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CORONAVIRUS AND INFLUENZA COMPOSITIONS AND METHODS
FOR USING THEM

REFERENCE TO AN ELECTRONIC SEQUENCE LISTING

{6001} The present application claims priority to U8 Provisional Application Nos.
63/508,798, filed Jun. 16, 2023 and 63/493 884, filed on Apr. 3, 2023, the entire contents of which
are hereby incorporated by reference.

{6002] This application contains a Sequence Listing which has been submitied electronically
in XML format and is hereby incorporated by reference in its entirety. Said XML copy, created
April 3, 2024, is named 1450 (99WO1 Sequence Listing 04 03 2024 and is 768,523 bytes in

size,

FIELD OF THE DISCLOSURE

{8003} The present disclosure relates o compositions and methods for inducing immune

responses against both influenza and coronaviruses.
BACKGROUND OF THE INVENTION

{6004} influenza and coronavirus disease 2019 (COVID-19) are life-threatening tllnesses
caused by the viruses influenza virus and sudden acute respiratory coronavirus 2 {SARS-CoV-2),
respectively. The case fatality rate of patients diagnosed with influenza is approximately 0.1 %,
and the case fatality rate of patients diagnosed with COVID-19 ranges from 0.2 % to 7.7 %.

[B005] The development of vaccines that prevent or reduce the severity of these life-
threatening infectious diseases is desirable. However, human vaccine development remains
challenging because of the highly sophisticated evasion mechanisms of pathogens and difficulties
stabilizing vaccines. Optimally, a vaccine must both induce antibodies that block or neutralize
infectious agents and remain stable in various environments, including environments that do not
enable refrigeration. Combination of two antigens from two pathogens in a single vaccine
composition is particularly challenging because the antigens may interact with each other,

preventing a sufficient immune response to either pathogen.



WO 2024/211449 PCT/US2024/022891

SUMMARY OF THE INVENTION

[4006] The present disclosure provides compositions and methods for inducing immune
respongses against both influenza and coronaviruses.

{00871 Provided herein is an immunogenic composition comprising: {(a) a coronavirus 8§ (CoV
S) glycoprotein in the form of a detergent-core nanoparticle, wherein the detergent is a non-ionic
detergent; (b) at east three hemagglutinin (HA} glycoproteins, wherein each HA glycoprotein is
from a different influenza strain; and (¢) a pharmaceutically acceptable butfer. the ratio of the
amount of hemagghutinin per strain to the amount of coronavirus 8 glycoprotein in the
imunogenic composition is about 1.2:1, 1.3:1, about 1.5:1, about 1.7:1, about 2:1, about 2.2:1,
about 2.4:1, about 2.8:1, about 2.6:1, or about 3:1.

{6008) Provided herein is an immunogenic composition comprising (a) at least three
hemagglutinio (HA) glycoproteins, wherein each HA glycoprotein is from a different influenza
stratn, wherein from 30 to 60 pg of HA per strain is present in the composition; and (b} a
pharmaceutically acceptable buffer.

[6049] o embodiments, the immunogenic composiiions comprise an adjuvant. in
embodiments, the adjuvant comprises at least two iscom particles, wherein: the first iscom particle
comprises fraction A of Quillaja Saponaria Molina and not fraction C of Quillgja Sapovaria
Molina; and the second iscom particle comprises fraction € of Quillaja Saponaria Molina and not
fraction A of Quillaja Saponaria Molina,

{6019} in embodiments, provided herein are methods of stimulating an immune response
against SARS-CoV-2, a heterogeneous SARS-CoV-2 strain, an influenza virus, or a combination

thereof comprising administering an immunogenic composition described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

{6011} Fig. 1 shows a schematic of a wild-type amino acid sequence of the SARS-CoV-2
Spike (8) protein (SEQ ID NO: 1). The furin cleavage site RRAR (SEQ ID NO: 6) is highlighted
in bold, and the signal peptide is underlined.

{6012} Fig. 2 shows purification of the CoV § polypeptides BY2304, BV2365, BV2Z366,
BV2367, BV2368, BV2369, BV2373, BY2374, and BV2375. The data reveal that BV2365 (SEQ
1D NG: 4) and BV2373 {SEQ 1> NO. 87} which has an inactive furin cleavage site having an
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amino acid sequence of GQAQ (SEQ ID NG: 7) is expressed as a single chain {80). In conirast,
CoV 8 polypeptides containing an intact furin cleavage site {¢.g. BV2364, BV2366, and BV2374)
are cleaved, as evident by the presence of the cleavage product S2.

{8013} Fig. 3 shows the primary structure of the BV2373 CoV § polypeptide and
modifications to the furin cleavage site, K98GP, and VI87P.

{0014} Fig, 4 shows purification of the wild type CoV 8 polypeptide and the CoV §
polypeptides BY2365 and BY2373.

{8015} Fig. 5 shows a schematic of the coronavirus Spike (S} protein (SEQ D NG: 86)
(BV2373). The furin cleavage site QQAQ (SEQ 1D NO: 7) 15 underlined once, and the K986P and
YO87P mutations are underlined twice.

{6016} Fig. 6A shows the primary structure of a wild-type SARS-CoV-2 S polypepiide,
containing a signal peptide, numbered with respect to SEQ ID NG: 1. Fig. 68 shows the primary
structure of a wild-type SARS-CoV-2 § polypeptide, without a signal peptide, numbered with
respect to SEQ ID NG 2

{60617} Fig. 7 shows examples of transmission electron microscopy { TEM) images of influenza
HA detergent core nanoparticles alone (left), saponin adjuvant alove (middie) (i.e. 85 % Fraction
A IRCOM matrix and 15 % Fraction € ISCOM matnix), and the combination of HA nanoparticies
and saponin adjuvant, which forms Hemagglutinin Saponin Matrix Nanoparticles (HaSMaNs)
{right).

{08018} Figs. 8A-F show the tmmune response to SARS-CoV-2 spike glycoprotein and
wnfluenza hemagglutinin in ferrets unmunized with qNIV/CoV2373 combination vaccine. (Fig.
8A) Groups of male and female ferrets (n = ¢/group) were immunized with a combination of 15
pg or 60 pg hemagglutinin (HA) per strain with 5 ng CoV2373 with 50 ug sapomn adjuvant,
Comparator groups were immunized with 15 ug or 60 pg HA per strain or with 5 pg CoV22373
with 5O ug saponin adjuvant. All groups were immunized with two doses spaced 21 days apart.
Red triangles indicate serum collection days. (Fig. 88} Human angiotensin converting enzyme-2
days after i-dose and 14 days after the booster immunization (study day 35). (¥Fig. 8C)
A/Kansas/14/2017. (Fig. 8 A/Brisbane/02/2018. (Fig. 8E) B/Phuket/3070/2013. (Fig. 8F)
B/Maryland/15/2016. Bars indicate the geometric mean titer (GMT) and error bars indicate the

95%, confidence interval.

(5]
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{6019] Figs. SA-E show the tnmimune response to SARK-CoV-2 spike glycoprotein and
receptor blocking antibodies in hamsters immunized with gNIV/CoV2373 combination vaccine.
{Fig. 9A) Groups of male and female hamsters (n = 5-6 per group) were immunized with a
combination of 2.5 or 10 pg hemagglutinin (HA Ystrain with 1 or 5 ug CoV2373 with 15 pg saponin
adjuvant. Comparator groups were immunized with 2.5 or 10 ug HA/strain or 1 or 5 pg CoV2373
with 15 pg saponin adjuvant. Animals were immunized by the intramuscular route {(IM) with 2
doses spaced 14 days apart. The placebo group received formulation buffer. Sera were collected
for analysis as indicated by the red triangles. Immunized and placebo animals were infected by the
intranasal (IN) route with 2.0 x 10* pfu of SARS-CoV-2 at 21 days after the second immunization
Oral swabs were collected at 2, 4 and 7 days post infection (dpi, blue triangles). Branchoalveolar
favage and lung samples were collected 7 dpi (black tnangle). (Fig. 9B, Fig. 9C) Anti-spike IgG
titer 14 days after 1 dose and 14 days after the booster immunization {study day 28), respectively.
(Fig. 9D, Fig. 9E) Human ACE-2 (hACE2) receptor blocking antibody titer 14 days after | dose
and 14 days afier the booster immunization, respectively. The bars indicate the group geometric
mean titer (GMT} and the error bars indicate the 95% confidence interval (95% CI). Individual
animal values are indicated by the colored symbols. The horizontal dashed black line indicates the
{imit of detection (1LOD).

8024} Figs. 10A-H show the immune response to influenza HA in hamsters immunized with
gNIV/CoV2373 combination vaccine. Groups of hamsters were immunized with the combination
of gNIV/CoV2373 vaccine or with the component vaccines as indicated in Fig. 8A. Serum was
analyzed for hemagglutinin inhibiting antibodies (HAI) titers 14 days after one dose and 14 days
after the booster immunization (study day 28). (¥ig. 104, Fig. 108) A/Kansas/14/2017. (Fig. 16C,
Fig, 10D) A/Brisbane/02/2018. (Fig. 10E, Fig. 10F) B/Phuket/3070/2013. (Fig. 10G, Fig. 16H)
B/Maryland/15/2016. Bars mdicate the geometric mean titer and error bars indicate the 95%
confidence interval.

8021 Figs. 11A-H show influenza virus neutralizing antibodies in hamsters immunized with
gNIV/CoV2373 combination vaccine. Groups of hamsters were immunized with the combination
gNIV/CoV2373 or with the component vaccines as indicated in Fig. 8A. Virus neutralizing titers
were determined 14 days after 1 dose and 14 days after the booster immunization (study day 28)
i response o A/Kansas/14/2017 (Fig. 11A, Fig. 118, A/Brisbane /02/2018 (Fig. 11C, Fig. 11D,
B/Phuket/3073/2013 (Fig, 11E, Fig. 11¥), and B/Maryland/15/2016 (Fig, 11G, Fig. 11H) Bars
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indicate the geometric mean titer (GMT) and error bars indicate the 95% confidence interval
Horizontal dashed line indicates the limit of detection (LOD).

80224 Figs. 12A-E show that the combination gNIV/CoV2373 vaccine elicits antibodies that
bind highly conserved cryptic epitopes in the receptor-binding domain (RBD) of SARS-CoV-2
determined by biolayer interferometry (BLD The specificity of aniibodies elicited by
gNIV/CoV2373 combination or monovalent CoV2373 was determined by competitive antibody
binding of immune serum with receptor site-specific neutralizing monoclonal antibodies by BLIL
Horizontal bars indicate the group geometric mean and the error bars indicate the 95% confidence
interval. Colored symbols indicate Individual animal values. Figs. 12A-C show antibodies against
the SARS-CoV-2 US-WA RBD. Figs. 12B-E show antibodies against the SARS-CoV-2 B.1.351
South Africa RBD.

{8023} Figs. 13A-G show the weight change and protection against upper and lower
respiratory infection with SARS-CoV-2 in hamsters immunized with gNIV/CoV2373 combination
vaccine. Groups of male and female hamsters (n = 5-6/group) were immunized with a privoe/boost
regimen of gNIV/CoV2373 or the component vaccines spaced 14 days apart. Three weeks after
the second immunization {(study day 35}, animals were challenge by the intravasal route with 2.0
x 10% pfu. Figs. 13A-B show the change in body weight (percent change following SARS-CoV-2
challenge) for up to 7 days post infection {dpi). Data are the mean £ SEM for the vaccinated,
placebo, and sham groups. Figs. 13C-D show subgenomic (sg) RNA in buccal swabs were taken
at 2, 4, and 7 days post infection {dpi ). sgRNA was analyzed by gRT-PCR. Fig. 13E shows sgRNA
virus Joad 10 branchoalveolar lavage fluids collected 7 days post infection {dpt). Fig, 13F shows
sgRNA virus load in lung homogenates coliected 7 dpi. In the box-and-whisker plots, the median
is indicated by the horizontal line, the top and bottom of the box indicates the interquartile range,
and the whiskers indicate minima and maxima for each experimental group (n = 5-6/group).
Individual animal values are indicated by colored symbols. The dashed line indicates the assay
Hmit of detection (LOD). Student’s t-test {paired, two tail) was used to determine significant
differences in tevels of viral sgRNA between placebo treated animals and immunized animals a 2,
4 and 7 dpt. Not stgnificant {(ns), ***p< 0.001, **%*p < 0.0001. Fig, 13G shows the weight of
tungs collected at 7 dpi from vaccinated, placebo treated, and untreated sham animals. The bars

indicate the mean and the error bars indicate the + standard deviation (SD). Individual animal
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values are indicated by the colored symbols. Student’s t-test {paired, two tail} was used o
determine significant differences in fung weigh between the indicated paired groups.
{00241 Figs. 14A-~} show histopathologic changes in fungs of hamsters immunized with
gNIV/CoV2373 combination vaccine and challenged with SARS-CoV-2. Groups of male and
female hamsters were immunized with the combination gNIV/CoV2373 with 2.5 pg or 10 ug
hemagglutinin (HA) per strain combined with | pg or 5 ug CoV2373 adjuvanted with saponin
adjuvant. Comparator groups were immunize with 2.5 pg or 10 ug HA/strain or with 1ug or Sug
CoV2373 recombinant spike adjuvanted with 15 pg saponin adjuvant. All groups were immunized
with 2 doses placed 14 days apart. The placebo group received formulation buffer. Three weeks
following the second immunization (study day 35} all animals were challenged intranasally with
2.0 x 10% pfu SARS-CoV-2 and lungs collected 7 dpi. Histologic images were stained with
hematoxylin and eosin (H&E). Fig. 14A is a sham contro} image that shows normal lung. Fig. 148
shows microscopic findings in the lungs of placebo treated animals showed the airways were
consolidated by bronchiclo-alveoiar hyperplasia (arrows) with mixed alveolar inflamwation,
Mononuclear inflammatory cells surround blood vessels {(arrowhead) with edema expanding
surrounding tissues (arrowhead). Figs. 14C-D show microscopic findings in the lungs of animals
immunized with gNIV show histologic changes similar to the placebo group including extensive
bronchiolo-alveclar hyperplasia {arrows) with mixed alveolar inflammation with perivascular
inflammation and expanded vessel walls (arrowheads). Figs. 14E-F show images of lungs from
ammals immunized with monovalent CoV2373 show no sigmficant microscopic findings. Figs.
14G-J sre tmages of lungs from anmimals ummunized with gNIV/CoV2373 combination vaccine
show no significant microscopic findings. Magnification 10X,
[8025] Fig. 15 shows the titer of anti-Spike IgG antibodies as a function of dose of
hemagglutinin and CoV S polypeptide from day O to day 28 after immunization according to
Example 5.
{8026} g, 16 shows the HAL geometric mean titers against A/Brishane HINT as a function
of dose of hemagglutinin and CoV S polypeptide from day O to day 28 after immunization
according to Example 5.
{6827} Fig. 17 shows the HAI geometric mean titers against A/Kansas H3NZ as a function of
dose of hemagglutinin and CoV § polypeptide from day 0 to day 28 after immunization according
5

to Example 5.
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{6028} Fig. 18 shows the HAI geometric mean titers against B/Marvland (Vic) as a function
of dose of hemagglutinin and CoV 8§ polypeptide from day 0 to day 28 after imumunization
according to Example 5.

8029} Fig. 19 shows the HAT geometric mean titers against B/Phuket (Yam) as a function of
dose of bemagglutinin and CoV S polypeptide from day 0 to day 28 after immunization according
to Example 5.

{6030} Fig. 20 shows the five second order models of Example 6.

{8031 Fig. 21 shows the HAI geometric mean titers against A/Brisbane HIN1 as a function
of dose of hemagglutinin and CoV S polypeptide from day O to day 182 sfter immunization
according to Example §.

{6032} Fig. 22 shows the titer of anti-Spike IgG antibodies (in units of geometric mean ELISA
units} as a function of dose of hemagglutinin and CoV S polypeptide from day 0 to day 182 after
immunization according to Example 5.

[6033] Fig. 23 shows the amount of CD4+ T cells producing double cyiokines as a function
of dose of hemagglutinin and CoV 8§ polypeptide from day 0 to day 7 after immunization according
to Exarople S, {SARS-CoV-2 parental strain (homologous))

{6034} Fig. 24 shows the HAIl geometric mean titers against A/Hong Kong H3N2
(heterclogous) as a function of dose of hemagglutinin and CoV 8 polypeptide from day 0 to day
28 after immunization according to Example 5.

{0035} Fig. 25 shows the titer of anti-Spike Ig( antibodies against the SARS-CoV-2 Omicron
BA.1 (heterologous strain} (in units of geometric mean ELISA units) as a function of dose of
hemagglutinin and CoV § polypeptide from day © to day 28 after immunization according to
Example S.

{6036] Fig, 26 shows the amount of CD4+ T cells producing double cytokines as a function
of dose of hemagglutinin and CoV 8 polypeptide from day 0 to day 7. (A/Cambodia (heterologous
HIND).

18037} Fig. 27 shows that serum from patients administered the compositions described in
Exanple 8, which contain hemagglutinin, CoV § polypeptide, and saponin adiuvant, contains anti-
Spike IgG antibodies and antibodies that neutralize SARS-CoV-2. “MS30” refers to a saponin
adjuvant dose of 50 ug. “M75” refers to a saponin adjuvant dose of 75 pg. “HA30" refers to a

hemagglutinin dose per strain of 30 pg “"HA45” refers to a hemagglutinin dose per strain of 43

~}
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ug. “HASG0" refers to a hemagglutinin dose per strain of 60 pg. “r8157 refers to a CoV §
polypeptide dose of 15 pug. “r8257 refers to a CoV S polypeptide dose of 25 ug. “rS357 refers to a
CoV S polypeptide dose of 35 ug.

{8038} Figs. 28A-B shows the HAI geometric mean titers against influenza strains,
A/Wisconsin (HIN1) (Fig. 284), A/Darwin (H3N2}) (Fig. 28B), B/Victoria (Fig. 28A), and
B/Yamagata (Fig, 288), for patients administered the compositions of Example 8. “MS0” refers
to a saponin adjuvant dose of 50 pug. “M7S” refers to a saponin adjuvant dose of 75 ug. “HA30”
refers to a hemagglutinin dose per strain of 30 pg. "HA45” refers to a hemagglutinin dose per
strain of 45 pg. “HAGO” refers to a hemagglutinin dose per strain of 60 pg. “r8157 refersto a CoV
S polypeptide dose of 15 pg. “rS257 refers

{6039} Fig. 29 shows the anti-Spike IgG and neutralizing antibody titer (in units of geometric
mean BELISA units) of compositions F and K of Example 8. Composition F contained 30 ug per
strain of HA, 25 ug of CoV S polypeptide, and 75 pg of saponin adiuvant. Composition K
contained 6C ug per strain of HA, 35 ug of CoV S polypeptide, and 75 ug of saponin adjuvant
These compositions induce comparable titers to a composition containing a CoV S polypeptide of
SEQ ID NG: 87 (NVX-~CoV2373) and no hemagglutinin protein.

{60461 Fig. 38 shows the HAI geometric mean titers against influenza strains, A/Wisconsin
(HIND), A/Darwin (H3N2), B/Victoria, and B/Yamagata in serum of patients administered
Compositions ¥ and K of Example 8 as compared 1o those from the serum of patients administered
the commercial influenza vaccines (FLUZONE® HD or FLUAD®). Composition F contained 30
ug per strain of HA, 25 ug of CoV S polypeptide, and 75 pg of saponin adjuvant. Compostiion K
contained 60 ug per strain of HA, 35 ug of CoV S polypeptide, and 75 pg of saponin adjuvant.
These compositions induce comparable fiters to a composition containing a CoV 8 polypeptide of
SEQ ID NO: 87 (NVX-LCoV2373} and no hemagglutinin,

{00411 Fig. 31 shows the HAI ftiters induced by commercially available influenza vaccines,
FLUZONE® HD (Composition § of Example &) and FLUAD® (Composition T of Example 83,
and by compositions L, M, and N of Example 8, which contained HA glycoprotein and saponin

adjuvant, but not CoVY S polypeptide.
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BETAILED DESCRIPTION OF THE INVENTION
Definitions

{6042} As used herein, and in the appended claims, the singular forms “a”, "an”, and “the”
include plural referents unless the context clearly dictates otherwise Thus, for example, reference
to “a protein” can refer to one protein or to mixtures of such protein, and reference to “the method”
includes reference to equivalent steps and/or methods known to those skilled in the art, and so
forth.

{0643} As used herein, the term “adiuvamt” refers to a compound that, when used in
combination with an immunogen, augments or otherwise alters or modifies the immune response
induced against the immunogen. Modification of the immune response may include mtensification
or broadening the specificity of either or both antibody and cellular immune responses.

[0044] As used herein, the term “about” or “approximately” when preceding a numerical value
indicates the value plus or minus a range of 10%. For example, “about 1007 encompasses 90 and
110

39 4l

[8045] As used herein, the terms “immunogen,” “antigen,” and “epitope” refer to substances
such as proteins, including glycoproteins, and peptides that are capable of eliciting an immune
FESPOnSe.

{6046} As used herein, an “immunogenic composition” s a composition that comprises an
antigen where administration of the composition 1o a subject results in the development in the
subject of a bumoral and/or a cellular immune respouse to the antigen,

{6047} As used herein, 2 “subunit” composition, for example a vaccine, that includes one or
more selected antigens but not all antigens from a pathogen. Such a composition s substantially
free of intact virus or the lysate of such cells or particles and is typically prepared from at least
partially purified, often substantially purified immunogenic polypeptides from the pathogen. The
antigens in the subunit composition disclosed herein are typically prepared recombinantly, often
using a baculovirus system.

{6048} As used herein, “substantially” refers to isolation of a subsiance {e.g a compound,
polynuclectide, or polypeptide) such that the substance forms the majority percent of the sample
in which it is contained. For example, in a sample, a substantially purified component comprises

85%, preferably 85%-90%, more preferably at least 95%-99.5%, and most preferably at least 99%

9
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of the sample. If a component is substantially replaced the amount remaining in a sample is less
than or equal to about 0.5% to about 10%, preferably less than about §.5% to about 1.0%.

{00491 The terms “treat,” “treatment,” and “treating,” as used herein, refer to an approach for
obtaining beneficial or desired results, for example, clinical results. For the purposes of this
disclosure, beneficial or desired results may include inhibiting or suppressing the initiation or
progression of an infection or a disease; ameliorating, or reducing the development of, symptoms
of an infection or disease; or a combination thereof

{80504 “Prevention,” as used herein, is used interchangeably with “prophylaxis” and can mean
complete prevention of an infection or disease, or prevention of the development of symptoms of
that infection or disease; a delay in the onset of an infection or disease or ifs sympioms; or a
decrease in the severity of a subsequently developed infection or disease or its symptomms.

{8051 As used herein an “effective dose” or “effective amount” refers to an amount of an
immunogen sufficient to induce an immune response that reduces at least one symptom of
pathogen infection.  An effective dose or effective amount may be determined e g, by measuring
amounts of neutralizing secretory and/or serum antibodies, eg, by plaque neutralization,
complement fixation, enzyme-Hioked immunosorbent (ELISA), or microneutralization assay.
{80524 As used herein, the term “vaccine” refers to an immunogenic composition, such as an
immunogen derived from a pathogen, which is used to induce an immune response against the
pathogen. The immune response may include formation of antibodies and/or a cell-mediated
response. Depending on context, the term “vaceine” may also refer to a suspension or solution of
an imrounogen that s administered to a subject to produce an trunune response. Preferably,
vaccines induces an immune response that is effective at preventing infection from SARS-CoV-2Z,
a SARK-CoV-2 vanant thereof, influenza, or a corbination thereof

{6053} As used herein, the term “subject” includes humans and other animals. Typically, the
subject is a human. For example, the subject may be an adult, a teenager, a child (2 vears to 14
years of age), an infant (birth to 2 year), or a neonate {up to 2 months). In particular aspects, the
subject i3 up to 4 months old, or up to 6 months old. In aspects, the adults are seniors about 63
years or clder, or about 60 vears or older.  In aspects, the subject is 3 pregnant woman of 3 woman
intending to become pregnant. In other aspects, subject is not a human; for example a non-human
primate; for exaraple, a baboon, a chimpanzee, a gorilla, or a macaque. lv certain aspects, the

subject may be a pet, such as a dog or cat.

10
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{6054 fn  aspects, the subject is immunocompromised. In  embodiments, the
immunocompromised subject is administered a medication that causes immunosuppression. Non-
fimiting examples of medications that cause immunosuppression include corticostercids (e.g.,
prednisone), alkvlating agents (e g, cyclophesphamide), antimetabolites {(e.g., azathioprine or 6-
mercaptopuring), transplant-refated immunosuppressive drugs {e.g., cyclosporine, tacrolimus,
sirolimus, or mycophenolate mofetil), mitoxantrone, chemotherapeutic agents, methotrexate,
tumor necrosis factor (TNF)-blocking agents (e g.. etanercept, adalimumab, infliximab}). In
embodiments, the immunocompromised subject is infected with a virus {eg., human
immunodeficiency virus or Epstein-Barr virus). In embodiments, the virus is a respiratory virus,
such as respiratory syncytial virus, influenza, parainfluenza, adencovirus, or a picornavirus. In
embodiments, the immunocompromised subject has acquired immunodeficiency syndrome
(AIDS) In embodiments, the immunocompromised subject is a person fiving with human
immunodeficiency  virns (HIV)., In embodiments, the immunocompromised subject is
immunocompromised due to a treatment regimen desigoed to prevent inflammation or prevent
rejection of a fransplant. In embodiments, the immunocompromised subject is a subject who has
received a transplant. In embodiments, the Unununocompromised subject has undergone radiation
therapy or a splenectomy. In embodiments, the immunocompromised subject has been diagnosed
with cancer, an autoimmune disease, tuberculosis, a substance use disorder {e.g, an alcohol,
opioid, or cocaine use disorder), stroke or cerebrovascular disease, a solid organ or blood stem celi
transplant, sickle cell disease, thalassemia, autoimmune lymphoproliferative syndrome {(ALPS),
auvtotmmune polyglandular syadrome type 1 (APS-1), B-cell expansion with NF-«B and T-cell
anergy (BENTA) disease, capsase eight deficiency state (CEDS), chronic granulomatous disease
(CGD), common variable immunodeficiency (CVID), congenital neutropemia syndromes, a
deficiency in the cytotoxic T-lymphocyte-associated antigen 4 {CTLA-4), a DOCKSE deficiency, a
GATA2 deficiency, a glycosylation disorder with immunodeficiency, a hyper-immunoglobulin E
syndrome (HIES), hyper-immunoglobulin M syndrome, diabetes, type 1 diabetes, type 2 diabetes,
interferon gamma deficiency, interfeukin 12 deficiency, interleukin 23 deficiency, leukocyte
adhesion deficiency, lipopolysaccharide-responsive beige-like anchor (LRBA) deficiency, PIi3
kinase disease, PLCGZ-associated antibody deficiency and immune dysregulation (PLAID),
severe combined immunodeficiency (SCID), STATS dominant-negative disease, STAT3 gaiv-of-

function disease, warts, hypogammaglobulinemia, infections, and myelokathexis (WHIM)

i1
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syndrome, Wisckott-Aldrich syndrome (WAS), X-linked agammaglobulinemia (XLA), X-linked
tymphoproliferative disease (XLP), uremia, malnutrition, or XMEN discase. In embodiments, the
immunocompromised subject is a current or former cigareite smoker. In embodimeunts, the

immunocompromised subject has a B-cell defect, T-cell defect, macrophage defect, cytokine

defect, phagocyte deficiency, phagocyie dysfunction, complement deficiency or a combination
thereof.
[0655] In embodiments, the subject is overweight or obese. In embodiments, an overweight

subject has a body mass index (BMI})> 25 kg/m”and < 30 kg/m”. In embodiments, an obese subject
has a BMI that is > 30 kg/m?. In embodiments, the subject has a mental health condition. In
embodiments, the mental health condition is depression, schizophrenia, or anxiety.

{6056} As used herein, the torm "pharmaceutically acceptable” means being approved by a
reguiatory agency of a U.S. Federal or a state government or listed in the U.S. Pharmacopeia,
European Pharmacopeia or other generally recognized pharmacopeia for use in mammals, and
more particularly o humans, These compositions can be useful as a vaccine and/or antigenic

compositions for inducing a protective immune response in a vertebrate.

{8057} As used berein, the term “about” means plus or minus 10% of the tndicated numerical
value.
10658} As used herein, the term “NVX-CoV2373” refers to a vaccine composition comprising

the BV2373 Spike glyveoprotein (SEQ ID NO: 87) and Fraction A and Fraction C iscom matrix
{e.g, MATRIDG-M'™).

