VL/VH, of clone 21-F2 (or 21-F2-
optimized) (i.e., comprising heavy chain CDR1, CDR2 and CDR3 of SEQ ID Nos:54-56 and light
chain CDR1 of SEQ ID NO:14, CDR2 of YDD and CDR3 of SEQ ID NO:5) and (ii) one or more
antibodies or antigen-binding fragments thereof, each comprising a heavy chain variable region
and a light chain variable region, each heavy chain variable region and light chain variable region
comprising a CDR1, CDR2 and CDRS3, or VL/\VH, of clone 2-A8, 8-A2, 23-A11, 30-C5, or 22-E7.
In some preferred embodiments, the pharmaceutical combination has two antibodies or antigen-
binding fragments thereof, the first antibody or antigen-binding fragment thereof comprising a
heavy chain variable region and a light chain variable region each comprising a CDR1, CDR2 and
CDR3, or VL/VH, of clone 21-F2 (or 21-F2-optimized) and the second antibody or antigen-binding
fragment thereof comprising a heavy chain variable region and a light chain variable region, each
comprising a CDR1, CDR2 and CDR3, or VL/VH, of clone 2-A6, 8-A2, 23-A11, 30-C5, or 22-E7.

In some embodiments, the pharmaceutical combination comprises (i) an antibody or
antigen-binding fragment thereof comprising a heavy chain variable region and a light chain
variable region each comprising a CDR1, CDR2 and CDR3, or VL/VH, of clone 27-A11 (i.e,,
comprising heavy chain CDR1, CDR2 and CDRS3 of SEQ ID NQOs:6-8 and light chain CDR1 of
SEQ ID NO:9, CDR2 of DNN and CDR3 of SEQ ID NO:10) and (ii) one or more antibodies or
antigen-binding fragments thereof, each comprising a heavy chain variable region and a light
chain variable region, each heavy chain variable region and light chain variable region comprising
a CDR1, CDR2 and CDR3, or VL/VH, of clone 21-F2 (or 21-F2-optimized), 2-A6, 8-A2, or 22-E7.

In some embodiments, a combination of two antibodies or antigen-binding fragments
thereof is provided, one antibody or antigen-binding fragment thereof comprising a heavy chain
variable region and a light chain variable region each comprising a CDR1, CDR2 and CDR3, or
VL/VH, of clone 27-A11 and the other comprising a heavy chain variable region and a light chain
variable region each comprising a CDR1, CDR2 and CDR3, or VL/VH, of one of 21-F2 (or 21-F2-
optimized), 2-A6, 8-A2, or 22-E7.
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In some embodiments, a combination of three antibodies or antigen-binding fragments
thereof is provided, a first antibody or antigen-binding fragment thereof comprising a heavy chain
variable region and a light chain variable region each comprising a CDR1, CDR2 and CDR3, or
VL/VH, of clone 27-A11 and the other two each comprising a heavy chain variable region and a
light chain variable region each comprising a CDR1, CDR2 and CDR3, or VL/VH, of 21-F2 (or 21-
F2-optimized) and one of 22-E7, 8-A2 and 2-A6.

In some embodiments, a combination of four antibodies or antigen-binding fragments
thereof is provided, a first antibody or antigen-binding fragment thereof comprising a heavy chain
variable region and a light chain variable region each comprising a CDR1, CDR2 and CDR3, or
VL/VH, of clone 27-A11 and the other three each comprising a heavy chain variable region and a
light chain variable region each comprising a CDR1, CDR2 and CDR3, or VL/VH, of 21-F2 (or 21-
F2-optimized), 22-E7, and one of 8-A2 and 2-A6.

In some embodiments, a combination of five antibodies or antigen-binding fragments
thereof is provided, a first antibody or antigen-binding fragment thereof comprising a heavy chain
variable region and a light chain variable region each comprising a CDR1, CDR2 and CDR3, or
VL/VH, of clone 27-A11 and the other four each comprising a heavy chain variable region and a
light chain variable region each comprising a CDR1, CDR2 and CDR3, or VL/VH, of 21-F2 (or 21-
F2-optimized), 22-E7, 8-A2 and 2-AB.

One or more antibodies of the combination may be administered prior to, concurrent with,
or after the administration of one or more other antibodies of the combination. In embodiments
wherein antibodies of the combination are administered sequentially, the antibodies are
administered such that a therapeutically effective amount of each antibody of the combination in
a subject overlaps for a period of time in the subject. For example, a first antibody of the
combination may be deemed to be administered prior to a second antibody of the combination if
the first antibody is administered 72 hours before, 60 hours before, 48 hours before, 36 hours
before, 24 hours before, 12 hours before, 6 hours before, 2 hours before, 1 hour before, 30
minutes before, 15 minutes before, 5 minutes before, or less than one minute before the second
antibody of the combination is administered. Concurrent administration includes, e.g.,
administration of antibodies of the combination to a subject in a single dosage form (wherein
antibodies of the combination are co-formulated), or in separate dosage forms administered to
the subject within about 30 minutes or less of each other. If administered in separate dosage
forms, each dosage form may be administered via the same route or by different route.
Administration of an antibody of a combination "prior to", "concurrent with," or "after" (as those
terms are defined herein above) administration of another antibody of the combination is
considered administration of the pharmaceutical combination.

In related embodiments, one or more antibodies or antigen-binding fragments as

described herein is combined with an additional therapeutic agent used to treat a viral disease
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such as COVID-19 (e.g., to reduce viral load or ameliorate one or more symptoms or syndromes
associated with SARS-CoV-2 infection). In some embodiments, the additional therapeutic agent
is an anti-inflammatory drug (e.g., corticosteroids, preferably administered at a total daily dose
equivalency to dexamethasone 6 mg) to prevent or treat a systemic inflammatory response
associated with SARS-CoV-2 infection), and/or an antiviral agent (e.g., remdesivir, ivermectin,
lopinavir/ritonavir) and/or immune-based therapies such as COVID-19 convalescent plasma
and/or immunomodulators such as an interleukin (IL)-1 inhibitor, a beta interferon, an alpha
interferon and antibodies that disrupt interaction of IL-6 with its receptor.

In some embodiments, pharmaceutical compositions comprising one or more antibodies
of the combination are for administration to a subject by the subcutaneous, intravenous,
intradermal, intrapulmonary, intraperitoneal, oral, intranasal, pulmonary, intramuscular or

intracranial route.

Epitopes
The anti-SARS-CoV-2 Spike protein antibodies and antigen-binding fragments thereof

as herein described interact with one or more amino acids found within one or more domains of
the SARS-CoV-2 Spike protein, including the N-terminal S1 domain and C-terminal S2 domain.
The epitope to which the antibodies bind may consist of a single contiguous sequence of 3 or
more (e.g., 3, 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more) amino acids
located within any of the domains of the SARS-CoV-2 Spike protein molecule (e.g., a linear
epitope in a domain). Alternatively, the epitope may consist of a plurality of non-contiguous amino
acids (or amino acid sequences) located within either or both of the aforementioned domains of
the Spike protein molecule (e.g., a conformational epitope).

In certain aspects, an antibody or antigen-binding fragment thereof as herein described
interacts with one or more amino acid residues in the receptor binding domain of SARS-CoV-2
Spike protein selected from amino acid residues 345 to 490 of SEQ ID NO: 197, preferably
including at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at
least 9, at least 10 or at least 11 of the following amino acid residues: Thr345, Arg346, Tyr351,
Lys444, Asn450, Leud52, Argd66, 11e468, Thrda70, Glu471, Gly482 and Phe490.

In other aspects, an antibody or antigen-binding fragment thereof as herein described
interacts with one or more amino acid residues in the receptor binding domain of SARS-CoV-2
Spike protein selected from amino acid residues 417 to 505 of SEQ ID NO:197, preferably
including at least 1, at least 2, at least 3, at least 4, at least 5, or at least 6 of the following amino
acid residues: Lys417, Glu484, Phe486, Asn487, Tyr489, Asn493, and Tyr505.

Also provided herein are anti-SARS-CoV-2 antibodies or antigen-binding fragments
thereof that bind to the same epitope, or a portion of the epitope, as any of the specific exemplary
antibodies described herein and/or that compete for binding to SARS-CoV-2 Spike protein with
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any of the specific exemplary antibodies described herein. In some embodiments, provided herein
are anti-SARS-CoV-2 antibodies or antigen-binding fragments thereof that bind to an epitope
within the receptor binding domain (RBD) selected from an epitope defined herein as “bin1”,
“bin1a”, “bin2”, “bin3”, “bin4” or “bin5”. In other embodiments, provided herein are anti-SARS-
CoV-2 antibodies or antigen-binding fragment thereof that bind outside the RBD selected from an
epitope defined herein as “binC” or bin”S2”.

One can easily determine whether an antibody or antigen-binding fragment thereof binds
to the same epitope as, or competes for binding with, a reference anti-SARS-CoV-2 Spike protein
antibody by using routine methods known in the art. For example, to determine if a test antibody
binds to the same epitope as a reference anti-SARS-CoV-2 antibody of the present disclosure,
the reference antibody is allowed to bind to a SARS-CoV-2 Spike protein or peptide under
saturating conditions. Next, the ability of a test antibody to bind to the SARS-CoV-2 Spike protein
molecule is assessed. If the test antibody is able to bind to SARS-CoV-2 Spike protein following
saturation binding with the reference anti-SARS-CoV-2 Spike protein antibody, it can be
concluded that the test antibody binds to a different epitope than the reference anti-SARS-CoV-2
Spike protein antibody. On the other hand, if the test antibody is not able to bind to the SARS-
CoV-2 Spike protein following saturation binding with the reference anti-SARS-CoV-2 spike
protein antibody, then the test antibody may bind to the same epitope as the epitope bound by
the reference anti-SARS-CoV-2 Spike protein antibody of the disclosure.

To determine if an antibody competes for binding with a reference anti-SARS-CoV-2
Spike protein antibody, the above-described binding methodology is performed in two
orientations: In a first orientation, the reference antibody is allowed to bind to a SARS-CoV-2
Spike protein under saturating conditions followed by assessment of binding of the test antibody
to the SARS-CoV-2 Spike protein molecule. In a second orientation, the test antibody is allowed
to bind to a SARS-CoV-2 Spike protein molecule under saturating conditions followed by
assessment of binding of the reference antibody to the SARS-CoV-2 Spike protein molecule. If,
in both orientations, only the first (saturating) antibody is capable of binding to the SARS-CoV-2
Spike protein molecule, then it is concluded that the test antibody and the reference antibody
compete for binding to SARS-CoV-2 Spike protein. As will be appreciated by a person of ordinary
skill in the art, an antibody that competes for binding with a reference antibody may not
necessarily bind to the identical epitope as the reference antibody, but may sterically block binding
of the reference antibody by binding an overlapping or adjacent epitope.

Two antibodies bind to the same or overlapping epitope if each competitively inhibits
(blocks) binding of the other to the antigen. That is, a 1-, 5-, 10-, 20- or 100-fold excess of one
antibody inhibits binding of the other by at least 50% but preferably 75%, 90% or even 99% as
measured in a competitive binding assay (see, e.g., Junghans et al., Cancer Res. 1990 50:1495-

1502). Alternatively, two antibodies have the same epitope if essentially all amino acid mutations
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in the antigen that reduce or eliminate binding of one antibody reduce or eliminate binding of the
other. Two antibodies have overlapping epitopes if some amino acid mutations that reduce or
eliminate binding of one antibody reduce or eliminate binding of the other as well.

Additional routine experimentation (e.g., peptide mutation and binding analyses) can
then be carried out to confirm whether the observed lack of binding of the test antibody is in fact
due to binding to the same epitope as the reference antibody or if steric blocking (or another
phenomenon) is responsible for the lack of observed binding. Experiments of this sort can be
performed using ELISA, RIA, surface plasmon resonance, biolayer interferometry, flow cytometry

or any other quantitative or qualitative antibody-binding assay available in the art.

Nucleic acids and cells

A further aspect of the present disclosure provides nucleic acids encoding the antibody
or antigen-binding fragment described herein, e.g., encoding the light and heavy chains of the
antibody or antigen-binding fragment. The isolated nucleic acid may be a synthetic DNA, an
MRNA (e.g., a non-naturally occurring mRNA), or a cDNA, for example. The nucleic acid may be
inserted within a plasmid, vector, or transcription or expression cassette. The nucleic acids
encoding the antibody or antigen-binding fragment described herein may be made and the
expressed antibodies or antigen-binding fragments described may be tested using conventional
techniques well known in the art. In some embodiments, the nucleic acid encoding the antibody
or antigen-binding fragment described herein can be maintained in the vector in a host cell. In
some embodiments, the nucleic acid is an expression vector. In some embodiments, the nucleic
acid sequence encoding the antibody can be maintained in the vector in a host cell. In
embodiment, the nucleic acid(s) (DNA, mRNA) encoding the antibody or antigen-binding fragment
described herein of the disclosure is comprised within a vesicle such as lipid nanoparticles (e.g.,
liposomes) or any other suitable vehicle. In an embodiment, the nucleic acid(s) is/are mRNA and
is/are encapsulated into nanoparticulate delivery vehicles (see, e.g., Van Hoecke and Roose
(2019) How mRNA therapeutics are entering the monoclonal antibody field, J. Transl. Med. 17,
54. https://doi.org/10.1186/512967-019-1804-8; Sanz and Alvarez-Vallina (2021) Engineered
mMRNA and the Rise of Next-Generation Antibodies, Antibodies 10(4):37.
https://doi.org/10.3390/antib10040037).

In another aspect, the present disclosure provides a cell, for example a recombinant host
cell, expressing the antibody or antigen-binding fragment described herein. Methods of preparing
antibodies or antigen-binding fragments comprise expressing the encoding nucleic acid(s) in a
host cell under conditions to produce the antibodies or antigen-binding fragments, and recovering
the antibodies or antigen-binding fragments. The process of recovering the antibodies or antigen-
binding fragments may comprise isolation and/or purification of the antibodies or antigen-binding

fragments. The method of production may comprise formulating the antibodies or antigen-binding
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fragments into a composition including at least one additional component, such as a
pharmaceutically acceptable excipient. In another aspect, provided herein is a cell expressing
one or more antibodies of the disclosure.

The term "recombinant host cell" (or simply "host cell"), as used herein, is intended to
refer to a cell into which exogenous DNA has been introduced. It should be understood that such
terms are intended to refer not only to the particular subject cell, but, to the progeny of such a
cell. Because certain modifications may occur in succeeding generations due to either mutation
or environmental influences, such progeny may not, in fact, be identical to the parent cell, but are
still included within the scope of the term "host cell" as used herein. Preferably host cells include
prokaryotic and eukaryotic cells selected from any of the Kingdoms of life. To produce the
antibody or antigen-binding fragment thereof recombinantly, the nucleic acid or nucleic acids
encoding the light and heavy chains of the antibody or antigen-binding fragment thereof are
introduced in a cell which is able to produce the recombinant antibody. Examples thereof include
CHO-K1 (ATCC CCL-61), DUkXB11 (ATCC CCL-90986), Pro-5 (ATCC CCL-1781), CHO-S (Life
Technologies®, Cat #11619), rat myeloma cell YB2/3HL.P2.G11.16Ag.20 (also called YB2/0),
mouse myeloma cell NSO, mouse myeloma cell SP2/0-Ag14 (ATCC No. CRL1581), mouse P3-
X63-Ag8653 cell (ATCC No. CRL1580), CHO cell in which a dihydrofolate reductase gene is
defective, lectin resistance-acquired Lec13, CHO cell in which a1,6-fucosyltransaferse gene is
defective, rat YB2/3HL.P2.G11.16Ag.20 cell (ATCC No. CRL1662), CHO-3E7 cells (expressing
a truncated but functional form of EBNA1, U.S. Patent No. 8,637,315) or the like. After introduction
of the expression vector, transformants which stably express a recombinant antibody are selected
by culturing them in a medium for animal cell culture containing an agent such as G418 sulfate or
the like. Examples of the medium for animal cell culture include RPMI1640 medium
(manufactured by Invitrogen®), GIT medium (manufactured by Nihon Pharmaceutical®), EX-
CELL301® medium (manufactured by JRH®), IMDM medium (manufactured by Invitrogen®),
Hybridoma-SFM medium (manufactured by Invitrogen®), media obtained by adding various
additives such as FBS to these media, or the like. The recombinant antibody can be produced
and accumulated in a culture supernatant by culturing the obtained transformants in a medium.
The expression level and antigen binding activity of the recombinant antibody in the culture
supernatant can be measured by ELISA or the like. Also, in the transformant, the expression level
of the recombinant antibody can be increased by using DHFR amplification system or the like.
The recombinant antibody can be purified from the culture supernatant of the transformant by
using a protein A column. In addition, the recombinant antibody can be purified by combining the
protein purification methods such as gel filtration, ion-exchange chromatography, ultrafiltration or
the like. The molecular weight of the H chain or the L chain of the purified recombinant antibody
or the antibody molecule as a whole is determined by polyacrylamide gel electrophoresis,

Western blotting, or the like.
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Suitable vectors comprising nucleic acid(s) encoding the antibody or antigen-binding
fragment described herein can be chosen or constructed, containing appropriate regulatory
sequences, including promoter sequences, terminator sequences, polyadenylation sequences,
enhancer sequences, marker genes and other sequences as appropriate. Vectors may be
plasmids, phage, phagemids, adenoviral, AAV, lentiviral, for example. Techniques and protocols
for manipulation of nucleic acid, for example in preparation of nucleic acid constructs,
mutagenesis, sequencing, introduction of DNA into cells, and gene expression, are well known in
the art.

The term "vector", as used herein, is intended to refer to a nucleic acid molecule capable
of transporting another nucleic acid to which it has been linked. One type of vector is a "plasmid",
which refers to a circular double stranded DNA loop into which additional DNA segments may be
ligated. Another type of vector is a viral vector, wherein additional DNA segments may be ligated
into the viral genome.

Certain vectors are capable of autonomous replication in a host cell into which they are
introduced (e.q., bacterial vectors having a bacterial origin of replication and episomal mammalian
vectors). Other vectors (e.g., non-episomal mammalian vectors) can be integrated into the
genome of a host cell upon introduction into the host cell, and thereby are replicated along with
the host genome. Moreover, certain vectors are capable of directing the expression of genes to
which they are operatively linked. Such vectors are referred to herein as "recombinant expression
vectors" (or simply, "expression vectors"). In general, expression vectors of utility in recombinant
DNA techniques are often in the form of plasmids. In the present specification, "plasmid" and
"vector" may be used interchangeably as the plasmid is the most commonly used form of vector.
However, the disclosure is intended to include such other forms of expression vectors, such as
viral vectors (e.g., replication defective retroviruses, adenoviruses and adeno-associated
viruses), which serve equivalent functions.

Introducing such nucleic acids into a host cell can be accomplished using techniques
well known in the art. For eukaryotic cells, suitable techniques may include calcium phosphate
transfection, DEAE-Dextran, electroporation, liposome-mediated transfection, and transduction
using retroviruses or other viruses, for example. For bacterial cells, suitable techniques may
include calcium chloride transformation, electroporation, and transfection using bacteriophage.
The introduction may be followed by causing or allowing expression from the nucleic acid, e.g. by
culturing host cells under conditions for expression of the gene. In one embodiment, the nucleic
acid of the disclosure is integrated into the genome, e.g., chromosome, of the host cell. Integration
may be promoted by inclusion of sequences which promote recombination with the genome, in

accordance with standard techniques.