[8059] As used heretn, “Quad-NIV,” “QuadNIV” or “quadrivalent nanoparticle influcnza
vaccine” or “gNIV” refers to influenza vaccine formulations containing antigens from four
influenza virus strains,

{6060} As used herein, the term “modification” as it refers to a CoV S polypeptide refers to
mutation, deletion, or addition of one or more amino acids of the CoV 8 polypeptide. The location
of a modification within a CoV § polypeptide can be determined by aligning the sequence of the
polypeptide to SEQ ID NO: 1 (CoV S polypeptide containing signal peptide) or SEQ 1D NO: 2
{manire oV 8 polypeptide lacking a signal peptide).

{6061} The term SARS-CoV-2 “variant”, used interchangeably herein with a “heterogeneous
SARS-CoV-2 strain,” refers to a SARS-CoV-2 viras comprising a CoV 8 polypeptide having one

or more modifications as compared to a SARS-CoV 8 polypeptide having the amino acid sequence



WO 2024/211449 PCT/US2024/022891

of SEQ 1D NGO 2. For example, a SARS-{CoV-2 vanant may have at least about 2, at teast about
3, at least about 4, at least about 5, at least about 6, at least about 7, at least about 8, at least about
9, at least about 10, at least about 11, at least about 12, at least about 13, at least about 14, at least
about 15, at least about 16, at least about 17, at least about 18, at feast about 19, at least about 20,
at least about 21, at least about 22, at feast aboui 23, at least aboui 24, at least about 23, at least
about 26, at least about 27, at least about 28, at least about 29, at least about 30, at least about 31,
at least sbout 32, at least about 33, at least about 34, or at least about 35 modifications, as compared
to a CoV S polypeptide having the amino acid sequence of SEQ 1 NO: 2. For example, a SARS-
CoV-2 variant may have at leastone andup to 2, upto 3, upto 4, upto 5. upto 6, upto 7, up to 8,
upto 2 upto 1, upto 1, upto 12, upto 13, upto 14, upto 15, upto 16, upto 17, upto 18, up to
19, up 1o 20, up to 21, up to 22, up to 23, up to 24, up to 25, up 10 26, up to 27, up to 28, up to 29,
up to 30, up to 31, up to 32, up to 33, up 1o 34, up to 35 modifications, up to 40 modifications, up
10 45 modifications, up to 50 modifications, up to 55 modifications, up to 60 modifications, up to
65 modifications, up to 70 modifications, up to 75 modifications, up to 80 modifications, up to 85
modifications, up to 90 modifications, up to 95 modifications, or up to 100 modifications as
compared to a CoV 8 polypeptide having the amino acid sequence of SEQ ID NG: 2. In aspects,
a SARS-CoV-2 vanant may have between about 2 and about 35 modifications, between about 5
and about 10 modifications, between about S and about 20 modifications, between about 10 and
about 20 modifications, between about 15 and about 25 modifications, between about 20 and 30
modifications, between about 20 and about 40 modifications, between about 25 and about 45
modifications, between about 25 and about 100 modifications, between about 25 and about 45
modifications, between about 35 and about 100 modifications, as compared to a CoV S
polypeptide having the amino acid sequence of SEQ 1D NGO: 2.

{6062} In embodiments, the heterogeneous SARS-CoV-2 strain is a SARS-CoV-2 virus
comprising a CoV § polypeptide with at least about 70 %, at least about 75 %, at least about 80
%%, at least about 85 %, at least about 90 %, at least about 95 %, at least about 96 %, at least about
97 %, at least about 98 %, or at least about 99 % identity to a CoV S polypeptide having the amino
actd sequence of SEQ 1D NG: 2. In embodiments, the heterogeneous SARS-UoV-2 strain is a
SARS-CoV-2 virus comprising a CoV S polypeptide with between about 70 % and about 99.9 %
wdentity 10 a CoV 8 polypeptide having the amino acid sequence of SEQ ID NO: 2. In

embodiments, the heterogenecus SARS-CoV-2 strain is a SARS-CoV-2 virus comprising a CoV

i3
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S polypeptide with between about 70 % and about 99.5 % identity to a CoV 8 polypeptide having
the amino acid sequence of SEQ 1D NO: 2. In embodiments, the heterogencous SARS-CoV-2
strain is 3 SARS-CoV-2 virus comprising a CoV S polypeptide with between about 90 % and about
99.9 % identity to a CoV 8 polypeptide having the amino acid sequence of SEQ ID NG: 1 or SEQ
I NGO 20 In embodiments, the heterogeneous SARS-CoV-2 strain i3 a SARS-CoV-2 virus
comprising a CoV S polypeptide with between about 90 9% and about 99.8 % identity to a CoV 8
polypeptide baving the amino acid sequence of SEQ ID NO: 2. In embodiments, the heterogeneous
SARS-CoV-2 strain is a SARS-CoV-2 virus comprising a CoV 8 polypeptide with between about
93 % and about 99.9 % identity to a CoV 8 polypeptide having the amino acid sequence of SEQ
I NGO 20 In embodiments, the heterogeneous SARS-CoV-2 strain 13 a SARS-CoV-2 virus
comprising a CoV S polypeptide with between about 93 % and about 99.8 % identity to a CoV §
polypeptide having the amino acid sequence of SEQ 1D NO: 2. In embodiments, the heterogenecus
SARS-CoV-2 strain is a SARS-CoV-2 virus comprising a CoV S polypeptide with between about
95 %% and about 99 % identity to a CoV S polypeptide having the amino acid sequence of SEQ ID
NO: 2. In embodiments, the heterogeneous SARS-CoV-2 strain has a World Health Organization
Label of alpha, beta, gamma, delta, epsilon, eta, jota, kappa, zeta, mu, or omicron. fo embodinents,
the heterogeneous SARS-CoV-2 strain has 2 PANGI) lineage selected from the group consisting
of B.1.1.529: BA1, BA.L.1, BA2, BA3, BA4 BAS B1.17 B.1351, P1. B.16172, AY,
B.1.427, B.1.429 B.1.525 B.1526, B1.617.1, B16173, P2, B1.621, or B.1.621.1. The
following document describes the Pango lineage designation and 18 incorporated by reference
herein in its entirety: " Toole et al. BMC Genomics, 23, 121 (2022).

{00631 In embodiments, the heterogenecus SARS-CoV-2 strain has a World Health
Organization Label of omicron In embodiments, the heterogeneous SARS-CoV-2 strain with a
World Health Organization Label of omicron has at least 35 modifications compared to the wild-
type SARS-CoV-2 § polypeptide of SEQ ID NO: 2. In embodiments, the heterogeneous SARS-
CoV-2 strain with 2 World Health Organization Label of omicron has from 35 to 55, from 35 to
63, from 35 to 75, from 35 to 85, from 35 to 95, or from 35 to 105 modifications compared to the
wild-tvpe SARS-CoV-2 § polypeptide of SEQ 1D NG 2. In embodiments, the modifications are
selected from the group consisting of T6L, TOR, Al48, AS4V, V70A, T821, (129D, HI33Q,
K134, WI39R, ET43G, Fi44L, Q170E, 1197V, L1991, V200E, V200G, G239V, (52445, 326D,
G326H, R3337T, L3551, S358F, S358L, 8360, S362F, T363 A, D39ZN, R3958, K404N, N427K,

14



WO 2024/211449 PCT/US2024/022891

K431T, V432P, (34338, L439R, 14393, N44T7K | 8464N, T465K, 4714, F4T3V, F4738, F4778,
Q480R, G483S, Q4R5R, N4BBY, Y402H, TS34K, T5911 Do01G, Go2eV, Ho42Y, No4Ss,
NOOGGK, POORH, S691TL, N7S1K, D783Y, N&43K, (Q941H, NYS6K, LO68F, D1186N, deletion of
amino acid 11, deletion of amino acid 12, deletion of amino acid 13, deletion of amino acid 54,
deletion of amino acid 37, deletion of ammo acid 130, deletion of amine acid 131, deletion of
amino acid 132, deletion of amino acid 144, deletion of amino acid 145, deletion of amino acid
198, and insertion of a tripeptide having the amino acid sequence of EPE between amino acids 214
and 215, and combinations thereof .

{3664} In embodiments, the CoV S polypeptide of the variant comprises a combination of
modifications selected from the group cousisting of!

(i) AS4V, T821, G129D, L1991 (326D, S358L, S360P, S362F, K404N, N427K, G4338, S464N,
T465K, F47TA, Q480R, (4838, Q485R, N4BRY, Y492H, T334K, DO01G, He42Y, N666K,
PO68H, N751K, D783Y, N843K, Q941H, NOS6K, L968F, deletion of amino acid 56, deletion of
amino actd 57, deletion of armino actd 130, deletion of aroino actd 131, deletion of aroino actd 132,
deletion of amino acid 198, and insertion of a tripeptide having the amino acid sequence of EPE
between amino acids 214 and 215;

{it) T6l, A148, G129, V200G, G32613, 8358F, S360P, 8302F, T363A, D392N, R3955,
K404N, N427K, S464N, T465K, E4T1A, Q480R, Q485R, N48SY, Y402H, D601G, H642Y,
NG6GOK, POOSH, N751K, D783Y, (Q941H, N936K, deletion of amino acid 11, deletion of amino
acid 12, and deletion of amino acid 13;

{111} TOR, A148, T82L G129D, E143G, L1991, G326D3, 83581, S360P, K404, N427K,
G4338, 8464N, T463K, E471A, Q480R, G4838, Q485R, N488Y, Y492H, T534K, DoO1G,
H642Y, NoosK, Po63H, N751K, D733Y, NR43K, Q94 1H, NO56K, L968F, deletion of amino
acid 144, deletion of amino acid 145, deletion of amino acid 198, and insertion of a tripeptide
having the amino acid sequence of EPE between amino acids 214 and 215;

{ivy Tel, Al48, G129, V200G, 326D, 83358F, 83608, S362F, T363A, D392N,

K404N, N427K, L4390, S464N, T465K, FATIA, Q480R, Q485R, N488Y, Y492H, D601G,
H642Y, NoosK, PE68H, S691L, N731K, D783Y, Q941H, N936K, deletion of aminc acid 11,
deletion of amino acid 12, and deletion of aming acid 13;

{vyTol, A14S, G129D, V200G, G326D, S3S8F, S360P, S362F, T363A, 392N, S464N,

T465K E471A, Q480R, Q485R, N4RRY Y492H, D601, Hed2Y, No6oK, P668SH, DTE3Y,

-
W
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(3941H, N936K, deletion of amino acid 11, deletion of amino acid 12, and deletion of amino acid
13;

(vi) T61, A14S, G129D, V200G, G326D, S358F, 8360P, S362F, T363A, D392N, R3958,
K404N, D601G, H642Y, N6458, N666K, N751K, D783Y, Q04 1H, N9S6K, deletion of amino
acid 11, deletion of amino acid 12, deletion of amino acid 13, deletion of amino acid 56, and
deletion of amino acid 57,

(vii) V3G, T6L, A14S, 129D, V200G, (326D, S35BF, S360P, S362F, T3634, D392N,
R3058, K404N, L439R, S404N, T405K, E471A, F473V, Q485R, N488Y, Y492H D6O1G,
GO26V, H642Y, NooeK, Po6SH, N751K, D783Y, QU41H, N956K, deletion of amino acid 11,
deletion of amino acid 12, deletion of amine acid 13, deletion of amino acid 56, and deletion of
amino acid 57,

{viii} V3G, Tl A148 G120D, V200G, (32613, 83538F S360P, 8362F, T363A, D392N,
R3958, K404N, N427K, L439R, S464N, T463K, E471A, F473V, Q485R, N488Y, Y402H,
D60IG, He42Y, N666K, POOSH, N751K, D783Y, Q941H, NO36K, deletion of amino acid 11,
deletion of amino acid 12, deletion of amino acid 13, deletion of amino acid 56, and deletion of
amino acid 57;

{ix)} Tol, Al48, G129D, V200G, G326, S358F, 83600, 8362F, T303A, D302N, R395§,
K404N, N427K, L439R, 8464N, T465K, B471A, FAT3V, Q485R, N48RY, V4921, D601G,
H642Y, NoooK, P663H, N751K, D783Y, Q941H, N956K, deletion of amino acid 11, deletion of
amino acid 12, deletion of amino acid 13, deletion of amino acid 56, and deletion of amino acid
57,

{xy T6I, A4S, G129D, K134E WI30R F144L 1197V, V200G, G244S, G326H, S358F,
S360P, 8362F, T363A, D392N, R39SK, K404N, N427K, (34335, N44TK, 8464N, T465K,
E471A, Q485R, N48SY, Y492ZH, D6OIG, HO642ZY, NGGOK, POO&H, N751K, D783Y, Q941H,
NO56K, deletion of amino acid 11, deletion of amino acid 12, and deletion of amino acid 13;

{xi} Tel, Al48, G129, KI134E, WI39R, F144L, 1197V, V200G, (2448, (3326H,
R333T7, S358F, S360P, S362F, T303A, D392N, R39585, K404N, N427K, G4338, L439R,
N447K, 8464N, T405K, B471A, F4738, (M485R, N488Y, Y492ZH, 15911, DOC1G, He42Y,
NG6OK, Poo8H, NT751K, D783Y, 304 1H, NosSoK, D1186N, deletion of amino acid 11, deletion

of amino acid 12, and deletion of amino acid 13;
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(xiiy Tol, A148, G129, V200G, G326, R3337T, S358F, S360P, S362F, T363A,
D392N, R3958, K404N, N427K, L439R, S404N, T465K, F471A, F473V, (485K,

N488Y, Y492H, D6C1G, He4ZY, N64SK, N666K, Po6BH, N75IK, D783Y, $941H,
N95aK, deletion of amino acid 11, deletion of amino acid 12, deletion of amino acid 13,
deletion of amino acid 56, and deletion of amino acid 57;

(xi11) TOL, A14S, G129, V200G, G320, R3337T, S358F, 83608, S362F, T363A,
D392N, R3958, K404N, N42ZTK, L439R, S464N, T465K, E471A, F473V, (485K, N48RY,
Y492H, DO01G, HO42Y, NGOOK, POO8H, NT731K, D783Y, Q941H, NO5oK, deletion of amino
acid 11, deletion of amino acid 12, deletion of amino acid 13, deletion of amino acid 56, and
deletion of amino acid 57;

(av) Tel, A4S, VT0A, G129D, Hi33Q, Q170E, V200E, G239V, G326H, R333T,
13551 S358F, §300P, S362F, T363A, D392N, R3958, K404N, N427K, V432P, (G433 8, N447K
S404N, T405K, E47T1A, F4738, F4778, Q485R, N488Y, Y492H, DOOIG, Ho42Y, NotoK,
POSRH, N751K, D783Y, Q941H, N95sK, deletion of amino acd 11, deletion of amino acid 12,
defetion of amino acid 13, and deletion of aming acid 131;

{(xv) TOL, A14S, GI129D, H133(, Q170E, V200E, G326H, R333T, L3551, S358F, S360P,
N362F, T363A, D392ZN, R39SS, K404N, N427K, V432P, G4335, N447K, 8464N, T4065K,
E471A, FA73S, FA77S, Q485R, N488Y, Y492H, D601G, HA42Y, N666K, P668H, NT51K,
D783Y, Q941H, NO9S6K, deletion of amino acid 11, deletion of aming acid 12, deletion of aming
acid 13, deletion of amino acid 56, deletion of amino acid 57, and deletion of amino acid 131;

Oovi) T6L A14S, G129D, V200G, G326D, R333T, S358F, S360P, 8362F, TI63A,
D392ZN, R3958, K404N, N427K, K431T, L439R, N447K, S464N, T465K, E471A F473VY,
(3485R, N48RY, Y492H, D601G, HE42Y, N666K, PE68H, N7SIK, D783Y, (94 1H, NO36K,
deletion of amino acid 11, deletion of amino acid 12, deletion of amino acid 13, deletion of
amino acid 56, and deletion of amino acid 57;

{xvii} 161, A145, G129D, V200G, G326, S358F, S360P, 8362F, T363A, D392N,
R3958, K404N, N42TK, K431T, L439R, N447K, S464N, T465K, E471A, F4T73V, Q485R,
N488Y, Y492H, D601G, Ho42Y, N666K, POO8H, N751K, DB783Y, Q94 1H, N936K, deletion of
amino acid 11, deletion of amino acid 12, deletion of amino acid 13, deletion of amine acid 56,

and deletion of amino acid 57; and
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(xviit) TOI, A4S, G129D, V200G, G326, R3337T, 8358F, S360P, S362F, T363A,
D392N, R39358, K404N, N427K, L439R, 8464N, T465K, E471A, F473V, Q485R, N488Y,
Y492H, 601G, HO42Y, N666K, POo8H, N7S1K, D7€3Y, (3941H, NO36K, deletion of amino
acid 11, deletion of amino acid 12, deletion of amino acid 13, deletion of amino acid 56, deletion
of amino actd 57, and deletion of amino acid 131,

(xix) deletion of amino acid 56, deletion of amino acid 57, and deletion of amino acid
131, N488Y, AS37D, D601G, PO6SH or P66RR, T7031, R96%A, and DI10SH;

{(xxy DOTA, K404N, E471K, N48SY, DO01G, and AG88Y,

(xxi} D6TA, D202G, L229H, K404N, E471K, N488Y, D601G, and A68RY;

(xxii} DO7A, D202G, deletion of 1, 2, or 3 amino acids of amine acids 228-230, K404N,
E471K, N488Y, D6O1G, and AG88Y,

{xxiii} DO7A, L220H, R2331 N4RRY, K404N, F471K, D601, and A688Y,

{xxiv) L3F, T7N, P138, DI125Y, R177S, K404T, E47T1K, N483Y, DOO1G, Ho42Y,
Ti0141, and V1163F,

(ocv) W139C and L439;

{oxvi) deletion of amino acid 144, defetion of amino acid 145, TR, E143G, L439R,
T465K, D601G, PS8R, and DI3TN,

(xxvii} deletion of amino acid 144, deletion of amino acid 145, TOR, G129D, E143G,
LA439R, T465K, D601G, PO6SR, and DY3TN;

(oxviti) deletion of amino acid 144, deletion of amino acid 145, TOR, T82L, G129D,
Y132H, E143G, AZ09V, K404N L439R, T465K, DO0LIG, PO63R, and DI3TN;

(xxix} deletion of amino acid 144, deletion of amino acid 143, TOR, G129 E143G,
W24351, K404, N426K, L439R, T465K, F471K, N488Y, D6O1G, PO6SR, and DO3TN;

(o) deletion of amino acid 144, deletion of amino acid 145, TOR, W31H, HS3W,
G129D, E143G, D200V, L201R, W2451, K404N, N426K, L439R, T465K, E471K, N438RY,
Do01G, P668R, and D93TN;

{(xxx1} deletion of amino acid 144, deletion of amino acid 145, T6R, G129D, E143G,
K404N, L439R, T465K, E471Q}, DO0IG, P668R, and DIITN;

(ooai) Q39R, AS4Y, B471K; De01G, Qo664H, F875L, and deletion of 1,2, 3, or 4 of
amino acids 56, 537, 131, 132,

{(xxxiii) T82L, D240G, E471K, D6O1G, and AGBRV,
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(xxxiv) L439R, H471Q, D601G, POOER, and Q1058H;

(Gooxv) GE2V, T631, R233N, L4393, FAT7S, 601G, TR46N, and deletion of 1, 2, 3, 4, 5,
or 6 of aminoe acids 234-240;

(xxxvi) T82L, Y1318, Y132N, R333K, E471K, N488Y. D601G, P66SH, and DO3TN; and

(xxxvii) G1298, G326D, S360P, S362F, K404N, N427K, T465K, E471A or E471K,
(480K or Q480R, Q485R, N4S8Y, Y49ZH, D601, HO42Y, NGO6OK, PO03H, N751K, D7E3Y,
09411, and NO53K;

wherein the amino acids of the CoV S glycoprotein are numbered with respect to a

polypeptide having the sequence of SEQ ID NO: 2.

{0065} A subject that is “positive” for SARS-CoV-2 or a variant thereof has a positive PCR
or serclogical test for SARS-CoV-2 or a variant thereof. A positive PCR test detects genetic
material from SARS-CoV-2 or a variant thereof. A positive serological test shows the presence of
aontibodies against a SARS-CoV-2 protein, typically the nucleocapsid protein froro SARS-CoV-2
or a variant thereof.

-

{6066} The tera “asymptomatic” refers to a subject that is positive for SARS-CoV-2 ot a
SARS-CoV-2 variant thereof, but does not experience any symptoms of COVID-19.

{6067} The term “mild” as it refers to COVID-19 refers to a subject that has a positive PCR or
serological test for SARS-CoV-2 or a variant thereof and has one or more of the following
symptoms: (1) fever; (11) new onset cough; (i) or two additional COVID-19 symptoms selected
from new onset or worsening of shortness of breath or difficulty breathing; fatigue; generalized
muscle or body aches; headache; loss of taste or smell; sore throat, congestion, or runny nose; or
nausea, voraiting, or diarrhea.

10068} The term “moderate” as it refers to COVID-19 refers to a subject that has a positive
PCR or serological test for SARS-CoV-2 or a variant thereof and one ot wore of the following
symptoms: (i} a high fever of > 38.4 °C for three or more days; {ii} any evidence of significant
fower respiratory tract infection (LRTI), wherein the evidence is selected from: {(a) shortness of
breath with or without exertion; (b) tachypnea (24 to 29 breaths per minute at rest);, {¢) SpO2 of
94 % to 95 % {d) an abnormal chest x-ray or computerized tomography {(CT) consistent with
pneumonia or LRTL or (&) adventitious sounds on tung auscultation {e.g,, crackles/rales, wheeze,

rhonchi, pleural rub, stridor).
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{6069 The term “severg” as it refers to COVID-19 refers to a subject that has a positive PCR
or serological test for SARS-CoV-2 or a variant thereof and one or more of the following
symptoms: (i} tachypnea of > 30 breaths per minute af rest; {ii} resting heart rate of > 123 beats

per minute; (111} SpO2 of < 93% or FaO2/Fi02 < 300 mmHg;

o

(iv) requirement for high flow
oxygen therapy or non-invasive ventilation, non-invasive positive pressure ventilation (e.g.,
continuous positive airway pressure {CPAP} or bilevel positive airway pressure {(BiPAP)); (v}
requirement for mechanical ventiation or exiracorporeal membrane oxygenation (ECMOY; (vi)
one or more major organ system dysfunctions or failure selected from (a} acute respiratory failure,
including acute respiratory distress syndrome {ARDS); (b) acute renal failure; {¢} acute hepatic
faiture; (d) acute right or left heart failure; (e} septic or cardiogenic shock {with shock defined as
systolic blood pressure (SBP) of <90 mmHg or diastolic biood pressure (DBP) or < 60 mmHg),
(£} acute stroke {ischemic or hemorrhagic); {g) acute thrombotic event, such as acute myocardial
infarction (AMI), deep vein thrombosis (DVT), or pulmonary embolism (PEY, (h) a requirement
for vasopressors, systemic corticosteroids, or bemodialysis; (vil) admission to ap intensive care
unit; or (viii} death.

{8070} As used herein, the terms “bedside mix,” “bedside formulations,” “bedside vaccine
compositions,” “bedside vials,” “bedside vial formulations” refer to vaccing formulations that are
prepared immediately prior to administration. Such vaccine formulations contain viral antigens
and adjuvants that are separately stored in different containers and are administered to a subject
{(e.g., either administering two consecutive injections, or combining the antigens and the adjuvants
1to one njection prior to administration),

j0071 As used herein, the terms “co-formulation mix,” “co-formulation,” “co-formulation
vaccine compositions,” “prefilled syringes,” “pre-mix,” refer to vaccine formulations that are
prepared for short to long-term storage prior to the time of administration 1o a subject. Such
vaccine formulations contain a combination of antigens and adjuvant in the same container and
prepared in advance of administration. In embodiments, formulations contain hemagglutinin and
adjuvant {¢.g., saponin adjuvant) form HaSMaNs (Hemagglutinin Saponin Matrix Nanoparticles).
{8072} The term “efficacy” of an imntunogenic composition or vaccine composition described
herein refers to the percentage reduction of disease (e.g., COVID-19) in a group administered an
immuonogenic composition as compared to a group that s not administered the inmunogenic

composition. In embodiments, efficacy (E) is calculated using the following equation: E (%)=}
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~ RR} = 100, where RR = relative risk of incidence rates between the group administered the
immunogenic composition and the group that is not administered the immunogenic composition.
In embodimenis, immunogenic compositions described herein have an efficacy against a SARS-
CoV-2 virus or heterogenecus SARS-CoV-2 strain that is at least about 50 %, at least about 35 %,
at least about 60 %, at least about 65 %%, at least about 70 %, at least about 75 %, at least about 80
Vs, at least about 83 %, at least about 90 %, at least about 91 %, at feast about 92 %, at least about
93 %, at least about 94 %, at least about 95 %%, at least about 96 %, at least about 97 %, at least
about 98 %, at feast about 99 %, between about 50 % and about 99 %, between about 50 % and
about 98 %, between about 60 % and about 99 %, between about 60 % and about 98 %, between
about 70 % and about 98 %, between about 70 % and about 95 %, between about 70 % and about
9G 9%, between about 80 % and about 99 %, between about 80 %6 and about 98 %, between about
80 %% and about 95 %, between about 85 % and about 99 %, between about 85 % and about 98 %%,
between about 85 % and about 95 %, between about 90 % and about 95 %, between about 90 %
and 98 %, or between about 90 %% and about 99 %.

{6073] As used herein, the term “split-virion” refers to a virus {e.g., an influenza virus or a
SARS-CoV-2 virus), which has a viral membrane that has been disrupted with a surfaciant.
Examples of surfactants are described throughout this disclosure. Split-virions do not undergo
further purification, so they typically contain multiple viral proteins.

{6074} As used herein, the term “recombinant” as it refers to a protein (e.g. hemagglutinin)
that 1s produced in a cell by transcription and translation of 2 nucleic acid that is introduced into a
cell. The nucleie acid may be introduced via a vector or a virus encoding the nucleie acid.

j0075¢ As used herein, the term “whole influenza virus” refers to a virus that comprises all of
its envelope, viral membrane, vucleocapsid, and genetic material. In embodiments, the whole
influenza virus is inactivated.

{6076} As used herein, the term “inactivated virus” refers o a virus that has undergone
treatment to substantially reduce or eliminate its virulence compared to the wild-type virus,

fmsmunogenic Compositions

Immunogenic Compaositions against Influenza Viruses
{66771 Provided herein are immunogenic compositions and vaccine compositions containing

(i} at least three hemagglutinin (HA) glyvcoproteins, wherein the three hemagglutinin (HA)
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glycoproteins are from different influenza strains and (i) a pharmaceutically acceptable buffer. In
embodiments, the at least three HA glyvcoproteins are in a form selected from the group consisting
of {a) detergent-core nanoparticies comprising hemagglutinin  (HAY, (b) HaSMaNs
(Hemagglutinin Saponin Matrix Nanoparticles), {¢) an inactivated whole influenza virus; (d} a
hemagglutinin composition exiracted from an influenza virus; optionaily an influenza split-virion
composition or a subunit influenza composition; and any combination thereof. In embodiments,
provided herein are methods of using the aforementioned immunogenic compositions and vaccine
compositions to stimulate an immune response against an influenza virus. In embodiments, the
compositions comprise four HA glycoproteins, wherein each HA glyeoprotein is from a different
strain,
{6078} In embodiments, the compositions comprise from about 25 pg to about 75 ug of
hemagglutinin per strain. In embodiments, the compositions comprise from about 30 ug 1o about

60 ug of hemagglutinin per strain. In embodiments, the compesitions comprise about 30 pg, about

31 pg,
38 g,
45 pg.
52 ug,

39 g,

00 g,

about 32 ug,
about 39 ug,
about 46 ug,
about 53 ug,
about 60 ug,

about 67 ug,

about 33 ug,
about 40 ug,
about 47 ug,
aboui 54 ug,
about 61 ug,

about 68 ug,

about 34 ug,
about 41 pg,
about 48 ug,
about 55 ug,
about 62 ug,

about 69 ug,

about 35 ug,
about 42 ug,
about 49 pg,
about 56 ug,
about 63 ug,

about 70 ug,

about 36 ug,
about 43 ug,
about SO ug,
about 57 ug,
about 64 ug,

about 71 ug,

about 37 ug,
about 44 ng,
about S1 ug,
about 58 ug,
about 65 ug,

p 7
about 72 ug,

about
about
about
about
about

about

73 ug, sbout 74 ug, or about 75 pg of hemagglutinin per strain, including all values and subranges
therebetween. In embodiments, the compositions comprise from about 30 pg of hemagglutinin
per strain. In embodiments, the compositions comprise from about 45 g of hemagglutinin per
strain. In embodiments, the compositions comprise from about 60 ug of hemagglutinin per strain,
{6079} In embodiments, the compositions further comprise any pharmaceutically acceptable
buffer described herein. In embodiments, the compositions further comprise any adjuvant
described herein. In embodiments, the compositions comprise a saponin adjuvant. In
embodiments, the saponin adjuvant comprises at least two iscom particles, wherein: the first iscom
particle comprises fraction A of Quillajn Saponaric Molina and pot fraction C of Quillaja
Saponaria Molina; and the second iscom particle comprises fraction C of Qwillaja Saponaria
Moilina and not fraction A of Gwillaja Saponaria Molina. In embodiments, fraction A of Quillaju

Saponaria Molina and fraction C of OQuillaja Saponaria Molina account for about 92 % by weight
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and about & % by weight, respectively, of the sum of weights of fraction A of Uuillajo Saponaria
Molina and fraction C of Quillaja Saponaria Molina in the adjuvant. Tn embodiments, fraction A
of Quillaja Saponaria Molina and fraction C of Quillaja Saponaria Molina account for about 85
% by weight and about 15 % by weight, respectively, of the sum of weights of fraction A of
Quilloja Saponaria Molina and fraction C of Jwiflaje Saponaria Molina in the adjuvant. In
embodiments, fraction A of Juiflaja Saponaria Molina accounts for at least 85 9% by weight of
the adjuvant and fraction C of Quiflaje Saponaria accounts for the remainder of the weight of the
adjuvant. In embodiments, fraction A of Quillajo Saponaria Molina accounts for at least 70 % by
weight of the adjuvant and fraction C of Qwiflaja Saponaria accounts for the remainder of the
weight of the adjuvant. In embodiments, the adjuvant is present in the composition in an amount
from 30 pg to about 100 about 31

¢ In embodiments, the compositions comprise about 30 ug,

ug,

. about 60

about 32 ug,
about 39
about 46

about 53

ug,

us,

pnn

1g,

Ug.

. about 67 ug,

about 74 ug,
about 81 ug,

. about 88 ng,

about 33 ug,
about 40 ug,
about 47 ug,
about 54 ug,
about 61 ug,
about 68 ug,
about 75 ug,
about 82 ug,

about 89 ug,

about 34 pg,
about 41 pg,
about 48 ug,
about 55 g,
about 62 ng,
about 69 pg,
about 76 ug,
about 83 ug,

about 90 ng,

about 35 ug,
about 42 pg,
about 49 ug,
about 56 ug,
about 63 ug,
about 70 ug,
about 77 ug,
about 84 ug,

about 91 ng,

about 36 ug,
about 43 ug,
about 50 ug,
about 57 ug,
about 64 ug,
about 71 ug,
about 78 pg,
about 85 pg,

about 92 ug,

about 37 pg,
about 44 pg,
about 51 ug,
about 58 g,
about 65 pg,
about 72 pg,
about 79 ug,
about 86 g,
about 93 pg,

about 38
about 45
about 52
about 59
about 60
about 73
about 80
about 87

about 94

. about 95 pg, about 96 ug, about 97 ug, about 98 pg, about 99 ug, or about 100 pg, of
adjuvant. In embodiments, about 5¢ pg or 75 pg adjuvant is present in the composition.
{mmmnogenic Compositions against Coronavivuses and Influenzo Vieses
{6080} Provided herein are immunogenic compositions and vaccine compositions containing
(i) at least three hemagglutinin (HA) glycoproteins, wherein the three hemagglutinin (HA)
glycoproteins are from different influenza strains, (ity a CoV S polypeptide in the form of a
detergent-core nanoparticle, wherein the detergent is a non-ionic detergent, and (i1} a
pharmaceutically acceptable buffer. In embodiments, the at least three HA glycoproteins arein a
form selected from the group consisting of (a) detergeni-core nanocparticles comprising
hemagglutinin (HA), (b) HaSMaNs (Hemagglutinin Saponin Matrix Nanoparticlesy, {(¢) an

mactivated whole influenza virus; (d) a hemagglutinin composition extracted from an influenza
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virus; optionally an influenza split-virion composition or a subunit influenza composition.and any
combination thercof. In embodiments, provided herein are rmethods of using the aforementioned
immunogenic compositions and vaccing compositions to stimulate an immune response against a
coronavirus, an influenza virus, or a combination thereof.

[6081] Also provided herein are methods of manufacturing the aforementioned nanoparticles
and immunogenic compositions.  Advantageously, the methods provide nanoparticles that are
substantially free from contamination by other proteins, such as proteius associated with
recombinant expression of proteins in insect celis. In embodiments, expression occurs in
baculovirus/SH9 systems.

{1} non-naturally occurring CoV' S polypeptides or nanoparticles

{6083} The immunogenic compositions of the disciosure contain non-naturally occurring CoV
N polypeptides or nanoparticles comprising the same. CoV S polypeptides may be derived from
coronaviruses, including but not limited to SARS-CoV-2, for example from SARS-CoV-2, from
MERS CoV, and from SARS CoV. In embodiments, the immunogenic compositions of the
disclosure contain from about | to about 13, from about 2 to about 15, from about 3 to about 135,
from about 3 to about 12, from about 4 to about 6, from about 3 to about 7, from about 4 to aboul
12, from about 5 to about 8, or from about ¢ to about 9 non-naturally occurring CoV 8
polypeptides.

{6083] {n embodiments, the CoV 8 polypeptide is from a heterogeneous SARS-CoV-2 strain,
In embodiments, the heterogeneous SARS-CoV-2 strain has a PANGO lineage selected from the
group consisting of B.1.1.529; BA.1, BA.1.1, BA2 BAJ3, BA4, BAS B.1.17, B.1.351, P.1,
B.1.6172, AY, B.1427, B.1.429, B 1525, B.1.526, B.1.617.1, B.1.6173, P2, B 1.621, or
B 16211 In emboduments, the heterogeneous SARS-CoV-2 straiv has a World Health
Organization label of alpha, beta, gammea, delta, epsilon, eta, 1ota, kappa, zeta, mu, or omicron.
{0034} In embodiments, the SARS-CoV-2 virus has a CoV S polypeptide having the amino
actd sequence of SEQ 1D NG 1, and the variant of SARS-CoV-2 comprises a CoV § polypeptide
having from 1-100 modifications compared to the CoV S polypeptide of SEG ID NO: 1. In
embodiments, the SARS-CoV-2 virus has a CoV S polypeptide having the amino acid sequence
of SEQ 1D NO: 1, and the variant of SARS-CoV-2 comprises a CoV S polypeptide having at least
about 1, at least about 2, at feast about 3, at least about 4, at least about 5, at least about 6, at feast

about 7, at least about 8, at least about 9, at least about 10, af least about 11, at least about 12, at
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least about 13, at least about 14, at least about 15, at least about 16, at least about 17, at least about
18, at least about 19, at least about 20, at least about 21, at least about 22, atleast about 23, at feast
about 24, at least about 25, at least about 26, at least about 27, at least about 28, at least about 29,
at feast about 30, at least about 31, at feast about 32, at least about 33, at least about 34, at least
about 35, at least about 36, at least about 37, at least about 38, at least about 39, at least about 40,
at least about 41, at least about 42, at least about 43, at least about 44, at least about 45, at least
about 46, at feast about 47, at least about 48, at least about 49, at feast about 50, at least about 51,
at least about 32, at least about 33, at feast about 54, at least about 55, at least about 56, at least
about 57, at least about 58, at least about 59, at least about 60, at feast about 61, at least about 62,
at least about 63, at least about 64, at feast about 63, at least about 606, at least about 67, at least
about 68, at least about 69, at least about 70, at least about 71, at feast about 72, at least about 73,
at least about 74, at least about 75, at least about 76, at least about 77, at least about 78, at least
about 79, at least about 80, at least about 81, at least about 82, at least about 83, at least about 84,
at least about 85, at least about 86, at teast about 87, at least about 88, at Jeast about 89, at least

about 90, at least about 91, at least about 91, at least about 92, at feast about 93, at least about 94,

at least about 93, at least about 96, ai least about 97, at least about 98, at least about 99, or at feast
about 100 modifications compared to SEQ ID NG 1. In embodiments, the SARS-CoV-2 virus has
a CoV 8 polypeptide having the amino acid sequence of SEQ 1D NO: 1, and the variant of SARS-
CoV-2 comprises a CoV § polypeptide having at least 1 and up to about 1, up to about 2, up to
about 3, up to about 4, up to about 5, up to about 6, up to about 7, up to about 8, up to about 9, up
to about 10, up to about 11, up to about 12, up to about 13, up to about 14, up to about 1S, up to
about 16, up to about 17, up to about 18, up to about 19, up to about 20, up to about 21, up to about
22, up to about 23, up to about 24, up to about 25, up to about 26, up to about 27, up 1o about 28,
up to about 29, up to about 30, up to about 31, up to about 32, up to about 33, up to about 34, up
to about 35, up to about 36, up to about 37, up to about 38, up to about 39, up to about 40, up to
about 41, up to about 42, up to about 43, up to about 44, up to about 45, up to about 46, up to about
47, up to about 48, up to about 49, up to about 50, up to about 51, up to about 52, up to about 53,
up to about 54, up to about 55, up to about 56, up to about 57, up to about 58, up to about 59, up
to about 0, up to about 61, up to about 62, up to about 63, up to about 64, up to about 65, up to
about 66, up to about 67, up to about 68, up to about 69, up to about 70, up to about 71, up to about

72, up to about 73, up to about 74, up to about 75, up to about 76, up to about 77, up to about 78,

I
h
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up to about 79, up to about 80, up to about 81, up to about 82, up to about 83, up 1o about 84, up
to about 85, up to about 86, up to about 87, up to about 88, up to about 89, up to about 90, up to
about 91, up to about 91, up to about 92, up to about 93, up to about 94, up to about 93, up to about
96, up to about 97, up to about 98, up to about 99, or up to about 100 modifications compared to
SEQIDNG. 1.

{0085] In contrast to the SARS-CoV S protein, the SARS-CoV-2 § protein has a four amino
acid tnsertion in the S1/82 cleavage site resulting in a polybasic RRAR furin-like cleavage motif,
The SARS-CoV-2 S protein is synthesized as an inactive precursor {S0) that is proteolytically
cleaved at the furin cleavage site into S1 and S2 subunits which remain non-covalently linked to
form prefusion trimers. The §2 domain of the SARS-CoV-2 § protein comprises a fusion peptide
(FP), two heptad repeats (HR 1 and HR2), a transmembrane (TM) domain, and a cytoplasmic tail
(CT). The S1 domain of the SARS-CoV-2 § protein folds into four distinct domains: the N-
terminal domain (NTD) and the C-terminal domain, which contains the receptor binding domain
{RBD) and two subdomains SB1 and SD2. The prefusion SARS-CoV-2 S protein trimers undergo
a structural rearrangement from a prefusion to a postfusion conformation upon S-protein receptor
binding and cleavage.

{00686} In embodiments, the CoV § polypeptides are glycoproteins, due to post-iransiational
glveosylation. The glycoproteins comprise one or more of a signal peptide, an 81 subunit, an 82
subunit, a NTD, a, RBD, two subdomains (SD1 and SD2) labeled SD1/2 in Figs. 6A-B and
referred to as “SD1/2” herein), an intact or modified fusion peptide, an HR1 domain, an HR2
domatn, a TM, and 8 CD. To embodiments, the amino acids for each domain are given in Fig, 64
{shown according to SEQ 1D NO: 1) and Fig, 68 (shown according to SEQ ID NQ: 2).

[8087] In embodiments, each domain may have at least 80 %, at least 83 %, at least 30 Y%, at
feast 91 %, at least 92 %o, atleast 93 %, at least 94 %, at least 95%, at least 96 %, at least 97%, at
feast 98 %, at least 99%, or at feast 99.5% identity to the sequences for each domain as in SEQ ID
NO: 1 or SEQ ID NGO 2. Each domain may have a deletion, an insertion, or mutation of up fo
about 1, up to about 2, up to about 3, up to about 4, up to about 5, up to about 10, up to about 20,
up to about 30, up to about 33, up to about 40, up to about 45, or up to about 50 amino acids
compared to those shown in SEQ IDNO: T or SEQ ID NO: 2. Each domain may have a delstion,
an insertion, or mutation of between about 1 and about 3 amino acids, between about 3 and about

10 amino acids, between about 5 and 10 amino acids, between about 8 and 12 amino acids, between
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about 10 and 15 amino acids, between about 12 and 17 aminc acids, between about 15 and 20
amino acids, between about 18 and 23 amino acids, between about 20 and 25 amino acids, between
about 22 and about 27 amino acids, or between about 25 and 30 amine acids as compared to those
shown in SEQ ID NO: 1 or SEQ 1D NO: 2. Note that Figs. 2 and 3 illustrate the 13-amine acid N-
ierminal signal peptide that is absent from the mature peptide. The CoV S polypeptides may be
used to stimulate immune responses against the native CoV Spike (8) polypeptide.
[6088] In embodiments, the native CoV Spike (S) polypeptide {SEQ ID NG 2) is modified
resulting in non-naturally occurring CoV Spike (8) polypeptides
{36891 In embodiments, the native CoV Spike (5) polypeptide (SEQ ID NO: 2) is modified
resulting in non-naturally occurring CoV Spike (5) polypeptides (Fig. 13 In embodiments, the
CoV Spike (S) glycoproteins comprise a 81 subunit and a S2 subunit, wheretn the S subunit
comprises an NTD, an RBI}, a SD1/2, and an inactive furin cleavage site (amino acids 669-672),
and wherein the 82 subunit comprises mutations of amino acids 973 and 974;

wherein the NTD (amino acids 1-318) optionally comprises one or more modifications
selected from the group consisting oft

{a} deletion of one or more amino acids selected from the group consisting of amino acid

6, 57, 131, 132, 144, 145, 228, 229, 230, 231, 234, 36, 237, 238, 239, 240 and

v

combinations thereof]

(b insertion of 1, 2, 3, or 4 amino acids after aminoe acid 132; and

(¢} mutation of one or more amino acids selected from the group consisting of amino acid
S,6,7, 13,39, 51, 53, 54,56, 57,62, 63,67, 82, 125, 129, 131, 132, 133, 139, 143, 144, 145, 177,
200, 201, 202, 209, 229, 233, 240, 245, and combinations thereof;

wherein the RBD optionally comprises mutation of one or more amino acids selected from
the group consisting of amino acid 333, 404, 419, 426, 439, 440, 464, 465, 471,477, 481, 488, and
combinations thereof’

wherein the SD1/2 domain optionally comprises mutation of onte or more amine acids
selected from the group consisting of 557, 600, 601, 642, 664, 668, and combinations thereof; and

wherein the S2 subunit optionaliy comprises one or more modifications selected from the
group consisting of:

{a} deletion of one or more amino acids from 676-685, 676-702, 702-711, 775-793, 806-

815 and combinations thereof,

1
~d
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(b) mutation of one or more amino acids selected from the group consisting of 688, 703,

846, 875, 937,949, 973, 974, 1014, 1058, 1108, and 1163 and combinations thereof; and

{c) deletion of one or more amino acids from the transmembrane and cytoplasmic domain
(TMCT) (amino acids 1201-1260),
wherein the arino acids of the CoV S glycoprotein are numbered with respect to SEQ D NO: 2.
{6090} {n embodiments, the CoV § polypeptides described herein exist in a prefusion
conformation. In embodiments, the CoV S polypeptides described herein comprise a flexible HR2
domain. Unless otherwise mentioned, the flexibility of a domain is determined by transition
electron microscopy {(TEM) and 2D class averaging. A reduction in electron density corresponds
to a flexible domain.
Modifications to 51 subunit
{8091} In embodiments, the CoV S polypeptides contain one or more modifications to the 81
subunit having an amino acid sequence of SEQ ID NG: 121,
[8092] The amino acid sequence of the S1 subunit (SEQ 1D NG: 121) is shown below.
QCVNLTTRTQLPPAYTNSFTRGVYYPDKVERSSVLHSTODLFLPFESNVTWFHAIHVSGT
NOGTERFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEF
QFCNDPFLGVY YHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNFKNLRE
FVFKNIDGYFKIYSKHTPINLVRDLPOQGFSALEPLVDLPIGINITRFQTLLALHRSYLTREGD
SSSCGWTAGAAAYYVOYLQPRTFLLEKYNENGTITBAVDRCALDPLSETKCTLE SFTVEKGI
YQTSNFRVOPTESIVRFPNITNLCPFGEVFNATRFASVY AWNRKRISNCVADYSVLYNSA
SEFSTFRCYGVSPTRKLNDLCFINVYADSFVIRGDEVROQIAPGOTGKIADYNYKLPDDFTGC
VIAWNSNNLDSKVGGNYNYLYRLFREKSNLKPFERDISTEIY QAGSTPCNGVEGENCYFP
LOSYGFOQPINGVGYQPYRVVVLAFELLHAPATVCGPEKK STNLVENKCYNENFNGLTGT
GVLTESNKKFLPFGOFGRDIADTTDAVRDPGQTLEILDITPCSFGGVSVITPGTNTSNQVAVY
LYQDVNCTEVPVAIHADQLTPTWRVYSTGENVFQTRAGCLIGAEHVNNSYECDIPIGAG]
CASYOQTOTNSPRRAR
18093} In embodiments, the CoV S polypeptides described herein comprise an 81 subunit with
at feast 95%, at least 96 %, at least 97%, at least 98 %, at least 99%, or at least 99.5 %, identity to
the S1 subunit of SEQ ID NG 1 or SEQ ID NO: 2. The St subunit may have a deletion, an
wsertion, or wutation of up to about I, up to about 2, up to about 3, up to about 4, up o about 3,

up to about 10, up to about 15, up to about 20, up to about 25, or up to about 30 amino acids
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compared to the amino acid sequence of the ST subunit of SEQ D NG 1 or SEQ D NO: 2. The
81 subunit may have a deletion, an insertion, or mutation of between about 1 and about § amino
acids, between about 3 and about 10 amino acids, between about 5 and 10 amino acids, between
about § and 12 amino acids, between about 10 and 15 amino acids, between about 12 and 17 amino
acids, between about 15 and 20 amino acids, between about 18 and 23 amino acids, between about
20 and 25 amino acids, between about 22 and about 27 amino acids, or between about 25 and 30
amino acids as compared to the 81 subunit of SEQ D3 NO: T or SEGQ ID NG: 2.

80941 In embodiments, the S1 subunit may contain any combination of modifications shown

in Table 1A,

D
O
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Table 1A

PCT/US2024/022891

Modifications to ST (SEQ 1D NG: 121)
* amino acids 14-685 of SEQ 1D NO: 1 and amino acids 1-672 of SEQ ID NG 2

Position | Position | Position
within within within
Potential Modifications
SEGID | SEQID SEQ ID
N1 NO: 2 NO: 121
deletion of up to about 1, 2, 3, 4, 3, 10, 20, 30, 40,
30, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150,
t4-305 1 1-292 292 160, 170, 180, 190, 200, 210, 220, 230, 240, 250,
260, 270, 280, 290, or 292 amino acids
mutation to phenylalanine
18 5 5 mutation to tyrosine
mutation to tryptophan
mutation 1o arginine
mutation to lysine
19 6 6 mutation 1o histidine
mutation to isoleucine
mutation to asparagine
mutation to glutamine
20 7 7 rutation to isoleucine
mutation to valine
mutation to serine
4 1 1 mutation to threonine

deletion
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Modifications to 81 (SEQ 1D NG: 121}
* amino acids 14-085 of SEQ ID NO: 1 and aminc acids 1-672 of SEQ IDNO: 2

Position | Position | Position
within within within . o
. Potential Meodifications
SEQID | SEQID | SEQID
NO: 1 Nk 2 NO: 128
insertion of amino acids proline-proline-alanine
. “ PPA) after amino acid 25
55 12 2 { Y after amino acid
deletion
rutation to serine
2% 13 ;3 mutation 1o threonine
deletion
mutation to serine
7 g . .
27 14 14 ntation to threonine
mutation 1o arginine
5o 39 19 mutation to lysine
mutation o histidine
mutation to histidine
64 51 5 mutation to lysine
mutation to arginine
mutation to tryptophan
66 3 3 mutation to tyrosine
mutation to phenylalanine
mutation to valine
67 54 54

mutation 1o 1soleucine
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Modifications to 81 (SEQ 1D NG: 121}
* amino acids 14-085 of SEQ ID NO: 1 and aminc acids 1-672 of SEQ IDNO: 2

Position | Position Position
within within within
Potential Meodifications
SEQID | SEQID SEQID
NO: 1 NG: 2 NG 128
mutation to leucine
69 56 <6 Deletion of amino acid
Deletion of amino acid
Mutation to phenylalanine
-7 57 : ;
70 - 37 Mutation to tyrosine
Mutation to tryptophan
Mutation to valine
e o~ Mutation to leucine
75 02 62
Mutation to isoleucine
Mutation to isoleucine
76 63 63 Mutation to valine
Mutation o leucine
mutation to alanine
80 67 67 mutation to glycine
23 70 70 mutation to alanine
mutation to beta branched amino acid
o5 2 2 mutation to isoleucine

mutation to valine

s
]
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Modifications to 81 (SEQ 1D NG: 121}
* amino acids 14-085 of SEQ ID NO: 1 and aminc acids 1-672 of SEQ IDNO: 2

Position | Position | Position
within within within . o
Potential Meodifications
SEQID | SEQID | SEQID
NO: 1 Nk 2 NO: 128
& mutation to fyrosine
133 125 125 ¢ mutation to phenylalanine
e mutation to tryptophan
e muiation to aspartic acid
142 129 129 e  mutation to glutamic acd
143 130 130 ¢ deletion of amino acid
s Deletion of amino acid
144 131 131 e Mutation to serine
s Deletion of aming acid
¢ Mutation to histidine
o~ 1T . .
145 132 132 e Mutation to asparagine
¢ Mutation to glutamine
®  mutation to aromatic amino acid
® mutation (o tyrosine
146 13 133 s mutation to phenylalanine
¢ mutation to trypiophan
e mutation to glutamine
¢ mutation to glutamic acid
147 134 134 e mutation to aspartic acid
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Modifications to 81 (SEQ 1D NG: 121}
* amino acids 14-085 of SEQ ID NO: 1 and aminc acids 1-672 of SEQ IDNO: 2

Position | Position Position
within within within . o
. Potential Meodifications
SEQID | SEQID SEQID
NO: 1 NG: 2 NG 128
mutation to cysteine
mutation to methionine
mutation to serine
g 20 30 . .
152 139 139 mutation to threonine
mutation to arginine
mutation to lysine
mutation 1o glycine
. 1 A% o .
156 143 143 mutation 1o alanine
deletion of amino acid
mutation to leucine
mutation to isoleucin
157 144 144 utation to 1scieucine
mutation to valine
mutation to beta-branched amino acid
155 145 145 deletion of amino acid
mutation to beta-branched amino acid
mutation to valine
20y ,7 . N .
180 167 167 mutation to isoleucine
mutation to leucing
mutation to glutamic acid
183 170 170

mutation to aspartic acid
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Modifications to 81 (SEQ 1D NG: 121}
* amino acids 14-085 of SEQ ID NO: 1 and aminc acids 1-672 of SEQ IDNO: 2

Position | Position Position
within within within . o
Potential Meodifications
SEQID | SEQID SEQID
NO: 1 NG: 2 NG 128
& mutation to serine
N ~ ¢ tati y threonine
190 (77 177 mutation 1o threonine
e mutation to cysteine
e mutation to valine
) e mutation o isoleucine
210 197 197
= rutation to leucine
s mutation to beta branched amino acid
e mutation to isoleucine
s mutation to valine
. s rmutation to leucine
211 198§ 198
e mufation to beta branched amino acid
¢ deletion of amino acid
s mufation o isoleucine
¢ mutation o valine
. . e mutation to leucine
242 199 199 -
s mutation to beta branched amino acid
s deletion of amino acid
s mutation to valine
& mutation o leucing
213 200 200 ¢ mutation to isoleucine
e mutation 1o beta branched amino acid
® mutation to proline

o8]
W
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Modifications to 81 (SEQ 1D NG: 121}
* amino acids 14-085 of SEQ ID NO: 1 and aminc acids 1-672 of SEQ IDNO: 2

Position
within
SEQ D
NO: 1

Position
within
SEQID
NG: 2

Position
within
SEQID
NG 128

Potential Modifications

mutation to glycine
mutation to glutaroic acid

mutation to aspartic acid

214

201

201

mutation to arginine

mutation to lysine

mutation to histidine

mutation 1o aspartic acid

mutation to glutamic acid

insertion of amino acids glutamic acid-proline-

ghutamic acid (EPE) after 214

i~
W

b
S
N2

202

mutation to glycine
mutation to alanine
insertion of amine acids glutamic acid-proline-

ghutamic acid (EPE) after 215

209

209

mutation to valine
mutation to leucine

mutation 1o isoleucine

228-231

deletion of 1, 2, 3, or 4 amino acids

9
[\
sl

229

mutation to histidine

mutation to lysine
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Modifications to 81 (SEQ 1D NG: 121}
* amino acids 14-085 of SEQ ID NO: 1 and aminc acids 1-672 of SEQ IDNO: 2

Position | Position Position
within within within
. . Potential Meodifications
SEQID | SEQID | SEQID
NO: 1 NG: 2 NG 128
mutation to arginine
mutation to beta-branched amino acid
mutation 1o iscleucine
246 13 233 mutation to valine
mutation to threonine
mutation to asparagine
547 34 234 deletion of amino acid
948 75 235 deletion of amino acid
49 236 236 deletion of amino acid
250 537 537 deletion of amino acid
251 238 933 deletion of amino acid
e L o
deletion of amino acid
mutation to valine
252 239 739 mutation to leucine
mutation to iscleucine
mutation to beta branched amino acid
mutation to glyeine
253 240 240

deletion of amino acid

(99
RN
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Modifications to 81 (SEQ 1D NG: 121}
* amino acids 14-085 of SEQ ID NO: 1 and aminc acids 1-672 of SEQ IDNO: 2

Position | Position Position
within within within
Potential Meodifications
SEQID | SEQID SEQID
NO: 1 NG: 2 NG 128
mutation to serine
mutation 1o threonine

~ 24 44 : :

257 244 244 mutation to asparagine
mutation to glutamine
mutation o isoleucine
mutation to valine

558 9 45 . .

238 245 245 mutation to leucine
mutation 1o beta branched amino acid
mutation 1o aspartic acid

4 e s mutation to glutamic acid

339 326 326 : g
mutation to histidine
ntation to lysine
mutation to arginine

. .- s mutaiion to histidine

346 333 333
mutation to threonine
mutation 1o serine
mutation to 1soleucine
mutation to leucing

368 335 355

mytation to valine

mutation to beta-branched amino acid
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Modifications to 81 (SEQ 1D NG: 121}
* amino acids 14-085 of SEQ ID NO: 1 and aminc acids 1-672 of SEQ IDNO: 2

Position | Position Position
within within within
. . Potential Meodifications
SEQID | SEQID | SEQID
NO: 1 NG: 2 NG 121
mutation to leucine
mutation o isoleucine

37 358 358 mutation to valine
mutation to phenylalanine

ey o mutation to profin

373 360 360 on o protine
mutation to phenylalanine

" o nmutati rosine

175 362 362 utation to tyrosine
mutation to tryptophan
mutation to alanine

37¢ 263 363 . .

376 363 o9 mutation to glycine
mutation 1o asparagine

405 397 3072 - .

403 392 392 mutation to glutamine
mutation to serine

ANQ y Y03A . .