Therapeutic compositions
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Also provided are therapeutic compositions comprising the anti-SARS-CoV-2 Spike
protein antibodies or antigen-binding fragments thereof, or nucleic acids encoding such
antibodies or antigen-binding fragments thereof, as described herein. Pharmaceutical
compositions are generally administered with suitable carriers, excipients, and other agents that
are incorporated into formulations to provide e.g. improved transfer, delivery, tolerance, and
include formulations described in Remington's Pharmaceutical Sciences, Mack Publishing
Company, Easton, Pa, which formulations include, for example, powders, pastes, ointments,
jellies, waxes, oils, lipids, lipid (cationic or anionic) containing vesicles, DNA conjugates,
anhydrous absorption pastes, oil-in-water and water-in-oil emulsions, emulsions carbowax
(polyethylene glycols of various molecular weights), semi-solid gels, and semi-solid mixtures
containing carbowax. See also Powell et al. "Compendium of excipients for parenteral
formulations” PDA (1998) J Pharm Sci Technol 52:238-311.

The carrier/excipient can be suitable for administration of the antibody or an antigen-
binding fragment thereof, or the nucleic acid(s) encoding the antibody or antigen-binding fragment
thereof, by any conventional administration route, for example, for oral, intravenous, parenteral,
subcutaneous, intramuscular, intracranial, intraorbital, ophthalmic, intraventricular, intracapsular,
intraspinal, intrathecal, epidural, intracisternal, intraperitoneal, intranasal or pulmonary (e.qg.,
aerosol) administration. In an embodiment, the carrier/excipient is adapted for administration of
the antibody or an antigen-binding fragment thereof by the intravenous or subcutaneous route. In
an embodiment, the carriers/excipients are adapted for administration of the antibody or an
antigen-binding fragment thereof, or the nucleic acid(s) encoding the antibody or antigen-binding
fragment thereof, by the intravenous route. In another embodiment, the carriers/excipients are
adapted for administration of the antibody or an antigen-binding fragment thereof, or the nucleic
acid(s) encoding the antibody or antigen-binding fragment thereof, by the subcutaneous route.

An "excipient” as used herein has its normal meaning in the art and is any ingredient that
is not an active ingredient (drug) itself. Excipients include for example binders, lubricants, diluents,
fillers, thickening agents, disintegrants, plasticizers, coatings, barrier layer formulations,
lubricants, stabilizing agent, release-delaying agents and other components. "Pharmaceutically
acceptable excipient' as used herein refers to any excipient that does not interfere with
effectiveness of the biological activity of the active ingredients (the antibody or an antigen-binding
fragment thereof, or the nucleic acid(s) encoding the antibody or antigen-binding fragment
thereof) and that is not toxic to the subject, i.e., is a type of excipient and/or is for use in an amount
which is not toxic to the subject. Excipients are well known in the art, and the present system is
not limited in these respects. In certain embodiments, one or more formulations of the dosage
form include excipients, including for example and without limitation, one or more binders (binding
agents), thickening agents, surfactants, diluents, release-delaying agents, colorants, flavoring

agents, fillers, disintegrants/dissolution promoting agents, lubricants, plasticizers, silica flow
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conditioners, glidants, anti-caking agents, anti-tacking agents, stabilizing agents, anti-static
agents, swelling agents and any combinations thereof. As those of skill would recognize, a single
excipient can fulfill more than two functions at once, e.g., can act as both a binding agent and a
thickening agent. As those of skill will also recognize, these terms are not necessarily mutually
exclusive. Examples of commonly used excipient include water, saline, phosphate buffered
saline, dextrose, glycerol, ethanol, and the like, as well as combinations thereof. In many cases,
it will be preferable to include isotonic agents, for example, sugars, polyalcohols, such as
mannitol, sorbitol, or sodium chloride in the composition. Additional examples of pharmaceutically
acceptable substances are wetting agents or auxiliary substances, such as emulsifying agents,
preservatives, or buffers, which increase the shelf life or effectiveness.

In an embodiment, the antibody or antigen-binding fragment thereof defined herein, or
the nucleic acid(s) encoding the antibody or antigen-binding fragment thereof, is/are encapsulated
in a vesicle or vesicle-like particle, such as a lipid vesicle (e.g., liposome). The term "lipid vesicle"
(or "lipid-based vesicle") as used herein encompasses macromolecular structures which as the
main constituent include lipid or lipid derivatives. Suitable examples hereof are liposomes and
micelles including detergent micelles/lipid emulsion, liposomes prepared from
palmitoyloleoylphosphatidylcholine, hydrogenated soy phosphatdylcholine, and solid lipid
nanoparticles prepared from steric acid or tripalmitin. The term liposome is used herein in
accordance with its usual meaning, referring to microscopic lipid vesicles composed of a bilayer
of phospholipids or any similar amphipathic lipids encapsulating an internal aqueous medium.
The liposomes may be unilamellar vesicles such as small unilamellar vesicles (SUVs), which
typically have a diameter of less than 0.2 pm (e.g., between 0.02 and 0.2 pm), and large
unilamellar vesicles (LUVs), and multilamellar vesicles (MLV), which typically have a diameter
greater than 0.45 pym (in some cases greater than 1 um). No particular limitation is imposed on
the liposomal membrane structure in the present disclosure. The term liposomal membrane refers
to the bilayer of phospholipids separating the internal aqueous medium from the external aqueous
medium.

The dose of antibody may vary depending upon, e.g., the age and the size of a subject
to be administered, target disease, conditions, and route of administration. Antibodies as
described herein (e.g., administered prophylactically or therapeutically) may be administered at a
single dose of about 0.1 to about 60 mg/kg body weight, more preferably about 5 to about 60,
about 10 to about 50, or about 20 to about 50 mg/kg body weight. Depending on the severity of
the condition, the frequency and the duration of the treatment can be adjusted. In certain
embodiments, the antibody or antigen-binding fragment can be administered as an initial dose of
at least about 0.1 mg to about 800 mg, about 1 to about 500 mg, about 5 to about 300 mg, or
about 10 to about 200 mg, to about 100 mg, or to about 50 mg. In certain embodiments, the initial

dose may be followed by administration of a second or a plurality of subsequent doses of the



10

15

20

25

30

35

WO 2022/165039 PCT/US2022/014103
61

antibody or antigen-binding fragment thereof in an amount that can be approximately the same
or less than that of the initial dose, wherein the subsequent doses are separated by at least 1 day
to 3 days; at least one week, at least 2 weeks; at least 3 weeks; at least 4 weeks; at least 5 weeks;
at least 6 weeks; at least 7 weeks; at least 8 weeks: at least 9 weeks; at least 10 weeks; at least
12 weeks; or at least 14 weeks.

Various delivery systems are known and can be used to administer the pharmaceutical
compositions including but not limited to encapsulation in liposomes, microparticles,
microcapsules, recombinant cells capable of expressing the mutant viruses, receptor mediated
endocytosis (see, e.g., Wu et al. (1987) J. Biol. Chem. 262:4429-4432). Methods of introduction
include, but are not limited to, intradermal, transdermal (e.g., using a microinjection device),
intramuscular, intraperitoneal, intravenous, subcutaneous, intranasal, intrapulmonary, and oral
routes. The composition may be administered by any convenient route, for example by infusion
or bolus injection, by absorption through epithelial or mucocutaneous linings (e.g., oral mucosa,
rectal and intestinal mucosa, etc.) and may be administered together with other biologically active
agents. Administration can be systemic or local. The pharmaceutical composition can be also
delivered in a vesicle, in particular a liposome (see, for example, Langer (1990) Science
249:1527-1533).

The use of nanoparticles to deliver the antibodies of the present disclosure is also
contemplated herein. Antibody-conjugated nanoparticles may be used both for therapeutic and
diagnostic applications. Antibody-conjugated nanoparticles and methods of preparation and use
are described in detail by Arruebo, et al. (2009) Antibody-conjugated nanoparticles for biomedical
applications, J. Nanomat. , 439389, doi: 10.1155/2009/439389), incorporated herein by reference.
Nanoparticles may be developed and conjugated to antibodies contained in pharmaceutical
compositions to target virally infected cells. Nanoparticles for drug delivery have also been
described in, for example, U.S. Pat. No. 8,257,740, or U.S. Pat. No. 8,246,995.

In certain situations, the pharmaceutical composition can be delivered in a controlled
release system. In one embodiment, a pump may be used. In another embodiment, polymeric
materials can be used. In yet another embodiment, a controlled release system can be placed in
proximity of the composition's target, thus requiring only a fraction of the systemic dose.

Injectable preparations comprising one or more antibodies or antibody fragments thereof
may include dosage forms for intravenous, subcutaneous, intracutaneous, intranasal (e.g., nasal
spray or drop), intracranial, intraperitoneal and intramuscular injections, and drip infusions. These
injectable preparations may be prepared by methods publicly known. For example, the injectable
preparations may be prepared, e.g., by dissolving, suspending or emulsifying the antibody or its
salt described above in a sterile agueous medium or an oily medium conventionally used for
injections. As the aqueous medium for injections, there are, for example, physiological saline, an

isotonic solution containing glucose and other auxiliary agents, etc., which may be used in



10

15

20

25

30

35

WO 2022/165039 PCT/US2022/014103
62

combination with an appropriate solubilizing agent such as an alcohol (e.g., ethanol), a
polyalcohol (e.g., propylene glycol, polyethylene glycol), a nonionic surfactant (e.g., polysorbate
80, HCO-50 (polyoxyethylene (50 mol) adduct of hydrogenated castor oil)], etc. As the oily
medium, there are employed, e.g., sesame oil, soybean oil, etc., which may be used in
combination with a solubilizing agent such as benzyl benzoate, benzyl alcohol, etc. The injection
thus prepared is preferably filled in an appropriate ampoule.

The pharmaceutical composition can be delivered subcutaneously or intravenously with
a standard needle and syringe. In addition, with respect to subcutaneous delivery, a pen delivery
device (reusable or disposable) can be used to deliver the pharmaceutical composition.

Advantageously, the pharmaceutical compositions for oral or parenteral use described
above are prepared into dosage forms in a unit dose suited to fit a dose of the active ingredients.
Such dosage forms in a unit dose include, for example, tablets, pills, capsules, injections
(ampoules), suppositories, etc. The amount of the antibody contained is generally about 5 to
about 500 mg per dosage form in a unit dose; especially in the form of injection, it is preferred
that the antibody is contained in about 5 to about 100 mg and in about 10 to about 250 mg for the
other dosage forms.

According to certain embodiments, a single dose of an anti-SARS-CoV Spike protein
antibody(ies) or antigen-binding fragment(s) thereof, or nucleic acid(s) encoding such
antibody(ies) or antigen-binding fragment(s), as herein described (or a single dose of a
pharmaceutical combination as herein described) may be administered to a subject in need
thereof. According to certain embodiments of the present disclosure, multiple doses of the
antibody(ies), antigen-binding fragment(s) or nucleic acid(s) (or multiple doses of a
pharmaceutical as herein described) may be administered to a subject over a defined time course.
The methods comprise sequentially administering to a subject multiple doses of the antibody(ies),
antigen-binding fragment(s) or nucleic acid(s) (or multiple doses of a pharmaceutical combination
as herein described). By, "sequentially administering" it is meant that each dose of antibody(ies),
antigen-binding fragment(s) or nucleic acid(s) (or each dose of a pharmaceutical combination) is
administered to the subject at a different point in time, e.g., on different days separated by a
predetermined interval (e.g., hours, days, weeks or months). The present disclosure includes
methods which comprise sequentially administering to the patient a single initial dose of
antibody(ies), antigen-binding fragment(s) or nucleic acid(s), followed by one or more secondary
doses of the antibody(ies), antigen-binding fragment(s) or nucleic acid(s), and optionally followed
by one or more tertiary doses of the antibody(ies), antigen-binding fragment(s) or nucleic acid(s).

The terms "initial dose," "secondary doses," and "tertiary doses," refer to the temporal
sequence of administration of the antibody. Thus, the "initial dose" is the dose which is
administered at the beginning of the treatment regimen (also referred to as the "baseline dose");

the "secondary doses" are the doses which are administered after the initial dose; and the "tertiary
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doses" are the doses which are administered after the secondary doses. The initial, secondary,
and tertiary doses may all contain the same amount of antibody, but generally may differ from
one another in terms of frequency of administration. In certain embodiments, however, the amount
of antibody contained in the initial, secondary and/or tertiary doses varies from one another (e.g.,
adjusted up or down as appropriate) during the course of treatment. In certain embodiments, two
or more (e.g., 2, 3, 4, or 5) doses are administered at the beginning of the treatment regimen as
"loading doses" followed by subsequent doses that are administered on a less frequent basis
(e.g., "maintenance doses").

In certain exemplary embodiments of the present disclosure, each secondary and/or
tertiary dose is administered 1 to 48 hours after the immediately preceding dose. The phrase "the
immediately preceding dose," as used herein, means, in a sequence of multiple administrations,
the dose of antibody which is administered to a patient prior to the administration of the very next
dose in the sequence with no intervening doses.

The methods according to this aspect of the disclosure may comprise administering to a
patient any number of secondary and/or tertiary doses of antibody(ies), antigen-binding
fragment(s) or nucleic acid(s). For example, in certain embodiments, only a single secondary
dose is administered to the patient. In other embodiments, two or more (e.g., 2,3, 4, 5,6, 7, 8, or
more) secondary doses are administered to the patient. Likewise, in certain embodiments, only a
single tertiary dose is administered to the patient. In other embodiments, two or more (e.g., 2, 3,
4,5, 6,7, 8, ormore) tertiary doses are administered to the patient.

In certain embodiments of the disclosure, the frequency at which the secondary and/or
tertiary doses are administered to a patient can vary over the course of the treatment regimen.
The frequency of administration may also be adjusted during the course of treatment by a

physician depending on the needs of the individual patient following clinical examination.

Therapeutic uses

The antibodies, antigen-binding fragments thereof (including combinations thereof) and
nucleic acids encoding same (or pharmaceutical compositions) as herein described may be useful
for the treatment, and/or prevention of a syndrome or condition associated with a betacoronavirus,
such as a sarbecovirus, e.9., SARS-CoV-2, infection or a related disease (Coronavirus disease
2019, COVID-19). In some embodiments, the antibodies, antigen-binding fragments thereof and
nucleic acids may be useful in preventing infection with a betacoronavirus, such as a
sarbecovirus, e.g., SARS-CoV-2, and/or reducing viral load in a subject infected with a
betacoronavirus, such as a sarbecovirus, e.g9., SARS-CoV-2. In one embodiment, antibodies,
antigen-binding fragments thereof and nucleic acids of the present disclosure may be
administered at a therapeutic dose to a patient with a betacoronavirus, such as a sarbecovirus,
e.g., SARS-CoV-2 infection.
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In another aspect, the present disclosure provides a method for preventing a
betacoronavirus, such as a sarbecovirus, e.g., SARS-CoV-2 infection or a related disease
(Coronavirus disease 2019, COVID-19), in a subject in need thereof, the method comprising
administering to the subject an effective amount of the antibody or antigen-binding fragment
thereof, of one more nucleic acids encoding the antibody antigen-binding fragment thereof, or
pharmaceutical composition described herein. The present disclosure also provides the use of
the antibody or antigen-binding fragment thereof, of one more nucleic acids encoding the antibody
antigen-binding fragment thereof, or pharmaceutical composition described herein, for preventing
a betacoronavirus, such as a sarbecovirus, e.g., SARS-CoV-2 infection or a related disease (e.q.,
COVID-19) in a subject. The present disclosure also provides the use of the antibody or antigen-
binding fragment thereof, of one more nucleic acids encoding the antibody antigen-binding
fragment thereof, or pharmaceutical composition described herein, for the manufacture of a
medicament for preventing a betacoronavirus, such as a sarbecovirus, e.g., SARS-CoV-2
infection or a related disease (e.g., COVID-19) in a subject.

In another aspect, the present disclosure provides a method for reducing the risk of
developing a betacoronavirus-related disease, such as a sarbecovirus-related disease (e.g.,
COVID-19), or the severity of a betacoronavirus-related disease, such as a sarbecovirus-related
disease (e.g., COVID-19), in a subject in need thereof, the method comprising administering to
the subject an effective amount of the antibody or antigen-binding fragment thereof, of one more
nucleic acids encoding the antibody antigen-binding fragment thereof, or pharmaceutical
composition described herein. The present disclosure also provides the use of the antibody or
antigen-binding fragment thereof, of one more nucleic acids encoding the antibody antigen-
binding fragment thereof, or pharmaceutical composition described herein, for reducing the risk
of developing a betacoronavirus-related disease, such as a sarbecovirus-related disease (e.g.,
COVID-19), or the severity of a betacoronavirus-related disease, such as a sarbecovirus-related
disease (e.g., COVID-19), in a subject. The present disclosure also provides the antibody or
antigen-binding fragment thereof, of one more nucleic acids encoding the antibody antigen-
binding fragment thereof, or pharmaceutical composition described herein, for use in reducing the
risk of developing a betacoronavirus-related disease, such as a sarbecovirus-related disease
(e.g., COVID-19), or the severity of a betacoronavirus-related disease, such as a sarbecovirus-
related disease (e.g., COVID-19), in a subject.

In another aspect, the present disclosure provides a method (in vitro or in vivo) for
blocking the entry of a betacoronavirus, such as a sarbecovirus, e.g., SARS-CoV-2 in a cell, such
as an ACE2-expressing cell, comprising contacting the cell and/or virus with an effective amount
of the antibody or antigen-binding fragment thereof, of one or more nucleic acids encoding the
antibody antigen-binding fragment thereof, or pharmaceutical composition described herein. The

present disclosure provides the use of the antibody or antigen-binding fragment thereof, of one
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or more nucleic acids encoding the antibody antigen-binding fragment thereof, or pharmaceutical
composition described herein, for blocking the entry of a betacoronavirus, such as a sarbecovirus,
e.g., SARS-CoV-2 in a cell, such as an ACE2-expressing cell. The present disclosure provides
the use of the antibody or antigen-binding fragment thereof, of one or more nucleic acids encoding
the antibody antigen-binding fragment thereof, or pharmaceutical composition described herein
for the manufacture of a medicament for blocking the entry of a betacoronavirus, such as a
sarbecovirus, e.g., SARS-CoV-2 in a cell, such as an ACE2-expressing cell. The present
disclosure provides the antibody or antigen-binding fragment thereof, of one or more nucleic acids
encoding the antibody antigen-binding fragment thereof, or pharmaceutical composition
described herein, for use in blocking the entry of a betacoronavirus, such as a sarbecovirus, e.g.,
SARS-CoV-2 in a cell, such as an ACE2-expressing cell.

In another aspect, the present disclosure provides a method (in vitro or in vivo) for
inducing complement-dependent cytotoxicity (CDC), antibody-dependent cellular phagocytosis
(ADCP) and/or antibody-dependent cellular cytotoxicity (ADCC) against a betacoronavirus-, such
as a sarbecovirus-, e.g., SARS-CoV-2-infected cell, comprising contacting the cell and/or virus
with an effective amount of the antibody or antigen-binding fragment thereof, of one more nucleic
acids encoding the antibody antigen-binding fragment thereof, or pharmaceutical composition
described herein. The present disclosure provides the use of the antibody or antigen-binding
fragment thereof, of one more nucleic acids encoding the antibody antigen-binding fragment
thereof, or pharmaceutical composition described herein, for inducing complement-dependent
cytotoxicity (CDC), antibody-dependent cellular phagocytosis (ADCP) and/or antibody-dependent
cellular cytotoxicity (ADCC) against a betacoronavirus-, such as a sarbecovirus-, e.g., SARS-
CoV-2-infected cell. The present disclosure provides the use of the antibody or antigen-binding
fragment thereof, of one more nucleic acids encoding the antibody antigen-binding fragment
thereof, or pharmaceutical composition described herein for the manufacture of a medicament for
inducing complement-dependent cytotoxicity (CDC), antibody-dependent cellular phagocytosis
(ADCP) and/or antibody-dependent cellular cytotoxicity (ADCC) against a betacoronavirus-, such
as a sarbecovirus-, e.g., SARS-CoV-2-infected cell. The present disclosure provides the antibody
or antigen-binding fragment thereof, of one more nucleic acids encoding the antibody antigen-
binding fragment thereof, or pharmaceutical composition described herein, for use in inducing
complement-dependent cytotoxicity (CDC), antibody-dependent cellular phagocytosis (ADCP)
and/or antibody-dependent cellular cytotoxicity (ADCC) against a betacoronavirus-, such as a
sarbecovirus-, e.g., SARS-CoV-2-infected cell.