408 395 395 mutation to threonine
mutation to asparagine
mutation {o threoning
mutation to isoleucine

417 404 404

mutation to valine
mutation 1o serine

rutation to glutamine

[
D
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Modifications to 81 (SEQ 1D NG: 121}
* amino acids 14-085 of SEQ ID NO: 1 and aminc acids 1-672 of SEQ IDNO: 2

Position | Position Position
within within within
Potential Meodifications
SEQID | SEQID SEQID
NO: 1 NG: 2 NG 121
mutation to beta-branched amino acid
mutation to lysine
432 419 419 mutation 10 arginine
mutation to histidine
mutation to lysine
" ) . mutation 1o arginine
439 426 420 utation {o a 5 e
mutation to histidine
mutation to lysine
N ) 3 = 7' PN
440 427 427 mutation o arginine
mutation to histidine
nmutation to threonine
444 431 431 rutation to serine
445 437 430 mutation to proline
mutation 1o serine
mutation to threonine
446 433 433 mutation to asparagine
mutation to glutamine
mutation to arginine
452 439 439

mutation to lysine
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Modifications to 81 (SEQ 1D NG: 121}
* amino acids 14-085 of SEQ ID NO: 1 and aminc acids 1-672 of SEQ IDNO: 2

Position | Position | Position
within within within . o
Potential Meodifications
SEQID | SEQID | SEQID
NO: 1 Nk 2 NO: 128
& mutation to histidine
¢ mutation to glutamine
e mutation to asparagine
e utation to phenylalavive
453 440 440 e mutation to tryptophan
e mutation to lysine
460 447 447 e mutation to argining
® mutation to asparagine
277 464 464 s utation to glutamine
# mutation to lysine
478 165 463 s mutation o arginine
¢ mutation o histidine
s mutation to alanine
s mutation to lysine
e mutation to arginine
484 471 4n ® wutation to histidine
® utation to glutamine
e mutation to asparagine
486 473 473 & mutation to valine
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Modifications to 81 (SEQ 1D NG: 121}
* amino acids 14-085 of SEQ ID NO: 1 and aminc acids 1-672 of SEQ IDNO: 2

Position | Position | Position
within within within

SEQID | SEQID | SEQID
NO: 1 NG: 2 NG 128

Potential Modifications

s mutation to leucine

¢ mutation {oisoleucine
e  mutation to serine

s mutation to threoning

& mutation to proline

s  mutation to serine

490 477 477 s mutation {o threonine
®  mutation to lysine
i s mutation reinin
493 480 480 mutation to arginine
¢ mutation to histidine
s mutation to proline
404 481 431 mutation to proline
s mutation to serine
496 433 483 s mutation to threonine
# mutation to lysine
498 485 435 $ mutation to arginine
¢ mutation to histidine
& mutation 1o tyrosing
. . ¢ mutation to phenylalanine
501 488 488 utation to phenylalamuoe

e mutation to tryptophan
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Modifications to 81 (SEQ 1D NG: 121}
* amino acids 14-085 of SEQ ID NO: 1 and aminc acids 1-672 of SEQ IDNO: 2

Position | Position Position

within within within . o

. . Potential Meodifications
SEQID | SEQID | SEQID

NO: 1 NG: 2 NG 128

505 497 497 mutation to histidine
mutation o serine

) gf . .

221 308 508 mutation to threonine
mutation to lysine

547 $14 534 mutation 1o arginine
mutation to histidine
mutation to aspartic acid

i 5577 557 . . .

570 22 3 mutation to glutamic acid
mutation 1o iscleucine
mutation to leucine

604 291 391 mutation to valine
mutaiion to beta branched amino acid
mutation to histidine

613 600 600 mutation to lysine
mutation to arginine
routation to glycine

614 601 601 mutation to alanine

7 i mutation to valine

639 026 626

mutation to leucine
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Modifications to 81 (SEQ 1D NG: 121}
* amino acids 14-085 of SEQ ID NO: 1 and aminc acids 1-672 of SEQ IDNO: 2

Position | Position | Position
within within within

SEQID | SEQID | SEQID
NO: 1 NG: 2 NG 128

Potential Modifications

s mutation to isoleucine

® mutation to tyrosine

¢ utation o phenylalanine

G55 642 642
e mutation to trypiophan
& mufation 1o sering
658 643 645 ¢ mutation to threonine
677 664 664 s mutation o histidine
® mutation to lysine
679 666 666 & mutation 10 arginine
e mutation to histidine
¢ mufation o histidine
631 663 663 e mutation to lysine

®  mutation to arginine

680-685 | 669-677 669-677 e inactive furin cleavage site {See Table 1E)

Modifications 1o §1 subunit- NTD

[6095] In embodiments, the CoV 8 polypeptides contain one or more modifications to the
NTD. In embodiments, the NTD has an amino acid sequence of SEQ D NO: 118, which
corresponds to amino acids 14-305 of SEQ ID NO: 1 or amino acids 1-292 of SEQ 1D NO: 2.
18096} The amino acid sequence of an NTD (SEQ ID NO: 118) is shown below.
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QCVNLTIRTOQLPPAYTNSFTRGYYYPDKVFRSSVLHSTODLFLPFFSNVTWEFHATHVSGT
NGTKRFDNPVLPENDGVYFASTEKSNIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEF
QFCNDPFLGYYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKGQGNFKNLRE
FVFKNIDGYFKIVSKHTPINLVRDLPOGFSALEPLVDLPIGINITRFQTLLALHRSYLTRPGD
{6097} Underlined regions of SEQ 1D NQO: 118 represent aminc acids within the NTD that
may be modified.

{80981 In embodiments, the NTD has an amino acid sequence of SEQ ID NG: 45, which
corresponds to amino acids 14 to 331 of SEQ ID NO: { or amine acids 1-318 of SEQ ID NG: 2.
The amino acid sequence of an NTD (SEQ ID NO: 45) 15 shown below.

{6699} QCVNLTIRTOQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWEH
AHVSGINGTKRFDNPVLPENDGVYFASTEKSNHRGWIFGTTLDSK TOSLLIVNNATNY
VIKVCEFQFCNDPFLGVY YHKNNKSWMESEFRVYSSANNCTFEY VSQPFLMDLEGKQG
SYLTPGDSSSGWTAGAAAYYVGYLGPRTFLLKYNENGTITDAVDCALDPLSETKCTLKS
FIVEKGIYQTSNFRVQPTESIVREPN

{61606} In embodiments, the NTI and RBD overlap by up to about 1 aming acid, up to about
5 amino acids, up to about 10 amino acids, or up to about 20 amino acids.

{6191} o embodiments, an NTD as provided herein may be extended at the C-terminus by up
to 5, up to 10, up to 15, up to 20, up to 25, or up to 30 amine acids.

{6102} In embodiments, the CoV S polypeptides deseribed herein comprise a NTD with at
least 95%, at least 90 %, at least 97%, at least 98 %, at least 99%, or at least 99.5 %, identity to
the NTD of SEQ ID NG: 1 or SEQ H3 NG 2. The NTD may have a deletion, an insertion, or
mutation of up to about 1, up to about 2, up to about 3, up to about 4, up to about 5, up to about
10, up to about 15, up to about 20, up to about 25, or up to about 30 amino acids compared to the
amino acid sequence of the NTD of SEQ ID NO: 1 or SEQ ID NOG: 2. The NTD may have a
deletion, an insertion, or mutation of between about | and about S amino acids, between about 3
and about 10 amino acids, between about 5 and 10 amino acids, between about 8 and 12 amino
acids, between about 10 and 15 amino acids, between about 12 and 17 aminc acids, between about

1S and 20 amino acids, between about 18 and 23 amino acids, between about 20 and 25 amino

i~
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acids, between about 22 and about 27 amino acids, or between about 25 and 30 amino acids as
compared to the NTD of SEQ ID NO: 1 or SEQ IDNO: 2.

{8103} In embodiments, the CoV S polypeptides contain a deletion of one or more amino acids
from the N-terminal domain (NTD) (corresponding to amino acids 1-292 of SEQ ID NG: 2. In
embodiments, the CoV § polypeptides contain a deletion of up o about 10, 20, 30, 40, 50, 60, 70,
80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270,
280, 290, or 292 amino acids of the NTD.

{01904} In embodiments, the CoV S polypeptides contain a deletion of one or more amino acids
from the NTD (corresponding to amino acids 1-318 of SEQ ID NG: 2). In embodiments, the CoV
S polypeptides contain a deletion of amino acids 1-318 of the NTD of SEQ ID NO: 2. In
embodiments, deletion of the NTD enhances protein expression of the CoV Spike (S) polypeptide.
In embodiments, the CoV S polypeptides which have an NTD deletion have amino acid sequences
represented by SEG ID NOS: 46, 48, 49, 51, 52, and 54. In embodiments, the CoV S polypeptides
which have an NTD deletion are encoded by an 1solated nucleic acid sequence selected from the
group consisting of SEQ 1D NG: 47, SEQ 1D NG: 50, and SEQ D NO: 53

{61905} In embodiments, the NTD may contain any combination of modifications shown in
Table 1B. The modifications are shown with respect to SEQ 1D N(O:2, the mature S polypeptide
sequence for reference.

Table IB

Maodifications to NTD (SEQ ID NG: 118}
* amino acids 14-305 of SEQ 1D NO: 1 and amino acids 1-292 of SEQ 1D NG 2

SEQID
Positien N 118
SEQID
within or SE !
) NG: 2 N Modifications
SEGID 1D NO:
residue
NG 45
residue
e deletion of up to about 1, 2, 3, 4, 5, 10, 20, 30, 40,
14-305 1-292 1-292
50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150,
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Modifications to NTD (SEQ D NO: 118)
* amino acids 14-305 of SEQ ID NO: 1 and amino acids 1-292 of SEQ IDNO: 2

SEQID
Pasition NO: 118
SEQID
within » or SEQ . .
) NG 2 o Modifications
SEQID . D NG:
residue
NG: 1 45
residue
160, 170, 180, 190, 200, 210, 220, 230, 240, 250,
260, 270, 280, 290, or 292 amino acids
mutation to phenylalanine
i8 5 5 mutation to tyrosine
mutation to tryptophan
mutation to arginine
] mutation to fysine
19 & 6 ) o
mutation to histidine
mutation 1o isoleucine
mutation to asparagine
, mutation to glutamine
20 7 7 o (
mutation to isoleucine
mutation to valine
rutation to serine
24 11 i1 mutation to threonine
deletion
tnsertion of amine acids proline-proline-alanine
25 12 12 (PPA) after amino acid 25
deletion
mutation 1o serine
26 13 13 mutation to threonine

deletion
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Modifications to NTD (SEQ D NO: 118)
* amino acids 14-305 of SEQ ID NO: 1 and amino acids 1-292 of SEQ IDNO: 2

SEQID
Position NG: 118
o SEQID .
within - or SEQ . .
) NE»: 2 o Modifications
SEQ D . ID NG:
residue
Nk 1 45
residue
mutation to serine
. : ) .
< 14 14 mutation to threonine
mutation to arginine
52 39 39 mutation to lysine
mutation to histidine
mutation to histidine
64 51 5t mutation to lysine
mutation to arginine
mutation to tryptophan
66 53 53 routation to tyrosine
mutation to phenylalanine
mutation to valine
67 54 54 mutation to isoleucine
mutation to leucine
69 56 56 deletion of amino acid
deletion of amino acid
) ] ) mutation to phenylalanine
70 57 57 _ .
mutation {o tyrosine
mutation to tryptophan
) ) futation to valine
75 o2 62

mutation o leycine
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Modifications to NTD (SEQ D NO: 118)
* amino acids 14-305 of SEQ ID NO: 1 and amino acids 1-292 of SEQ IDNO: 2

SEQ 1D
Position N(3: 118
SEQID
within - or SEQ . .
) NE»: 2 o Modifications
SEQID . D NG:
residue
NO: 1 45
residue
mutation to isoleucine
mutation 1o iscleucine
76 63 63 mutation to valine
mutation to leucine
) ) mutation to alanine
80 67 a7
mutation to glycine
- " —-r mutation to alanine
%3 70 70 utation to alanine
mutation to beta branched amino acid
a3 &2 22 mutation to isoleucine
mutation to valine
mutation 1o tyrosine
138 125 125 mutation to phenylalanine
mutation to tryptophan
mutation to aspartic acid
142 129 129
mutation to glutamic acid
143 130 130 deletion of amino acid
, ) deletion of amino acid
144 131 131 _
mutation to serine
deletion of amino acid
145 132 132 mutaiion to histiding

mutation 1o asparagine




WO 2024/211449 PCT/US2024/022891

Modifications to NTD (SEQ D NO: 118)
* amino acids 14-305 of SEQ ID NO: 1 and amino acids 1-292 of SEQ IDNO: 2

SEQ D
Position NG: 118
SEQID .
within - or SEQ ] .
) NG 2 o Modifications
SEQ D . 5 NG:
residue
N{: 1 45
residue
e mutation to glutamine
¢ mufation 10 aromatic amino acid
e mutation to tyrosine
) * mutation to phenylalanine
146 133 133 )
*  mutation to tryptophan
s utation 1o glutamine
¢ mutation to asparagine
® wutation to glutamic acd
147 134 134 & mutation to aspartic acid
® mutation to cysteine
& mutation to methionine
¢ mutation to serine
152 139 139
e mutation to threonine
e mutation to arginine
® mutation to lysine
e mutation to glycine
156 143 143 ) )
e mutation to alanine
¢ deletion of amino acid
157 144 144 _ _
e mutation to leucine
158 145 145 # deletion of amino acid
180 167 167 e mutation to isoleucine

50




WO 2024/211449 PCT/US2024/022891

Modifications to NTD (SEQ D NO: 118)
* amino acids 14-305 of SEQ ID NO: 1 and amino acids 1-292 of SEQ IDNO: 2

SEQ D
Position NG: 118
SEQID
within or SEQ
NO: 2 Modifications
SEQID B NG:
residue
N1 45
residue
e mutation to valine
® mutation to leucine
& mutation to beta branched amino acid
® utation to glutamic acid
183 170 170 & mutation 1o aspartic acid
® mutation 1o serine
190 177 177 s mutation to threonine
e mutation {0 cysteine
# mutation to valine
® mutation 1o isoleucine
210 197 197 ¢ mutation to leucine
e mutation to beta branched amino acid
¢ mutation {0 isoleucine
e mutation to valine
211 198 108 ®  mutation to leucine
& mutation to beta branched amino acid
¢ deletion of amino acid
e mutation to isoleucine
212 199 199 ® mutation to valine
s mutation to leucine
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Modifications to NTD (SEQ D NO: 118)
* amino acids 14-305 of SEQ ID NO: 1 and amino acids 1-292 of SEQ IDNO: 2

SEQID
Pasition NO: 118
o SEQID .
within ) or SEQ . .
) NG 2 o Modifications
SEQID . D NG:
residue
NG: 1 45
residue
e mufation to beta branched amino acid
# deletion of amino acid
¢ mutation to valine
*  mutation (o leucine
+  mutation to isoleucine
) o s mutation to beta branched amino acid
213 200 200 “ “
e mutation to proline
e mutation to glycine
#  mutation to glutamic acid
& mutation to aspartic acid
e mutation {0 arginine
e nutation to lysine
# mutation to histidine
214 201 201 & mutation 1o aspartic acid
e mutation to glutamic acid
e insertion of amino acids glutamic acid-proline-
glutamic acid (EPE) after 214
# mutation to glycine
; , ) e mutation o alanine
215 202 202 . . ) o _
¢ inserion of amino acids glutamic actd-proline-
glutamic acid (EPE) after 215
222 209 209 e mufation to valine
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Modifications to NTD (SEQ D NO: 118)
* amino acids 14-305 of SEQ ID NO: 1 and amino acids 1-292 of SEQ IDNO: 2

SEQID

Position NG: 118
SEGID

within or SEQ

! NO: 2 o Modifications

SEQID D NG:

residue
Nk 1 45
residue

e mutation to leucine

s mutation to isoleucine

X" PO ; -
241044 | 228931 298911 e deletion of 1, 2, 3, or 4 amino acids

s mutation to histidine
242 229 229 e mutation to lysine

e mufation (o arginine

& mutation to beta-branched amino acid

¢ mutation to isoleucine

N
I~
N
N0
98]
98]
[\
d
3]
2

nmutation 1o valine
e rutation to threonine

& mutation 1o asparagine

247 234 234 e deletion of amino acid
2438 235 235 ® deletion of amino acid
249 236 236 e deletion of aming acid
250 237 237 s deletion of amino acid
257 238 238 e deletion of amino acid

s deletion of amino acid

) s mutation to valine
252

3]
[0
)

¢ mutation to isoleucine

e mutation to leucine
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Modifications to NTD (SEQ D NO: 118)
* amino acids 14-305 of SEQ ID NO: 1 and amino acids 1-292 of SEQ IDNO: 2

SEQ D
Position N(3: 118
SEGQID
within - or SEQ . .
) NG 2 o Modifications
SEQ ID . B NO:
residue
NG: 1 45
residue
e mutation to beta branched amino acid
¢ mutation to glycine
233 240 240
e deletion of amuino acid
s mutation to sering
257 244 244 ¢ mutation o threonine
& mutation 1o isoleucine
e mutation to valine
258 245 245 . .
e  mutation to leucine
s mutation to beta branched amino acid

Modifications 1o S1 subunii- RED

{0196} In embodiments, the CoV S polypeptides contain one or more modifications to the
RED.

{6187} In embodiments, the RBD has an amino acid sequence of SEQ ID NO: 126, which
corresponds 1o anino acids 331-527 of SEQ ID NO: 1 or amino acids 318-514 of SEQ ID NO: 2.
{0108 The amino acid sequence of the RBD (SEQ 1D NO: 126) 1s shown below:
NITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLND
LCFTNVYADSFVIRGDEVROQIAPGOTGIIADYNYKLPDDFTGCVIAWNSNNLDSKVGGN
YNYLYRLFRKSNLEKPFERDISTEIYQAGSTPCNGVEGEFNCYFPLOSYGFQPTNGVGYQPY
RVVVLSFELLHAPATVCGP
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{6189} Underlined regions of SEQ 113 NO: 126 represent amino acids within the RBID subunit
that may be modified.

{6110} In embodiments, the RBD has an amino acid sequence of SEQ ID NO: 116, which
corresponds to amino acids 335-530 of SEQ ID NO: 1 or amino acids 322-317 of SEQ D NO: 2.
o111} The amino acid sequence of the RBD (SEQ [P NG: 116} is shown below,
LCPFGEVENATRFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFT
NVYADSFVIRGDEVRGIAPGQTOKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNY
LYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLOSYGFQPTNGVGYQPYRVY
VLSFELLHAPATVCGPKKS

{6112} In embodiments, an RBD as provided herein may be extended at the N-terminus or C-
terminus by up to 1 amino acid, up to 3 amino acids, up to 10 amino acids, up to 1S amino acids,
up to 20 amine acids, up to 25 amino acids, or up to 30 amino acids.

0113} In embodiments, the CoV § polypeptides described herein comprise a RBD with at
feast 95%, at least 96 %, at least 97%, at least 98 %, at least 99%, or at least 99.5 %, identity to
the RBD of SEQ ID NO: 1 or SEQ ID NO: 2. The RBD may have a deletion, an insertion, or
mutation of up to about 1, up to about 2, up 1o about 3, up to about 4, up to about 5, up to about
10, up to about 15, up to about 20, up to about 25, or up to about 30 amino acids compared to the
amino acid sequence of the RBD of SEQ ID NO: 1 or SEQ ID NO: 2. The RBD may have a
deletion, an insertion, or mutation of between about 1 and about 5 amino acids, between about 3
and about 10 amine acids, between gbout S and 10 amino acids, between about 8 and 12 amino
acids, between about 10 and 15 amino acids, between about 12 and 17 amino acids, between about
15 and 20 amino acids, between about 18 and 23 amino acids, between about 20 and 25 amino
acids, between about 22 and about 27 amino acids, or between about 25 and 30 amino acids as
compared to the RBD of SEQ ID NO: | or SEQ ID NO: 2.

{8114} In embodiments, the CoV S polypeptide has at least one, at least two, at least three, at
feast four, at least four, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 11,
at least 12, at least 13, at least 14, at least 15, at least 16, at leasi 17, at least 18, at least 19, or gt
feast 20 mutations in the RBD. In embodiments, the RBD may contain any combination of

modifications as shown in Table 1C.

N
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Modifications to RBD (SEQ 1D NO: 1246)

* amino acids 331-527 of SEQ D NG 1 and amino acids 318-514 of SEGQG ID NO: 2

Position | Position | Position
within within within
Potential Modifications
SEGID | SEQID SEQ ID
NO: 1 M 2 NO: 126
e mutation o aspartic acid
339 326 9 * wmutation to glutamic acd
¢ mutation to histidine
e mutation to lysine
®  mutation (o arginine
346 333 16 # mutation to histidine
¢ mutation 1o threonine
e muiation 1o serine
# mutation to isoleucine
¢ mutation 1o leucing
368 333 38 ¢ mutation to valine
e mutation to beta-branched amino acid
e mutation io leucine
e mutation to isoleucine
® mutation to valine
371 358 41
e mutation to phenylalanine
¢ mwtation to tyrosine
e mutation to tryptophan
373 369 43 s mutation to proline
e mutation to phenylalanine
375 362 45 ®  mutation fo tyrosine
# mutation to tryptophan
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Modifications to RBD (SEQ D NO: 126)
* amine acids 331-527 of SEQ D NO: 1 and amino acids 318-314 of SEQ IDNQO: 2

Position | Position Position
within within within . o
Potential Meodifications
SEQID | SEQID SEQID
NO: 1 NG: 2 NG 126
& mutation to alanine
376 363 46
¢ mutation to glycine
~ ® mutation to asparagine
405 392 75 _ ]
& mutation 1o glutamine
] e mutation o serine
408 395 78 _ _
¢ mutation to threonine
¢ mufation to asparagine
e mutation to threonine
®  mutation to isoleucine
417 404 87 # mutation to valine
s mutation to sering
¢ mutation to glutamine
e mutation to beta-branched amino acid
e mutation to lysing
432 419 162 ¢ mutation to arginine
e mutation to histidine
s mutation to lysine
q iy ¢ mutation o arginine
439 426 109 : 8
e mutation to histidine
¢ mutation to lysine
440 427 110 e mutation to arginine
& mutation to histiding
444 431 114 ¢ mutation to threonine
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Modifications to RBD (SEQ D NO: 126)
* amine acids 331-527 of SEQ D NO: 1 and amino acids 318-314 of SEQ IDNQO: 2

Position | Position | Position
within within within . .
Potential Meodifications
SEQID | SEQID | SEQID
NO: 1 NG: 2 NO: 126
& mutation to serine
« ® mutation to proline
445 432 115 F
4 ®  mutation o serine
446 433 116 _ )
# mutation to threonine
e mutation to arginine
e mutation to lysine
452 439 122 »  mutation to histidine
& mutation to glutamine
s mufation to asparagine
# wutation to phenylalanine
453 440 125 ,
e mutation to tryptophan
e mutation to lysine
460 447 130 ®  ulalion to argining
4 e mutation to asparagine
477 464 147 . .
# mutation to glutamine
¢ mutation to lysine
478 465 148 e mutation to arginine
e mutakion to histiding
¢ muftation to alanine
e mutation to lysine
484 471 154 . o
e mutation {o arginine
® mutation to histidine
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Modifications to RBD (SEQ D NO: 126)

* amine acids 331-527 of SEQ D NO: 1 and amino acids 318-314 of SEQ IDNQO: 2

Position | Position Position
within within within
Potential Modifications
SEQID | SEQID | SEQID
NQO: 1 NG: 2 NG 126
mutation to glutamine
mutation 1o asparagine
mutation to valine
mutation to leucing
436 a7 156 mutation to isoleucine
mutation to serine
mutation to threoning
mutation to serine
490 477 160
mutation to threonine
mutation to lysine
493 480 163 nutation 1o arginine
mutation to histiding
494 481 164 mutation 1o proline
mutation to serine
496 483 166
mutation to threonine
mutation to lysine
498 483 168 mutation to arginine
mutation to histiding
mutation to tyrosine
501 488§ 171 mutation to phenylalanine
mutation to tryptophan
505 492 175 mutation to histidine
521 508 19} rutation to serine
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Modifications to RBD (SEQ D NO: 126)
* amine acids 331-527 of SEQ D NO: 1 and amino acids 318-314 of SEQ IDNQO: 2

Position | Position | Position
within within within

SEQID | SEQID | SEQID
NO: 1 NG: 2 NG 126

Potential Modifications

s mutation to threonine

Modifications to D172

{6115} In embodiments, the CoV § polypeptides contain one or more modifications to the
SD1/2 having an amino acid sequence of SEQ ID NO: 122, which corresponds to amino acids
542-681 of SEQ D NO: 1 or amine acids 529-668 of SEQ ID NG: 2.

{6116} The amino acid sequence of the SD1/2 (SEQ D NO: 122) is shown below.
NENGLTGTOGVLTESNKEFLPFOQOFGRDIADTTDAVRDPOQTLEILDITPUSFGGVSVITPGT
NTSNOQVAVEYQDYNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVINNSY
ECDIPIGAGICASYQTQTNSP

{6117} o embodiments, the CoV S polypeptides described herein comprise a SD1/2with at
feast 95%, at least 96 %, at least 97%, at least 98 %%, at least 99%, or at least 99.5 %, identity to
the SD1/2 of SEQ 1D NO: 1 or SEQ HX NG: 20 The 5D 1/2 may have a deletion, an jusertion, or
mutation of up to about 1, up to about 2, up to about 3, up to about 4, up to about S, up to about
10, up to about 15, up to about 20, up to about 25, or up to about 30 amino acids compared to the
amino acid sequence of the SD1/2 of SEGQ [D NO: 1 or SEG D NO: 2. The SD1/2 may have a
deletion, an tnsertion, or mutation of between about 1 and about 5 amine acids, between about 3
and about 10 amino acids, between about 3 and [0 amino acids, between about 8 and 12 amino
acids, between about 10 and 15 amino acids, between about 12 and 17 amino acids, between about
15 and 20 amino acids, between about 18 and 23 aming acids, between about 20 and 25 amino
acids, between about 22 and about 27 amino acids, or between about 25 and 30 amino acids as
compared 1o the SD1/2 of SEQ D NO: 1 or SEQ 1D NG 2.

8118} In embodiments, the CoV S polypeptide has at least one, at least two, at least three, at
feast four, at least four, at least 5, at least 6, at Teast 7, at least 8, at least 9, at least 10, at least 11,

at least 12, at least 13, at least 14, at least 15, at icast 16, at lcast 17, at least 18, at least 19, or at
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least 20 mutations in the SD1/2.In embodiments, the SD1/2 may contain any combination of

modifications as shown in Table 1D

Table 1D
Modifications to SD1/2 (SEQ ID NG: 122)
* aminoe acids 542-681 of SEQ B3 NG 1 or amine acids 529-668 of SEQ B NGO 2
Position | Position Position
within within within ) o
Potential Modifications
SEQID | SEQID SEQID
NG: 1 NG: 2 NOG: 122
& mutation to lysine
547 534 5 s nutation to arginine
e mutation to histidine
& mutation to aspartic acid
570 557 29 o
¢ mutation to glutamic acid
®  mutation (o isoleucine
s mutation to leucine
604 391 63 e muiation to valine
¢ mutation o beta-branched amino acid
¢ mutation to histidine
613 00 72 e mutation to lysine
®  mutation to arginine
s mutation to glycine
614 601 73 _ _
¢ mutation to alanine
s mutation to valine
639 626 98 s mufation to leucine
¢ mutation to isoleucine
& mutation to fyrosine
G55 642 114 )
e mutation to phenylalanine
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Modifications to SDI/2 (SEQ ID NG: 122)
* amino acids 542-681 of SEQ ID NO: 1 or amino acids 529-668 of SEQ IDNG: 2

Position | Position | Pesition
within within within
Potential Meodifications
SEQID | SEQID | SEQID
NQO: 1 NG: 2 NG: 122
mutation to tryptophan
658 643 117 mutation 1o serine
677 664 136 mutation to histidine
mutation to lysine
679 666 138 mutation to arginine
mutation to histidine
mutation to histidine
681 668 140 mutation to lysine
mutation to arginine
mutation to lysine
547 534 6 mutation to arginine
mutation to histidine
mutation to aspartic acid
570 557 29
mutation to glutamic acid
mutation 1o histidine
613 600 72 mutation to lysine
mutation to arginine
mutation 1o glycine
14 601 73
mutation to alanine
mutation to tyrosine
655 642 114 mutation to phenylalanine
mutation to trypiophan
677 664 136 mutation to histiding
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Modifications to SDI/2 (SEQ ID NG: 122)
* amino acids 542-681 of SEQ ID NO: 1 or amino acids 529-668 of SEQ IDNG: 2

Position | Position | Position
within within within

SEQID | SEQID | SEQID
NO: 1 NG: 2 NG: 122

Potential Modifications

& mutation to lysine
679 666 138 e nutation o arginine

¢ mutation to histidine

Modifications to Furin Cleavage Site

{6119} fn embodiments, the CoV S polypeptides contain a furin site (RRAR), which
corresponds to amino acids 682-685 of SEQ ID NO: | or amino acids 669-672 of SEQ ID NG: 2,
that is inactivated by one or more muiations. Inactivation of the furin cleavage site prevents furin
from cleaving the CoV § polypeptide. In embodiments, the CoV 8 polypeptides described herein
which contain an inactivated furin cleavage site are expressed as a single chain.

{6120} in embodiments, one or more of the amino acids comprising the native furin cleavage
site is routated to any natural amino acid. In embodiments, the amino acids are L-anino acids.
Non-limiting examples of amino acids include alanine, arginine, glycine, asparagine, aspartic acid,
cysteine, glutamine, ghutamic acid, serine, threonine, histidine, lysine, methionne, proline, valineg,
isoleucine, leucine, tyrosine, tryptophan, and phenvialanine.

{0121} In embodiments, one or more of the amino acids comprising the native furin cleavage

~

site is mutated to glutamine. In embodiments, 1, 2, 3, or 4 amino acids may be mutated to

,
giutamine. In embodiments, one of the arginines comprising the native furin cleavage site is
mutated to glutamioe. In embodiments, two of the arginines comprising the native furin cleavage
site are mutated to glutamine. In embodiments, three of the arginines comprising the native furin
cleavage site are mutated to glutamine.

je122] In embediments, one or more of the aminc acids comprising the native furin cleavage
site, is mutated to alanine. In embodiments, 1, 2, 3, or 4 amino acids may be mutated to alanine.
embodiments, one of the arginines comprising the native furin cleavage site is mutated to alanine,

I embodiments, two of the arginines comprising the native furin cleavage site are mutated to
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alanine. In embodiments, three of the arginines comprising the native furin cleavage site are
mutated to alanine.

{01234 In embodiments, one or more of the amino acids comprising the native furin cleavage
site is mutated to glycine. In embodiments, 1, 2, 3, or 4 amino acids may be mutated to glycine. In
embodiments, one of the arginines of the native furin cleavage site is mutated to glycine. Tn
embodiments, two of the arginines comprising the native furin cleavage site are mutated to glycine.
In embodiments, three of the arginines comprising the native furin cleavage site are mutated to
glveine.

{0124} In embodiments, one or more of the amino acids comprising the native furin cleavage
site, is mutated to asparagine. For example 1, 2, 3, or 4 amino acids may be mutated to asparagine,
In embodiments, one of the arginines comprising the native furin cleavage site is mutated o
asparagine. In embodiments, two of the arginines comprising the native furin cleavage site are
mutated to asparagine. In embodiments, three of the arginines comprising the native furin cleavage
stie are mutated to asparagive.

{4125) Non-limiting examples of the amino acid sequences of the inactivated furin sites
contained within the CoV 8 polypeptides are found in Table 1E.

Table 1E

Amino Acid Sequence of Farin Cleavage Active or Inactive Furin Cleavage Site
Nite

RRAR (SEQ ID NG: 6} Active

QQAQSEQID NG T Inactive
QRAR (SEG ID NO: 8) Inactive
ROAR (SEQ ID NG 9) Inactive
RRAQ (SEQ IDNG: 10) Inactive
QOQAR (SEQID NG 1D Inactive
ROAQ (SEQ ID NG: 12) Inactive
QRAQ{SEQ ID NO: 13) Inactive
NNAN(SEQ ID NG 14) Inactive
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Amino Acid Sequence of Farin Cleavage

Active or Inactive Furin Cleavage Sife

Kite
NRAR {(SEQ ID NQO: 15) Inactive
RNAR (SEQ ID NOG: 16} Inactive
RRAN{SEGQG D NG: 17 Inactive
NNAR (SEQ D NO: 18) Inactive
RINAN {(SEQ ID NO: 19) Inactive
NRAN (SEQ D NO: 20) Inactive
AAAA(SEQIDNO: 21 Inactive
ARAR (SEQ D NQ: 22 Inactive
RAAR (SEQ ID NG: 23) Inactive
RRAA (SEQ D NO: 24) Inactive
AAAR(SEQ ID NO: 25) Inactive
RAAA (SEQ ID NO: 26) Inactive
ARAA (SEQ D NG: 27) Inactive
GGAG (SEQ ID NO: 28) Inactive
GRAR (SEQ 1D NG: 29) Inactive
RGAR (SEQ ID NG: 30 Inactive
RRAG (SEQ IDNO: 31) Inactive
GGAR (SEQ 1D NG 32) Inactive
RGAG (SEQ ID NG 33) Inactive
GRAG (SEQ D NG 34) Inactive
GRAS (SEQ ID NG: 973 fnactive
GSGA (SEQ ID NO: 1) Inactive

Tn
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{6126 In embodiments, 1n Hieu of an active furin cleavage site (SEQ 1D NO: 6} the CoV S
polypeptides described herein contain an inactivated furin cleavage site. In embodiments, the
amino acid sequence of the inactivated furin cleavage site is represented by any one of SEQ 1D
NGO: 7-34 or SEGQ ID NO: 97, In embodiments, the amino acid sequence of the inactivated furin
cleavage site is QQAQ (SEQ ID NO: 7). In embodirents, the amino acid sequence of the
inactivated furin cleavage site is GSAS (SEQ 1D NO: 97} In embodiments, the amino acid
sequence of the inactivated furin cleavage site 1s GSGA (SEQ ID NG: 111}, In embodiments, the
amino acid sequence of the inactivated furin cleavage site is GG, GGG (SEQ ID NO: 127), GGGG
(SEQ ID NO: 128), or GGGGG (SEQ ID NO: 129y,

Modifications to 82 subunit

{6127} In embodiments, the CoV S polypeptides contain one or more modifications to the S2
subunit having an amine acid sequence of SEQ 1D NG: 120, which corresponds to amino acids
686-1273 of SEQ ID NG T or amino acids 673-1260 of SEQ 1D NG: 2.

[6128] The amino acid sequence of the S2 subunit (SEQ 1D NG: 120) is shown below.
SVASOSHAYTMSLGAENSVAY SNNSIAIPTNFTISYVTTEILPVSMTKTSVDCTMYICGDST
ECSNLLLOYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYK TPPIKDFGGFNFSQILP
DPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDULGDIAARDLICAGKENGLTVLPPLLTDE
MIAQYTSALLAGTITSGWTFGAGAALQIPFAMOMAYRFNGIGVTONVLYENQKLIANGF
NSAIGKIQDSLSSTASALGKLGDVYNONAQALNTLVEGLSSNFGAISSVLNDILSRLDKY
EAEVGIDRLITGRLOSLOTYVTOQQLIRAAEIRASANLAATKMSECVLGOSKRVDFCGKG
YHLMSFPOSAPHGVVFLEVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVIENGTHWEY
TORNFYEPGUTTDNTFVSGNCDVVIGIVNNTYYDPLGPELDSFKEEL DKYFKNHTSPFDV
DLGDISGINASVVNIQKEIDRINEVAKNINESLIDLOELGKYEQYIKWPWYIWLGFIAGLI
AIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHEYT

{0129} In embodiments, the CoV § polypeptides described herein comprise an S2 subunit with
at least 95%, at least 90 %, at least 97%, at least 98 %, at least 999, or ai least 99.5 %, identity fo
the S2 subunit of SEQ ID NG: 1 or SEQ 1D NO: 2. The 52 subunit may have a deletion, an
insertion, or mutation of up to about 1, up to about 2, up to about 3, up to about 4, up to about S,
up to about 10, up to about 15, up to about 20, up to about 25, or up to about 30 amino acids
compared to the amino acid sequence of the 82 subunit of SEQ ID NO: 1 or SEQ 3 NO: 2. The

S2 subunit may have a deletion, an insertion, or mutation of between about 1 and about 5§ amino
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acids, between about 3 and about 10 amino acids, between about 5 and 10 amino acids, between

about 8 and 12 amino acids, between about 10 and 15 amino acids, between about 12 and 17 amino

acids, between about 15 and 20 amino acids, between about 18 and 23 amino acids, between about

20 and 25 amino acids, between about 22 and about 27 aminoe acids, or between about 25 and 30

amino acids as compared to the 82 subunit of SEQ ID NOG: 1 or SEQ ID NG 2.

{6130} In embodiments, the S2 subunit may contain any combination of modifications as
shown in Table 1F.
Table 1F
Modifications to S2 (SEQ ID NO: 126
* amino actds 686-1273 of SEQ ID NO: 1 and amino acids 673-1260 of SEG ID NG 2
Pasition | Position | Position
within within within ‘
N o Possible Meodifications
SEQID | SEQID | SEQID
NG: 1 NO: 2 N 126
deletion of up to about 1, up to about 2, up to
o i about 3, up to about 4, up to about S, up to about
689-698 | 676-685 4-13
6, up to about 7, up to about 8, up to about 9, or up
to about 10 amino acids
mutation to beta-branched amino acid
‘ mutation to valine
701 688 16
mutation to isoleucine
mutation to threoning
mutation to leucine
704 691 19 mutation to isoleucine
mutation to valine
deletion of up to about 1, up to about 2, up to
, about 3, up to about 4, up to about S, up to about
715-724 | 702-711 30-39
6, up to about 7, up to about 8, up to about 9, or up
to about 10 amino acids
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Modifications te 52 {(SEQ 1D NO: 128)
* amino acids 686-1273 of SEQ ID NO: 1 and amino acids 673-1260 of SEQ ID NG: 2

Pgsition | Pesition | Position
within within within
Possible Modifications
SEQID | SEQID | REQID
NG: 1 KO:2 | NO: 120
nmutation 1o beta-branched amino acid
716 703 31 mutation to valine
mutation 1o isoleucine
mutation to lysine
764 751 79 mutation to arginine
routation to histidine
deletion of up to about 1, up to about 2, up to
about 3, up to about 4, up to about 5, up to about
6, up to about 7, up to about &, up to about 9, up o
788-806 | T775-793 | 103-121 about 10, up to about 11, up to about 12, up to
about 13, up to about 14, up to about 15, up to
about 16, up to about 17, up to about 18, orup to
about 19 aminoe acids
antation to tyrosine
796 783 1 nmutation to phenylalanine
mutation to tryptophan
deletion of up to about 1, up to about 2, up to
about 3, up to about 4, up to about 5, up o about
319-828 | ROG-815 | 134-143
6, up to about 7, up to about 8, up to about 9, or up
to sbout 10 amivo acids
mutation to lysine
856 843 171 mutation to arginine

mutation to histidine
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Modifications te 52 {(SEQ 1D NO: 128)
* amino acids 686-1273 of SEQ ID NO: 1 and amino acids 673-1260 of SEQ ID NG: 2

Pgsition | Pesition | Position
within within within . .
) ) - Possible Modifications
SEQID | SEQID | SEQID
NG: 1 KO:2 | NO: 120
i ) mutation to asparaging
859 846 174
mutation to glutamine
mutation to leucine
888 275 203 mutation to isoleucine
mutation 1o valine
) _ , mutation to asparagine
950 937 265 , A
mutation to glutamine
mutation to histidine
954 941 269 mutation to lysing
mutation 1o arginine
mutation to lysine
969 956 284 mutation to argivine
mutation to histidine
mutation to phenylalanine
981 968 296 mutation to tyrosine
mutation to tryptophan
nutation to alanine
982 969 297 rmutation to glycine
mutation to threonine
mutation to proline
986 973 301 ) ]
mutation to glycine
mutation to proline
987 974 302

mutation to glycine
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Modifications to 82 (SEQ 1D NO: 120)
* amino acids 686-1273 of SEQ ID NO: 1 and amino acids 673-1260 of SEQ ID NG: 2
Position | Position | Position
within within within
Possible Modifications
SEQID | SEQID | REQID
NG: 1 KO:2 | NO: 120
e mutation to isoleucine
1027 1014 342 e mufation to valine
® mutation 1o serine
¢ mutation to histidine
1071 1038 386 ®  mufation (o arginine
® mutation to lysine
e smutation to histidine
e mutation to lysine
1118 1103 433 ®  mutation {0 argining
s mutation to asparagine
e nulation to glutamine
® mutation to phenylalanine
1176 1163 491 ®  mutation o tyrosine
s mutation 1o trypiophan
1199 1186 514 » mutation to asparagine
e utation 1o glutamine
1214- 1201- 1-24 . ) ’
1237 1994 ¢ deletion of one or more amino acids of T™M
1238- | 1225- 1-36 o -
1973 1260 ¢ deletion of one or more amine acids of CD
{8131} In embodiments, the CoV 8 polypeptides contain a deletion, corresponding to one or

more deletions within amino acids 676-085 of the native CoV Spike (S) polypeptide (SEQ ID NO:

2y Inembodiments, 1,2, 3,4, 5, 6,7, 8, 9, or 10 amino acids of amino acids 676-685 of the native

~d
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CoV Spike (S) polypeptide (SEQ D N(O:2) are deleted. In embodiments, the deletions of amino
acids within amino acids 676-6835 are consecutive e.g amino acids 676 and 677 are deleted or
amino acids 680 and 681 are deleted In embodiments, the deletions of amino acids within amino
acids 576-685 are non-consecutive e.g. amino acids 676 and 680 are deleted or amino acids 677
and 682 are deleted. In embodiments, CoV S polypeptides containing a deletion, corresponding to
one or more deletions within amino acids 676-085, have an amino acid sequence selected from the
group consisting of SEQ 1D NG: 62 and SEQ [D NO: 63,

81324 In embodiments, the CoV S polypeptides contain a deletion, corresponding o one or
more deletions within amino acids 702-711 of the native CoV Spike (5} polypeptide (SEQ ID NOG:
2} Inembodiments, 1, 2, 3,4, 5, 6,7, 8,9, or 10 aming acids of aming acids 702-711 of the native
SARS-CoV-2 Spike {S) polypeptide (SEQ 1D NO:2) are deleted. In embodiments, the one or more
deletions of amino acids within amino acids 702-711 are consecutive e.g. amino acids 702 and 703
are deleted or amino acids 708 and 709 are deleted. In embodiments, the deletions of amino acids
within amino acids 702-711 are non-consecutive e.g. amino acids 702 and 704 are deleted or amino
acids 707 and 710 are deleted. In embodiments, the CoV § polypeptides containing a deletion,
corresponding to one or more deletions within amino acids 702-711, have an amino acid sequence
selected from the group consisting of SEQ D NQO: 64 and SEQ 1D NO: 65,

186133} In embodiments, the CoV 8 polypeptides contain a deletion, corresponding to one or
more deletions within amino acids 775-793 of the native CoV S polypeptide (SEQ D NG: 2). In
embodiments, up to about 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, or 19 amino
acids of amino acids 775-793 of the vative SARS-CoV-2 Spike (8) polypeptide (SEQ D NO:2)
are deleted. In embodiments, the one or more deletions of amino acids within amino acids 775-
793 are consecutive e.g. amino acids 776 and 777 are deleted or amino acids 780 and 781 are
deleted. In embodiments, the deletions of amino acids within amino acids 775-793 are non-
consecutive ¢.g. amino acids 775 and 790 are deleted or amino acids 777 and 781 are deleted.
{8134§ In embodiments, the CoV S polypeptides contain a deletion of the fusion peptide (SEQ
1D NO: 104), which corresponds to amino acids 806-815 of SEQ ID NG: 2. In embodiments, 1, 2,
3,4,5,6,7, 8,9, or 10 amino acids of the fusion peptide of the CoV Spike (8} polypeptide (SEQ
1D NO:2) are deleted. In embodiments, the deletions of amino acids within the fusion peptide are
cousecutive ¢.g. amino acids 806 and 807 are deleted or amino acids 809 and 810 are deleted. In

embodiments, the deletions of amino acids within the fusion peptide are non-consecutive e g.

~4
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amino acids 806 and 808 are deleted or amino acids 810 and 813 are deleted. In embodiments, the
CoV 8 polypeptides containing a deletion, corresponding to one or more amino acids of the fusion
peptide, have an amino acid sequence selected from SEQ 1D NOS: 66, 77, and 105-108.

{8135} In embodiments, the CoV S polypeptides contain a mutation at Lys-973 of the native
CoV Spike (8) polypeptide (SEQ ID NO: 2). In embodiments, Lys-973 is mutated to any natural
amino acid. In embodiments, Lys-973 is mutated to proline. In embodiments, Lys-973 is mutated
to glycine. In embodiments, the CoV S polypeptides containing a mutation at amino acid 973 are
selected from the group consisting of SEQ 1D NO: 84-89, 105-106, and 109-110.

{03136} In embodiments, the CoV S polypeptides contain a mutation at Val-974 of the native
CoV Spike (5) polypeptide (SEQ ID NO: 2). In embodiments, Val-974 is mutated to any naiural
amino acid. In embodiments, Val-974 is mutated to proline. In embodiments, Val-974 is mutated
to glycine. In embodiments, the CoV § polypeptides containing a mutation at amino acid 974 are
selected from the group consisting of SEQ D NG: 84-89, 105-106, and 109-110.

{8137} In embodiments, the CoV § polypeptides contain a mutation at Lys-973 and Val-974
of the native CoV Spike (8) polypeptide (SEQ ID NO: 2). In embodiments, Lys-973 and Val-974
are mutated to any natural amino acid. In embodiments, Lys-973 and Val-974 are wutated to
proline. In embodiments, the CoV S polypeptides containing a mutation at amino acids 973 and
974 are selected from SEQ ID NOS: 84-89, 105-106, and 109-110.

Modifications to 82 subunit- BRI Domain

{0138} In embodiments, the CoV 8 polypeptides contain one or more modifications to the HR1
domain having an amino acid sequence of SEQ ID NGO 119, which correspouds to amino acids
912-984 of SEQ D NO: 1 or amino acids 889-971 of SEGQ 1D NO: 2.

{8139} The amino acid sequence of the HR1 domwain (SEQ ID NO: 119} is shown below.
MAYRFNGIGVTONVLYENQKLIANQFNSAIGKIGDSLSSTASALGKLODVVNQNAQALN
TLVKQLSSNFGAISSVLNDILSRL

{81490 In embodiments, the CoV § polypeptides described herein comprise an HR1 domain
with at least 95%, at least 96 %, at feast 97%, at least 98 %, at least 99%, or atleast 99.5 %, identity
o the HR1 domain of SEQ 3 NO: 1 or SEQ ID NO: 2. The HR1 domain may have a delgtion,
an insertion, or mutation of up to about 1, up to about 2, up to about 3, up to about 4, up to about
S, up to about 10, up to about 15, up to about 20, up 1o about 25, or up to about 30 amino acids

compared to the amino acid sequence of the HR1 domain of SEQ ID NO: 1 or SEQ D NO: 2. The

2
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HR1 domain may have a deletion, an insertion, or mutation of between about 1 and about 5 amino
acids, between about 3 and about 10 amine acids, between about 5 and 10 amino acids, between
about 8 and 12 amino acids, between about 10 and 15 amino acids, between about 12 and 17 amino
acids, between about 15 and 20 amino acids, between about 18 and 23 amino acids, between about
20 and 25 amino acids, between about 22 and about 27 amino acids, or between aboui 25 and 30
amino acids as compared to the HR1 domain of SEQ 1D NO: 1 or SEQ ID NO: 2.

{8141} In embodiments, the HR1 domain may contain any combination of modifications as

shown in Table 1G.

Table 1G
Modifications to HRI (SEQ D NG: 119)
* amino acids 912-984 of SEQ 1D NO: | and amino acids 889-971 of SEQ ID NO: 2}
Position Positien Pesitien
within within within
Possible Modifications
SEG ID SEQID SEQ ID
NO:1 NO: 2 NO: 119
950 637 40 # mutation to asparagine
s mutation 1o glutamine
034 841 S3 e mutation to histidine
s mutation to lysine
969 956 68 ¢ mutation to arginine
e mutation to histidine
s mutation to phenylalanine
981 968 80 e mutation to Lyrosine
e mutation to tryptophan
s mutation to alanine
982 969 81 & mutation 1o glycine
e mutation to threonine

Modifications to 52 subunit- HR2 Domuin

~d
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{6142} in embodiments, the CoV S polypeptides contain one or more modifications to the HR2
domain having an amino acid sequence of SEQ ID NO: 125, which corresponds to amino acids
1163-1213 of SEQ IDNO: 1 or amino acids 1150-1200 of SEQ I3 NO: 2.

{6143} The amino acid sequence of the HR2 domain (SEQ ID NO: 125) is shown below.
DVDLGDISGINASVVNIQKEIDRINEVAKNLNESLIDLOELGKYEQYIKWP

{6144 {n embodiments, the CoV S polypeptides described herein comprise an HR2 domain
with at feast 95%, at least 96 %, at least 97%, at least 98 %, at least 99%, or at least 99.5 %, identity
to the HR2 domain of SEGQ {D NO: 1 or SEQ ID NO: 2. The HRZ domain may have a deletion,
an insertion, or mutation of up to about 1, up to about 2, up to about 3, up to about 4, up 1o about
3, up to about 10, up to about 15, up to about 20, up to about 25, or up to abowt 30 amino acids
compared to the amino acid sequence of the HR2 domain of SEQ IR NG: 1 or SEQID NO: 2. The
HR2 domain may have a deletion, an insertion, or mutation of between about 1 and about 5 amino
acids, between about 3 and about 10 amino acids, between about 5 and 10 amino acids, between
about 8 and 12 amino acids, between about 10 and 15 amino acids, between about 12 and 17 amino
acids, between about 15 and 20 amino acids, between about 18 and 23 aminoc acids, between about
20 and 25 amino acids, between about 22 and about 27 amino acids, or between about 25 and 30
amino acids as compared to the HR2 domain of SEQ ID NO: 1 or SEQ IDNO: 2.

Modifications 1o the TM domain

{0145) In embodiments, the CoV S polypeptides contain one or more modifications to the T™
demain having an amino acid sequence of SEQ ID NO: 123, which corresponds to amino acids
1214-1237 of SEQ ID NO: T or amino acids 1201-1224 of SEQ ID NGO: 2.

{0146} The amino acid sequence of the TM domain (SE) D NG: 123) is shown below.
WYIWLGFIAGLIAIVMVTIMLCCM

{6147} In embodiments, the CoV § polypeptides described herein comprise a TM domain with
at feast 95%, at least 96 Y, at least 97%, at least 98 %6, at least 99%, or at least 99.5 %, identity to
the TM domain of SEQ ID NO: 1 or SEQ 1D NO: 2. The TM domain may have a deletion, an
insertion, or mutation of up to about 1, up to about 2, up to about 3, up to about 4, up to about S,
up to about 10, up to about 13, up to about 20, up to about 25, or up to about 30 amino acids
compared to the amino acid sequence of the TM domain of SEQ IDNG: 1 or SEQ ID NG: 2. The
TM domain may have a deletion, an insertion, or mutation of between about 1 and about § amino

acids, between about 3 and about 10 amino acids, between about 5 and 10 amino acids, between

~
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aboui & and 12 amino acids, between about 10 and 15 amino acids, between about 12 and 17 amino
acids, between about 15 and 20 amino acids, between about 18 and 23 amino acids, between about
20 and 25 amino acids, between about 22 and about 27 amino acids, or between about 25 and 30
amino acids as compared to the TM domain of SEQ ID NG: 1 or SEQ ID NO: 2.

[0148] In erabodiments, the CoV S polypeptides deseribed herein lack the entire TM domain,
{n embodiments, the CoV S polypeptides comprise the TM domain.

Modifications to the CT

{0149 In embodiments, the CoV S polypeptides contain one or more modifications to the CT
having an amino acid sequence of SEQ ID NO: 124, which corresponds to amino acids 1238-1273
of SEQ ID NG: 1 or amino acids 1225-1260 of SEQ [D NO: 2.

{6156} The amino acid sequence of the CT (SEQ ID NO: 124) is shown below:
TSCCSCLKGCCSCGSCCKFREDDSEPVLKGVKLHYT

18151} In embodiments, the CoV § polypeptides described herein comprise a CT with at least

O

5%, at teast 96 %, at teast 97%, at least 98 Yo, at least 99%, or at least 99.5 %, identity to the CT
of SEQ IDNO: 1 or SEQID NGO: 2. The CT may have a deletion, an insertion, or mutation of up
to about 1, up to about 2, up to about 3, up to about 4, up to about 5, up to about 10, up to about
1S, up 10 about 20, up to about 25, or up to about 30 amino acids compared to the amino acid
sequence of the CT of SEQ ID NO: | or SEQ ID NO: 2. The CT may have a deletion, an insertion,
or mudation of between about | and about 5 amino acids, between about 3 and about 10 amino
acids, between about 5 and 10 amino acids, between about 8 and 12 amino acids, between about
10 and 15 amino acids, between about 12 and 17 amino acids, between about 15 and 20 amino
acids, between about 18 and 23 amino acids, between about 20 and 25 amino acids, between about
22 and about 27 aming acids, or between about 25 and 30 amino acids as compared to the CT of
SEQIDNO: 1 or SEQIDNO: 2.

{01582} In embodiments, the CoV S polypeptides described herein lack a CT. In embodiments,
the CoV S polypeptides comprise the CT.

18133} In embodiments, the CoV S polypeptides comprise 2 TM and a CT. In embodiments,
the CoV Spike (5} polypeptides contain a deletion of one or wore amino acids from the
transmembrane and cytoplasmic tail (TMCT) (corresponding to amino acids 1201-1260). The
amino acid sequence of the TMCT is represented by SEQ 1D NO: 39, In embodiments, the CoV 8

polypeptides which have a deletion of one or more residues of the TMCT have enhanced protein
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expression. in embodiments, the CoV Spike (S} polypeptides which have one or more deletions
from the TMCT have an amino acid sequence selected from the group consisting of SEQ ID NO:
40,41, 42,52, 54, 59, 61, 88, and &9. In embodiments, the CoV § polypeptides which have one or
more defetions from the TM-CD are encoded by an isolated nucleic acid sequence selected from
the group consisting of SEQ I3 NO: 39, 43, 53, and 60.

Exemplary non-noturally occurring Col’ § polypeptides or nanoparficles

{6154] In embodiments, the CoV 8 polypeptides contain a deletion of amino acids 56 and 57
of the native CoV Spike (8) polypeptide (SEQ D NG: 2).

{3155} In embodiments, the CoV 8 polypeptides contain deletions of amine acids 131 and 132
of the native CoV Spike (S} polypeptide (SEQ I NO: 2).

{06136} In embodiments, the CoV 3 polypeptides contain a deletion of amino acids 36 and 131
ofthe native CoV Spike (S) polypeptide (SEQ 13 NOG: 2). In embodiments, the CoV § polypeptides
contain a deletion of amino acids 57 and 131 of the native CoV Spike (8) polypeptide (SEQ 1D
NG: 23

{0157 {n embodiments, the CoV § polypeptides contain a deletion of amino acids 36, 87, and
131 of the vative CoV Spike (8) polypeptide (SEQ ID NG: 2).

{61581 In embodiments, the CoV § polypeptides contain a deletion of amino acids 56 and 132
of the native CoV Spike (S) polypeptide (SEQ D NO: 2).

{0159] In embodiments, the CoV S polypeptides contain a deletion of amino acids 57 and 132
of the native CoV Spike (8) polypeptide (SEQ ID NGO 2).

{8160} In embodiments, the CoV § polypeptides contain a deletion of amino acids 56, 57, and
132 of the native CoV Spike (5} polypeptide (SEQ {D NO: 2.

[#161] In embodiments, the CoV 8 polypeptides countain a deletion of amino acids 36, 57, 131,
and 132 of the native CoV Spike (5) polypeptide (SEQ 1D NG: 2},

0162} In embodiments, the CoV S polypeptides contain mutations that stabilize the prefusion
conformation of the CoV S polypeptide. In embodiments, the CoV 8 polypeptides contain proline
or glycine substitutions which stabilize the prefusion conformation. This strategy has been utilized
for to develop a prefusion stabilized MERS-CoV § protein as described in the following
documents which are each incorporated by reference herein in their entirety: Proc Natl Acad Sci
USA. 2017 Aug 29:114(3S):E7348-E7357; Sci Rep. 2018 Oct 24:8(1:15701; U.S. Publication
No. 2020/0061185; and PCT Application No. PCT/AIS2017/058370.
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{6163} {n embodiments, the CoV 8 polypeptides contain a mutation at Lys-973 and Val-974
and an inactivated furin cleavage site. In embodiments, the CoV S polypeptides contain mutations
of Lys-973 and Val-974 to proline and an inactivated furin cleavage site, having the amino acid
sequence of QQAQ (SEQ ID NO: 7) or GSAS (SEQ ID NO: 96)mAn exemplary CoV S
polypeptide containing a mutation at Lys-973 and Val-974 and an inactivated furin cleavage site
is depicted in ¥ig. 3. In embodiments, the CoV § polypeptides containing mutations of Lys-973
and Val-974 to proline and an inactivated furin cleavage site have an amino acid sequences of SEQ
1D NOS: 86 or 87 and a nucleic acid sequence of SEQ ID NO: 96

{03164} In embodiments, the CoV § polypeptides contain a mutation at Lys-973 and Val-974,
an inactivated furin cleavage site, and a deletion of one or more amino acids of the fusion peptide.
In embodiments, the CoV S polypeptides contain mutations of Lys-973 and Val-974 to proline, an
inactivated furin cleavage site having the amino acid sequence of QOAG (SEQ ID NO: 7y or GEAS
(SEQ ID NO: 96), and deletion of one or more amino acids of the fusion peptide. In embodiments,
the CoV § polypeptides containing mutations of Lys-973 and Vai-974 to proline, an inactivated
furin cleavage site, and deletion of one or more amino acids of the fusion peptide having an amino
acid sequence of SEQ I3 NO: 105 or 106 In emboduments, the CoV S polypeptide contains a
mstation of Leu-5 to phenylalanine, mutation of Thr-7 1o asparagine, mutation of Pro-13 to serine,
mutation of Asp-125 to tyrosine, mutation of Arg-177 to serine, mutation of Lys-404 to threonine,
mutation of Glu-471 to lysine, mutation of Asn-488 (o tyrosine, mutation of His-642 {o tyrosine,
mutation of Thr-1014 to isoleucine, mutations of Lys-973 and Val-974 to proline, and an
inactivated furin cleavage site baving the amino acid sequence of OQAQ (SEQ ID NO: 7y or GSAS
(SEQ 1D NO: 96} relative to the native CoV Spike (8} polypeptide (SEG ID NG: 2.