In another aspect, the disclosure provides a method of preventing or treating a disease
or disorder caused by SARS-CoV-2 by administering to a person at risk of suffering from the
disease or disorder or suffering from a disease or disorder caused by SARS-CoV-2, a

therapeutically effective amount of the antibody or antigen-binding fragment thereof, of one more
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nucleic acids encoding the antibody antigen-binding fragment thereof, or pharmaceutical
composition described herein. In some embodiments, the antibody or antigen-binding fragment
thereof, of one more nucleic acids encoding the antibody antigen-binding fragment thereof, or
pharmaceutical composition described herein can be administered individually. In some
embodiments, the antibody or antigen-binding fragment thereof, of one more nucleic acids
encoding the antibody antigen-binding fragment thereof, or pharmaceutical composition
described herein can be administered in combination with one or more other antibodies, antigen-
binding fragments or nucleic acids of the disclosure, e.g., as a cocktail comprising more than one
antibodies, antibody fragments or nucleic acids. In some embodiments, the disease or disorder
is COVID-19. The antibody or antigen-binding fragment thereof, of one more nucleic acids
encoding the antibody antigen-binding fragment thereof, or pharmaceutical composition
described herein (e.g., a monoclonal antibody) or a combination thereof can be administered at
a dose sufficient to neutralize the SARS-CoV-2. In some embodiments, the method also includes
administering an anti-viral drug, a viral entry inhibitor, or a viral attachment inhibitor.

In some embodiments, the antibody or antigen-binding fragment thereof, or nucleic acids
encoding the antibody or antigen-binding fragment thereof, or pharmaceutical composition
described herein, can be administered prior to or after exposure to SARS-CoV-2.

In certain embodiments, antibodies, antigen-binding fragments thereof and nucleic acids
described herein are useful to treat a subject suffering from the severe and acute respiratory
syndrome caused by SARS-CoV-2. In some embodiments, the antibodies, antigen-binding
fragments thereof and nucleic acids are useful in decreasing viral titer or reducing viral load in a
host subject. In one embodiment, the antibodies, antigen-binding fragments thereof and nucleic
acids are useful in preventing or reducing inflammation in the lung of a subject with COVID-19. In
one embodiment, the antibodies, antigen-binding fragments thereof and nucleic acids are useful
in preventing or reducing interstitial, peribronchiolar or perivascular inflammation, alveolar
damage and pleural changes in a subject with COVID-19.

One or more antibodies, antigen-binding fragments thereof and nucleic acids described
herein may be administered to relieve or prevent or decrease the severity of at least one symptom
of SARS-CoV-2 infection including, but not limited to fever, cough, shortness of breath,
pneumonia, diarrhea, organ failure (e.g., kidney failure and renal dysfunction), neurological
complications, septic shock and death. It is also contemplated herein to use one or more
antibodies, antigen-binding fragments thereof and nucleic acids described herein prophylactically
to subjects at risk of being infected by SARS-CoV-2 and/or of developing a SARS-CoV-2-related
disease (COVID-19), or a severe form of the disease, such as immunocompromised individuals,
elderly adults (more than 65 years of age), healthcare workers, family members in close proximity
to a COVID-19 patient, adults or children with contact with persons with confirmed or suspected

COVID-19 infection, and patients with one or more co-morbidities including but not limited to
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cardiovascular disease (including coronary artery disease, cardiomyopathies, heart failure), type
2 diabetes, obesity (BMI > 30 kg/m?), high blood pressure, chronic kidney disease (CKD), chronic
obstructive pulmonary disease (COPD), and sickle cell disease.

In a further embodiment of the disclosure the antibodies, antigen-binding fragments
thereof and nucleic acids described herein are used for the preparation of a pharmaceutical
composition or medicament for treating patients suffering from a betacoronavirus, such as a
sarbecovirus, e.g., SARS-CoV-2, infection or a related disease. In another embodiment of the
disclosure, the antibodies, antigen-binding fragments thereof and nucleic acids described herein
are used as adjunct therapy with any other agent or any other therapy known to those skilled in
the art useful for treating or ameliorating a betacoronavirus, such as a sarbecovirus, e.g., SARS-
CoV-2, infection or a related disease (e.g., COVID-19).

In an embodiment, the methods and uses defined herein are for the prevention,
treatment and/or management of infections by the Wuhan original SARS-CoV-2 strain. In another
embodiment, the methods and uses defined herein are for the prevention, treatment and/or
management of infections by variants of the Wuhan original SARS-CoV-2 strain, such as the
B.1.1.7 (also known as VOC-202012/01 or alpha (a)), 501Y.V2 (also known as B.1.351 or beta
(BN, P.1 (also known as B.1.1.28.1 or gamma (y)), B.1.617.2 (also known as delta (3)), or
B.1.1.528 {Omicron (0)) variant, as well as other variants of concern (VOC) such as B.1.429,
B.1.526, B.1.525, and A.23.1 (see, e.g., www.ode qowaomnavizuss 8

whdsiagdvarantswvsilancafivadiantinfa i), In an embodiment, the methods and uses defined

SOCRVICIRRE-

herein are for the prevention, treatment and/or management of infections by the SARS-CoV-2
delta (D) variant. In an embodiment, the methods and uses defined herein are for the prevention,

treatment and/or management of infections by the SARS-CoV-2 Omicron (o) variant.

Diagnostic uses of the antibodies or antigen-binding fragments thereof

The anti-SARS-Cov2 Spike protein antibodies or antigen-binding fragments thereof
described herein may be used to detect and/or measure a betacoronavirus, such as a
sarbecovirus, e.g., SARS-CoV-2, in a sample, e.g., for diagnostic purposes. Some embodiments
contemplate the use of one or more of the antibodies or antigen-binding fragments thereof in
assays to detect a disease or disorder such as viral infection. Exemplary diagnostic assays for
SARS-CoV-2 may comprise, e.g., contacting a sample, obtained from a patient, with an anti-
SARS-CoV-2 Spike protein antibody or antigen-binding fragment thereof described herein,
wherein the antibody or antigen-binding fragment thereof is labeled with a detectable label or
reporter molecule or used as a capture ligand to selectively isolate SARS-CoV-2 from patient
samples. Alternatively, an unlabeled anti-SARS-CoV-2 Spike protein antibody or antigen-binding
fragment thereof can be used in diagnostic applications in combination with a secondary antibody

which is itself detectably labeled. The detectable label or reporter molecule can be a radioisotope,
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such as *H, C, ¥P, 3°S, or '¥|; a fluorescent or chemiluminescent moiety such as fluorescein
isothiocyanate, or rhodamine; or an enzyme such as alkaline phosphatase, beta-galactosidase,
horseradish peroxidase, or luciferase. Specific exemplary assays that can be used to detect or
measure SARS-CoV-2 in a sample include enzyme-linked immunosorbent assay (ELISA),
radioimmunoassay (RIA), bead-based flow cytometry and fluorescence-activated cell sorting
(FACS).

Samples that can be used in SARS-CoV-2 diagnostic assays according to the present
disclosure include any tissue or fluid sample obtainable from a patient (e.g., blood, plasma, saliva,
nasal secretion), which contains detectable quantities of either SARS-CoV-2 Spike protein, or
fragments thereof, under normal or pathological conditions. Generally, levels of SARS-CoV-2
Spike protein in a particular sample obtained from a healthy patient (e.g., a patient not afflicted
with a disease associated with SARS-CoV-2) will be measured to initially establish a baseline, or
standard, level of SARS-CoV-2. This baseline level of SARS-CoV-2 can then be compared
against the levels of SARS-CoV-2 measured in samples obtained from individuals suspected of
having a SARS-CoV-2-associated condition, or symptoms associated with such condition.

The antibodies or antigen-binding fragments thereof specific for SARS-CoV-2 Spike
protein may contain no additional labels or moieties, or they may contain an N-terminal, internal
or C-terminal label or moiety. In one embodiment, the label or moiety is biotin. In a binding assay,
the location of a label (if any) may determine the orientation of the peptide relative to the surface
upon which the peptide is bound. For example, if a surface is coated with avidin, a peptide
containing an N-terminal biotin will be oriented such that the C-terminal portion of the peptide will

be distal to the surface.

EXAMPLES

The present disclosure is illustrated in further details by the following non-limiting
examples.
Example 1: Materials and Methods

Recombinant proteins

Various targets were used as panning, screening and analytical reagents for ELISA and
Octet binding assays and purchased from different vendors. SARS-CoV-2 Spike trimer, RBD-
hFc, RBD (tagless), human ACE2-hFc, and SARS-CoV-1 Spike trimer were obtained from U-
Protein Express (UPE, Utrecht, Netherlands). SARS-CoV-2 Spike trimer (cat#A33-11-02-SMT1)
was obtained from the National Research Council (Quebec, Canada). SARS CoV-2 full-length
spike protein and B.1.1.7, B.1.351, and P.1 mutations were purchased form Cube Biotech
(cat#28702, 28717, 28720, and 28723). Various Spike protein subunits including S1-mF¢, S1-
hFc, S2-hFc, NTD-hFc, S1-S2-His, S1-His, and mutants S1-His(D614G), Beta B.1.351 lineage
S1-His(K417N, E484K, N501Y, D614G), S1-His(HV69-70del, N501Y, D614G), Alpha S1-
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His(HV69-70del, Y144del, N501Y, A570D, D614G, P681H) and RBD single point mutants
(A43553, F342L, G476S, K458R, N354D, N439K, S477N, V367F, V483A, WA4A36R, E484K,
K417N, Y453F, N501Y) were purchased from Sino Biological.

Benchmark Abs were generated from published sequences and expressed in the human
IgG1 framework resembling the one used for the Ab candidates: B38°® (PDB ID: 7BZ5), CB6*,
CR3022%* H4°%, REGN10933 & REGN10987%, or as VHH-hFc1: VHH-7224, SB14%°, SB68% and
acquired from UPE. Negative control antibodies bococizumab (higG1) and caplacizumab (VHH-
hFc) were also acquired from UPE. Anti-hKappa and anti-hLamda were purchased from
SouthernBiotech (Birmingham, AL, USA). Antibodies destined for in vitro work were produced in-
house in HEK293 cells as both FAb fragments and full-length 1gGs. FAbs were purified by a CH1
matrix VHH-based purification resin, while IgGs were purified by protein A chromatography.
Antibodies destined for animal studies were produced in CHO
cells.All FAbs and 1gGs were subjected to an additional purification step in-house using gel
filtration and formulated in PBS.

Library panning

The libraries employed here were previously generated by ImmunoPrecise Antibodies
(Naive Human Library #0899, Autoimmune Patient Library #0845, and Llama VHH Library
#3566). Briefly, B lymphocytes were isolated from previously generated phage display libraries
(Naive Human Library, Autoimmune Patient Library, and Llama VHH Library), and antibody
variable region sequences were amplified by real-time PCR (RT-PCR). The fragments were
ligated into the pHENIX-His8-VSV vector and transformed into Escherichia coli TG1 cells. Library
rescue was conducted prior to each round of antigen panning by inoculating bacterial cells into
TYAG medium followed by the addition of helper phage to induce phage production. Phage
particles were isolated by PEG/NaCl precipitation and filtered using a 0.45 um filter.

Either magnetic Protein A or polystyrene beads were coated with the antigen of interest
and washed to remove any unbound protein. Purified phage particles were blocked in PBS
supplemented with 5% (v/v) skim milk and any bead-reactive antibodies were depleted by pre-
incubation with uncoated beads. The resulting phages were then incubated with the antigen-
coated beads, followed by washing in PBS-Tween™ to remove any unbound phage particles.
Depending on the panning strategy, either the bead-bound (for positive antigen selection) or
unbound (for negative selection) phage particles were incubated with TG1 cells followed by
subsequent rescue by helper phage superinfection as described above. The output phages of
each round were also screened by ELISA for their reactivity to the antigen of interest and relevant
controls. Eleven unique panning strategies were conducted in parallel using varying combinations
of $1, S2, and RBD subunits of the SARS-CoV-2 Spike protein, and a fully assembled, stabilized
Spike trimer of the related SARS-CoV-1 for target enrichment (UPE/Cube). Depletion panning
with human ACE2, CR3022-bound Spike (where CR3022 represents an anti-SARS-CoV-1
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antibody from the literature with cross-reactivity to SARS-CoV-2%?7) and irrelevant non-target
proteins further increased target specificity and reduced off-target reactivity.

ELISA screening

HIS-tagged recombinant DNA spike proteins (wild-type or carrying VOC mutations) were
diluted to final concentrations 1.5 pg/mL in carbonate binding buffer and were added to Greiner
Bio-One High Bind ELISA plates in 50 uL/well and incubated overnight at4°C. If additional capture
step was performed it was conducted in PBS for 1 hour at room temperature. Plates were blocked
with 1% (w/v) BSA in PBS for 60 min. Coated plates were washed with PBS-T before serial
dilutions of recombinant antibodies were added in duplicate in PBS supplemented with 1% (w/v)
BSA and incubated at room temperature (RT) for 60 min. After washing with PBS-T, secondary
goat-anti-human-IgG-HRP for detection was added and incubated for 60 min at RT. Following
final washing, 50 L TMB substrate was added for 10 min and the reaction was stopped by adding
50 uL 2M H>SQOs. Absorbance was read at 450 nm on an Envision multimode plate reader and
data was processed in GraphPad Prism.

Interaction analysis by Octet

All label-free interaction analysis was performed on an Octet HTX biolayer
interferometry-based detection system (ForteBio/Sartorius, Goéttingen, Germany) equipped with
various sensor types; AR (amine-reactive), SAX (streptavidin-coated), or AHC (anti-human-Fc
capture) sensors. Experiments were conducted at 25°C in a run buffer of PBS containing 0.05%
Tween™-20 and 0.5 mg/mL BSA.

Binding affinity estimates. Different assay formats were used to estimate the binding
affinities of Ab/target bimolecular interactions. In one assay format, Fab was titrated as
monovalent analyte (typically as a 3-fold series with a top concentration of 3 pM, and at least one
concentration in duplicate) over AHC sensors coated with human-Fc-fused targets RBD-hFc, S1-
hFc or S2-hFc as ligands (Sino Biological). In the reverse format, tagless RBD or S1-His(D614G)
were titrated as monovalent analytes over Ab-coated AHC sensors. Global affinity estimates were
determined using the Kinetics module of Fortebio’s Data Analysis HT software version 12.0.1.55.
Data were processed by subtracting the responses of a buffer analyte sample and fitting these
referenced data globally to a simple 1:1 Langmuir binding model to deduce the Kg value from the
ratio of the kinetic rate constants (Ko = ka/ka), where kq and kq are the dissociation and association
rate constants, respectively. Interactions showing square-shaped binding curves were
alternatively fit to a steady-state (equilibrium) isotherm; affinities deduced from kinetic and
equilibrium fitting routines were equivalent. Additionally, the solution affinity of the 23-H7-
Fab/RBD binding interaction was determined by titrating 23-H7 Fab (1,000 to 1.4 nM, as a 7-
membered three-fold series) into RBD fixed at 5 nM, allowing these solutions to equilibrate (an
hour at room temperature) and then probing for free RBD in these samples using SAX sensors

coated with biotinylated-23-H7-IgG. All samples were measured on duplicate sensors. An
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apparent solution affinity (or ICso value) was determined by fitting the reference-subtracted
responses (from a buffer analyte sample) to a non-linear regression, inhibition dose-response
curve (four-parameter least-squares fit) model in GraphPad Prism software version 9.

Pairwise epitope binning. Combinatorial pairwise Ab competition or “epitope binning”
assays were performed on the Octet using various assay formats. To perform a “classical
sandwich” assay format, Abs were covalently coupled onto AR sensors using standard coupling
conditions to generate the ligands (surface-immobilized Abs) and used to capture S1-His(D614G)
monovalent target (typically 5 ug/mL, 65 nM) followed by an Ab analyte typically at 10 ug/mL (133
nM binding sites). Alternatively, reaction surfaces were generated by coating SAX sensors with 5
Hg/mL biotinylated Abs. Ligands were regenerated with 75 mM phosphoric acid. “Waterfall”
experiments were conducted on freshly Ab-coated SAX sensors (single use, not regenerated)
using 5 pg/mL S1-His(D614G) followed by an Ab titration spanning 6,000 to 25 nM binding sites
as a six-membered three-fold series, with one concentration (667 nM) in duplicate. Data were
analyzed in the Epitope Binning molecule of Fortebio’s Data Analysis HT software version
12.0.1.55. Heat maps were curated manually in Excel by merging the results from different
experiments.

Multi-Ab epitope binning. To perform a “tandem cocktail” multi-Ab binning experiment,
SAX sensors were coated with 5 pg/mL biotinylated 23-H7 (bin 2) and used to tether 5 pg/mL
Spike trimer. Three Ab analytes from non-overlapping bins were associated in consecutive
analyte binding steps, each step building upon the complex formed in the previous steps. For
example, bin 4 Ab was used in step1, bin 4+C was used in step 2, and bin 4+C+S2 was used in
step 3, thereby maintaining saturating levels of the Ab analyte applied in the previously applied
steps to eventually saturate the 23-H7-tethered Spike with three Ab analytes (from bins 4, C and
S2). The responses of each newly applied Ab analyte to “Ab-saturated” 23-H7-tethered Spike
were compared with the responses of that Ab analyte to the “naked” 23-H7-tethered Spike. Data
were processed in ForteBio’s Data Acquisition software version 12.0.1.8 by Y-aligning to zero at
each association step.

Alternatively, multi-Ab binnings were performed in a “premix” assay format. To prepare
the reaction surfaces for these experiments, SAX sensors were coated with 5 pg/ml biotinylated
Abs from different bins (e.g., 2, 4, C, or S2) or with controls; biotinylated ACE2-hFc¢ or mouse anti-
His mAb (R&D systems). Spike trimer (1 uM binding sites) was premixed with Abs from different
epitope bins, either individually, or as 2-, 3-, or 4-membered cocktails using Abs at saturating
concentrations (10 uM binding sites). Samples of premixed Spike/Ab complexes, Spike alone or
buffer were used as analytes for binding to the Ab-coated sensors (or control surfaces) to probe
for free binding sites in these mixtures. Binding responses were compared with those of Spike
alone and determined to be blocked if their responses were significantly suppressed to baseline
levels (like the buffer blank).
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Mutant screening by QOctet. AHC sensors were coated with 10 pg/mL human Abs,
benchmark control Abs, and ACE2-hFc to provide reaction surfaces for testing the binding of a
panel of recombinant mutant proteins as His-tagged S1 or RBD subunits as monovalent analytes,
tested at 10 pg/mL.