{8165} In emboduments, the CoV S polypeptide contains a wutation of Trp-139 to cysteine,
mutation of Leu-439 to arginine, mutations of Lys-973 and Vai-®74 to proline, and an inactivated
furin cleavage site having the amino acid sequence of QQAG (SEQ ID NO: 7) or GSAS (SEQ ID
NO: 96) relative to the native CoV Spike (8) polypeptide (SEQ 1D NO: 2). in embodiments, the
CoV 8 polypeptide contains a mutation of Trp-152 to cysteine, mutation of Leu-452 to arginine,
mutation of Ser-13 to isoleucine, mutations of Lys-986 and Val-987 to proline, and an inactivated
furin cleavage site having the amino acid sequence of QQAQ (SEQ ID NOG: T) or GSAS (SEQ ID
NG: 96) relative to the native CoV Spike (8) polypeptide (SEQ 1D NO: 1)
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{3166} {n embodiments, the Co¥V § polypeptide contains a mutation of Lys-404 to threonine
or asparagine, mutation of Glu-471 to lysine, mutation of Asn-48% to tyrosine, mutation of Leu-S
to phenylalanine, mutation of Asp-67 to alanine, mutation of Asp-202 o glycine, deletion of one
or more of amino acids 229-231, mutation of Arg-233 to isoleucine, mutations of Lys-973 and
Val-974 to proline, and an inactivated furin cleavage site having the amino acid sequence of
QQAQ (SEQ ID NO: 7) or GSAS (SEQ 1D NO: 96) relative to the native CoV Spike (8)
polypeptide (SEQ ID NG 2).

18167} In embodiments, the CoV S polypeptide contains a mutation of Asn-488 to tyrosine,
mutations of Lys-973 and Val-974 to proline, and an inactivated furin cleavage site having the
aming acid sequence of QQAQ (SEQ 1D NO: 7} or GSAS (SEQ ID NG 96) relative to the native
CoV Spike (8) polypeptide (SEQ ID NO: 2}, In embodiments, the CoV S polypeptide having a
mtation of Asn-488 to tyrosine, mutations of Lys-973 and Vai-974 to proline, and an inactivated
furin cleavage site having the amino acid sequence of QQAQ (SEQ ID NO: 7y or GSAS (SEQ 1D
NG: 96) comprises an amino acid sequence of SEQ 1D NGO 112,

{¢148] {n embodiments, the CoV § polypeptide contains a mutation of Asp-601 to ¢lycine, a
mutation of Asn~-488 io tyrosine, mutations of Lys-973 and Val-974 to proline, aud an inactivated
furin cleavage site having the amino acid sequence of QAL (SEQ ID NGO 7} or GSAS (SEQ 1D
NG: 06} relative to the native CoV Spike (S) polypeptide (SEQ ID NO: 2). In embodiments, the
CoV § polypeptide having a mutation of Asn-488 10 tyrosine, mutations of Lys-973 and Val-974
to proline, and an inactivated furin cleavage site having the amino acid sequence of QQAQ (SEQ
IDNO: 7) or GSAS (SEQ ID NO: 96) comprises an amino acid sequence of SEQ ID NO: 113,
0169 In embodiments, the CoV S polypeptide contains deletion of amino acids 56, 57, and
131, mutation of Asn-488 to tyrosine, a mutation of Ala-557 to aspartate, mutation of Asp-601 to
to alanine, mutation of Asp-1105 to histidine, mutations of Lys-973 and Val-974 to proline, and
an inactivated furin cleavage site having the amino acid sequence of QGAQ (SEQ ID NO:
TLGEAS (SEQ ID NO: 96), or GG relative to the native CoV Spike (8} polypeptide (SEQ ID NO:
2}, In embodiments, the CoV § polypeptide having deletion of amino acids 56, S7, and 131,
mutation of Asn-488 to tyrosine, a mutation of Ala-557 to aspartate, mutation of Asp-601 to
glycine, mutation of Pro-668 to histidine, routation of The-703 to isoleucine, mutation of Ser-969

to alanine, mutation of Asp-1105 to histidine, mutations of Lys-0973 and Val-974 to proline, and
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an inactivated furin cleavage site having the amino acid sequence of QOAQ (SEQ D NO: 7y or
GSAS (SEQ D NO: 96) comprises an amino acid sequence of SEQ ID NO: 114, In embodiments,
the CoV S polypeptide having deletion of aming acids 36, 57, and 131, mutation of Asn-488 to
tyrosine, a mutation of Ala-357 to aspartate, mutation of Asp-601 to glycine, mutation of Pro-668
io histidine, mutation of Thr-703 to isoleucine, mutation of Ser-969 to alanine, mutation of Asp-
13105 to histidine, mutations of Lys-973 and Val-974 to proline, and an inactivated furin cleavage
site having the amino acid sequence of QUAQ (SEQ ID NG 7) or GSAS (SEQ ID NO: 96) or GG
comprises an amino acid sequence of SEQ 1D NO: 136, In embodiments, the CoV S polypeptide
having deletion of amino acids 56, 57, and 131, mutation of An-488 to tyrosine, a mutation of
Ala-557 to aspartate, mutation of Asp-601 to glveine, mutation of Pro-668 to histidine, mutation
of Thr-703 to isoleucine, mutation of Ser-969 1o alanine, mutation of Asp-1105 to histidine,
mutations of Lys-973 and Val-974 to proline, and an inactivated furin cleavage site having the
amino acid sequence of GG comprises an amino acid sequence of SEQ 1D NO: 137 or SEQ ID
NG: 138, In some embodiments, the CoV S polypeptide having an amino acid sequence of SEQ
1D NO: 114 or SEQ ID NO: 136 is encoded by a nucleic acid having a nucieic acid sequence of
SEQ ID NG 135, In some embodiments, the CoV S polypeptide having an amino acid sequence
of SEQG ID NG: 137 or SE D NO: 138 is encoded by a nucleic acid having a sequence of SEQ
D NO: 139,

{01790 I embodiments, the CoV 8 polypeptide contains deletion of amino acids 56, 57, and
132, mutation of Asn-488 to tyrosine, a mutation of Ala-557 to aspartate, mutation of Asp-6G1 to
glycine, mutation of Pro-668 to histidine, rautation of Thr-703 to isoleucine, mutation of Ser-969
1o alanine, mutation of Asp-1103 to histidine, mutations of Lys-973 and Val-974 to proline, and
an inactivated furin cleavage site having the amino acid sequence of QQAGQ (SEQ ID NG 7y or
GSAS (SEQ ID NO: 90 relative to the native CoV Spike (8} polypeptide (SEQ ID NO: 2). In
embodiments, the CoV S polypeptide having a deletion of amino acids 56, 57, and 132, mutation
of Asu-488 to tyrosing, a mutation of Ala-557 to aspartate, mutation of Asp-601 to glycine,
mutation of Pro-668 to histidine, mutation of Thr-703 to isoleucine, mutation of Ser-969 to alanine,
mutation of Asp-1105 to histidine, mutations of Lys-973 and Val-974 to proline, and an inactivated
furin cleavage site having the amino acid sequence of QQAQ (SEQ ID NG: Ty or GSAS (SEQ ID

NG: 96) comprises an amino acid sequence of SEQ ID NG: 114,
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{6171} in embodiments, the CoV & polypeptide contains mutation of Asn-488 to tyrosine,
mutation of Asp-67 to alanine, mutation of Leu-229 to histidine, mutation of Asp-202 to glycine,
mtation of Lvs-404 1o asparagine, mutation of Glu~471 to lysine, mutation of Ala-688 1o valine,
mutation of Asp-601 to glycine, mutations of Lys-973 and Val-974 to proline, and an inactivated
furin cleavage site having the amino acid sequence of QQAQ (SEQ ID NGO Tyor GSAS (SEQ 1D
NQO: 96) relative to the native CoV Spike (8} polypeptide (SEQ 1D NO: 2). In embodiments, the
CoV § polypeptide having & mutation of Asn-488 to tyrosine, mutstion of Asp-67 to alanine,
mutation of Leu-229 to histidine, mutation of Asp-202 to glycine, mutation of Lys-404 to
asparagine, mutation of Glu-471 to lysine, mutation of Ala-688 to valine, mutation of Asp-601 to
glycine, mutations of Lys-973 and Val-974 to proline, and an inactivated furin cleavage site having
the amino acid sequence of QQAG (SEQ ID NO: 7) or GSAS (SEQ ID NO: 96) comprises an
amino acid sequence of SEQ D NO: 115

18172} In embodiments, the CoV § polypeptide contains one or more modifications selected
from: K973P, V974P, an inactivated furin cleavage site, deletions of amino acid 56, deletion of
amino acid 57, deletion of aminc acid 131, N488Y, A357D, D60IG, Poea8H, T7031, SO69A, and
D11065H, wherein the amino acids are sumbered with respect to a CoV S polypeptide baving an
amino acid sequence of SEQ I NO: 2. In embodiments, the inactivated furin cleavage site has
the amino acid sequence of QQAQ (SEQ ID NO: 7). In embediments, the inactivated furin
cleavage site has the amino acid sequence of GG

{8173} In embodiments, the CoV S polypeptide contains one or more modifications selected
from: KO73P, VO74P, an inactivated furin cleavage site, DOTA, D202G, L229H, K404N, E471K,
N488Y, D60O1G, and AGERY, wherein the aminc acids are numbered with respect to a CoV S
polypeptide having an amino acid sequence of SEQ H3 NO: 2. Tn embodiments, the inactivated
furin cleavage site has the amino acid sequence of QQAQ (SEQ D NG: 7). In embodiments, the
inactivated furin cleavage site has the amino acid sequence of GG

{8174§ In embodimenis, the CoV S polypeptide contains one or more modifications selected
from: K973P, VO74P, an inactivated funn cleavage site, deletion of amino acids 229-231, DOTA,
202G, K404N, 471K, N488Y, 601G, and ACR8Y, wherein the amino acids are numberad
with respect to a CoV S polypeptide having an amino acid sequence of SEG ID NO: 2.

[8175] In embodiments, the CoV S polypeptide contains ove or more modifications selected

from: K973P, V974P, an inactivated furin cleavage site having the amino acid sequence of QQAQ
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{SEQ 1D NO: 7), deletion of amino acids 229-231, LSF, DOTA, 202G, K404N, B471K, N488Y,
D601IG, and A688Y, wherein the amino acids are numbered with respect to a CoV 8 polypeptide
having an amine acid sequence of SEQ 1D NO: 2. In embodiments, the CoV 8 polypeptide having
one or more modifications selected from K973, V974P, an inactivated furin cleavage site having
the amino acid sequence of QQAQ (SEQ ID NGO 7), deletion of amino acids 229-23 1, L5F, DOTA,
D202G, K404N, E471K, N488Y, D60IG, and AGB8Y, wherein the amino acids are numbered
with respect to a CoV S polypeptide having an amino acid sequence of SEQ I3 NO: 2 comprises
the amino acid sequence of SEQ 2 NG: 144, {n embodiments, the CoV § polypeptide having the
amino acid sequence of SEQ ID NO: 144 is encoded by a nucleic acid having a sequence of SEQ
I NG 145,

{6176} In embodiments, the CoV § polypeptide contains one or more modifications selected
from: K973P, VO74P, an inactivated furin cleavage site having the amino acid sequence of GG,
deletion of amino acids 229-231, LSF, D67A, D202G, K404N, E471K, N488Y, D601G, and
A6BRV, wherein the amino acids are numbered with respect to a CoV 8 polypeptide having an
amino acid sequence of SEQ ID NO: 2. In embodiments, the CoV § polypeptide having one or
more modifications selected from K973P, VO74P, an inactivated furin cleavage site having the
amino acid sequence of GG, deletion of amino acids 229-231, L5F, D67A, D202G, K404N,
E471K, N488Y, DOOIG, and A688Y, wherein the amino acids are numbered with respect to a
CoV S polypeptide having an amino acid sequence of SEQ ID NO: 2 comprises the aming acid
sequence of SEQ ID NO: 144, In embodiments, the CoV § polypeptide having the amino acid
sequence of SEQ ID NO: 144 is encoded by a nucleic acid having a sequence of SEQ ID NO: 145
8177 In embodiments, the CoV S polypeptide contains one or more modifications selected
from: KO73P, VO74P, an inactivated furin cleavage site, L3F, TTN, P13S, DI25Y, R177S, K404T,
E471K, N48RY, DO0IG, Ho42Y, T10141, and V1163F, wherein the amino acids are numbered
with respect to a CoV § polypeptide having an amino acid sequence of SEQ ID NG: 2. In
embodiments, the CoV S polypeptide containing one or more modifications selected from: K973P,
V74P, an inactivated furin cleavage site, L3F, TTN, PI135, D12SY, R177S, K404T, E471K,
N4BSY, 601G, He42Y, Ti10141 and V1163F, wherein the amino acids are numbered with
respect to a CoV 8 polypeptide having an amino acid sequence of SEQ ID NO: 2, has an amino
acid sequence of SEQ ID NO: 151 Tn emabodiments, the CoV S polypeptide having an amino acid

sequence of SEQ ID NQO: 151 is encoded by a nucleic acid having a sequence of SEQ 1D NO: 150,
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{¢178] {n embodiments, the CoV § polypeptide contains one or more maodifications selected
from: K973, V974P, an inactivated furin cleavage site, deletion of amino acids 229-231, LSF,
DOTA, D202G, 1L.229H, K404N, F4T1K, N48RY, 136014, and A688V, wherein the amino acids
are numbered with respect to a CoV 8 polypeptide having an amino acid sequence of SEQ ID NG:
2.

{6179} In embodiments, the CoV S polypeptide contains one or more modifications selected
from: K973P, V974P, an inactivated furin cleavage site, K404N, E471K, N48RY, LSF, D6TA,
D202G, L229H, D601G, AG88Y, and deletion of amino acids 229-231, wherein the amine acids
are numbered with respect to a CoV § polypeptide having an amino acid sequence of SEQ ID NO:
2. In embodiments, the inactivated furin cleavage site has the amino acid sequence of QQAQG (SEQ
D NO: 7). In embodiments, the inactivated furin cleavage site has the amino acid sequence of GG
{6180} In embodiments, the CoV S polypeptide contains one or more modifications selected
from: K973P, VOT74P, an inactivated furin cleavage site, K404N, E471K, and N488K wherein the
amino acids are numbered with respect to a CoV S polypeptide having an amino actd sequence of
SEQ D MNO: 2. In embodiments, the CoV S polypeptide contains one or more maodifications
selected from: K973P, V74P, an inactivated furin cleavage site, K404N, E471K, and N488Y. In
embodiments, the CoV S polypeptide ts the RBD of the CoV S polypeptide having one or more
modifications selected from K973P, VO74P, an nactivated furin cleavage site, K404N, E471K,
and N488K wherein the amino acids are numbered with respect to a CoV 8 polypeptide having an
amino acid sequence of SEQ 1D NO: 2. In embodiments, the CoV S polypeptide i3 the RBD of the
CoV § polypeptide having one or more modifications selected from K973P, VO74P, an wactivated
furin cleavage site, K404N, E471K, and N488Y wherein the amino acids are numbered with
respect to a CoV S polypeptide having an amino acid sequence of SEQ ID NG: 2.

{6181} In embodiments, the CoV S polypeptide contains one or more modifications selected
from: K973P, V974P, an inactivated furin cleavage site having the amino acid sequence of GG,
DOCLG, B404N, E471K, and N488Y . In embodiments, the CoV § polypeptide contains one or
more modifications selected from: K973P, V974P, an inactivated furin cleavage site having the
amino acid sequence of GG, and a 6010 muiation, wherein the amino acids are numbered with
respectto a CoV S polypeptide having an amino acid sequence of SEQ ID NO: 2. In embodiments,

the CoV 8 polypeptide containing modifications selected from: K973P, VO74P, an inactivated
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furin cleavage site having the amino acid sequence of GG, and a D601G mutation has an amino
acid sequence of SEQ ID NO: 133,

81824 In embodiments, the CoV S polypeptide contains one or more modifications selected
from: KO73P, VO74P, an inactivated furin cleavage site, optionally wherein the inactivated furin
cleavage site is QQAQ (SEQ ID NO: 7) or GG, K404N, E471K, N488K, D67A, D202G, 1.229H,
D601G, and AGK8Y, wherein the amino acids are numbered with respeci to a CoV S polypeptide
having an amino acid sequence of SEQ 1D NOG: 2. In embodiments, the CoV 8 polypeptide
containing one or more modifications selected from: K973P, VO74P  an inactivated furin cleavage
site, optionally wherein the inactivated furin cleavage site is QQAQ (SEQ ID NO: 7) or GG,
K404N, E471K, N48BK, 1267A, D202G, L228H, 601G, and A688V has an amino acid sequence
of SEQ IDNO: 132 or SEQ B NO: 141, In ernbodiments, the CoV 8 polypeptide having an amino
acid sequence of SEQ I3 NO: 132 is encoded by a nucleic acid having a nucleic acid sequence of
SEQ D NO: 131 In embodiments, the CoV S polypeptide having an amino acid sequence of SEQ
1D NO: 132 1s encoded by 2 nucleic acid having a nucleic acid sequence of SEQ 1D NO: 142,
{01383} in embodiments, the CoV S polypeptide contains one or more modifications selected
from: KO73P, VO74P, an inactivated furin cleavage site, W139C and LA439R, wherein the amino
acids are numbered with respect to a CoV S polypeptide having an amino acid sequence of SEQ
IDNG: 2. In embodiments, the CoV S polypeptide comprising K973P, VO74P, an inactivated funn
cleavage site, W139C and L439R modifications is expressed with a signal peptide having an amino
acid sequence of SEQ ID NO: 117 or SEQ ID NO: 5. In embodiments, the CoV § polypeptide
comprises oue or more modifications selected from: K973P, VOT74P, an inactivated furin cleavage
site, POO1G, W139C, and L439R, wherein the amino acids are nunthered with respecttoa CoV 8
polypeptide having an amino acid sequence of SEQ ID NG: 2. In embodiments, the CoV §
polypeptide comprises K973P, V974P, an inactivated furin cleavage site, D601G, W139C, and
L439R modifications and is expressed with a signal peptide having an amino acid sequence of
SEQID NGO 117 or SEQ ID NO: 5.

{0184} In embodiments, the CoV S polypeptide comprises one or more modifications selected
from: K973B, V974P, an inactivaied furin cleavage site, DO0O1G, LSE, D67A, D202, deletions
of amino acids 229-231, R2331, K404N, E471K, N4E8Y, and AG88V, wherein the amino acids
are numbered with respect to a CoV S polypeptide having an amino acid sequence of SEQ 1D NO:

2
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{G185] {n embodiments, the CoV § polypeptide contains one or more maodifications selected
from: K973P, VO74P, an inactivated furin cleavage site, optionally wherein the inactivated furin
cleavage site is QQAQ (SEQ ID NG 7), W139C, S481P, 136016, and L439R, wherein the amino
acids are numbered with respect to a CoV 8 polypeptide having an amino acid sequence of SEQ
D NO: 2. In embodiments, the CoV S polypeptide contains one or more modifications selected
from: K973, V974P, an inactivated furin cleavage site, optionally wherein the inactivated furin
cleavage site is QQAQ (SEQ ID NO: 7), W139C, D60IG, and L439R, wherein the aminc acids
are numbered with respect to a CoV S polypeptide having an amino acid sequence of SEQ ID NO:
2. In embodiments, the CoV S polypeptide contains one or more modifications selected from:
KO73P, V974P, an inactivated furin cleavage site, optionally wherein the inactivated furin
cleavage site 1s QQAQ (SEQ ID NO: 73, W139C, S481P, and D601G wherein the amino acids are
numbered with respect to a CoV 8 polypeptide having an amino acid sequence of SEQ ID NO: 2.
In embodiments, the CoV 8 polypeptide containing one or more modifications selected from:
K973P, VO74P, an ivactivated furin cleavage site, optionally wherein the inactivated furin
cleavage site is QOAQ (SEQ ID NO: 7), W139C, 84819, DoC1G, and L439R has the amino acid
sequence of SEQ ID NO: 153, In embodiments, the CoV S polypeptide having the amwno acid
sequence of SEQ 1D N 153 comprises a signal peptide having an amino acid sequence of SEQ
ID NO: 117, In embodiments, the CoV S polypeptide having the amino acid sequence of SEQ [D
NO: 153 comprises a signal peptide having an amino acid sequence of SEQ 1D NO: 5.

[6186] In embodiments, the CoV S polypeptide contains one or more modifications selected
from: KO73P, VOT74P, an inactivated furin cleavage site, optionally wherein the 1nactivated furin
cleavage site 1s QQAQ (SEGQ D NO: 7, 1821, D240G, E471K, D601G, and AG88Y, wherein the
amino acids are numbered with respect to a CoV S polypeptide having an amino acid sequence of
SEQ 1D NO: 2. In embodiments, the CoV § polypeptide containing one or more modifications
selected from: K973P, V974P, an inactivated furin cleavage site, optionally wherein the
inactivated furin cleavage site is QQAQ (SEQ 1D NG: 7), T821, D240G, E471K, D6O1G, and
AOBRY, wherein the amino acids are numbered with respect to a CoV 8 polypeptide having an
aming acid sequence of SEQ ID N{} 2, has an amino acid sequence of SEQ HY NO: 156, In
embodiments, the CoV § polypeptide containing one or more modifications selected from: K973P,
V974P, an inactivated furin cleavage site, optionally wherein the inactivated furin cleavage site is

QOAQ (SEQ ID'NG: 7), TS2L D240G, E471K, D601G, and A688V, wherein the amino acids are

84



WO 2024/211449 PCT/US2024/022891

numbered with respect to a CoV § polypeptide having an aming acid sequence of SEQ 1D NG 2,
comprises a signal peptide having an amino acid sequence of SEQ 1D NGO: 1534 or SEQ ID NG: 5.
81874 In embodiments, the CoV S polypeptide contains one or more modifications selected
from: KO73P, VO74P, an inactivated furin cleavage site, optionally wherein the inactivated furin
cleavage site is QQAQ (SEQ ID NGO 7), T&ZL D240G, S464N, DO0IG, and AGEBY, wherein the
amino acids are numbered with respect to a CoV S polypeptide having an amino acid sequence of
SEQ ID NO: 2. In embodiments, the CoV S polypeptide containing one or more moditfications
selected from: KO973P, V974P, an inactivated furin cleavage site, optionally wherein the
inactivated furin cleavage site is QQAQ (SEQ ID NG: 7), T821, D240G, S464N, D601G, and
A688V, wherein the amino acids are numbered with respect to a CoV 8 polypeptide having an
amino acid sequence of SEQ ID NO: 2, has an amino acid sequence of SEQ ID NO: 158 In
embodiments, the CoV S polypeptide containing one or more modifications selected from: K973P,
VO74P, an inactivated furin cleavage site, optionally wherein the inactivated furin cleavage site is
QOAQ (SEQ ID NG: 7). T821L, D240G, S464N, De0IG, and A688Y, wherein the amino acids are
numbered with respect to a CoV S polypeptide having an amine acid sequence of SEQ ID NG: 2,
comprises a signal peptide of SEQ 1D NO: 154,

{6188} In embodiments, the CoV S polypeptide contains one or more moditications selected
from: K973P, VO74P, an inactivated furin cleavage site, optionally wherein the inactivated furin
cleavage site is QOQAQ (SEQ ID NG 7), deletion of amino acid 56, deletion of amino acid §7,
defetion of amino acid 131, a N488Y mutation, an AS57D mutation, a D601G mutation, a P668H
mutation, & T7031 mutation, a S969A mutation, and a D1105H mutation, wherein the CoV §
polypeptide is numbered with respect to the wild-type SARS-CoV-2 § polypeptide having the
amino acid sequence of SEQ I3 NG: 2. In embodimwents, the CoV S polypeptide contains one or
more modifications selected from: K973P, V974P, an inactivated furin cleavage site, optionally
wherein the inactivated furin cleavage site is QQAQ (SEQ ID NO: 7), deletion of amino acid 56,
deletion of amino acid 37, deletion of amino acid 132, a N488Y mutation, an AS57D mutation, a
D601G mutation, a P668H mutation, a T7031 mutation, a S909A mutation, and a D1I0SH
mutation, wherein the CoV S polypeptide is numbered with respect to the wild-type SARS-CoV-
2 S polypeptide having the amino acid sequence of SEQ [D NO: 2.

[6189] In embodiments, the CoV S polypeptide contains ove or more modifications selected

from: KO73P, VO74P, an inactivated furin cleavage site, optionally wherein the inactivated furin

«K
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cleavage site 1s QQAQ (SEQ 13 NG 7}, a D67 A mutation, a L229H mutation, 2 R2331 mutation,
an A688Y mutation, an N488Y mutation, a K404N mutation, a E471K mutation, and a D60IG
mstation, wherein the CoV 8 polypeptide ts numbered with respect to the wild-type SARS-CoV-
2 S polypeptide having the amino acid sequence of SEQ ID NG: 2.

[08196] In embodiments, the CoV § polypeptide contains one or more modifications selected
from: K973, V974P, an inactivated furin cleavage site, optionally wherein the inactivated furin
cleavage site is QQAQ (SEQ 1D NG: 7), a LSF mutation, a T7N mutation, a P13S mutation, a
DI125Y mutation, a R177S mutation, a K404T mutation, a E471K mutation, a N488Y mutation, a
D601G mutation, a H642Y mutation, a T1014I mutation, and a T1163F mutation, wherein the
CoV 8 polypeptide is numbered with respect to the wild-type SARS-CaV-2 § polypeptide having
the amine acid sequence of SEQ D NO: 2.

{8191} In embodiments, the CoV S polypeptide contains one or more modifications selected
from: KOB6P, VOS7P, an inactivated furin cleavage site, optionally wherein the inactivated furin
cleavage site is QOAQ (SEQ ID NG: 7), a 8131 mutation, a WI52C mutation, and a L452R
mutation, wherein the CoV § polypeptide is numbered with respect to the wild-type SARS-CoV-
2 8 polypeptide having the amino acid sequence of SEQ ID NO: 1. In embodiments, the CoV 8
polypeptide contains one or more modifications selected from: K986P, VO87P, an inactivaied furin
cleavage site, optionally wherein the inactivated furin cleavage site 1s QQAQ (SEQ IDNG: 7), a
S13I mutation, a W152C mutation, and a L452R mutation, wherein the CoV S polypeptide is
numbered with respect to the wild-type SARS-CoV-2 8§ polypeptide having the amino acid
sequence of SEQ 1D NO: 1 lacks an N-termunal signal peptide.

jo192 In embodiments, the CoV Spike (8) polypeptides comprise a polypeptide linker. In
embodiments, the polypeptide linker containg glycine and senne. In embodiments, the linker has
about 50 %, about 55 %, about 60 %, about 65 %%, about 70 %, about 75 %, about 80 %, about 85
%, about 90 %, about 95 Y%, or about 100 % glycine.

{8193] In embodiments, the polypeptide linker has a repeat of (SGGG), (SEQ 1D NO: 913,
wherein n is an integer from Tto 50{eg. 1,2,3,4,5,6,7,8 9,10, 11,12 13, 14, 15 16, 17, 18
19,20, 21,22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, or 50). In embodiments, the polypeptide linker has an amino acid sequence

corresponding to SEQ ID NO: 90,
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[6194] {n embodiments, the polypeptide linker has a repeat of (GGGGS), (SEQ 1D NG: 933,
wherein n is an integer from 1o 50 {c g 1,2,3,4,5,6,7,8,9, 10, 11, 12 13, 14, 15, 16,17, 18,
19,20, 21, 22,23, 24, 25, 26, 27,28, 29, 30, 31, 32, 33, 34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44,
45,46, 47, 48, 49, or 50).

[0195] In embodiments, the polypeptide Hnker has a repeat of (GGGS), (SEQ 1D NO: 92),
wherein n is an integer from 1 t0 50 {eg 1,2,3,4,5,6,7, 8,9, 10, 11, 12 13, 14, 15 16, 17, 1§,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, or 50).

{3196} In aspects, the polypeptide linker is a poly-(Gly)n linker, wherein nis 1, 2, 3,4, 5, 6,
7,8,9,10, 15, 16, 17, 18, 19, or 20. In other embodiments, the linker is selected from the group
consisting of: dipeptides, wipeptides, and quadripeptides. In embodiments, the linker is a dipeptide
selected from the group consisting of alanine-serine {(AS), leucine-glutamic acid (LE), and serine-
arginine (SR}

{8197} In embodiments, the polypeptide linker comprises between 1 to 100 contiguous amine
acids of a naturally occurring CoV 8 polypeptide or of a CoV S polypeptide disclosed herein. In
embodiments, the polvpeptide linker has an amino acid sequence corresponding to SEQ ID NO:
94,

16198} In embodiments, the CoV Spike (8) polypeptides comprise a foldon. In embodiments,
the TMCT is replaced with a foldon. In embodiments, a foldon causes trimerization of the CoV
Spike {8} polypeptide In embodiments, the foldon is an amino acid sequence known in the art. In
embodiments, the foldon has an amino acid sequence of SEQ 1D NO: 68, In embodiments, the
foldon is a T4 fibritin trimerization motif. In embodiments, the T4 fibritin frimerization domain
has an amino acid sequence of SEQ 1D NG: 103, In embodiments, the foldon is separated 1n amino
actd sequence from the CoV Spike (8} polypeptide by a polyvpeptide linker. Non-limiting examples
of polypeptide linkers are found throughout this disclosure.

{8199 In embodiments, the disclosure provides CoV 8 polypeptides comprising a fragment of
a coronavirus S protein and nanoparticles and vaccines comprising the same. In embodiments, the
{ragment of the coronavirus S protein is between about 16 and about 1500 amino acids in Jength
{e.g. about 10, about 20, about 30, about 40, about 350, about 60, about 70, about 80, about 90,
about 100, about 130, about 200, about 250, about 300, about 350, about 400, about 450, about

500, about 550, about 600, about 650, about 700, about 750, about 800, about 850, about 900,
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about 950, about 1000, about 10590, about 1100, about 115¢, about 1200, about 1250, about 1300,
about 1350, about 1400, about 1450, or about 1500 amino acids in length). In embodiments, the
fragment of the coronavirus S protein is selected from the group consisting of the receptor binding
domain (RBD), subdomain 1, subdomain 2, upper helix, fusion peptide, connecting region, heptad
repeat 1, central helix, heptad repeat 2, NTD, and TMCT.

{62080} {n embodiments, the CoV 8 polypeptide comprises an RBD and a subdomain 1. In
embodiments, the CoV § polypeptide comprising an RBID and & subdomain 1 is amino acids 319
10 591 of SEQ ID NG: 1

{8201} In embodiments, the CoV S polypeptide contains a fragment of a coronavirus S protein,
wherein the fragment of the coronavirus $ protein is the RBD. Non-limiting examples of RBDs
include the RBD of SARS-CoV-2 (amino acid sequence = SEQ ID NG: 69), the RBD of SARS
{amino acid sequence = SEQ ID NG: 70), and the RBD of MERS, (amino acid sequence = SEQ
IDNO: 71

[6262] In embodiments, the CoV S polypeptide contains two or more RBDs, which are
connected by a polypeptide linker. In embodiments, the polypeptide linker has an amino acid
sequence of SEQ ID NOG: 90 or SEQ ID NO. %4,

{0283} In embodiments, the CoV 8 polypeptide contains 1,2, 3,4, 5, 6,7, 8,9, 10, 11,12, 13,
14, 15, 16, 17, 18, 19, or 20 RBDs.

{6204} in some emboduments, the CoV 8 polypeptide contains two or more SARS-CoV-2
RBDs, which are connected by a polypeptide linker. In embodiments, the antigen containing two
or more SARS-CoV-2 RBDs has an amino acid sequence corresponding to one of SEQ ID NOS:
72-75.

[8205] In emboduments, the CoV S polypeptide contains a SARS-CoV-2 RBD and a SARS
RBD. In embodiments, the CoV S polypeptide comprises a SARS-CoV-2 RBD and a SARS RED,
wherein each RBD is separated by a polypeptide linker. In embodiments, the CoV S polypeptide
comprising a SARS-CoV-2 RBD and a SARS RBD has an amino acid sequence selected from the
group consisting of SEQ ID NQOS: 76-79.

{0206} in embodiments, the CoV S polypeptide contains a SARS-CoV-2 REBD and a MERS
RBD. In embodiments, the CoV S polypeptide comprises a SARS-CoV-2 RBD and a MERS RBD,

wherein each RBD is separated by a polypeptide linker.
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{6287] {n embodiments, the CoV § polypeptide comprises a SARS RBD and a MERS RBD.
In embodiments, the CoV 8 polypeptide comprises a SARS RBD and a MERS RBD, wherein cach
RBD is separated by a polypepiide linker.

[8208] In embodiments, the CoV 8§ polypeptide contains a SARS-CoV-2 RBD, a SARSRBD,
and a MERS RBD. In embodiments, the CoV § polypeptide contains a SARS-CoV-2 RBD, &
SARS RBD, and a MERS RBD, wherein each RBD is separated by a polypeptide linker. In
embodiments, the CoV 8 polypeptide comprising a SARS-CoV-2 RBE, a SARS RBD, and a
MERS RED has an amino acid sequence selected from the group consisting of SEQ 1D NOS: 80-
8

a2

{0209] In embodiments, the CoV 8 polypeptides described herein are expressed with an N-
terminal signal peptide. In embodiments, the N-terminal signal peptide has an amino acid sequence
of SEHQ ID NO: § (MFVFLVLLPLVYSS). In embodiments, the N-terminal signal peptide has an
amino acid sequence of SEQ ID NO: 117 (MFVFLVLLPLYSY. In embodiments, the N-terminal
signal peptide has an amino acid sequence of SEQ ID NG 154 (MFVFFVLLPLVSS). o
embodiments, the signal peptide may be replaced with any signal peptide that enables expression
of the CoV S protein. In embodiments, one or more of the CoV S protein signal peptide amino
acids may be deleted or mutated. An inifiating methionine residue is maintained io initiate
expression. In embodiments, the CoV § polypeptides are encoded by a nucleic acid sequence
selected from the group consisting of SEQ ID NO: 35, SEQ 1D NO: 37, SEGQ ID NO: 95, SEQ D
NQO: 43, SEQ ID NO: 47, SEQ ID NO: 50, SEGQ ID NO: 53, SEQ ID NG: 55, SEQ ID NQG: 57,
SEQ ID NO: 96, SEQ ID NO: 60, SEQ ID NO: 131, SEQ ID NO: 135, SEQ ID NO: 142, SEQ ID
NG 145, SEQ 1D NO: 148, and SEQ 1D NO: 150, In embodiments, the N-terminal signal peptide
of the CoV S polypeptide contains a mutation at Ser-13 refative to the native CoV Spike (5) signal
polypeptide (SEQ 1D NO: 5). In embodiments, Ser-13 is mutated to any natural amino acid. In
embodiments, Ser-13 is mutated to alanine, methionine, isoleucine, leucine, threonine, or valine.
In embodiments, Ser-13 is mutated to isoleucine.

16216} Foilowing expression of the CoV S protein in a host cell, the N-terminal signal peptide
is cleaved to provide the mature CoV protein sequence (SEQ 2 NOS: 2, 4, 38, 41, 44, 48 51, 54,
58, 61,63, 65, 67, 73,75, 78, 79, 82, 83, 85, 87, 80, 106, 110, 132, 133, 114, 138, 141, 144, 147,
151, 133, 156, 1538, 174, 175, 1706, 181-184, 186, 188, 190, 195, 217-228 233-236, 243, 255-204,

273-280, and 298-302). In embodiments, the signal peptide is cleaved by host cell proteases. In
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aspects, the full-length protein may be isolated from the host cell and the signal peptide cleaved
subsequently.

0211 Following cleavage of the signal peptide from the CoV Spike (S) polypeptide with an
amino acid sequence corresponding to SEQ ID NOS: 1, 3, 36, 40, 42, 46, 49, 52, 56, 59, 62, 64,
66, 72, 74, 76, 77, 80, B1, 84, 86, 87, 105, 107, 83, 109, 130, 134, 136, 137, 140, 143, 146, 149,
152, 155, 157, 159, 160, 173, 177-180, 185, 189, 191, 194, 200, 203, 205, 207, 209, 211, 213, 215,
229-232, 242, 245-254, 265-272, 281-282, 285-286, 289-290, and 293-297 during expression and
purification, a mature polypeptide having an amino acid segquence selected from the group
consisting of SEQ ID NOS: 2, 4, 38, 41, 44, 48 51, 54, 538, 61, 63, 65,67, 73, 75,78, 79, 82, 83,
&5, 106, 108, 89, and 110, 112-115, 132, 133, 114, 138, 141, 144, 147, 151, 153, 136, 158, 174,
175, 176, 181-184, 186, 188, 190, 195, 217-228, 233-236, 243, 255-2064, 273-280, 283, 284 287,
288,291, 292, and 298-302 is obtained and used to produce a CoV § nanoparticle vaccine or CoV
S nanoparticles.

{6212} Advantageously, the disclosed CoV S polypeptides may have enhanced protein

expression and stability relative to the native CoV Spike (8) protein.

{6213} In embodiments, the CoV S polypeptides described herein contain  further
modifications from the native coronavirus § protein (SEQ 1D NO: 2). In embodiments, the
coronavirus S proteins described herein exhibit at least 80 %, at least 85 %, at least 8¢ %, at least
&7 Y, at least B8 Yo, at least 89 90, at least S0 % , at least 91 %o, at least 92 %, at least 93 %, at least
94 %, at least 93 %, at least 96 %, at least 97 %, at least 98 Y%, or at least 99 % identity to the native
coronavitus S protein. A person of skill in the art would use known techniques 1o caleulate the
percent identity of the recombinant coronavirus § protein to the native protein or to any of the CoV
S polypeptides described herein. For example, percentage identity can be calculated using the tool
CLUSTALW2Z, which is available online. The following default parameters may be used for
CLUSTALW?2 Pairwise alignment: Protein Weight Matrix = Gonnet; Gap Open = 10, Gap
Extension = 0.1,

18214} In embodiments, the amino acid sequence of the CoV S polypeptides described herein
is at feast 91 %o, at least 92 %, at least 93 %, at least 94 %, 95%, at least 96 %, at least 97%, at least
98 %, at least 99%, at least 99.5 % identical, or 100 % identical to the CoV § polypeptide having
an amino acid sequence of any one of SEQ ID NG: 87, SEQ ID NO: 174, SEQ 1D NQ: 175, SEQ
ID NO: 176, SEQ ID NOS: 181-184, SEQ ID NO: 186, SEQ ID NO: 188, SEQ ID NO: 190, SEQ
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D NG 195, SEQ 1D NOS: 217-228, SEQ 1D NOS: 233-236, SEQ [D NO: 243, SEQ ID NOS:
255-302. A CoV S polypeptide may have a deletion, an insertion, or mutation of up to about 1, up
to about 2, up 1o about 3, up to about 4, up to about 5, up to about 1¢, up to about 15, up to about
20, up to about 25, up to about 30, up to about 35, up to about 40, up to about 45, or up to about
50 amino acids compared o the amino acid sequence of the CoV 8 polypeptide having an amino
acid sequence of any one of SEQ 1D NG: 87, SEQ 1D NO: 174, SEQ 1D NO: 175, SEQ ID NO:
176, SEQ ID NOS: 181-184, SEQ ID NO: 186, SEQ ID NO: 188, SEQ ID NO: 190, SEQ ID NO:
195, SEQ ID NOGS: 217-228, SEQ ID NOS: 233-236, SEQ ID NO: 243, SEQ ID NOS: 255-302.
A CoV 8 polypeptide may have rmay have a deletion, an insertion, or mutation of between about 1
and about 5 amino acids, between about 3 and about 10 amino acids, between about S and 10
amino acids, between about § and 12 amino acids, between about 10 and 15 amino acids, between
about 12 and 17 amino acids, between about 15 and 20 amino acids, between about 18 and 23
amino acids, between about 20 and 23 amino acids, between about 22 and about 27 amino acids,
hetween about 25 and 30 amino acids, between about 30 and 35 amino acids, between about 35
and 40 amino acids, between about 40 and 45 amino acids, or between about 45 and 50 amino
acids, as compared to the CoV S polypeptide having an amino acid sequence of any one of SEQ
ID NGO 87, SEQ B2 NO: 174, SEQ ID NG: 175, SEQ 1D NO: 176, SEQ D NOS: 181-184, SEQ
ID NO: 186, SEQ ID NO: 188, SEQ ID NO: 190, SEQ ID NO: 195, SEQ ID NOS: 217-228, SEQ
1D NOS: 233-236, SEQ D NGO 243, SEQ ID NOS: 235-302. In embodiments, the CoV S
nolypeptides described herein comprise about 1, about 2, about 3, about 4, about 5, about 6, about
7, about 8, aboul 9, about 10, about 11, about 12, about 13, about 14, about 15, about 16, about 17,
about 18, about 19, about 20, about 21, about 22, about 23, about 24, or about 25 substitutions
compared to the CoV § polypeptide of any one of SEGQ ID NG: 87, SEQ I3 NG: 174, SEQ ID NO:
175, SEQ ID NO: 176, SEQ ID NOS: 181-184, SEG ID NO: 186, SEQ ID NO: 188, SEG ID NO:
190, SEQ ID NO: 195 SEQ ID NOS: 217-228, SEQ 1D NOS: 233-236, SEQ 1D NO- 243, SEQ
1D NOS: 255-302.

[0215] In embodiments, the CoV S polypeptides described herein are at feast 91 %, at least 92
%, at least 93 %, at feast 94 Y%, 95%, at Jeast 96 Y&, at least 97%, at jeast 98 %, at least 99%, at
feast 09 5 Y identical, or 100 % identical to the CoV S polypeptide having an amino acid sequence

selecied from any one of SEQ 1D NOS: 2, 4, 38, 41, 44, 48, S1, 54, 58,61, 63, 65,67, 73, 75, 78,
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79, 82, 83, 85, 106, 108, 89, and 110, 112-715, 132, 133, 114, 138, 141, 144, 147, 151, 153, 156,
and 158, 164-168.

82161 In embodiments, the coronavirus § polvpeptide is extended at the N-terminus, the C-
terminus, or both the N-terminus and the C-terminus. In aspects, the extension is a tag useful for a
function, such as purification or detection. In aspects the tag contains an epttope. For example,
the tag may be a polyglutamate tag, a FLAG-tag, a HA-tag, a polyHis-tag (having about 5-10
histidines) (SEQ D NGO 101), a hexahistidine tag {SEQ 1D NO: 100), an 8X-His-tag (having eight
histidines) (SEQ ID NO: 102), a Myc-tag, a Glutathione-S-transferase-tag, a Oreen fluorescent
protein-tag, Maltose binding protein-tag, a Thioredoxin-tag, or an Fe-tag. In other aspects, the
extension may be an N-terminal signal peptide fused to the protein to enhance expression. While
such signal peptides are often cleaved during expression in the cell, some nanoparticles may
contain the antigen with an intact signal peptide. Thus, when a nanoparticle comprises an antigen,
the antigen may contain an extension and thus may be a fusion protein when incorporated into
nanoparticles. Forthe purposes of calculating identity to the sequence, extensions are not included.
In embodiments, the tag is a protease cleavage site. Non-limiting examples of protease cleavage
sites include the HRV3C protease cleavage site, chymotrypsin, trypsin, elastase, endopeptidase,
caspase-1, caspase-2, caspase-3, caspase-4, caspase-3, caspase-6, caspase-7, caspase-8, caspass-9,
caspase- 10, enterokinase, factor Xa, Granzyme B, TEV protease, and thrombin. Tn embodiments,
the protease cleavage site is an HRV3C protease cleavage site. ln embodiments, the protease
cleavage site comprises an amino acid sequence of SEQ ID NQG: 98,

{8217} In embodiments, the CoV 8 glycoprotein comprises a fusion protein. In emabodiments,
the CoV S glycoprotein comprises an N-terminal fusion protein. In embodiments, the Cov S
glycoprotein comprises a C-terminal fusion protein. In embodiments, the fusion protein
encompasses a tag useful for protein expression, purification, or detection. In embodiments, the
tag 18 a polyHis-tag (having about 5-10 histidines), a Myc-tag, a Glutathione-S-transferase-tag, a
Green fluorescent protein-tag, Maliose binding protein-tag, a Thioredoxin-tag, a Strep-tag, a Twin-
Strep-tag, or an Fe-tag. In embodiments, the tag is an Fe-tag. In embodiments, the Fe-tag is
monomeric, dimeric, or trimeric. In embodiments, the tag is a hexahistidine tag, € g. a polyHis-tag
which contains six histidines (SEQ ID NO: 100}. In embodiments, the tag is a Twin-Strep-tag with

an amino acid sequence of SEQ 1D NO: 99,
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{6218} fn embodiments, the CoV S polypeptide 15 a fusion protein comprising another
coronavirus protein. In embodiments, the other coronavirus protein is from the same coronavirus.
In embodiments, the other coronavirus protein is from a different coronavirus.

{8219} In aspects, the CoV S protein may be truncated. For example, the N-terminus may be
iruncated by about 10 amino acids, about 30 amino acids, about S0 amino acids, about 75 amino
acids, about 100 amino acids, or about 200 amino acids. The C-terminus may be truncated instead
of or in addition to the Nterminus. For example, the C-terminus may be truncated by about 10
amino acids, about 30 amine acids, about 50 amino acids, about 75 amino acids, about 100 amino
acids, or gbout 200 amino acids. For purposes of calculating identity to the protein having
truncations, identily is measured over the remaining portion of the protein.

Detergent-core nanoparticles containing Col Spike (5) Polypeptides

{8220 In embodiments, the compositions disclosed herein comprise detergent-core
nanoparticles comprising a CoV S polypeptide, which is associated with a detergent core.

{6221} In embodiments, nanoparticles of the present disclosure comprise a mature CoV S
polypeptide. In embodiments, the nanoparticles of the present disclosure comprise CoV §
polypeptides associated with a detergent core. The presence of the detergent facilitates forration
of the nanoparticles by forming a core that organizes and presents the antigens. In embodiments,
the nanoparticles may contain the CoV S polypeptides assembled into mult-oligomeric
glycoprotein-detergent {e.g. PS80} nanoparticles with the head regions projecting outward and
hydrophobic regions and PS80 detergent forming a central core surrounded by the glycoprotein,
In embodiments, the CoV S polypeptide mnherently countains or is adapted to contain a
transmembrane domain to promote association of the protein into a detergent core. In
embodiments, the CoV S polypeptide contains a head domain. Primarly the transmembrane
domains of a CoV S polypeptide trimer associate with detergent; however, other portions of the
polypeptide may also interact. Advantageously, the nanoparticles have improved resistance to
environmental stresses such that they provide enhanced stability and/or improved presentation fo
the immune system due to organization of multiple copies of the protein around the detergent.
{6222} in embodiments, the detergent core is a non-ionic detergent core. In embodiments, the
CoV 8 polypeptide is associated with the non-ionic detergent core. In embaodiments, the detergent

s sclected from the group consisting of polysorbate-20 (PS20), polysorbate-40 (PS40),



WO 2024/211449 PCT/US2024/022891

polysorbate-60 (PS60), polysorbate-65 (PR65) and polysorbate-80 (PS80} In embodiments, the
detergent 1s PS80

82231 In embodiments, the CoV 8 polypeptide forms a trimer. In embodiments, the CoV &
polypeptide nanoparticles are composed of multiple polypeptide trimers surrounding a non-ionic
detergent core. In embodunents, the nanoparticles contain at least about 1 trimer or more. Tn
embodiments, the nanoparticles contain at least about 5 trimers to about 30 trimers of the Spike
protein. In embodiments, each nanoparticie may contain 1,2,3,4,5,6, 7, 8,9, 10, 11, 12, or 15,
20, 25, or 30 trimers, including all values and ranges in between. Compositions disclosed herein
may contain nanoparticles having different numbers of trimers. For example, a composition may
comntain nanoparticles where the number of trimers ranges from 2-9; in embodiments, the
nanoparticles in a composition may contain from 2-6 trimers. In embodiments, the compositions
contain a heterogeneous population of nanoparticles having 2 1o 6 trimers per nanoparticle, or 2 to
9 trimers per nanoparticle.  In embodiments, the compesitions may contain a substantially
homogenous population of nanoparticles. For example, the population may contain about 95%
nanoparticles having 3 trimers.

{68224} The nanoparticles disclosed herein range in particle size. In embodiments, the
nanoparticles disclosed herein range in particle size from a Z-ave size from about 20 nm to about
60 nm, about 20 nm to about 50 nm, about 20 nm to about 45 rum, about 20 nm to about 35 nm,
about 20 nm to about 30 nm, about 235 nm to about 35 nm, or about 25 nm to about 45 nm. Particle
size (Z-ave) is measured by dynamic light scattering (DLS) using a Zetasizer NanoZS (Malvern,
UK), unless otherwise specified.

82254 In embodiments, the nanoparticies comprising the CoV 8 polypeptides disclosed herein
have a reduced particle size compared to navoparticles comprising a wild-type CoV § polypeptide.
In embodiments, the CoV S polypeptides are at least about 40 % smaller in particle size, for
example, at least about 40 %%, at least about 45 %, at least about 50 %, at least about 55 %, at least
about 60 %, at feast about 65 %, at least about 70 %, at least about 75 % , at least about 80 %%, or
at least about 85 % smaller in particle size.

{0226} The nanoparticles comprising CoV S polypeptides disclosed herein are more
homogenous in size, shape, and mass than nanoparticles comprising a wild-type CoV §
polypeptide. The polydispersity index (PDI}, which is a measure of heterogeneity, is measured by

dynamic light scattering using a Malvern Setasizer unless otherwise specified. In embodiments,
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the particles measured herein have a PDI from about 0.2 to about 0.45, for example, about 0.2
about 0.25, about 0.29, about 0.3, about $.35, about 0.40, or about 0.45. In embodiments, the
nanoparticles measured herein have a PDI that is at least about 25 % smaller than the PDI of
nanoparticles comprising the wild-type CoV 8 polypeptide, for example, at least about 25 %, at
feast about 30 %. at least about 35 %. at least about 40 %, at least about 45 %o, at least about 50 %,
at least about 55 %, or at least about 60 %, smalier.

6227} The CoV 8 polypeptides and nanoparticles comprising the same have improved thermal
stability as compared to the wild-type CoV § polypeptide or a nanoparticle thereof. The thermal
stability of the CoV § polypeptides 1s measured using differential scanning calorimetry (DSC)
unless otherwise specified. The enthalpy of transition {AHcal) is the energy required to unfold a
CoV § polypeptide. In embodiments, the CoV § polypeptides have an increased AHcal as
compared to the wild-type CoV S pelypeptide. In embodiments, the AHeal of a CoV S polypeptide

is about 2-fold, about 3-fold, about 4-fold, about 5-fold, about 6-fold, about 7-fold, about &-fold,

about 9-fold, or about 10-fold greater than the AHcal of a wild-type CoV 8 polypeptide.

{0228} Several nanoparticle types may be included in vaccine compositions disclosed herein,
In aspects, the nanoparticle type is in the form of an anisotropic rod, which may be a dimer or a
monomer. In other aspects, the nanopasticle type is a spherical oligomer. In yet other aspects, the
nanoparticle may be described as an intermediate nanoparticle, having sedimentation properties
intermediate between the first two types. Formation of nanoparticle types may be regulated by
controlling detergent and protein concentration during the production process. Nanoparticle type
may be determained by measuring sedimentation co-efficient.

{ii} at least three HA glycoproteins

[8229] In embodiments, an immunogenic composition of the disclosure comprises at least
three HA glycoproteins or at least four HA glycoproteins. In embodiments, an immunogenic
composition of the disclosure comprises three or four HA glycoproteins. In embodiments, each
of the HA glycoproteins are from a different influenza strain. In embodiments, three HA
glveoproteins are from a Type A influenza strain, and one HA glycoprotein is from a Type B
influenza strain. ln embodiments, two HA glvcoproteins are from a Type A influenza strain, and
two HA glycoproteins are from a Type B influenza strain. In embodiments, two HA glycoproteins

are from a Type A influenza strain, and one HA glycoprotein is from a Type B influenza strain,
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{62381 In embodiments, each of the at least three HA glycoproteins is isolated separately using
an egg-based manufacturing process. In embodiments, an egg-based manufacturing process
comprises {a) propagating an influenza virus in an egg and (b} harvesting the influenza virus.
{8231} In embodiments, the influenza virus is a live virus. In emnbodiments, the influenza virus
is a weakened or “attenuated” virus. In embodiments, the influenza virus is optimized to grow in
an egg. In embodiments, the optumized influenza virus lacks the polybasic cleavage site of
hemagglutinin. The following article describes the development of an optimized influenza virus
(referred to as a “candidate vaccine virus”) in detail and i1s incorporated by reference herein in its
entirety: Belser et al. Virclogy. 2017 Nov; 511: 135-141.

[6232] In embodiments, the egg is a chicken egg In embodiments, the chicken egg is an
embryonated chicken egg. In embodiments, the egg is a pathogen-free egg. In embodiments, an
influenza virus is propagated by inoculating the virus in the allantoic cavity of an embryonated
chicken egg. The following article describes an exemplary ineculation method and is incorporated
by reference herein in its entivety: Brauver et al. J Vis Exp. 2015; (97} 32421,

{0233} {n embodiments, the egg-based manufacturing process comprises purifying the
influenza virus. In embodiments, an influenza virus is purified using avy of the following
techniques: centrifugation, chromatography, precipitation, or nancfiltration. In embodiments, the
centrifugation technique is ultracentrifugation. In embodiments, the virus is purified using zonal
centrifugation. In embodiments, the zonal centrifugation is continuous flow zonal centrifugation.
[08234] In embodiments, the egg-based manufacturing process comprises inactivating (also
referred to heren as “killing”) an influenza virus. In embodiments, an influenza virus is inactivated
using low pH (e.g., a pH from about 3.5-5.5), heat, ethanol, ultraviolet light, exposure to a
detergent {e.g, octylphenol)}, or exposure to a chemical {e.g., 2-propanol, ethanol, 1cdopovidone}.
In embodiments, the purified virus is inactivated with ultraviolet light, betapropielactone, sodium
deoxycholate, formaldehyde, or any combination thereof.

{8235] In embodiments, the epgg-based manufacturing process comprises exposing the
influenza virus to a surfactant. The surfactant may be sodium taurcdeoxycholate, octylphenol
ethoxylate (Triton®-X 100}, or cety! trimethyl ammonium bromide. Exposing an influenza virus
to a surfactant results in the formation of an influenza spiit-virion. In embodiments, the at least

three HA glycoproteins are in the form of an influenza split-virion.
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{6236} In embodiments, the egg-based manufacturing process comprises punifying an
influenza antigen (¢ g., hemagglutinin) from the virus.

{02371 The following Food and Drug Administration (FBDA) approved influenza vaccings are
produced using an egg-based manufacturing process: AFLURIA ® QUADRIVALENT,
FLUARIX® QUADRIVALENT, FLULAVAL QUADRIVALENT, FLUZONE®
QUADRIVALENT, FLUZONE® HIGH-DOSE QUADRIVALENT, FLUMIST®
QUADRIVALENT, FLUAD®, and FLUAD® QUADRIVALENT.

{82384 In embodiments, each of the at least three HA glycoproteins is isolated using a celi-
culture based process. In embodiments, a cell-culture based process comprises (i} growing an
influenza virus in a cell and {ii) harvesting the virus from the cell. In embodiments, a cell-culture
based process comprises (1) transfecting a cell with a vector comprising a hemagglutinin and (i)
harvesting the hemagglutinin from the cell. In embodiments, a cell-culture based process
comprises (1) transducing a cell with a virus encoding a hemagglutinin and (ii} harvesting the
hemagglutinin from the cell. In embodiments, the harvested hemagglutinin is recombinant
hemagglutinin.