Cell-associated Spike screening

To produce cell-associated Spike protein trimers, synthetic genes encoding for SARS-
CoV-2 surface glycoprotein variants, including B.1.1.7 (Alpha), B.1.351 (Beta), P.1 (Gamma),
B.1.429, B.1.526 (lota), B.1.617 (Delta), B.1.621 (Mu), C.37 (Lambda) and B.1.1.529 (Omicron)
lineages, as well as the A (Wuhan-1) and B (D614G) parental lineages, obtained from GeneArt,
were cloned into a standard mammalian expression vector. To induce expression of spike trimers
in a cell context, HEK293F cells were transiently transfected using the FectoPRO™ transfection
system according to the manufacturer specifications (PolyPlus Transfection, lllkirch, France)
with SARS-CoV-2 surface glycoprotein expression vector. Cells were harvested 48 hours post-
transfection, washed and dispensed to 96-well cell culture plates at a concentration of 1.0x10°
cells per well, and serial dilutions of test or control Abs were added in a final volume of 30 uL per
well in duplicate. After 1 hour at 4°C protected from light, the wells were washed, and Ab binding
was detected with Donkey F(ab'), anti-human IgG conjugated to phycoerythrin (PE, Abcam cat.#
ab102439). Following fixation using paraformaldehyde, cells were analyzed using an iQue High-
Throughput Flow Cytometer (Sartorius, Géttingen, Germany). EC50 values were calculated in
GraphPad Prism.

Pseudovirus neutralization

The production of VSV virus particles expressing the SARS-CoV-2 Spike protein has
been previously described®®. Briefly, the SARS-CoV-2 Spike protein was cloned into
the pCAGGS expression vector system and transfected into HEK-293T cells. Cells were then
infected with the VSVAG pseudotyped virus further modified to encode the Photinus pyralis
luciferase reporter protein. After 24 hours supernatants were collected and titrated on African
green monkey VeroE6 cells. In neutralization assays Abs were diluted in DMEM supplemented
with 1% (v/v) fetal calf serum (Bodinco), 100 U/ml penicillin, and 100 pg/ml streptomycin before
being added to an equal volume of pseudotyped virus particles and incubated at room
temperature for 1 hour. The mixture was then added to a confluent monolayer of VeroEG6 cells in
a 96-well tissue culture plate and incubated for 24 hours. Following this incubation luciferase
activity was measured in the presence of D-luciferin substrate (Promega) using a Centro LB960
plate luminometer (Berthold). Neutralization was calculated as the ratio of luciferase activity in the
presence of Abs normalized to a negative control well containing only pseudotyped virus and no
Abs.

Authentic virus neutralization
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Authentic virus neutralization assays were performed at ViroClinics Biosciences
(Rotterdam, The Netherlands) using the SARS-CoV-2 virus (BetaCoV/Munich/BavPat1/2020)
carrying the D614G mutation. In short, two-fold serial dilutions of the samples provided were
incubated with a fixed amount of virus (200 TCIDss/well or 4000 TCIDso/mL) for 1 hour at 37 °C
with a starting Ab concentration of 100 pg/mL. Next, the virus-Ab mixtures were transformed to
plates with VeroE6 cell culture monolayers and after the incubation period of 5-6 days at 37
°C. Cytopathic effect (CPE) in the monolayer was measured and scored by the vitality marker
WSTS8 and neutralization titers were calculated according to the Reed-Muench method?®.

In vivo hamster challenge model of infection

All animal studies were performed at ViroClinics Xplore (Schaijk, The Netherlands) and
conducted according to European Union Directive 2010/63/EU and the standards of Dutch law
for animal experimentation. Groups of 5 male Syrian Hamsters (Mesocricetus auratus) aged 9 to
10 weeks at the start of the experiment were randomly assigned to experimental groups. Antibody
or mock (PBS) treatment were administered as a single intraperitoneal injection at the indicated
time. All animals were challenged at day O with a single intranasal administration of 10%° TCID50
SARS-CoV-2 (BetaCoV/Munich/BavPat1/2020) in a volume of 100 uL equally divided between
nostrils. On day 4 post-challenge all animals were euthanized by abdominal exsanguination under
isoflurane anesthesia (3-5%).

Animal study tissue collection

Animals were weighed and throat swabs were collected daily post infection. At the time
of euthanasia, lung lobes were inspected and observed percentage of affected lung tissue was
estimated, samples of the left nasal turbinates, trachea and the entire left lung (often with
presence of the primary bronchi) were preserved in 10% formaldehyde for histopathology and
samples of the right lung parenchyma and right nasal turbinates were collected. Throat swabs
and right lung and nasal turbinate tissues were frozen for subsequent virological assessment by
guantitative PCR and virus titration.

Viral load quantification from in vivo samples

For determination of replication competent virus levels, quadruplicate ten-fold serial
dilutions were used to determine the virus titers in confluent layers of Vero E6 cells. In short, serial
dilutions of the samples (throat swabs and tissue homogenates) were prepared and incubated on
Vero E6 monolayers for 1 hour at 37 °C. Vero E6 monolayers are washed and incubated for 5 or
6 days at 37 °C. Viability was measured by scoring using the vitality marker WST8. Viral titers
(log10 TCID50/ml or /g) were calculated using the method of Spearman-Karber. For detection of
viral RNA levels in the samples, RNA was extracted from samples using Magnapure LC total
nucleic acid isolation kit (Roche). RNA amplification and quantification were carried out using a
7500 Real-Time PCR System (Applied biosystems) specific primers (E_Sarbeco_F:
ACAGGTACGTTAATAGTTAATAGCGT, SEQ ID NO: 200 and
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E_Sarbeco_R:ATATTGCAGCAGTACGCACACA, SEQ ID NO: 201) and probe (E_Sarbeco_P1:
ACACTAGCCATCCTTACTGCGCTTCG, SEQ ID NO: 202) as described previously®' and RNA
copies (Iog10 copies/ml or /g) were calculated.

Histopathological evaluation of tissue from in vivo studies

After fixation with 10% neutral-buffered formalin, lung, nasal turbinate and trachea
tissues were sectioned, paraffin embedded, micro-sectioned to 3 um on glass slides and stained
with hematoxylin and eosin for histopathological evaluation. The stained tissues were examined
using an Olympus BX45 light microscope with magnification steps of 40x, 100x, 200x, and 400x
for scoring. Severity of inflammation was scored based on inflammatory cell infiltration in tracheas
and bronchi (0 = no inflammatory cells, 1 = few inflammatory cells, 2 = moderate number of
inflammatory cells, 3 = many inflammatory cells).

Assessment of Antibody-dependent cellular phagocytosis (ADCP) and antibody-

dependent cellular cytotoxicity (ADCC) activity triggered by antibodies

To assess cellular binding, SARS-CoV-2-S CHO-K1 target cells (Promega) incubated
with a four-fold dilution series of mAbs 21-F2-optimized, 2-A6, 22-D9-optimized, 22-F7, 23-H7,
and control NISTmAb from 150 pg/mL to 10 pg/mL in duplo were examined using an anti-human
|gG-PE-conjugated antibody on an iQue High-Throughput Flow Cytometer (Sartorius, Géttingen,
Germany). In presence of Jurkat ADCC reporter cells at a ratio of 4:1, or of THP-1 ADCP reporter
cells (Promega) at a ratio of 3:2 to SARS-CoV-2-S CHO-K1 target cells, a four-fold dilution series
from 230 pg/mL to 15 pg/mL ADCC reporter or from 150 pg/mL to 10 pg/mL ADCP reporter were
incubated with the mAbs-treated CHO-K1 cells in triplo. For each condition, samples without the
addition CHO-K1 cells, were inspected for effects of mAbs on effector cells. After 6 h at 37°C,
Bio-Glo™ substrate was added to the antibody-cell mixtures and after 5 to 10 min luminescence
was assessed on an Envision spectrophotometer.

Statistical Analysis

All treatment groups were compared with the mock group. The treatment groups were
compared on the development of weight, throat swab real time PCR and throat swab virus
titration. Mixed model analyses were conducted in SAS with Proc Mixed. A Dunnet correction for
multiple testing was applied. For the virology and histopathology variables measured on day 4
post-challenge a two-sided p-value was calculated for Fisher's Exact Test for categorical variables
and the Wilcoxon Rank Sum Exact Test for continuous and ordinal variables. Since the statistical
analysis of these variables was explorative in nature, no correction for multiple testing was used.

For values below the lower limit of detection the lower limit of detection was reported.

Example 2: Phage display library panning enriched for a panel of anti-Spike Abs with

diverse binding profiles
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To enrich for fully human Abs specific for the Spike protein, pre-existing human scFv
repertoires derived from healthy donors and auto-immune diseased individuals were subjected to
four rounds of phage panning against a panel of purified recombinant protein targets using eleven
unique panning strategies in parallel (FIG. 1A). As determined by ELISA, except for one panning
strategy, polyclonal phage outputs showed target-specific binding, with diverse reactivity profiles
between the phage outputs from the different panning approaches, suggesting enrichment of
phages displaying epitope-diverse Ab fragments. Approximately 700 clones with diverse binding
profiles were selected for monoclonal scFv expression and subsequent isolation of periplasmic
fractions. Upon confirming their target-specificity by ELISA, the top 279 periplasmic fractions were
selected for initial in vitro pseudovirus-based neutralization assays. Sixty sequence-unique scFv
clones showing diverse reactivity profiles and distinct neutralization capacity were selected for
Fv-model based in silico developability profiing using BioLuminate (Schrddinger) and
subsequent recombinant eukaryotic expression as full-length human IgG1 antibodies. Following
Protein A purification and purity/integrity analysis by SDS-PAGE, antibodies were subjected to

more in-depth characterization.

Example 3: High-throughput epitope binning assays facilitated the identification of
multiple distinct epitope bins

An integral part of the triage workflow involved the early implementation of label-free
biosensor screenings of the down-selected Abs to assess their pairwise and combinatorial
blockade of S-protein by one another, ACE2, and a panel of nine RBD-specific Abs from the
literature  with known epitopes (REGN10987/imdevimab, REGN10933/casirivimab,
CB6/etesevimab, B38, H4, SB14, SB68, VHH-72 and CR3022), as sequences became publicly
available. An example heat map resulting from a merged high-throughput binning analysis of our
human library-derived clones combined with those from the literature using S1-His(D614G) as
target, is shown in FIG. 1B and highlights the identification of several epitope clusters or “bins” of
Abs sharing similar blocking profiles. The inter-bin blocking relationships revealed a series of both
overlapping and non-overlapping bins, as shown in the simplified Venn Diagram in FIG. 1E.
Literature clones (CR3022, REGN10987, REGN10933, CB6) served as “structural benchmarks”
to infer the approximate locations of our deduced bins onto the Spike protein, as shown for bin C,
bin 1, and its sub-bins a-c (FIG. 1C). All S1-non-RBD binders fell into bin C, while the RBD binders
were distributed across five bins (1-5). Neither bin C nor bin 1 blocked ACE2 or any of the
structural benchmarks. Some bin-1-like clones did not block bin C but showed nuanced
interference with binding of some of the benchmarks, so were assigned to sub-bins 1a, 1b, and
1¢ (FIGs. 1F-H).

Bin 2 co-located with REGN10987 and uniquely kinetically perturbed/partially blocked
ACEZ2 (FIG. 11). Bin 4 (FIG. 11) and bin 5 both blocked ACE2 but not one another; bin 4 co-located
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with REGN10933 and CB6, while bin 5 co-located with the “cryptic” epitope of CR3022, VHH-72
and SB68. Bin 3, like bin 4, also interfered with ACE2 binding and co-located with REGN10933
and CB6, but additionally blocked bin 2, appearing to be a “broader” blocker than bin 4.

While the bin-definition may constitute an over-simplification of a much more nuanced
epitope landscape with crosstalk between otherwise discrete bins, it guided the identification of
clones from distinct non-overlapping bins that could be curated into cocktails, such as the four-
bin combination that formed the basis of the TATX-03 cocktail (FIG. 1D).

Example 4: Multi-Ab epitope binning experiments confirmed that up to four Abs can co-
exist on the Spike trimer

Having identified antibody pairs that could co-exist on recombinant monomeric S1-
subunit as judged by the pairwise binning matrix, the analysis was extended to higher-order
binning experiments using a fully assembled recombinant Spike trimer to test whether it could
physically accommodate Abs from up to four distinct non-overlapping bins as present in TATX-
03 (2, 4, C, and S2). The results from assays performed in complementary formats, a tandem
cocktail assay (FIGs. 2A, D and E) and a premix assay (FIGs. 2C, F, G and H), confirmed that
Abs from these four bins could access their epitopes without interfering with one another’s
binding, thereby validating this bin combination for use in functional studies.

While the tandem binning assay had relied upon avid interactions between bivalent full
length IgGs and trimeric Spike, the binding affinities of the Abs to recombinant targets under
monovalent conditions was assessed using complementary assay orientations on the Octet. Most
of the Abs showed weak affinities with apparent Kp values ranging from 0.1 — 1 pM as
characterized by square-shaped sensorgrams that were adequately described by an equilibrium
analysis. However, clone 23-H7 (bin 2) uniquely bound RBD (or S1) with a high affinity, giving an
apparent Kp value of approximately 4.6 nM, regardless of the assay orientation used (FIGs. 3A-
D, Table 3).

Table 3: Octet affinity estimates using various assay orientations

Clone ID | Bin Ligand Analyte Orientation | ka (1/Ms) ka (1/s) Ko (nM)
260 X105 | 3.35x107 13
23H7 | 2 | RBD-hFc FAD FIG.aA | 29 XI00 | 3 9oxI0 62
247 X105 | 355107 14
23H7 | 2 | S1hFe FAb FIG.aa | 207X | 250X 50er)
£19x105 | 1.71 x10% 4
23H7 | 2 | 2347 RBD FIG.3C | 4n e | 15t oo ‘=2
23H7 | 2 | 23H7 81'[?_'?;4@ FIG.3C | 3.42x105 | 482x102 15
RBD
23H7 | 2 | 23H7 (probe) | (iraled with | FIG. 3D n/d nld 4'69(53;)%;?4’
23-H7 FAb) °
22709 | 4 | RBD-hc FAb FIG. 3A d n/d 163
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2209 | 4 | 2209 31'[;?;46' FIG. 3C n/d nid 245, 249 (n = 2)
7 F2 RBD-hFo FAD FIG. 3A d od 162,195 (n = 2)
S1.D614G-
2E7 | c| 28 ! FIG. 3C nid nd | 207 (+-37)n=3
2F7 | ¢C 20-F7 81‘[;?;4@ FIG. 30 n/d nid 144
2A6 | S2 | S2he FAD FIG. 3A /d o/d 913

Ligand and analyte refer to the binding partner used “on sensor” or “in solution”, respectively.

n/d = kinetics not determined for steady-state analysis or solution affinity measurements

** solution affinity estimate (with 95% confidence interval)

Example 5: Some Ab combinations show synergistic neutralization in vitro

Twenty candidate Abs which had been assigned to epitope bins were subsequently
tested individually and as 2-, 3-, 4-, and 5-Ab cocktails in a cell-based pseudovirus neutralization
assay using a mini-checkerboard format. The number of combinations screened was reduced by

first pairing Abs across bins, identifying synergistic pairs and using those to anchor higher-order

cocktails. Results are provided below in Table 4.

Table 4: Determination of Synergistic combinations

Live Virus

#Abs in . Pseudovirus Synergistic
Clone ID cocktail Bin ICsq (Hg/mL)# (pg;zslo_) ” effect
23-H7 1 2 0.84 non** n/a****
27-A11 1 1a 12.75 non n/a
22-D9 1 4 4.99 non n/a
21-F2 1 4 0.84 10.5 n/a
22-E7 1 C part.* non n/a
30-C5 1 C part non n/a
23-A11 1 5 non non n/a
8-A2 1 5 non non n/a
2-A6 1 S2 non non n/a
11-H1 1 1a non non n/a
22-E8 1 4 11.20 non n/a
24-B8 1 3 6.26 non n/a
22-F7 1 C 12.63 non n/a
5-B6 1 1 non non n/a
8-D4 1 1 part. non n/a
13-A1 1 4 part. non n/a
26-G2 1 1 Part. n/d*** n/a
21-H1 1 1a Non n/d n/a
23H7+22-D9 2 2+4 0.93 4.3 | flloitelel
23H7+21-F2 2 2+4 0.69 2.3 Y
23H7+22-E7 2 2+C 0.89 Non Y(p)**
23H7+30-C5 2 2+C 1.06 n/d Y(p)
23-H7+23-A11 2 2+5 0.88 n/d Y(p)
23-H7+8-A2 2 2+5 0.45 n/d Y(p)
23-H7+2-A8 2 2+82 0.69 Non [ el
22-D9+22-E7 2 4+C 18.28 Non N
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22.D9+30-C5 2 4+C 8.80 n/d N
22-D9+23-A11 2 4+5 952 n/d N
22-D9+8-A2 2 4+5 9.91 n/d N
22-D9+2-A6 2 4+S2 12.49 n/d N
21-F2+20-E7 2 4+C 168 149 N
21-F2+30-C5 2 4+C 197 n/d N
21-F2+23-A11 2 4+5 2.07 n/d N
21-F2+8-A2 2 4+5 1.04 n/d N
21-F2+2-A6 2 4+52 2.23 n/d N
27-A11+21-F2 2 Ta+4 0.89 n/d Y(p)
27-A11+22-E7 2 1a+C 53 n/d Y(p)
27-A11+8-A2 2 1a+5 871 n/d Y(p)
27-A11+2-A6 2 1a+S2 Non n/d N
23'H7+2E27' D9+22- 3 2+4+C 1.43 7.4 Y
23""7*%25' D9+30- 3 2+4+C 1.15 n/d Y(p)
23""7'%'1[)9*23' 3 2+4+5 0.91 nd Y(p)
23'H7+§§'D9+8' 3 2+4+5 1.14 n/d Y(p)
23""7*/52'[)9*2' 3 2+4+S2 1.48 n/d Y(p)
23'H7+2E17'F2+22' 3 2+4+C 1.06 19 %
23""7*%15":2*30' 3 2+4+C 0.82 n/d Y(p)
23'H7+A211f2+23' 3 2+4+5 079 n/d Y(p)
23-H7+21-F2+8-A2 3 2+4+5 0.74 n/d Y(o)
23-H7+21-F2+2-A6 3 2+4+S2 1.09 n/d Y(p)
27-A1 1*;;":2*22' 3 1a+4+C 1.52 n/d Y(p)
27-A1 1;221 -F2+8- 3 1at+4+5 1.27 n/d Y(p)
27-A1 1;261 -F2+2- 3 1a+4+82 1.08 n/d Y(p)
23-H7+22-D9+22-
MAprired 4 2+4+C+5 1.41 19.4 Y
23-H7+22-D9+22-
e 4 2+4+C+5 1.18 8.8 Y
23-H7+22-D9+22-
Ko 4 2+4+C+S2 0.93 14.8 Y
23-H7+22-D9+30-
MAEeres 4 2+4+C+5 0.93 n/d Y(p)
23-H7+22-D9+30-
e 4 2+4+C+5 1.05 n/d Y(p)
23-H7+22-9+30-
Coins 4 2+4+C+S2 1.10 n/d Y(p)
23-H7+21-F2+22-
AR 4 2+4+C+5 108 26 Y
23-H7+21-F2+22-
il 4 2+4+C+5 1.27 26 Y
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R e | 4 2+4+C+82 0.88 19 Y
RNACI Al I 2+4+C+5 130 n/d Y(p)
OGS Sl B 2+4+C+5 0.8 n/d Y(p)
e | 4 2+4+C+S2 0.93 v Y(p)
srafielteree |y 1a+4+C+5 118 /d Y(p)
PIATDEIST 4 1a+4+C+S2 0.88 n/d Y(p)
SINZZO02Z | 5 | 2+4rCe5s2 148 52 %
a¥fpas b2 | 5 | 2+4Cebes2 0.95 157 v
e oas | 5 | 2+4+Ceses2 112 n/d Y(p)
B oy | 5 | 2+4+CeBes2 120 n/d )
SNRATIZZ | 5 | 2raeCeses2 0.94 4.4 Y
e | 5 | 2+44Ce5+s2 0.99 4.4 Y
ARSI | 5 | 2raeCeses2 124 /d Y(p)
e | 5| 2044Ce5+S2 0.92 n/d Y(p)
AN TS | 5 |farasCebes2| 180 14.9 N

*part. = <100% neutralization at highest assay concentration

**non = non-neutralizing at highest tested concentration (42 ug/mL in pseudovirus and 100 pg/mL
in live virus)

*** n/d = not determined - sample was not tested in indicated assay

**** n/a = not applicable - single Ab measurements cannot show synergy

=+ y(p) - synergy determination from pseudovirus neutralization only

xeaERE y = synergy in both live virus and pseudovirus neutralization assays

FEEERE N = nO synergy observed#

The TATX-03 four-bin combination, represented by six leads (23-H7 from bin 2, 22-D9
or 21-F2 from bin 4, 22-E7 or 22-F7 from bin C, and 2-A6 from bin S2) which showed varying
neutralization capacity individually in the pseudovirus assay (FIG. 4A), demonstrated synergistic
activity in various multi-Ab combinations (FIG. 4B). In authentic virus-based neutralization assays,
all individual Abs, except 21-F2, showed a lack of neutralization within the assay window when
tested at a top concentration of 100 ug/mL (FIG. 4C). However, multiple 4- and 5-Ab combinations
showed potent neutralization at the same total antibody concentration, indicating that synergistic
effects improved neutralization of authentic virus (FIG. 4C). These in vitro data resulted in the
prioritization of two 4 Ab-cocktails, number 1 (TATX-03a) and 2 (TATX-03b), for in vivo efficacy

evaluation.
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Example 6: Multi-Ab cocktail TATX-03 reduces viral titer in hamster challenge model
To determine the in vivo efficacy of TATX-03, two blends and their individual constituent
Abs were tested in a Syrian hamster model of acute SARS-CoV-2 infection'®'®. Blends TATX-
03a and TATX-03b were tested in separate studies, with all Abs (or PBS mock) administered as
a single intraperitoneal (i.p.) dose either 24-hours pre-challenge (prophylaxis, PPx) or 4 hours
post-challenge (therapeutic, TX) with SARS-CoV-2 (DB14G Mutant
BetaCoV/Munich/BavPat1/2020) (FIG. 5A). Infection was confirmed by RT-PCR analysis on day
1 post-challenge throat swab samples and average daily weight loss was similar for all groups for
the duration of the study (FIGs. S5E-F). All animals survived to endpoint at day 4 post-challenge.
The first study tested the TATX-03a blend (23-H7, 22-D9, 22-E7, 2-A6), composed of
Abs that were non-neutralizing individually but neutralized synergistically as a cocktail in authentic
virus in vitro (FIG. §C). All animals (5/5) receiving therapeutic administration of the TATX-03a
cocktail (40 mg/kg bw which equals 10 mg/kg bw/Ab) showed day 3 throat swab virus titers at or
below the lowest limit of detection (LLOD), with animals treated with TATX-03a prophylaxis
showing clear reductions in day 3 throat swab virus titer compared to mock (FIG. 5B). At the day
4 endpoint both TATX-03 treated groups demonstrated significantly reduced virus titers in whole
lung tissue compared to mock (FIG. 5C), with 100% (5/5) of the animals in the therapeutic group
and 80% (4/5) of the prophylactically treated animals showing viral titers below LLOD. In line with
previous reports of discordant reductions in viral load between lung and nasal turbinate in this
model of infection'’, all but one animal across both studies harbored detectable viral titers in the
nasal turbinate at the day 4 endpoint (FIGs. 5G-H), which is believed to be due to prominent local
infections following intranasal inoculation with a significant bolus of virus. Table 5§ summarizes

the various replication-competent viral titers per cohort.

Table 5: Efficacy results for two different 4-Ab cocktails, TATX-03a (23-H7, 22-D9, 22-E7, 2-AB)
and TATX-03b (23-H7, 21-F2, 22-F7, 2-A6) in independent studies (#1 and 2). Antibodies were
administered as a single i.p. injection 24-hours pre-challenge (prophylaxis, PPx) or 4-hours
post-challenge (therapeutic setting, Tx) at the specified dose (representing total Ab
concentration). Five animals were used per cohort. Values are reported for the replication-
competent viral titers measured in throat swab at day 3, lung tissue day 4 (end point) and nasal
turbinate day 4 (end point). Values represent the mean (z standard deviation) forn=5. LLOD =
lowest limit of detection. The number of animals per cohort with titers at LLOD is also reported

as percent and fraction.

Replication-competent viral titer (Log10 TCID50)
Study | Ab treatment PPX | Dose ImL Throat swab | /g Lung tissue | /g Nasal

# or Tx | (mglkg day3 dayd, end point | turbinate

bw) day4, end point
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1 4-Ab (TATX-03a) Tx |40 0.8 (0), 100% 1.26 (0.05), 6.72 (0.44)
(5/5) LLOD 100% (5/5)
LLOD
1 4-Ab (TATX-03a) PPx |40 124 (0.52), 40% | 1.34 (0.21), 80% | 5.8 (0.45)
(2/5) LLOD (4/5) LLOD
1 3-Ab (23-H7,22- PPx |40 0.98 (0.30), 60% | 3.18 (2.58), 60% | 5.78 (1.51)
D9,22-E7) (3/5) LLOD (3/5) LLOD
1 2-Ab (23-H7,22.D9) | PPx | 40 108 (0.31), 40% | 2.28 (2.30), 80% | 5.14 (1.52)
(2/5) LLOD (4/5) LLOD
1 23-H7 PPx |40 0.98 (0.20), 40% | 1.36 (0.19), 80% | 5.7 (0.41)
(2/5) LLOD (4/5) LLOD
1 22-D9 PPx |40 14 (0.65) 4.04 (2.06), 20% | 7.2 (0.31)
(1/5) LLOD
1 22-E7 PPx |40 1.92 (0.46) 6.84 (0.23) 7.8 (0.61)
1 2-A6 PPx_ | 40 2.74 (0.83) 6.7 (0.37) 7.7 (0.47)
1 Mock (PBS) PPx |0 2.86 (0.88) 6.66 (0.42) 6.48 (2.29), 20%
(1/5) LLOD
2 4-Ab (TATX-03b) Tx |20 162 0.81) 13(0), 100% | 6.14 (1.27)
(5/5) LLOD
2 4-Ab (TATX-03b) Tx_ |5 2.32 (0.66) 4.22 2.71) 7.48 (0.64)
2 2Ab (23-H7,21F2) | Tx |5 16 (0.55) 2.64 (2.25), 60% | 6.14 (1.80)
(3/5) LLOD
2 23-H7 Tx |20 2.26 (0.60) 2.42 (2.50), 80% | 6.5 (1.61)
(4/5) LLOD
2 23-H7 Tx__ |5 1.98 (1.02) 4.32 (2.25) 7.32 (0.79)
2 21-F2 Tx |20 1.84 (0.58) 2.46 (2.59), 80% | 6.36 (1.84)
(4/5) LLOD
2 21-F2 Tx |5 1.96 (0.36) 3.38 (1.36), 20% | 6.24 (1.90)
(1/5) LLOD
2 22-F7 Tx |20 2.44,20% (115) | 5.62 7.86
LLOD
2 Mock (PBS) Tx_ |0 2.76 6.70 8.26
LLOD =038 [LOD=13 LLOD =24

Histopathological analysis of airway tissues harvested at the day 4 endpoint showed

relatively minimal changes in gross pathology (as expected with the study endpoint coinciding
with the acute phase of disease), however, the severity/extent of immune cell infiltration was
reduced in groups treated with the TATX-03a cocktail compared to mock, resulting in reduced
bronchitis and tracheitis severity scores (FIG. 6C-D). FIGs. 6A and 6B show representative
images of hematoxylin and eosin-stained lung tissue with bronchitis severity score 0 and 3,
respectively.

Two individual Abs demonstrated partial (22-D9) or significant (23-H7) efficacy by these
measures despite their inability to neutralize authentic virus in vitro; notably, 80% (4/5) of the
animals prophylactically treated with 23-H7 achieved undetectable viral load in the lung (below
LLOD), with the fifth animal showing viral titer barely above LLOD.

The second blend tested in vivo, TATX-03b (23-H7, 21-F2, 22-F7, 2-A6), included the

only Ab that neutralized authentic virus in vitro (FIG. 4C). To determine whether in vitro synergy
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could be recapitulated in vivo, Abs were administered individually either at a high dose (20
mg/kg bw) or at a low dose (5 mg/kg bw), with the latter matching their individual contributions to
the TATX-03b cocktail (dosed at 20 mg/kg bw total Ab, equivalent to 5 mg/kg bw/Ab). Like TATX-
03a, all animals (5/5) treated with the TATX-03b showed undetectable viral titers in lung at the
day 4 endpoint. Only high dose monotherapy with 23-H7 or 21-F2 resulted in viral titer reduction
in lung comparable to the cocktail in 80% (4/5) of the animals, while viral titer reduction was clearly
less pronounced in animals treated with the corresponding low dose monotherapy (FIG.
SE, Table 5). This indicates that the cocktail’s efficacy cannot not solely be attributed to the
presence of 23-H7 or 21-F2 individually, strongly suggesting a synergistic effect. When dosed as
a 2-Ab cocktail (23-H7, 21-F2) at 5 mg/kg bw total Ab concentration (equivalent to 2.5
mg/kg bw/ADb), viral load in the lung at the day 4 endpoint was reduced to undetectable levels in
60% (3/5) of animals, which was more efficacious than either individual Ab when administered at

5 mg/kg bw, consistent with a synergistic effect (FIG. 5E).

Example 7: Cocktail formulation overcomes escape of individual Abs by variants of
concern (VOCs)

To determine whether the components of the TATX-03 cocktail were resistant to SARS-
CoV-2 VOCs, individual Abs were screened against a panel of cell-associated Spike trimers
harboring mutations from the B.1.1.7 (Alpha), B.1.351 (Beta), P.1 (Gamma), B.1.429, B.1.526
(lota), B.1.617 (Delta), B.1.621 (Mu), C.37 (Lambda) and B.1.1.529 (Omicron) lineages, as well
as the A (Wuhan-1) and B (D614G) parental lineages for reference. These data revealed a bin-
dependent susceptibility to viral variants (FIGs. 7A-C), which generally was in line with the data
obtained from ELISA-based reactivity screening towards plate-adsorbed recombinant Spike
variants (FIGs. 7D-E). Bin 2 (23-H7) was resistant to all cell-associated Spike trimer variants
tested except for the Mu variant (B.1.621) and those carrying the L452R mutation (B.1.429 and
B.1.617.2), which results in reduced, but not totally abrogated, binding of Bin 2. The other, non-
23-H7, Abs in the cocktail all bound to B.1.429. Bin 4 Abs, 22-D9 and 21-F2, were similarly
incapable to bind to B.1.351. In addition, while both 22-D9 and 21-F2 showed no binding to the
P.1 variant in the context of cell-associated spike, 22-D9 retained low-level binding to P.1 by
ELISA. Bin C Abs 22-E7 and 22-F7, were uniformly incapable to bind to B.1.1.7, whereas no
difference was observed towards other mutants. Bin S2 showed uniform binding of 2-A6 to all
tested mutant trimer constructs, being unaffected by any of the mutations in the S2 subunit. Bin
C (22-E7 and 22-F7) and bin S2 (2-A8) clones both showed some reactivity discrepancies
towards cell-associated spike compared to their binding profiles against plate-immobilized soluble
recombinant spike counterparts as revealed by ELISA, which is likely due to the trimer being
cleavable on cells. Such cleavage represents a more “native” conformation in contrast to the more

artificial cleavage-resistant stabilized forms of the soluble recombinant constructs. The
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susceptibility of the antibodies of the cocktail to Omicron spike protein mutations was assessed
by ELISA using an immobilized recombinant spike trimer carrying the lineage-defining
mutations. All antibodies were screened individually (FIG. 7E), showing the susceptibility of 22-
D9 and partial reduction in binding of 21-F2 (both from bin 4) relative to the wild type control spike
protein. FIG. 7F summarizes the relative reactivities of each antibody constituent in the cocktail
towards SARS-CoV-2 spike-protein fragments and against trimer spike-proteins representing the
indicated viral variants. Overall, no two bins represented in the TATX-03 cocktail could be
simultaneously escaped by the variants tested.

To assess the functional consequence of mutant susceptibility, it was tested whether
TATX-03 could retain neutralization potency in pseudovirus assays adapted to the Alpha, Beta,
B.1.617.2 (Delta) and Omicron variants. In addition to the two TATX-03 4-Ab cocktails, a 5-Ab
version of TATX-03 (TATX-03c¢) was tested which included two bin 4 antibodies (21-F2 and 22-
D9) to potentially capitalize on subtle differences in their binding specificities identified by the
epitope binning experiments and VOCs screenings. All analyzed multi-Ab cocktails retained
potent neutralization against the tested pseudotyped viruses including Omicron (FIGs. 7G-H) with

only one 4-Ab combination showing partial susceptibility to the Delta variant.

Example 8: ADCP and ADCC activity of antibodies

In contrast to 22-F7 and 2-A6, which showed weak binding, antibodies 23-H7, 21-F2-
optimized and 22-D9-optimized revealed a clear correlation of their concentration with the amount
of binding to SARS-CoV2-S CHO-K1 target cells on guidance of an anti-human 1gG-PE-
conjugated antibody. In a next step, cytotoxicity reporter cells were added and co-incubated, and
a dose-dependent activation, except in the case of 22-F7-treated CHO-K1 cells, of FcyR ADCP
reporter cells was observed, most likely as a result from the antibody binding and clustering (FIG.
8A, N = 2). Intriguingly, antibody 2-A8, which showed only weak binding to SARS-CoV2-S CHO-
K1 cells, yielded the highest absolute ADCP activation signals.

Similarly, co-incubation of 23-H7, 21-F2-optimized and 22-D9-optimized-treated SARS-
CoV2-S CHO-K1 cells revealed an evident dose-dependent activation of FcyR ADCC reporter
cells, while other mAbs, 2-A6 and 22-F7, showed no activation (FIG. 9A, N = 2).

Activation of FcyR reporter cells was not detected following incubation with any of the
cocktail antibodies in the absence of target-expressing CHO-K1 cells (FIGs. 8C and 9C), and
control mAb NISTmAb (higG1,k isotype) did not give ADCP (FIG. 8B) or ADCC (FIG. 9B)
activation in the presence of target and effector cells, thus confirming the specificity of the assays.

Although the present invention has been described hereinabove by way of specific
embodiments thereof, it can be modified, without departing from the spirit and nature of the
subject invention as defined in the appended claims. In the claims, the word "comprising” is used

as an open-ended term, substantially equivalent to the phrase "including, but not limited to". The
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singular forms "a", "an" and "the" include corresponding plural references unless the context

clearly dictates otherwise.
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An isolated antibody or antigen-binding fragment thereof that specifically binds to severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) Spike protein, wherein the antibody or

antigen-binding fragment comprises one of the combinations of heavy chain complementarity
determining regions (CDRs) (HCDR1, HCDR2 and HCDR3) and light chain CDRs (LCDRH1,
LCDR2 and LCDR3) depicted in Table 6:

Table 6
Clone HCDR1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
GYTFSTYY IDPSGGTT SGSIAGNY OSYDASHLHVI
23-H7 (SEQ ID (SEQ ID ARGii?ﬁﬁX%ﬁ)(SEQ (SEQ ID EDN (SEQ ID
NO:36) NO:16) ’ NO:37) NO: 38)
GFSLNTRGMS IDWEDDK SLRNYY NSRDSSGNHVV
2-16 (SEQ ID (SEQ ID ?EEES¥SV§§?§¥SY (SEQ ID GGN (SEQ ID
NO:125) NO:126) ) NO:198) NO:199)
GGTENTYS IIPIFDKP RSNIGNYP ATWDDSLNVWV
22-D9 (SEQ TD (sp D | GRSTCIYISIOY (SEQ ID DD (SEQ 1D
NO:57) NO:58) ’ NO:60) NO:61)
GFTENNYP ISYDGNHK SSDVGGYNY SSYTSSSTWV
22-E7 (SEQ ID (SEQ ID AS?%??QE%%SSSEQ (SEQ ID EVS (SEQ ID
NO:103) NO:104) ) NO:106) NO:107)
GYIFTNYD VNPNSGKY SSNIGNNA AAWDDSLNGVV
21-F2 (SEQ ID (SEQ ID ARGH%&SSE§EQ D (SEQ ID ¥YDD (SEQ ID
NO:54) NO:55) ’ NO:14) NO:5)
GFSFTNYG ISYDGSIK KSDIGAYNY SSYTTSGTVV
22-F7 (SEQ ID (SEQ ID TRE?STEé?;l;SEQ (SEQ ID DVS (SEQ ID
NO:89) NO:90) ) NO:92) NO:93)
GYSFTSYW IYPGDSDT SSNIGSNP AAWDDSLNGVV
26-G2 (SEQ ID (SEQ ID ARLGﬁgssng)(SEQ (SEQ ID GND (SEQ ID
NO:1) NO: 2 ’ NO: 4) NO:5)
GYTFTSYY IDPSGGST SSNIGNNY GTWDSSLSAGV
izi (SEQ ID (SEQ ID Aﬁiifiig?ﬁiigl (SEQ ID DNN (SEQ ID
NO: 6) NO:7) : NO: 9) NO:10)
GYTFTGYY INPNSGGT SSNIGNNA ASWDDRLDSPV
11-H1 (SEQ ID (SEQ ID éR?gggFigGﬁgafg? (SEQ ID YDN (SEQ ID
NO:11) NO:12) : NO:14) NO:15)
GYTFTSYY IDPSGGTT SGSIASNY OSYDSGNVI
21-A6 (SEQ ID (SEQ ID ARGiifﬁﬁX%ﬁ)(SEQ (SEQ ID EDN (SEQ ID
NO: 6) NO:16) ’ NO:18) NO:19)
GYTFTSYA INAGNGNT | AREGMITFGGVIVINY NIGSES QAWDGSTVY
27-F5 (SEQ ID (SEQ ID GMDV (SEQ ID (SEQ ID DDN (SEQ ID
NO:20) NO:21) NO:22) NO:23) NO:24)
GFTFSSYG ISYDGSNK OSLLHSIGYN MQOALQRTLYT
21-H1 (SEQ ID (SEQ ID (éggGigRﬁg?gi) F (SEQ ID SAS (SEQ ID
NO:25) NO:26) ’ NO:28) NO:29)
GYTFTSYY IDPTGGST SGSIARNY QSYDSSNQWV
27-G3 (SEQ ID (SEQ ID ASAiX?ﬁiig;J(SEQ (SEQ ID EDK (SEQ ID
NO: 6) NO:30) ’ NO:32) NO:33)
GYSFTSYW IYPGDSDT SSNIGSNT AAWDDSLNGVV
8-D4 (SEQ ID (SEQ ID ﬁiifiifiifﬁi; (SEQ ID NNN (SEQ ID
NO: 1) NO:2) : NO:35) NO:5)
GGTFSNYA IIPILDTT SGINVGAYN | YNSDSDN MIWRSSAWY
VREEGFDY (SEQ ID
24-B8 (SEQ ID (SEQ ID No-4i) Q (SEQ ID (SEQ ID (SEQ ID
NO:39) NO:40) ’ NO:42) NO:43) NO: 44)
GFTEDTYG ISNDGSKK | GRVTEPYMVTPLMLFR NEGTKS QVWDSSADLRG
21-F1 (SEQ ID (SEQ ID MAIDN (SEQ ID (SEQ ID AND VV (SEQ ID
NO:45) NO: 46) NO:47) NO:48) NO:49)
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GRTFSSYA ISRSGGST AASNEGGTWYGSSWYR
16-Cé6 (SEQ ID (SEQ ID PSSYEH (SEQ ID -——- -——- -
NO:50) NO:51) NO:52)
GRTFSSYA ISRSGGST AASNEGGTWYGSSWYR
1l6-Go (SEQ ID (SEQ ID PSSYEY (SEQ ID -——= -——= —-—=
NO:50) NO:51) NO:53)
GYSETSYW IYPGDSDT SSNIGSNP ASWDDSLNEGV
13-A1 (SEQ ID (SEQ ID ARYLISDSEI\%V{D6V2)(SEQ (SEQ ID NNI (SEQ ID
NO:1) NO:2) : NO: 4) NO:63)
GGTFSSYA ITPIFGTT DSNIGQONG ASWDDSLSAWV
22-E8 (SEQ ID (SEQ ID (2281{(13;3{;?42\6/) (SEQ ID YDY (SEQ ID
NO:64) NO:65) ’ NO:67) NO: 68)
GGTFSSYA ITPMFNSA SSNIGAGYD Q3YDSSLSGVV
5-B6 (SEQ ID (SEQ ID ATEESG}{;Y?\IIEN‘;JSI)DP (SEQ ID ANS (SEQ ID
NO:64) NO:69) ’ NO:71) NO:72)
GYSFTSYW IYPGDSDT SSNIGNNY GTWDSSLSAGV
13-H3 (SEQ ID (SEQ ID ARGSIHDY?\IDOY:D72)(SEQ (SEQ ID DNN (SEQ ID
NO: 1) NO:2) . NO:9) NO:10)
GDSVSSNSAA TYYRSKW ALPKQF QSADSSATYEV
27-B4 (SEQ ID (SEQ ID ARTIIDGVLYOD.S76()SEQ (SEQ ID RDS (SEQ ID
NO:74) NO:75) ’ NO:77) NO:78)
GYSFTSYW IYPGDSDT SSNVGSNS AAWDDSLNGWV
8-H1 (SEQ ID (SEQ ID ARRQISDG:SI\IGOY:D72)(SEQ (SEQ ID TNN (SEQ ID
NO: 1) NO:2) . NO:80) NO:81)
GYSFETSYW IYPGDSDT SSNIGSNS AAWDDSLNGVV
8-H5 (SEQ ID (SEQ ID ARWSIEDGNNGOF.DSZ)(SEQ (SEQ ID RND (SEQ ID
NO: 1) NO:2) : NO:83) NO:5)
GYTFTGYY INPNSGGT QSISsSwW OQGHSFPLT
8-AZ (SEQ ID (SEQ ID (LSAEYQAGITDG%DC?‘_FSDALI) (SEQ ID AAS (SEQ ID
NO:11) NO:12) ’ NO:85) NO:86)
GEFTFSSYG ISYDGSNK NIESKY QVWDRTSGHEV
ijl (SEQ ID (SEQ ID (];‘ESG?ER;‘;‘FS%) (SEQ ID YDT (SEQ ID
NO:25) NO:26) ’ NO:87) NO:88)
GFTFSNYG ISYDGSIE ESVSYSSSNK OOYYSSPLT
30-CH (SEQ ID (SEQ ID ARD?EG‘SngQ(SEQ NY (SEQ ID WAS (SEQ ID
NO:94) NO:95) : NO:97) NO:98)
GEFTFSDYP ISYDGWTK SSNIGNNY GTWDNSLSAWV
Ei; (SEQ ID (SEQ ID VR?nggPioi)SEQ (SEQ ID ENN (SEQ ID
NO:99) NO:100) ’ NO: 9) NO:102)
GFTLSDYP MSYDGSLK DIGSRS QAWDSSTVV
6-R4 (SEQ ID (SEQ ID ARGI;I;D;BF?{O)(SEQ (SEQ ID DDT (SEQ 1D
NO:108) NO:109) : NO:111) NO:112)
GESENTEP ISYDGSFEFK SSNIGAGYD QSYDSSLSGYV
ASPGDSDWADFEN (SEQ ID
6-E1 (SEQ ID (SEQ ID (SEQ ID NO:115) (SEQ ID GNS NO:116)
NO:113) NO:114) : NO:71) :
GENFSLYG ISYDGSQOK TSDVGGYGY VSYTLSSLVV
6-F2 (SEQ ID (SEQ ID VK?EG;;]??N())SEQ (SEQ ID EVA (SEQ ID
NO:117) NO:118) ; NO:120) NO:121)
GSIPSVNV VT SDGRT
15-E4 (SEQ ID (SEQ ID (SLEIQTI\IIQDDHNNOT_L&GZ\Q) N/A N/A N/A
NO:122) NO:123) :
GNVTSITL IINDDDRT
15-C8 (SEQ ID (SEQ ID SAII{SGEIS_Figé)SEQ N/A N/A N/A
NO:128) NO:129) :
GSIPSVNV VT SDGRT
15-F7 (3EQ ID (3EQ ID LITI;I;Dgg?]ZJ(O;a(SEQ N/A N/A N/A
NO:122) NO:123) ’
GSIPSVNV VTSDGRT (S
15-H3 (SEQ ID EQ ID (SLEIQTI\IISDDHNNOT_LlGZ\ZL) N/A N/A N/A
NO:122) NO:123) :
2. The antibody or antigen-binding fragment according to claim 1, comprising a heavy chain

variable region (VH) depicted in Table 7:
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Table 7
Clone Heavy Chain wvariable (VH) and Light Chain variable (LH) sequences
23-H7 | VH QVQLVQSGAEVKLPGASMKVSCKASGYTFSTYYMHWVRQAPGOGPEWMGVIDPSGGTTSYAQKFHDRIAMTR
DTSTSTAYLELSSLRSEDMAVYYCARGGFADAVDYWGQGTLVTVSS (SEQ ID NO:147)
VL NFMLTQPHSVSGSPGKTVTISCTRNSGSIAGNYVOWYQOQRPGSAPTTVIYEDNQRPSGVPDREFSGSIDSSSN
SASLTISGLKTEDEADYYCQSYDASHLHVIFGGGTKVTVL (SEQ ID NO:148)
2-A6 VH QVTLRESGPALVKPTOTLTLTCTFSGFSLNTRGMSVSWIRQPPGKALEWLALIDWEDDKFYRTSLMTRLTIS
KDIFKNQVVLTMTNVDPVDTGTYYCARTY SVGVKYFGMDVWGQGTTVTVSS (SEQ ID NO:191)
VL SSELTODPAVSVALGOTVRITCOGDSLRNYYASWYRQEPGOQAPTITLLITYGGNYRPSGIPDRFSGSSSGNTASL
TITGAQAEDEADYYCNSRDSSGNHVVFGGGTKLTVL (SEQ ID NO:192)
22-D9 | VH QVQOLVQSGAEVKKPGSSVNVSCKTSGGTENTYSINWVROAPGOGLEWMGEIIPIFDKPNYAQKFQGRVTITA
DESTSTAYMELTSLRSDDTAVYYCARGTGYYYGMDVWGQGTTVTVSS (SEQ ID NO:157)
VL QSVLTQPPSVSGAPROTVTISCFGSRSNIGNYPVNWYHQVPGKAPKVVVYYDDLLPSGISDREFSGYKSGT SA
SLTISGLRSEDEADYYCATWDDSLNVWVFGGGTKLTVL (SEQ ID NO:158)
22-D9 | VH QVQLVQSGAEVKKPGSSVKVSCKTSGGTENTYSINWVRQAPGQGLEWMGEIIPIFDKPNYAQKFQGRVTITA
optim DESTSTAYMELTSLRSDDTAVYYCARGTGYYYGMDVWGOGTTVTVSS (SEQ ID NO:215)
ized VL QSVLTQPPSVSGAPROTVTISCFGSRSNIGNYPVNWYHQVPGKAPKVVVYYDDLLPSGISDRESGYKSGTSA
SLTISGLRSEDEADYYCATWDDSLNVWVFGGGTKLTVL (SEQ ID NO:158)
22-E7 | VH QOVQLVESGGGVVQOPGTSLRLSCAASGFTEFNNYPMFWVROAPGKGLEWLALISYDGNHKVYADSVKGRFTISR
DNAKNTLYLOMHSLRAEDTALYYCASDLSGAEDSWGQGTLVTIVSS (SEQ ID NO:183)
VL QSALTQPASVSGSPGOSITISCTGTSSDVGGYNYVSWYQQHPGKAPKLLIYEVSNRPSGVSNRESGSKSGNT
ASLTISGLOAEDEADYYCSSYTSSSTWVFGGGTKLTVL (SEQ ID NO:184)
21-F2 | VH QVQOLVQSGAEVKKPGASVTIVSCKTSGYIFTNYDINWVROAPGQGLEWVGWVNPNSGKVGYAQKFQGRVIMTR
SDSESTAYMELTNLTSDDTAVYYCARGHTDFWGQGTLVIVSS (SEQ ID NO:155)
VL QOSVLTOPPSVSEAPRORVTISCSGSSSNIGNNAVNWYOQLPGRAPKLLIYYDDLLPSGVSDRESGSKSGT SA
SLAISGLOSEDEADYYCAAWDDSLNGVVFGGGTQLTVL (SEQ ID NO:156)
21-F2 | VH QVQOLVQSGAEVKKPGASVIVSCKTSGYIFTNYDINWVROAPGOGLEWVGWVNPNSGKVGYAQKFQGRVIMTR
optim SDSESTAYMELTQLTSDDTAVYYCARGHTDEFWGQGTLVTVSS (SEQ ID NO:214)
ized VL QSVLTQPPSVSEAPROQRVTISCSGSSSNIGNNAVNWYQQLPGRAPKLLIYYDDLLPSGVSDRESGSKSGT SA
SLAISGLOSEDEADYYCAAWDDSLNGVVFGGGTQLTVL (SEQ ID NO:156)
22-F17 VH QVOLVESGGGVVQOPGRSLRLSCAASGFSFTNYGMHWYRQAPGKGLEWVAVISYDGSIKYYEDSLKGREFTVSR
DNSKKTLYLOMNSLRAEDTAVYYCTRERGTGIDYWGLGTLVTIVSS (SEQ ID NO:177)
VL QSALTQPASVSGYPGOSITLSCTGTKSDIGAYNYVSWYQQHPGKAPKIMVYDVSNRPSGLSNREFSGSKSDNT
ASLTISGLOAEDEAHYYCSSYTTSGTVVFGGGTKVTVL (SEQ ID NO:178)
26-G2 | VH EVQLVQSGAEVKKPGKSLKISCKGSGYSFTSYWIGWVROMPGKGLEWMGIIYPGDSDTRYSPSFQGQVTISA
DKSISTAYLOWSSLKASDTAMYYCARLGDYSGMDVWGQGTMVTVSS (SEQ ID NO:131)
VL QSVLTQPPSASGTPGORVIISCSGSSSNIGSNPVNWYQHLPGTAPKLLI SGNDQRPSGVPDREFSGSKSGT SA
SLAISGLQOSEDEGDYYCAAWDDSLNGVVFGGGTQLTVL (SEQ ID NO:132)
27— VH QVQOLVQSGAEVKKPGASVKVSCKASGYTFTSYYMHWVROAPGQGLEWMGIIDPSGGSTSYAQKFQGRVTLTR
All DTSTSTVYMELSSLRSEDTAVYYCARSRDGYIDDAFDIWGQGTLVTVSS (SEQ ID NO:133)
VL OSVLTOPPSVSAAPGOKVTISCSGSSSNIGNNYVSWYOCOLPGTAPKLLIYDNNKRPSGIPDRESGSKSGT SA
TLGITGLQTGDEADYYCGTWDSSLSAGVFGGGTKLTVL (SEQ ID NO:134)
11-H1 | VH QVQOLVQSGAEVKKPGASVKVSCKASGYTFTGYYMHWVROAPGQGLEWMGRINPNSGGTNYAQKFQGRVTMTR
DTSISTAYMELSRLRSDDTAVYYCARDKLPFSVGATHGMDVWGQOGTLVTVSS (SEQ ID NO:135)
VL QSVLTQPPSVSEAPRORVTISCSGSSSNIGNNAVNWYQQLPGOAPRLLIYYDNLLPSGVSDRESASTSGT SA
SLAISDLRSEDEADYYCASWDDRLDSPVFGGGTKLTVL (SEQ ID NO:136)
21-A6 | VH QVQLVQOSGAEVKKPGASVKVSCKASVKVSCKASGYTFTSYYMHWVROAPGQGPEWMGVIDPSGGTT SYAQKFE
HDRIAMTRDTSTSTAYLELSSLRSEDTAVYYCARGGFADAVDYWGQGTLVTVSS (SEQ ID NO:137)
VL NFMLTQPHSVSESPGKTVTISCTRSSGSIASNYVOWYQOQRPGSSPTTVIYEDNQRPSGVPDREFSGSIDSSSN
SASLTISGLKTEDEADYYCQSYDSGNVIFGGGTKVTVL (SEQ ID NO:138)
27-F5 | VH EVQLVQSGAEVKKPGASVKVSCKASGYTFTSYAMHWVROAPGQRLEWMGWINAGNGNTKY SQKFQGRVTITR
DTSASTAYMELSSLRSEDTAVYYCAREGMITFGGVIVTINYGMDVWGQGTMVTVSS (SEQ ID NO:139)
VL SYVLTQPPSVSVAPGOTARITCGGNNIGSESVHWYQQOKPGOAPLLVVYDDNNRPSGIPERFSGSNSGNTATL
TINRVEAGDEADYSCQAWDGSTVVFGGGTKLTVL (SEQ ID NO:140)
21-H1 | VH QVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVROAPGKGLEWVAVISYDGSNKYYADSVKGRFTI SR
DNSKNTLYLOMNSLRAEDTAVYYCAKEGELRGAFDIWGQGTTVIVSS (SEQ ID NO:141)
VL DIVMTQSPLSLPVTPGEPASISCTSSQSLLHSIGYNFVDWYLOKPGQSPQLLIYSASNRASGVPDRFSGSGS
GTDFTLKISRVEAEDVGVYYCMQOALQRTLYTFGQGTKVESK (SEQ ID NO:142)
27-G3 | VH QVQOLVQSGAEVKKPGASVKLSCTASGYTFTSYYMHWVROAPGQGLEWMGI IDPTGGSTSYAQKFQGRVTMTR
DTSTSTVYMELSSLRSEDTAVYYCASAGVGNTEFDYWGQGTLVTVSS (SEQ ID NO:143)
VL NFMLTQPHSVSASPGKTVTISCTRSSGSIARNYVOWYQOQRPGRSPNILIFEDKQRPSGVPDREFSGSIDSSSN
SASLTISGLKTEDEADYYCQSYDSSNQWVFGGGTKLTVL (SEQ ID NO:144)
8-D4 VH EVOLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVROMPGKGLEWMGIIYPGDSDTRYSPSFQGQVTISA

DKSISTAYLOWSSLKASDTAMYYCARNPSLYSSPTDYWGQGTLVTVSS (SEQ ID NO:145)
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VL QSVLTQPPSASGTPGORVTISCSGSSSNIGSNTVNWYQOLPGTAPKLLIYNNNQRPSGVPDRESGSKSGT SA
SLAITGLQSEDEADYYCAAWDDSILNGVVFGGGTKVTVL (SEQ ID NO:146)
24-B8 | VH QVQLVQSGAEVKKPGSSVKVSCKASGGTFSNYAI SWVROAPGQGLEWMGGIIPILDTTNYAQKFQGRVTITA
DESTSTAYMELNSLRSEDTAVYYCVREEGFDYWGQGTLVIVSS (SEQ ID NO:149)
VL QSVLTQPSSLSASPGASASLTCTLRSGINVGAYNIYWYQQOKPGSPPQEVLRYNSDSDNQQGSGVPSRFSGSK
DASANAGILLISGLQSEDEAEYYCMIWRSSAWVFGGGTKLTVL (SEQ ID NO:150)
21-F1 | VH QVQLVESGGGVVQPGRSLRLSCGASGFTFDTYGMHWVROAPGRGPEWVAVISNDGSKKYYADSVKGRFTISR
DNSKNTVYLOMNSLRAEDTGVYYCGRVTEPYMVTPLMLFRMAIDNWGOGTLVTVSS (SEQ ID NO:151)
VL SYVLTQPPSMSVAPGETARITCGGGNFGTKSVHWYQQRSGRAPVLVVYANDDRPSGIPERFSGSKSGDTATL
TISRVEAGDEADYFCQVWDSSADLRGVVFGGGTQLTVL (SEQ ID NO:152)
le-Ce | VH QVQLOESGGGLVQAGGSLRLSCAASGRTFSSYAMGWFROVLGKERELVAAISRSGGSTYYADSVKGRFTVSR
DNVENTVYLOMNSLKPEDTAGYYCAASNEGGTWYGSSWYRPSSYEHWGQGTQOVTVSS (SEQ ID
NO:153)
16-Go6 | VH QVQLQOOSGGGLVQAGGSLRLSCAASGRTFSS YAMGWFROVLGKERELVAATISRSGGSTYYADSVKGRFTISR
DNVENTVYLOMNSLKPEDTAGYYCAASNEGGTWYGSSWYRPSSYEYWGQGTQVTVSS (SEQ ID
NO:154)
13-A1 | VH EVOLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVROMPGKGLEWMGIIYPGDSDTRYSPSFQGQVTISA
DKSISTAYLQWSSLKASDTAMYYCARYLSSEGMDVWGKGTTVTVSS (SEQ ID NO:159})
VL QSVLTQPPSASGTPGORVTISC3GRISNIGSNPVNWYQOLPGTAPKLLIYNNIQRPSGVPDRESGSK3GT 3A
SLAISGLQSEDEAVYYCASWDDSILNEGVFGGGTQLTVL (SEQ ID NO:160)
22-E8 | VH QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYATI SWVRQAPGOGLEWMGGITIPIFGTTNYAQKFQGRVTITA
DESTSTAYMELSSLRSEDTAVYYCARDHGYYYGMDVWGOGTTVTVSS (SEQ ID NO:161)
VL QSVLTQPSSVSAAPROQRVTLSCSGGDSNIGONGVNWY LHVPGKAPRLVVYYDYLVSAGMSAREFSGSRSGT SA
SLAISGLQSEDEGVYYCASWDDSLSAWVFGGGTKLTVL (SEQ ID NO:162)
5-B6 VH QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAI SWVROAPGQGLEWVGGII PMENSASYAQKFQGKVTITA
DKATNTAYMELSSLRSEDTAVYYCARESSGYYYVSNWEDPWGQGTLVTVSS (SEQ ID NO:163)
VL QSVLTQPSSVSGAPGORVTISCTGSSSNIGAGYDVHWYQQIPGTAPRLLIYANSGRASGVPDREFSGSKSGTS
ASLAITGLOAEDEADYYCQSYDSSLSGVVFGGGTKLTVL (SEQ ID NO:164)
13-H3 | VH EVOLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVROMPGKGLEWMGIIYPGDSDTRYSPSFQGQVTISA
DKSISTAYLQOWS SLKASDTAMYYCARGSHYGDYDYWGQGTLVTVSS (SEQ ID NO:165})
VL QOSVLTQPPSVSAAPGOKVTISCSGSSSNIGNNYVSWYOOLPGTAPKLLIYDNNKRPSGIPDREFSGSKSGT SA
TLGITGLOTGDEADYYCGTWDSSLSAGVFGGGTKLTVL (SEQ ID NO:166)
27-B4 | VH QVQLQOQSGPGLVKPSQTLSLTCAISGDSVSSNSAAWNWIRQSPSRGLEWLGRTYYRSKWYNDYAVSVKNRIT
INPDTSKNQFSLQLNSVTPEDTAVYYCARTIGWYDSWGQGTLVTVSS (SEQ ID NO:167)
VL SYELMQPPSVSVSPGQTARITCSGDALPKQFANWYQOKPGOQAPVLLVYRDSERPSGIPERFSGSTSGTTVTL
TISGVQAEDEADYYCQSADSSATYEVFGGGTKVIVL (SEQ ID NO:168)
8-H1 VH EVOLVQOSGAEVKKPGESLKISCKGSGYSFTSYWIGWYVROMPGKGLEWMGTIYPGDSDTRYSPSFQGQOVTISA
DKSISTAYLOWSSLKASDTAIYYCARRQSGSGYDYWGQGTLVTVSS (SEQ ID NO:169)
VL QSVLTQPPSASGTPGORVTISCSGSSSNVGSNSVSWYQOFPGTAPKLLIYTNNQRPSGVPDRESGSKSGASA
SLAISGPQSEDEADYYCAAWDDSILNGWVFGGGTKLTVL (SEQ ID NO:170)
8-H5 VH EVOLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVROMPGKGLEWMGIIYPGDSDTRYSPSFQGQVTISA
DKSISTAYLQWS SLKASDTAMYYCARWSEGNGFDYWGQGTMVTVSS (SEQ ID NO:171})
VL QSVLTQPPSTSGTPGOWVTISCSGSSSNIGSNSVSWYQQLPGMAPKLLIYRNDQRPSGVPDREFSASKSGT SA
SLAISGLQSEDEADYYCAAWDDSLNGVVFGGGTKLTVL (SEQ ID NO:172)
8-A2 VH QVQLVQSGAEVKKPGASVKVSCKASGYTFTGYYLHWVROAPGQGLEWMGRINPNSGGTNYAQKFQGRVTMTR
DTSISTAYMELSRLTSDDTAVYYCLAVAGTGGDAFDIWGOGTTVIVSS (SEQ ID NO:173)
VL DIOMTQSPSTLSASVGDRVTITCRASQSISSWLAWYQQKPGKAPKLLIYAASSLESGVPSRFSGSGSGTDET
LTISSLOQPEDFATYYCQQGHSFPLTFGGGTKVDIK (SEQ ID NO:174)
23- VH QVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVROAPGKGLEWVAVISYDGSNKYYADSVKGRFTISR
All DNSKNTLYLOMNSLRAEDTAVYYCAKEGELRGAFDIWGOGTMVTVSS (SEQ ID NO:175)
VL SYVLTQPPSVSVAPGKTARITCGGDNIESKYVHWYQOKPGQAPVLVIYYDTDRPSGIPERFSGANSGNSATL
TISRVEAGDEADYYCQVWDRT SGHEVFGPGTKVTVL (3EQ ID NO:176)
30-C5 | VH QVQLVESGGGVVQPGRSLRLSCAASGFTFSNYGMHWVROAPGKGLEWVAVISYDGSIEYYADSVKGRFTISR
DNSSNTLYLQOMNSLRAEDTAVYYCARDEDGAFDIWGQGTTVIVSS (SEQ ID NO:179)
VL DIVMTQSPESLAVSLGERATINCKSSESVSYSSSNKNYLSWYQQIPGQOPPKLLIYWASTRESGVPDREFSGSG
SGTDFTLTISSLQAEDVAVYYCQQYYSSPLTFGGGTKVEIK (SEQ ID NO:180)
22— VH QVQLVESGGDVVQPGTSLRLSCAASGFTFSDYPLHWVROAPGKGLEWLAVISYDGWTKYYADSVKGRFTISR
B10 DNSKNTLSLOMDSLRPEDTAVYYCVRGTDYGDSWGQGTLVTVSS (SEQ ID NO:181)
VL QOSVVTQOPPSVSAAPGOKVTISCSGSSSNIGNNYVSWYQQFPGTAPKFLIYENNKRPSGIPDREFSGSKSGT SA
TLGITGLQTGDEADYYCGTWDNSLSAWVFGGGTKVTVL (SEQ ID NO:182)
6-Ad VH QVQLVESGGGVVQPARSLRLSCAASGFTLSDYPMHWVROAPGKGLEWVALMSYDGSLKFYADSVKGRSTISR
DISENTMYLOMNSLRAEDTAVYYCARGNSDGDFDYWGRGTLVTVSS (SEQ ID NO:185})
VL SYVLTQPPSVSVAPGQTATITCGGRDIGSRSVHWYQQTPGQAPVLVVYDDTARPSEIRARFSGENSGNTATL
TISRVEAGDEATYYCQAWDSSTVVEGGGTKLTVL (SEQ ID NO:186)
6-E1 VH QVQLVESGGGVVQPGTSLRLSCAASGFSFNTFPMHWVROTPGKGLEWVASISYDGSFKFYADSVKGRFTISR

DNSKNTLILQLNSLRAEDTAVYYCASPGDSDWADFENWGOGTTVTIVSS (SEQ ID NO:187)
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VL QSVLTQPPSVSGAPGORVTISCTGSSSNIGAGYDVHWYQQLPGTAPKLLIYGNSNRPSGVPDRESGSKSGTS
ASLAITGLOAEDEADYYCQSYDSSLSGYVEFGTGTKVTIVL (SEQ ID NO:188)

6-F2 VH QVQLVESGGGVVQPGRSLRLSCEASGFNFSLYGMHWVROAPGKGLEWMAVISYDGSQKYYADSVKGRFTISR
DNSKNTMYLQMNSLRAEDTAVYYCVKGEGSLDYWGQGTLVIVSS (SEQ ID NO:189)

VL QSALTQPASASGSPGRSVTISCTGTTSDVGGYGYVSWYQHHPGKAPQLLIYEVAKRPSGVPDRESGSKSGNT
ASLTISGLOAEDEADYYCVSYTLSSLVVFGGGTKLTVL (SEQ ID NO:190)

15-E4 | VH QVQLQOESGGGLVQSGGSLKLSCAASGSIPSVNVMGWYROAPGKQRELVAAVT SDGRTNYADSVKGRETVSRD
NAKNTVALQMDSLKPEDTAVYYCLITNQDHNTLGVGKGTLVTVSS (SEQ ID NO:1386)

15-C8 | VH QVQLOESGGGLVOSGGSRRLSCAVSGNVT SITLMGWYRHAPGKQREAVGI INDDDRTRYEDSMKGRETI SRD
PAKNMLYLOMTNLKPEDTAVYYCSAKAGGNFYMGQGTQVTVSS (SEQ ID NO:193)

15-F7 | VH QVQLOESGGGLVQSGGSLKLSCAASGSIPSVNVMGWYROQAPGKQRELVAAVT SDGRTNYADSVKGRETVSRD
NAKNTVALQMDSLKPEDTAVYYCLITNSDHNTLGVGKGTLVTVSS (SEQ ID NO:194)

15-H3 | VH QVQLQOSGGGLVQ3GGSLKLSCAASGSIP3SVNVMGWYROAPGKQRELVAAVT SDGRTSYADSVKGRETVSRD

NAKNTVALQOMDSLKPEDTAVYYCLITNSDHNTLGVGKGTLVTVSS (SEQ ID NO:195)

3. The antibody or antigen-binding fragment according to claim 1 or 2, comprising a light

chain variable region (VL) depicted in Table 7.

4, The antibody or antigen-binding fragment thereof according to any one of claims 1 to 3,
comprising one of the following VH/VL pairs: a VH comprising the amino acid sequence of SEQ
ID No:131 and a VL comprising the amino acid sequence of SEQ ID No: 132; a VH comprising
the amino acid sequence of SEQ ID No:133 and a VL comprising the amino acid sequence of
SEQ ID No: 134; a VH comprising the amino acid sequence of SEQ ID No:135 and a VL
comprising the amino acid sequence of SEQ ID No: 136; a VH comprising the amino acid
sequence of SEQ ID No:137 and a VL comprising the amino acid sequence of SEQ ID No: 138;
a VH comprising the amino acid sequence of SEQ ID No:139 and a VL comprising the amino acid
sequence of SEQ ID No: 140; a VH comprising the amino acid sequence of SEQ ID No:141 and
a VL comprising the amino acid sequence of SEQ ID No: 142; a VH comprising the amino acid
sequence of SEQ ID No:143 and a VL comprising the amino acid sequence of SEQ ID No: 144;
a VH comprising the amino acid sequence of SEQ ID No:145 and a VL comprising the amino acid
sequence of SEQ ID No: 146; a VH comprising the amino acid sequence of SEQ ID No:147 and
a VL comprising the amino acid sequence of SEQ ID No: 148; a VH comprising the amino acid
sequence of SEQ ID No:149 and a VL comprising the amino acid sequence of SEQ ID No: 150;
a VH comprising the amino acid sequence of SEQ ID No:151 and a VL comprising the amino acid
sequence of SEQ ID No: 152; a VH comprising the amino acid sequence of SEQ ID No:153 and
a VL comprising the amino acid sequence of SEQ ID No: 154; a VH comprising the amino acid
sequence of SEQ ID No:155 or 214 and a VL comprising the amino acid sequence of SEQ ID No:
156; a VH comprising the amino acid sequence of SEQ ID No:157 or 215 and a VL comprising
the amino acid sequence of SEQ ID No: 158; a VH comprising the amino acid sequence of SEQ
ID No:159 and a VL comprising the amino acid sequence of SEQ ID No: 160; a VH comprising
the amino acid sequence of SEQ ID No:161 and a VL comprising the amino acid sequence of
SEQ ID No: 162; a VH comprising the amino acid sequence of SEQ ID No:163 and a VL

comprising the amino acid sequence of SEQ ID No: 164; a VH comprising the amino acid
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sequence of SEQ ID No:165 and a VL comprising the amino acid sequence of SEQ ID No: 166;
a VH comprising the amino acid sequence of SEQ ID No:167 and a VL comprising the amino acid
sequence of SEQ ID No: 168; a VH comprising the amino acid sequence of SEQ ID No:169 and
a VL comprising the amino acid sequence of SEQ ID No: 170; a VH comprising the amino acid
sequence of SEQ ID No:171 and a VL comprising the amino acid sequence of SEQ ID No: 172;
a VH comprising the amino acid sequence of SEQ ID No:173 and a VL comprising the amino acid
sequence of SEQ ID No: 174; a VH comprising the amino acid sequence of SEQ ID No:175 and
a VL comprising the amino acid sequence of SEQ ID No: 176; a VH comprising the amino acid
sequence of SEQ ID No:177 and a VL comprising the amino acid sequence of SEQ ID No: 178;
a VH comprising the amino acid sequence of SEQ ID No:179 and a VL comprising the amino acid
sequence of SEQ ID No: 180; a VH comprising the amino acid sequence of SEQ ID No:181 and
a VL comprising the amino acid sequence of SEQ ID No: 182; a VH comprising the amino acid
sequence of SEQ ID No:183 and a VL comprising the amino acid sequence of SEQ ID No: 184;
a VH comprising the amino acid sequence of SEQ ID No:185 and a VL comprising the amino acid
sequence of SEQ ID No: 186; a VH comprising the amino acid sequence of SEQ ID No:187 and
a VL comprising the amino acid sequence of SEQ ID No: 188; a VH comprising the amino acid
sequence of SEQ ID No:189 and a VL comprising the amino acid sequence of SEQ ID No: 190;
or a VH comprising the amino acid sequence of SEQ ID No:191 and a VL comprising the amino
acid sequence of SEQ ID No: 192.

5. The antibody or antigen-binding fragment thereof according to claim 4, comprising one of
the following VH/VL pairs: a VH comprising the amino acid sequence of SEQ ID No:147 and a VL
comprising the amino acid sequence of SEQ ID No: 148, a VH comprising the amino acid
sequence of SEQ ID No:191 and a VL comprising the amino acid sequence of SEQ ID No: 192;
a VH comprising the amino acid sequence of SEQ ID No:157 or 215 and a VL comprising the
amino acid sequence of SEQ ID No: 158; a VH comprising the amino acid sequence of SEQ ID
No:183 and a VL comprising the amino acid sequence of SEQ ID No: 184; a VH comprising the
amino acid sequence of SEQ ID No:155 or 214 and a VL comprising the amino acid sequence of
SEQ ID No: 156; or a VH comprising the amino acid sequence of SEQ ID No:177 and a VL

comprising the amino acid sequence of SEQ ID No: 178.

6. The antibody or antigen-binding fragment thereof according to claim 5, comprising a VH
comprising the amino acid sequence of SEQ ID No:147 and a VL comprising the amino acid
sequence of SEQ ID No: 148.

7. The antibody or antigen-binding fragment thereof according to claim 5, comprising a VH
comprising the amino acid sequence of SEQ ID No:191 and a VL comprising the amino acid
sequence of SEQ ID No: 192.
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8. The antibody or antigen-binding fragment thereof according to claim 5, comprising a VH
comprising the amino acid sequence of SEQ ID No:157 or 215 and a VL comprising the amino
acid sequence of SEQ ID No: 158.

9. The antibody or antigen-binding fragment thereof according to claim 5, comprising a VH
comprising the amino acid sequence of SEQ ID No:183 and a VL comprising the amino acid
sequence of SEQ ID No: 184.

10. The antibody or antigen-binding fragment thereof according to claim 5, comprising a VH
comprising the amino acid sequence of SEQ ID No:155 or 214 and a VL comprising the amino
acid sequence of SEQ ID No: 158.

1. The antibody or antigen-binding fragment thereof according to claim 5, comprising a VH
comprising the amino acid sequence of SEQ ID No:177 and a VL comprising the amino acid
sequence of SEQ ID No: 178.

12. The antibody or antigen-binding fragment thereof according to any one of claims 1 to 11,
wherein the antibody or antigen-binding fragment thereof blocks the binding of SARS-CoV-2 to
angiotensin converting enzyme 2 (ACE2) on a host cell and/or mediates Fc-mediated clearance
of SARS-CoV-2.

13. The antibody or antigen-binding fragment thereof according to any one of claims 1 to 12,
wherein the antibody or antigen-binding fragment thereof induces complement-dependent
cytotoxicity (CDC), antibody-dependent cellular cytotoxicity (ADCC) and/or antibody-dependent
cellular phagocytosis (ADCP) against SARS-CoV-2-infected cells.

14. The antibody or antigen-binding fragment thereof according to claim 12 or 13, wherein the
cell is a human cell.

15. The antibody or antigen-binding fragment thereof according to any one of claims 1 to 14,

which is a polyclonal, monoclonal, chimeric, humanized or fully human antibody.

16. The antibody or antigen-binding fragment thereof according to claim 15, which is a fully

human antibody.

17. The antibody or antigen-binding fragment thereof according to any one of claims 1 to 16,
which is an Fab, F(ab). or scFv fragment.

18. The antibody or antigen-binding fragment thereof according to any one of claims 1 to 17,

which is a bispecific antibody.
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An antibody combination comprising at least two of the antibodies or antigen-binding

fragments thereof according to any one of claims 1 to 18.

20. The antibody combination of claim 19, which comprises:
0 ibody or antigen fragment thereof comprising the following combination of CDRs:
HCDRA1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
GYTESTYY IDPSGGTT SGSIAGNY OSYDASHLHVI
(SEQ ID (SEQ ID ARGGIF]??\%V_?;)(SEQ (SEQ ID EDN (SEQ ID
NO: 36) NO:16) ’ NO:37) NO:38)
ii iti i i isi
at least one additional antibody or antigen fragment thereof comprising one of the
following combinations of CDRs:
HCDR1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
a GFSLNTRGMS IDWEDDK SLRNYY NSRDSSGNHVV
@ sow | isme | ARDsvevexeav | (R g | e T
NO:125) NO:126) : NO:198) NO:199)
(b) GYTFTGYY INPNSGGT LAVAGTGGDAFD I Q3SISSW QOGHSFPLT
(SEQ ID (SEQ ID (SEQ ID NO:84) (SEQ ID ARS (SEQ ID
NO:11) NO:12) ’ NO:85) NO:86)
c GETEFSSYG ISYDGSNK NIESKY OVWDRT SGHEV
© 1 Sesoww | s an | sEsEART (N v | ke o
NO:25) NOC:26) ’ NO:87) NO:88)
d GETFSNYG ISYDGSIE ESVSYSSSNK QOYYSSPLT
( ) (SEQ ID (SEQ ID ARD?BGSE].D;Q(SEQ NY (SEQ ID WAS (SEQ ID
NO:94) NO:95) ’ NO: 97) NO:98)
e GGTENTYS IIPIFDKP RSNIGNYP ATWDDSLNVWV
© 1 Teow | s | ameerweny SNy | ke
NOC:57) NO:58) ’ NO:60) NO:61)
GYIFTNYD VNPNSGKV SSNIGNNA AAWDDSLNGVV
(f) (SEQ ID (SEQ ID ARGHTNDOF_ 5(6SEQ 1D (SEQ ID YDD (SEQ ID
NO:54) NO:55) : ) NO:14) NO: 5)
GETFNNYP ISYDGNHK SSDVGGYNY SSYTSSSTWV
(g) (SEQ ID (SEQ ID ASDILDSGNA&)E_DlsOS()SEQ (SEQ ID EVS (SEQ ID
NO:103) NO:104) : NO:106) NO:107)
21. The antibody combination of claim 20, which comprises at least two of the additional

antibodies or antigen fragment thereof defined in item (ii).

22.

The antibody combination of claim 20, which comprises at least three of the additional

antibodies or antigen fragment thereof defined in item (ii).

23.

The antibody combination of claim 20, which comprises at least four of the additional

antibodies or antigen fragment thereof defined in item (ii).

24.

The antibody combination of claim 19, which comprises:

(i) an antibody or antigen fragment thereof comprising the following combination of CDRs:

HCDR1 HCDR2 HCDR3 LCDRA1 LCDR2 LCDR3
GGTENTYS IIPIEDKP RSNIGNYP ATWDDSLNVWV
(SEQ ID (SEQ ID (SPE{GT(I?’EY;?_/IEZ) (SEQ ID YDD (SEQ ID
NO:57) NO:58) Q ’ NO: 60) NO:61)
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(ii) at least one additional antibody or antigen fragment thereof comprising one of the

following combinations of CDRs:

HCDRA1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
@ [ T | I | ey | || e
NO:125) NO:126) (SEQ ID NO:127) NO:198) NO:199)
N S I e A B
NO:11) NO:12) [SEQ ID NO:84) NO: 85) NO:86)
©) G(FSTEFQS SIEE'DG I(SSYEDQG SINDK ARECELEGAEDL (I\ISIEE‘.Q B KIYD or vi(vggg s ;;EFV
NO:25) NO:26) (SEQ ID NO:27) NO:87) NO:88)
d GFTFSNYG ISYDGSIE ESVSYSSSNK OOYYSSPLT
@1 Tseoto | seo 1p | PRPEDSATDI (S | yoiseorn | was | (see 10
NO:94) NO:95) : NO:97) NO:98)
©) GETENNYD ISYDGNHK | oo oS (seg | SSDVGGUNY SSYTSSSTWV
(SEQ ID (SEQ ID Ih NO:105) (SEQ ID EVS (SEQ ID
NO:103) NO:104) NO:106) NO:107)

25.
5 antibodies or antigen fragment thereof defined in item (ii).

The antibody combination of claim 24, which comprises at least two of the additional

26. The antibody combination of claim 19, which comprises:
(i) an antibody or antigen fragment thereof comprising the following combination of CDRs:
HCDRA1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
GYIFTNYD VNPNSGKVY SSNIGNNA AAWDDSLNGVV
(SEQ ID (SEQ ID ARGHTNDOF_ 5[6S)EQ 1D (SEQ ID YDD (SEQ ID
NO:54) NO:55) : NO:14) NO:5)
(i) at least one additional antibody or antigen fragment thereof comprising one of the
following combinations of CDRs:
HCDR1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
a GFSLNTRGMS IDWEDDK SLRNYY NSRDSSGNHVV
@ sow | isme | ARDsvevexeav | (R g | e T
NOC:125) NOC:126) : NO:198) NO:199)
b GYTFTGYY INPNSGGT Q3SISSW QOGHSFPLT
( ) (SEQ ID (SEQ ID (l?EVSGITDGiID(?FBDj) (SEQ ID ARS (SEQ ID
NO:11) NO:12) ’ NO:85) NO:86)
c GETEFSSYG ISYDGSNK NIESKY OVWDRT SGHEV
© 1 Sesoww | s an | sEsEART (N v | ke o
NO:25) NOC:26) ’ NO:87) NO: 88)
d GETFSNYG ISYDGSIE ESVSYSSSNK QOYYSSPLT
( ) (SEQ ID (SEQ ID ARD?BGSE]?;Q(SEQ NY (SEQ ID WAS (SEQ ID
NO:94) NO:95) ’ NO: 97) NO:98)
e GETFNNYP ISYDGNHK SSDVGGYNY SSYTSSSTWV
( ) (SEQ ID (SEQ ID ASDILSGI;\]A&)E_DlsOS()SEQ (SEQ ID EVS (SEQ ID
NOC:103) NOC:104) : NO:106) NG:107)
10
27. The antibody combination of claim 19, which comprises:

(i) a first antibody or antigen fragment thereof comprising the following combination of CDRs:
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HCDR1 HCDR2 HCDR3 LCDRA1 LCDR2 LCDR3
GYTESTYY IDPSGGTT SGSIAGNY QSYDASHLHVI
(SEQ ID (SEQ ID ARGC}F]?%%V_DE)(SEQ (SEQ ID EDN (SEQ ID
NO: 36) NO:16) ' NO:37) NO: 38)

(i) a second antibody or antigen fragment thereof comprising the following combinations of CDRs:

HCDRA1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
GFSLNTRGMS TDWEDDK SLRNYY NSRDSSGNHVV
(SEQ ID (SEQ ID ‘?EESS\I/EVEE_FTE/JSY (SEQ ID GGN (SEQ ID
NO:125) NO:126) ‘ NO:198) N0:199)

(iii) a third antibody or antigen fragment thereof comprising one of the following combinations of
CDRs:

HCDR1 HCDR2 HCDRS3 LCDR1 LCDR2 LCDR3
a GYIFTNYD VNPNSGKV SSNIGNNA AAWDDSLNGVV
( ) (SEQ ID (SEQ ID ARGHTNDOF_ 5(6S)EQ 1D (SEQ ID YDD (SEQ ID
NO:54) NO:55) : NO:14) NO:5)
b GGTEFNTYS IIPIFDKP RSNIGNYP ATWDDSLNVWV
O o | smean | AReerweny | Sty | v | jsee
NO:57) NO:58) ’ NO: 60) NO:61)

and

(iv) a fourth antibody or antigen fragment thereof comprising one of the following combinations of
CDRs:

HCDRA1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
c GETEFNNYP ISYDGNHK SSDVGGYNY SSYTSSSTWY
( ) (SEQ ID (SEQ ID ASDILDSGI\IAOE_D:LSOS()SEQ (SEQ ID EVS (SEQ ID

NO:103) NO:104) : NC:106) NO:107)
d GESFTNYG ISYDGSIK KSDIGAYNY SSYTTSGTVV
@1 Vs 1o | Csmo xp | TRERSTOIX (sm0 | g™t | s | gsma 10

NC:89) NC:90) : NO:92) NOC:93)

28. The antibody combination of claim 27, wherein:
(i) the first antibody or antigen fragment thereof comprises a VH comprising the sequence
of SEQ ID NO:147 and a VL comprising the sequence of SEQ ID NO:148;
(ii) the second antibody or antigen fragment thereof comprises a VH comprising the
sequence of SEQ ID NO:191 and a VL comprising the sequence of SEQ ID NO:192;
(i) the third antibody or antigen fragment thereof comprises a VH comprising the
sequence of SEQ ID NO:155 or 214 and a VL comprising the sequence of SEQ ID
NO:156, or a VH comprising the sequence of SEQ ID NO:157 or 215 and a VL comprising
the sequence of SEQ ID NO:158; and
(iv) the fourth antibody or antigen fragment thereof comprises a VH comprising the
sequence of SEQ ID NO:183 and a VL comprising the sequence of SEQ ID NO:184, or a
VH comprising the sequence of SEQ ID NO:177 and a VL comprising the sequence of
SEQ ID NO:178.

29. The antibody combination of claim 19, which comprises:
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(i) a first antibody or antigen fragment thereof comprising the following combination of CDRs:

HCDR1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
GYTESTYY IDPSCGTT SGSIAGNY QSYDASHLHVI
(SEQ ID (SEQ ID ARGii??ﬁyﬂﬁ)(SEQ (SEQ ID EDN (SEQ ID

NO: 36) NO:16) ' NO:37) NO: 38)

(i) a second antibody or antigen fragment thereof comprising the following combinations of CDRs:

HCDR1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
GFSLNTRGMS IDWEDDK SLRNYY NSRDSSGNEVV
(SEQ ID (SEQ ID ?EE;S¥EV§§?§§SY (SEQ ID GGN (SEQ ID
NO:125) NO:126) j NO:198) NO:199)

(iii) a third antibody or antigen fragment thereof comprising the following combinations of CDRs:

HCDR1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
GYTETNYD VNPNSGKV SSNTGNNA AAWDDSTNGVV
(SEQ ID (SEQ ID ARGHTNDOF_ 5(6SEQ D (SEQ ID YDD (SEQ ID
NO:54) NO:55) :56) NO:14) NO:5)

and

(iv) a fourth antibody or antigen fragment thereof comprising the following combinations of CDRs:

GGTENTYS IIPIFDKP RSNIGNYP ATWDDSLNVWV
(SEQ ID (SEQ ID (gggTigyigMgg) (SEQ ID YDD (SEQ ID
NO:57) NO:58) ’ NO:60) NO:61)

and

(v) a fifth antibody or antigen fragment thereof comprising comprising one of the following

combinations of CDRs:

HCDR1 HCDR2 HCDR3 LCDR1 LCDR2 LCDR3
c GETENNYP ISYDGNHK SSDVGGYNY SSYTSSSTWV
© (SEQ ID (SEQ ID ASDILDS?\IPE)E_Dls%()SEQ (SEQ ID EVS (SEQ ID

NO:103) NO:104) ) NO:106) NO:107)
d GFSFTNYG ISYDGSIK KSDIGAYNY SSYTTSGTVV
@ {SEQ TD {SEQ TD TRE?ETE?;;SEQ (SEQ ID DVS (SEQ ID

NO:89) NO: 90) j NO: 92) NO:93)

30.

The antibody combination of any one of claims 27 to 29, wherein the first antibody, second
antibody, third antibody, fourth antibody and, if present, fifth antibody, or antigen-binding
fragments thereof, are fully human antibodies.

31.

or antigen binding fragment thereof of any one of claims 1 to 18; or a first nucleic acid comprising

A nucleic acid comprising a sequence encoding the light and heavy chains of the antibody

a sequence encoding the light chain of the antibody or antigen binding fragment thereof of any
one of claims 1 to 18 and a second nucleic acid comprising a sequence encoding the heavy chain

of the antibody or antigen binding fragment thereof of any one of claims 1 to 18.

32.

or antigen-binding fragments thereof of the antibody combination of any one of claims 19 to 30.

Nucleic acids comprising sequences encoding the light and heavy chains of the antibodies
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33. The nucleic acid or nucleic acids of claim 31 or 32, which is/are in the form of mMRNA.

34. The nucleic acid or nucleic acids of any one of claims 31 to 33, which is/are encapsulated

into lipid vesicles.

35. A pharmaceutical composition comprising (a) at least one antibody or antigen-binding
fragment thereof according to any one of claims 1 to 18, (b) the antibody combination of any one
of claims 19 to 30, or (¢) the nucleic acid or nucleic acids of any one of claims 31 to 34, and a

pharmaceutically acceptable carrier.

36. The pharmaceutical composition of claim 35, wherein the pharmaceutical composition is

in the form of an injectable solution.

37. A method for blocking the entry of a betacoronavirus in an ACE2-expressing cell and/or
for inducing complement-dependent cytotoxicity (CDC), antibody-dependent cellular cytotoxicity
(ADCC) and/or antibody-dependent cellular phagocytosis (ADCP) against betacoronavirus-
infected cells, the method comprising contacting the cell and/or the virus with an effective amount
of the antibody or antigen fragment thereof according to any one of claims 1 to 18, the antibody
combination of any one of claims 19 to 30, the nucleic acid or nucleic acids of any one of claims

31 to 34, or the pharmaceutical composition according to claim 35 or 36.

38. A method for preventing or treating a betacoronavirus infection or a related disease in a
subject in need thereof, the method comprising administering to the subject an effective amount
of the antibody or antigen fragment thereof according to any one of claims 1 to 18, the antibody
combination of any one of claims 19 to 30, the nucleic acid or nucleic acids of any one of claims

31 to 34, or the pharmaceutical composition according to claim 35 or 36.

39. A method for reducing the risk of developing a betacoronavirus-related disease or the
severity of a betacoronavirus-related disease in a subject, the method comprising administering
to the subject an effective amount of the antibody or antigen fragment thereof according to any
one of claims 1 to 18, the antibody combination of any one of claims 19 to 30, the nucleic acid or
nucleic acids of any one of claims 31 to 34, or the pharmaceutical composition according to claim
35 or 36.

40. The method of any one of claims 37 to 39, wherein the betacoronavirus is a sarbecovirus.
41. The method of claim 40, wherein the sarbecovirus is SARS-CoV-2.

42. The method of claim 41, wherein the SARS-CoV-2 is a variant of the Wuhan original
SARS-CoV-2 strain.
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43. The method of any one of claims 37 to 42, wherein the antibody, antigen-binding fragment
thereof, antibody combination, nucleic acid or nucleic acids, or pharmaceutical composition, is
administered with (i) at least one additional anti-SARS-CoV-2 antibody or antigen-binding
fragment thereof, or nucleic acid(s) encoding said at least one additional anti-SARS-CoV-2
antibody or antigen-binding fragment thereof; and/or (ii) at least one antiviral or anti-inflammatory

drug.

44, The method of any one of claims 37 to 43, wherein the subject is an immunosuppressed

or immunocompromised subject.

45, Use of the antibody or antigen binding fragment thereof of any one of claims 1 to 18, the
antibody combination of any one of claims 19 to 30, the nucleic acid or nucleic acids of any one
of claims 31 to 34, or the pharmaceutical composition according to claim 35 or 36, for preventing

or treating a betacoronavirus infection or a related disease in a subject.

46. Use of the antibody or antigen binding fragment thereof of any one of claims 1 to 18, the
antibody combination of any one of claims 19 to 30, the nucleic acid or nucleic acids of any one
of claims 31 to 34, or the pharmaceutical composition according to claim 35 or 36, for the
manufacture of a medicament for preventing or treating a betacoronavirus infection or a related

disease in a subject.

47. Use of the antibody or antigen binding fragment thereof of any one of claims 1 to 18, the
antibody combination of any one of claims 19 to 30, the nucleic acid or nucleic acids of any one
of claims 31 to 34, or the pharmaceutical composition according to claim 35 or 36, for reducing
the risk of developing a betacoronavirus-related disease or the severity of a betacoronavirus-
related disease in a subject.

48. Use of the antibody or antigen binding fragment thereof of any one of claims 1 to 18, the
antibody combination of any one of claims 19 to 30, the nucleic acid or nucleic acids of any one
of claims 31 to 34, or the pharmaceutical composition according to claim 35 or 36, for the
manufacture of a medicament for reducing the risk of developing a betacoronavirus-related

disease or the severity of a betacoronavirus-related disease in a subject.

49. Use of the antibody or antigen binding fragment thereof of any one of claims 1 to 18, the
antibody combination of any one of claims 19 to 30, the nucleic acid or nucleic acids of any one
of claims 31 to 34, or the pharmaceutical composition according to claim 35 or 36, for blocking
the entry of a betacoronavirus in an ACE2-expressing cell and/or for inducing complement-
dependent cytotoxicity (CDC), antibody-dependent cellular cytotoxicity (ADCC) and/or antibody-

dependent cellular phagocytosis (ADCP) against betacoronavirus-infected cells.

RECTIFIED SHEET (RULE 91) ISA/EP
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50. Use of the antibody or antigen binding fragment thereof of any one of claims 1 to 18, the
antibody combination of any one of claims 19 to 30, the nucleic acid or nucleic acids of any one
of claims 31 to 34, or the pharmaceutical composition according to claim 35 or 36, for the
manufacture of a medicament for blocking the entry of a betacoronavirus in an ACE2-expressing
cell and/or for inducing complement-dependent cytotoxicity (CDC), antibody-dependent cellular
cytotoxicity (ADCC) and/or antibody-dependent cellular phagocytosis (ADCP) against
betacoronavirus-infected cells.

51. The use of any one of claims 45 to 50, wherein the betacoronavirus is a sarbecovirus.
52. The use of claim 51, wherein the sarbecovirus is SARS-CoV-2.

53. The use of claim 52, wherein the SARS-CoV-2 is a variant of the Wuhan original SARS-
CoV-2 strain.

54. The use of any one of claims 45 to 53, wherein the antibody, antigen-binding fragment
thereof, antibody combination, nucleic acid or nucleic acids, or pharmaceutical composition is for
administration with (i) at least one additional anti-SARS-CoV-2 antibody or antigen-binding
fragment thereof, or nucleic acid(s) encoding said at least one additional anti-SARS-CoV-2
antibody or antigen-binding fragment thereof; and/or (ii) at least one antiviral or anti-inflammatory

drug.

55. The use of any one of claims 45 to 54, wherein the subject is an immunosuppressed or

immunocompromised subject.

56. The antibody or antigen binding fragment thereof of any one of claims 1 to 18, the antibody
combination of any one of claims 19 to 30, the nucleic acid or nucleic acids of any one of claims
31 to 34, or the pharmaceutical composition according to claim 35 or 36, for use in preventing or

treating a betacoronavirus infection or a related disease in a subject.

57. The antibody or antigen binding fragment thereof of any one of claims 1 to 18, the antibody
combination of any one of claims 19 to 30, the nucleic acid or nucleic acids of any one of claims
31 to 34, or the pharmaceutical composition according to claim 35 or 36, for use in reducing the
risk of developing a betacoronavirus-related disease or the severity of a betacoronavirus-related

disease in a subject.

58. The antibody or antigen binding fragment thereof of any one of claims 1 to 18, the antibody
combination of any one of claims 19 to 30, the nucleic acid or nucleic acids of any one of claims
31 to 34, or the pharmaceutical composition according to claim 35 or 36, for use in blocking the
entry of a betacoronavirus in an ACE2-expressing cell and/or for inducing complement-dependent
cytotoxicity (CDC), antibody-dependent cellular cytotoxicity (ADCC) and/or antibody-dependent

cellular phagocytosis (ADCP) against betacoronavirus-infected cells.

RECTIFIED SHEET (RULE 91) ISA/EP
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59. The antibody, antigen-binding fragment thereof, antibody combination, nucleic acid or
nucleic acids, or pharmaceutical composition for use according to any one of claims 56 to 58,

wherein the betacoronavirus is a sarbecovirus.

60. The antibody, antigen-binding fragment thereof, antibody combination, nucleic acid or
nucleic acids, or pharmaceutical composition for use according to claim 59, wherein the
sarbecovirus is SARS-CaV-2.

61. The antibody, antigen-binding fragment thereof, antibody combination, nucleic acid or
nucleic acids, or pharmaceutical composition for use according to claim 60, wherein the SARS-
CoV-2 is a variant of the Wuhan original SARS-CoV-2 strain.

62. The antibody, antigen-binding fragment thereof, antibody combination, nucleic acid or
nucleic acids, or pharmaceutical composition for use according to any one of claims 56 to 61,
wherein the antibody, antigen-binding fragment thereof, mixture or cocktail, or pharmaceutical
composition is for administration with (i) at least one additional anti-SARS-CoV-2 antibody or
antigen-binding fragment thereof, or nucleic acid(s) encoding said at least one additional anti-
SARS-CoV-2 antibody or antigen-binding fragment thereof; and/or (ii) at least one antiviral or anti-

inflammatory drug.

63. The antibody, antigen-binding fragment thereof, antibody combination, nucleic acid or
nucleic acids, or pharmaceutical composition for use according to any one of claims 56 to 62,

wherein the subject is an immunosuppressed or immunocompromised subject.
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 6 (completely); 1-5, 12-23, 27-63(partially)

Relating to neutralizing monoclonal antibody 23-H7 defined
by the corresponding 6 CDRs listed in claim 1, and
subject—-matter relating thereto.

2. claims: 7 (completely); 1-5, 12-63(partially)

Relating to neutralizing monoclonal antibody 2-A6 defined by
the corresponding 6 CDRs listed in claim 1, and
subject—-matter relating thereto.

3. claims: 8 (completely); 1-5, 12-25, 27-63(partially)

Relating to neutralizing monoclonal antibody 22-D9 defined
by the corresponding 6 CDRs listed in claim 1, and
subject-matter relating thereto.

4. claims: 9(completely); 1-5, 12-63(partially)

Relating to neutralizing monoclonal antibody 22-E7 defined
by the corresponding 6 CDRs listed in claim 1, and
subject—-matter relating thereto.

5. claims: 10 (completely); 1-5, 12-23, 26-63(partially)

Relating to neutralizing monoclonal antibody 21-F2 defined
by the corresponding 6 CDRs listed in claim 1, and
subject-matter relating thereto.

6. claims: 11 (completely); 1-5, 12-19, 27-63(partially)

Relating to neutralizing monoclonal antibody 22-F7 defined
by the corresponding 6 CDRs listed in claim 1, and
subject-matter relating thereto.

7-16. claims: 1-5, 12-19, 31-63(all partially)

Relating to neutralizing monoclonal antibodies 26-G2,
27-a11, 11-H1, 21-A6, 27-F6, 21-H1l, 27-G3, 8-D4, 24-B8 and
21-F1, respectively, as defined by the corresponding 6 CDRs
listed in claim 1, and subject-matter relating thereto.

17-18. claims: 1-5, 12-19, 31-63(all partially)
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

19-25.

26-28.

29-32.

33-36.

Relating to neutralizing monoclonal antibodies 16-C6 and
16-G6, respectively, as defined by the corresponding 3 CDRs
listed in claim 1, and subject-matter relating thereto.

claims: 1-5, 12-19, 31-63(all partially)

Relating to neutralizing monoclonal antibodies 13-Al, 22-E8,
5-B6, 13-H3, 27-B4, 8-H1 and 8-H5, respectively, as defined
by the corresponding 6 CDRs listed in claim 1, and
subject—-matter relating thereto.

claims: 1-5, 12-26, 31-63(all partially)

Relating to neutralizing monoclonal antibodies 8-A2, 23-all
and 30-C5, respectively, as defined by the corresponding 6
CDRs listed in claim 1, and subject-matter relating thereto.

claims: 1-5, 12-19, 31-63(all partially)

Relating to neutralizing monoclonal antibodies 22-B10, 6-Ad4,
6-El1 and 6-F2, respectively, as defined by the corresponding
6 CDRs listed in claim 1, and subject-matter relating
thereto.

claims: 1-5, 12-19, 31-63(all partially)

Relating to neutralizing monoclonal antibodies 15-E4, 15-C8,
15-F7 and 15-H3, respectively, as defined by the
corresponding 3 CDRs listed in claim 1, and subject-matter
relating thereto.
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