{68239} In embodiments, the celi is an animal cell, a bacterial cell, an insect cell, or a fungal
cell. In embodiments, the animal is a human, a bird (e.g., a chicken), a dog, a reptile, a goat, a pig,
a mouse, a rabbit, or a rat.

{0240 I embodiments, the virus encoding a hemagglutinin is a baculovirus, a lentivirus, or
an adeno-associated virus.

{6241} In embodiments, an jufluenza virus produced using a cell-culture based process is
purified. Any of the purification techniques described to purity influenza virus produced using an
egg-based roanufacturing process can be used to punify influenza virus produced using a cell-
cultured based process.

{0242} In embodiments, a hemagglutinin produced using a cell-culture based process is
purified. Purification techniques include chromatography, centrifugation, precipitation, and
nanofiltration.

{0243} The Food and Drug Administration (FDA) approved influenza vaccine

FLUCELVAX® QUADRIVALENT 1s produced using a cell-culture based process.
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{6244} fn embodiments, each of the at least three HA glycoproteing is a recombinant
hemagglutinin. The Food and Drug Administration (FDA) approved influenza vaccine
FLUBLOK® QUADRIVALENT is a recombinant hemagglutinin.

[0245] In embodiments, the at least three hemagglutining are in the form of recombinant
hemagglutinin. Recombinant hemagglutinin i3 isolated from a cell that produces hemagglutinin,
in embodiments, a cell that produces hemaggiutinin has been transfected with a vector encoding
hemagglutinin. In embodiments, a cell that produces hemagglutinin has been transduced with a
virus encoding hemagglutinin,

fiia) at least three HA glycoproteins- detergeni-core nanoparticles comprising hemaggshitinin
[6246] In embodiments, the compositions disclosed herein comprise detergent-core
nanoparticles comprising hemagglutinin from an influenza virus. The aforementioned detergent-
core nanoparticies are described in detail in U S Patent No. 10,426,829, which is incorporated
herein by reference in its entirety for all purposes.

{6247} Detergent-core nanoparticles comprise a hemagglutinin from an influenza virus, which
is associated with a detergent core. In embodiments, the hemagglutinin is a trimer. Each
nanoparticle may contain 1,2,3,4,5,6,7,8, 9,10, 11, 12, 13, 14, or 15 trimers. In embodimenis,
the nanoparticle contains between about 2 to about 9, about 2 to about 6, or about 5 hemagglutinin
trimers. The hemagglutinin is associated with the non-ionic detergent containing core of the
nanopasticle. In embodiments, the detergent is selected from polysorbate-20 (P820), polysorbate-
40 (PS40), polysorbate-60 {PS60), polysorbate-65 (PS63) and polysorbate-80 (PS80) The
presence of the detergent faciiitates formation of the nanoparticles by forming a core that organizes
and presents the antigens. In embodiments, the nanoparticles may contain the antigens assembled
into muiti-oligomeric glycoprotein-PS890 protein-detergent nanoparticles with the head regions
projecting outward and hydrophobic regions and PS80 detergent forming a central core surrounded
by the antigens.

{8248 The nanoparticles disclosed herein range in Z-ave size from about 20 nm to about 60
nm, about 20 nm to about S0 mn, about 20 nm to about 45 nim, or about 25 nm to about 45 ant.
{0249} In embodiments, a detergent-core nanoparticle is produced in insect cells by expressing
HA proteins using a baculovirus expression system and extracting the HA protein with a detergent.
During purification, the first detergent is exchanged for a second detergent, typically a non-ionic

detergent resulting in nanoparticles having a non-ionic detergent core in which the transmembrane
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domain of the HA protein, in trimer form, is embedded into. Fig. 7 (left panel) illustrates these
structures as observed under an electron microscope.

{82501 The hemagglutinin contained in the detergent-core nanoparticles or in the HaSMaNs
described herein may be from any influenza virus strain. Human influenza Type A and Type B
viruses cause scasonal epidemics of disease almost every winter in the United States.

{0251} The HA protein may be selected from the sub-types H, H2, H3, H4, H5, H6, H7, HS,
H9, H10, H11, H12, H13, H14, H15, H16, H17, and HI8. Phylogenetically, the influenza is split
into groups. For HA Group 1 contains H1, H2, HS, Ho, H8, HO, HI1, Hi2, HI3, H16, H17, and
HI18 and group 2 contains H3, H4, H7, H10, H14, and H15,

[6252] o envbodiments, the detergent-core nanoparticles or HaSMaNs are trypsin-resistant
nanoparticles produced using neutral pH purification. Trypsin resistance is achieved by neutral pH
range of above 6.9 to 8.5 during purification and formulation of the HA nanoparticles. Trypsin
resistant influenze glycoproteins and trypsin resistant influenza nanoparticles; and methods of
making thereof are described in detail in U8, Patent No. 10,426,829,

{0253} {n embodiments, the hemagglutinin of the detergent-core nanoparticles or HaSMaNs
described herein comprises the full-length wild type hemagglutinin amino acid sequence. In
embodiments, the hemagghutinin is a hemagglutinin varnant. In embodiments, the hemagglutinin
exhibits at ieast 80%, at least 85 %, at least 90%, at least 95%, at least 97%, at least 98%, or at
feast 99 % identity to the wild-type hemagglutinin protein. Percentage identity can be calculated
using the alignment program ClustalW2, available at www ebi ac uk/Tools/msa/clustalw2/. The
following default parameters may be used for Pairwise alignment Protein Weight Matrix =
Gonnet, Gap Open = 10; Gap Extension=0.1.

{8254} HA 1s a homotrimer with each monomer consisting of ~5530 amino acid residues. Each
monomer of HA has been conceptually divided into three domains: the ectodomain of ~515
residues constitutes the extraviral part of the molecule; a stugle stretch of 27 residues defines the
transmerabrane {TM} domain; and ~10 residues constitute the cytoplasmic tail (CT). While some
changes may be made to hemagglutinin, formation of both detergent core nanoparticles and
HaSMaNs requires an intact transmembrane domain {TM). Thus, 1o particular examples, a
modified HA protein sequence comprises 100% identity to the wild-type T™ and CT domains
with some flexibility in the remaining ectodomain portion, where identity may be at feast 90% or

at feast 95%. The domains may be identified by homology to the amino acid sequences of the TM
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domains and CT of Japan/305/57 HA shown in Figure 1 of Melikyan et al. (Mol Biol Cell. 1999
Jun; 10(6); 1821-1836) though it should be noted that the boundaries between ectodomain, TM,
and CT domains may vary from HA protein to HA protein by up to three amino acids.

{7ib) influenza vaccine- HaSMalNs (Hemagglutinin Saponin Meavix Nanoparticies)

0255] In embodiments, the immunogenic compositions and vaccine compositions described
herein comprise a HaSMaN (Hemagglutinin Saponin Matrix Nanoparticle.} ¥Fig. 7 (right panel)
Hiustrates HaSMaN structures as observed under an electron microscope. The HA glvcoproteins
decorate the Matrix cage-like structures. The HaSMaN structures are formed by preparing
detergent-corenanoparticles comprising hemagglotinin from  an influenza virus and then
incubating them with ISCOM mairix adjuvant particles for a period of time. ISCOM matrix
particles are shown in the center panel of Fig. 7. Notably, the HaSMaNs form readily with Type
A influenza HA proteins, but not Type B influenza HA proteins.

10256 HaSMaNs disclosed herein are produced by incubating the detergent-core
nanoparticles with an ISCOM Matrix adjuvant comprising a saponin fraction, cholesterol and a
phospholipid. In embodiments, a HaSMaN is formed by incubating a detergent-core nanoparticle
with an ISCOM matrix adjuvant for between about 24 bours and about 48 hours. For example, the
detergent-core nanoparticle may be incubated with an ISCOM matrix adjuvant for about 24 hours,
about 25 hours, about 26 hours, about 27 hours, about 28 hours, about 29 hours, about 30 hours,
about 31 hours, about 32 hours, about 33 hours, about 34 hours, about 35 hours, about 36 hours,
about 37 hours, about 38 hours, about 39 hours, about 40 hours, about 41 hours, about 42 hours,
about 43 hours, about 44 hours, about 45 hours, about 40 hours, about 47 hours, about 48 hours,
or more. In some embodiments, a HaSMaN is formed by incubating a detergent-core nanoparticle
with an ISCOM rvatrix adjuvant for at [east about 24 hours, at least about 25 hours, at feast about
26 hours, at least about 27 hours, at least about 28 hours, at least about 29 hours, at least about 30
hours, at least about 31 hours, at least about 32 hours, at least about 33 hours, at least about 34
hours, at {east about 35 hours, at least about 36 hours, at least about 37 hours, at feast about 38
hours, at least about 39 hours, at least about 40 hours, at least about 41 hours, at least about 42
hours, at least about 43 hours, at least about 44 hours, at least about 45 hours, at least about 46
hours, at teast about 47 hours, or at least about 48 hours. In embodiments, a HaSMaN is formed
by incubating a detergent-core vanoparticle with an ISCOM matrix adjuvant at a temperature from

about 4°C to about 25°C. For example, the HaSMaN may be formed by incubating a detergent-
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core nanoparticle with an ISCOM matrix adjuvant at a temperature of about 4 °C, about 5°C, about
6°C, about 7°C, about 8 °C, about 9°C, about 10°C, about 11°C, about 12°C, about 13°C, about
14°C, about 15°C, about 16 °C, about 17 °C, about 18°C, about 19°C, about 20 °C, about 21 °C,
abont 22 °C, about 23 °C, about 24 °C, about 25°C, or higher In embodiments, a HaSMaN is formed
by incubating a detergent-core nanoparticle with an ISCOM matrix adjuvant at a temperature of
at least about 4 °C, at least about 5 °C, at feast about 6°C, at least about 7°C, at least about 8°C, at
teast about 9°C, at least about 10°C, at least about 11 °C, at least about 12°C, at least about 13°C,
at least about 14 °C, at least about 15°C, at least about 16 °C, at least about 17 °C, at least about 18
°C, at ieast about 19°C, at feast about 20°C, at least about 21 °C, at least about 22°C, at least about
23°C, at teast about 24 °C, at least about 25°C.  Typically, about 24 to 48 hours at 4°C or 25°C
incubation is required for tormation. Formation of HaSMaNs is promoted by higher temperatures.
In embodiments, formation of HaSMalN occurs by incubation of detergeni-core nanoparticles with
an ISCOM Matrix adjuvant for at least 24 hours at about 25°C. Mixing detergent core
nanoparticles with ISCOM Matrix adjuvant shortly prior to administering to a subject—ie
bedside mix, does not produce HaSMaNs. Longer incubation periods do not negatively impact
HaSMaNs formation.

Production of detergent-core Nonoparficles

18257} The nanoparticles of the present disclosure are non-naturally occurring products, the
components of which do not occur together in nature.  In embodiments, the methods disclosed
herein use a detergent exchange approach wherein a first detergent is used to isolate a protein and
then that first detergent is exchanged for a secound detergent to form the nanoparticles.

j02581 The antigens comtained in the nanoparticies are typically preduced by recombinant
expression in bost cefls. Standard recombinant techniques may be used. In embodiments, the CoV
S polypeptides are expressed in insect host cells using a baculovirus system. In embodiments, the
baculovirus 1s a cathepsin-L knock-out baculovirus, a chitinase knock-out baculovirus. Optionally,
the baculovirus is a double knock-out for both cathepsin-1. and chitinase. High leve] expression
may be obtained in insect cell expression systems. Non-limiting examples of insect cells are,
Spodoptera frugiperda (81} cells, e.g. 89, 821, Trichoplusiant celis, e.g. High Five cells, and
Drosophila 82 cells. In embodiments, the CoV 8§ polypeptide or hemagglutinin described herein is
produced in any suttable host cell. In embodiments, the host cell is an insect cell. In embodiments,

the insect cell is an Sf9 cell.
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{6259} Typical transfection and cell growth methods can be used to culture the cells. Vectors,
e.g., vectors comprising polynuclootides that encode fusion proteins, can be transfected into host
cells according to methods well known in the art. For example, introducing nucleic acids info
eukaryotic cells can be achieved by calcium phosphate co-precipitation, electroporation,
microinjection, lipofection, and transfection employing polyamine transfection reagents. In one
embodiment, the vector is a recombinant baculovirus.

[68260] Methods to grow hosi cells include, but are not imited to, batch, batch-fed, continuous
and perfusion cell culture techniques. Cell culture means the growth and propagation of cellsin a
bioreactor {a fermentation chamber) where cells propagate and express protein {¢.g. recombinant
proteins) for purification and isolation. Typically, cell culture is performed under sterile, controlled
temperature and atmospheric conditions in a bioreactor. A bioreactor is a chamber used to culture
cells in which environmental conditions such as temperature, atmosphere, agitation and/or pH can
be monitored. In one embodiment, the bioreactor is a stainless steel chamber. In another
embodiment, the bioreactor 18 a pre-sterilized plastic bag (eg Cellbag®, Wave Biotech,
Bridgewater, N.1.}. In other embodiment, the pre-sterilized plastic bags are about 50 L t0 3500 L
bags.

fxtraction and Purification of Nanoparticles

[8261] After growth of the host cells, the protein or nanoparticle may be harvested from the
host cells using detergents and purification protocols. Once the host cells have grown for 48 to 96
hours, the cells are isolated from the media and a detergent-containing solution is added to
solubilize the cell membrane, releasing the protein in & detergent extract. Triton X-100 and
TERGITOL® nonylphenol ethoxvlate, also known as NP-9, are each preferred detergents for
extraction. The detergent may be added to a final concentration of about 0.1% to about 1.0%. For
example, the concentration may be about 0.1%, about 0.2%, about 0.3%, about 0.5%%, about 0.7%,
about 0.8%, or about 1.0 %. The range may be about 0.1% to about 0.3%. In embodiments, the
concentration is about ¢.5%.

[0262] In embodiments aspects, different first detergents may be used to isolate the protein
from the host cell For example, the first detergent may be Bis{polyethvlens glycol
bis[imidazoyicarbonyl]}, nonoxynol-9, Bis(polyethylene glycol bis[imidazoy! carbonyl}), BRII@®
Polyethylene glycol dodecyl ether 35, BRI® Polyethylene glycol (3) cetyl ether 56, BRI®

alcohol ethoxylate 72, BRU® Polyoxyl 2 stearyl ether 76, BRII® polyethylene glycol monoolelyl
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ether 92V, BRIJ® Polyoxyethylene (10} oleyl ether 97, BRI® Polvethylene glycol hexadecyl
ether S8P, CREMOPHOR® EL Macrogolglycerol ricinoleate, Decacthyleneglyeol monododecyl
ether, N-Decanoyl-N-methylglucamine, n-Decyl alpha-Dglucopvranoside Decyl  beta-D3-
maltopyranoside, n-Dodecanoyl-N-methylglucamide, nDodecyl alpha-D-maltoside, n-Dodecyl
beta-D-maltoside, n-Dodecyl  beta-D-maltoside Heptaethylene  glycol  monodecyl  sther,
Heptaethyiene glycol monododecyl ether, Heptaethylene glycol monotetradecyl ether, n-
Hexadecyl beta-D-malioside, Hexacthylene glyeol monododecy! ether, Hexaethylene glycol
monohexadecy! ether, Hexaethylene glycol monooctadecyl ether, Hexaecthylene glyeol
monotetradecy! ether, Igepal CA-630,Igepal CA -630, Methyl-6-0-(N -heptylcarbamoyi}-alpha-
D-glucopyranoside, Nonaethylene glycol monododecy! ether, N-Nonanoyl-N-methyviglucamine,
N-NonanoylN-methylglucamine, Octacthylene glycol  monodecyl ether, Octaethylene
glycolmonododecyl ether, Octaethylene glycol monohexadecyl ether, Octaethylene glycol
monooctadecyl ether, Getacthylene glveol monotetradecyl ether, Octyl-beta-D ¢lucopyranoside,
Pentaethyviene glveol monodecy] ether, Pentacthylene glycol monododecyl ether, Pentaethylene
glvcol monohexadecyl ether, Pentaethylene glycol monchexyl ether, Pentaethylene glycol
monooctadecy! ether, Pentasthyvlene glycol monoocty! ether, Polyethylene glycol diglycidy! ether,
Polvethylene glycol ether W-1, Polvoxyethviene 10 tridecyl ether, Polyoxyethylene 100 stearate,
Polyoxyethylene 20 isohexadecy! ether, Polyoxyethylene 20 oleyl ether, Polyoxyethylene 40
stearate, Polyoxyethylene 50 stearate, Polyvoxyethvlene 8 stearate, Polyoxyethylene bis(imidazolyi
carbonyt), Polvoxyethylene 25 propylene glveol stearate, Saponin from Quillaja bark, SPAN® 20
sorbitan laurate, SPAN® 40 sorbitan monopalmitate, SPAN® 60 sorbitan stearate, SPAN® 65
sorbitan tristearate, SPAN® 80 sorbitane monooleate, SPAN® 85 sorbitane frioleate,
TERGITOL® secondary alcobol ethoxylate Type 15-S-12, TERGITOL® secondary alcobol
ethoxylate Type 15-5-30, TERGITOL® secondary alcohol ethoxylate Type 15-8-5, TERGITOL®
secondary alcohol ethoxylate Type 15-8-7, TERGITOL® secondary alcohol ethoxylate Type 15-
8-9, TERGITOL® nonylphenol ethoxylate Type NP-10, TERGITOL® nonylphenol ethoxylate
Type NP-4, TERGITOL® nonylphenol ethoxylate Type NP-40, TERGITOL® nonyiphenol
ethoxylate Type NP-7, TERGITOL® nonylpheno! ethoxylate Type NP-9, TERGITOL® branched
secondary alcohol ethoxylate Type TMN-10, TERGITOL® branched secondary alcohol
ethoxylate Type TMN-6, TRITON™ X100 Polyethylene glycol tert-octylphenyl ether or

combinations thereof
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{6263} The nanoparticles may then be isolated from cellular debris using centrifugation. In
embodiments, gradient centrifugation, such as using cesium chloride, sucrose and 1odixanol, may
be used. Other technigues may be used as alternatives or in addition, such as standard pusification
techniques including, e.g., ion exchange, affinity, and gel filtration chromatography.

{0264} For example, the first column may be an ion exchange chromatography resin, such as
FRACTOGEL® EMD methacrylate based polymeric beads TMAE (EMD Millipore}, the second
column may be a lentil (Leng colinaris) lectin affinity resin, and the third column may be a cation
exchange column such as a FRACTOGEL® EMD methacrylate based polymeric beads 8O3
(EMD Millipore) resin. In other aspects, the cation exchange column may be an MMC colurn or
a Nuvia C Prune columu (Bio-Rad Laboratories, Inc). Preferably, the methods disclosed herein
do not use a detergent extraction coluran; for example a hydrophobic interaction column. Such a
column is often used to remove detergents during purification but may negatively impact the
methods disclosed here.

[6265] In embodiments, the first detergent, used to extract the protein from the host cell is
substantially replaced with a second detergent to arrive at the nanoparticle structure. In
embodiments, the {irst detergent is NP-9. Typically, the nanoparticles do not contain detectable
NP-O when measured by HPL{. The second detergent is typically selected from the group
consisting of PS20, P840, PS60, PS6S, and PSSO, In embodiments, the second detergent is PS80,
{6266} in embodiments, detergent exchange is performed using affinity chromatography to
bind glycoproteins via their carbohydrate moiety. For example, the affinity chromatography may
use a legurne fectin column. Legume lecting are proteins originally identified in plants and found
o interact specifically and reversibly with carbohvydrate residues. See, for example, Sharon and
Lis, “Legume lectins--a {arge farnily of homologous proteins,” FASEB 1. 1990 Nov;4(14)3198-
208; Liener, “The Lectins: Properties, Functions, and Applications in Biology and Medicing,”
Elsevier, 2012, Suitable lectins include concanavalin A (con A), pea lectin, sainfoin lect, and lentl
fectin. Lentil lectin is a preferred column for detergent exchange due to its binding properties.
Lectin columns are commercially available; for example, Capto Lentil Lectin, is availlable from
(G Healthcare. In certain aspects, the lentil lectin column may use a recombinant lectin. At the
molecular level, it is thought that the carbohydrate moieties bind to the lentil lectin, freeing the
amino acids of the protein to coalesce around the detergent resulting in the formation of a detergent

core providing nanoparticles having multiple copies of the antigen, e.g., glvcoprotein oligomers
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which can be dimers, trimers, or tetrameérs anchored in the detergent. In embodiments, the CoV S
polypeptides and/or hemagglutining form trimers. In embodiments, the CoV 8 polypeptide trimers
and/or hemagglutinins are anchored in detergent. In embodiments, each nanoparticle contains at
least one trimer associated with a non-ionic core.

[08267] The detergent, when incubated with the protein to form the nanoparticles during
detergent exchange, may be present at up to about 0.1% (w/v) during early punifications steps and
this amount is lowered to achieve the final nanoparticles baving optimum stability. For example,
the non-ionic detergent {e.g., PS80) may be about 0.005% (v/v) to about 0.1% {v/v}, for example,
about 0.005 % (v/v), about 0.006 % (v/v), about 0.007 % (v/v), about 0.008 % {v/v}, about 0.009
%% {v/v}, about 0.01 % (v/v), about 0.015 % (v/v}, about 0.02 % {v/v), about 6.025 % {v/v}, about
0.03 % {(v/v), about 0.035 % (v/v}), about 0.04 % (v/v), about 0.045 % (v/v}, about 0.05 % (v/v),
about 0.055 % (v/v}, about 8.06 % (v/v), about 0.065 % (v/v}, about .07 % (v/v}, about 0.075 %
(viv), about 0.08 % (v/v), about 0.085 % {v/v), about 0.09 % (v/v}, about 0.095 % (v/v), or about
0.1 % {(v/v)} PS80, In embodiments, the nanoparticle contains about 0.03% to about 0.05% PS30.
i embodiments, the nanoparticle contains about 0.01 %6 (v/v) PS80

{6268} In embodimeunts, purified CoV S polypeptides and/or hemagglutinin are dialyzed. In
embodiments, dialysis oceurs after purification. In embodiments, the CoV S polypeptides and/or
hemagglutinin are dialyzed in a solution comprising sodium phosphate, NaCl, and PS80, In
embodiments, the dialysis solution comprising sodium phosphate contains between about 5 mM
and about 100 mM of sodium phosphate, for example, about S mM, sbout 10 mM, about 15 mM,
about 20 mM, about 25 M, about 30 M, about 35 M, about 40 mM, about 45 oM, about SO
mM, about 55 mM, about 60 mM, about 65 mM, about 70 mM, about 75 mM, about 80 mM, about
&5 mM, about 90 mM, about 95 mM, or about 100 maM sodium phosphate. In emnbodiments, the
phl of the solution comprising sodium phosphate is about 6.5, about 6.6, about 6.7, about 6.8, about
6.9, about 7.0, about 7.1, about 7.2, about 7.3, about 7.4, or about 7.5. In embodiments, the dialysis
solution comprising sodium chioride comprises about 50 mM Nall to about 500 mM NaCl, for
examnple, about 50 mM, about 60 mM, about 70 mM, about 8¢ mM, about 90 mM, about 100 mM,
about 110 mM, about 120 mM, about 130 M, about 140 M, about 150 mM, about 160 mM,
about 170 mM, about 180 mM, about 190 mM, about 200 mM, about 210 mM, about 220 mM,
about 230 M, about 240 mM, about 250 mM, about 260 mM, about 270 mM, about 280 mM,

about 290 mM, about 300 mM, about 310 mM, about 320 mM, about 330 mM, about 340 mM,
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about 350 mM, about 360 mM, about 370 mM, about 380 mM, about 390 mM, about 400 mM,
about 410 mM, about 420 mM, about 43¢ mM, about 440 mM, about 450 mM, about 460 mM,
about 470 mM, about 480 mM, about 490 mM, or about 300 mM NaCl In embodiments, the
dialysis solution comprising PS80 comprises about 0.005 % (v/v), about ¢.006 % (v/v), about
0.007 % (v/v), about 0.008 % {v/v}, about .009 % (v/v), about 0.01 % {v/v), about 0.G15 % (v/v},
about 0.02 % (v/v}, about 0.025 % (v/v), about 0.03 % {v/v}, about 0.035 % {v/v}, about 0.04 %
(vIv), about 0.045 % (v/v), about .05 % (v/v}, about 0.055 % {(v/v), about 0.06 % {v/v}), about
0.065 % {v/v), about 0.07 % (v/v), about 0.075 % (v/v), about 0.08 % (v/v), about 0.085 % {v/v),
about 0.09 % (v/v), about 0.095 % (v/v}, or about 0.1 % (v/v) PS80. In embodiments, the dialysis
solution comprises about 25 mM sodium phosphate (pH 7.2}, about 300 mM NaCl, and about
0.01% (v/v) PS80

{8269} Detergent exchange may be performed with proteins purified as discussed above and
purified, frozen for storage, and then thawed for detergent exchange.

{8270} Stability of compositions disclosed herein may be measured o a variety of ways. fn
one approach, a peptide map may be prepared to determine the integrity of the antigen protein after
various treatments designed to stress the nanoparticles by mimicking barsh storage conditions,
Thus, a measure of stabulity is the relative abundance of antigen pepiides in a stressed sample
compared to a control sample. For example, the stability of nanoparticles containing the CoV S
polypeptides may be evaluated by exposing the nanoparticles to various pHs, proteases, salt,
oxidizing agents, including but not limited to hydrogen peroxide, various temperatures,
frecze/thaw cyeles, and aguation.

{iic) at least three hemagghitinins: an inactivated whole influenza virus

{0271} In embodimeuts, the at Jeast three hemagglutining are in the form of a whole influenza
virus. A whole influenza virus comprises all of its envelope, viral membrane, nucleocapsid, and
genetic material. [n embodiments, the whole influenza virus 1s inactivated as described throughout
this disclosure.

fiid) at least three hemagglutinins: hemagghinin composition extracted from an influenza virus
{0272} in embodiments, the at least three hemagglutinins are in the form of a hemagglutinin
composition extracted from an influenza virus. In embodiments, the hemagglutinin composition
extracted from an influenza virus is an influenza split-virion composition or a subunit influenza

composition.
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{6273} An influenza split-virion is an influenza virus that has an influenza virus membrane
that has been disrupted with a surfactant. In embodiments, the surfactant is any surfactant
described herein. In embodiments, the surfactant is sodium taurcdeoxycholate, octyiphenol
ethoxylate {Triten®-X 100), or cetylirimethy! aramonium bromide. In embodiments, the influenza
split~virion is produced using an egg-based or cell-culture based manufacturing method. In
embodiments, an influenza split-virion is produced by propagating an influenza virus in Madin
Darby Canine Kidney (MIXCK) cells, inactivating the virus with B-propiolactone, exposing the
virus 1o the detergent cetylirimethylammonium bromide, and purifying the virion.

{8274} Like an influenza sphit-virion, a subunit influenza composition is generated by
distupting the influenza virus membrane with a surfactant. However, unlike an influenza split-
virion, the subunit influenza composition is subjected to additional purification. In embodiments,
the subunit influenza composition is purified by differing sedimentation to remove the internal
subviral core. In embodiments, the subunit influenza composition is purified by centrifugation,
chromatography, precipitation, or nanofiliration. The surfactant may be any surfactant described
herein. In embodiments, the surfactant is sodium taurodeoxycholate, octylphenol ethoxviate
{Triton®-X 100), or cetylirimethyl ammonium bromide. In embodiments, the subunit influenza
vaceine is produced using an egg-based or cell-culture based manufacturing method.

[0275] In embodiments, a hemagglutinin composition extracted from a virus comprises
hemagglutinin and excludes viral ribonucleoprotein (vRNP}, the matrix protein M1, and the viral
envelope.

{8276} In embodiments, a hemagglutinin composition extracted frorm a viras is obtained by (i)
producing & whole influenza virus using an egg-based manufacturing method, (i1} harvesting and
clarifying the whole influenza virus by centrifugation and filtration; (1) inactivating the influenza
virus with formaldehyde; (iv) concentrating and purifying the inactivated influenza virus by zonal
centrifugation; and (v) cenirifuging the inactivated influenza wvirus in the presence of
cetyltrimethylammonium bromide.

Imnumogenic Composition Formulations

{6277} The disclosure provides immunogenic compositions containing {i) at least three
hemagglutinin (HA) glycoproteins, wherein the three HA glycoproteins are from different
wnfluenza straius; (i) a CoV § polypeptide in the form of a detergenti-core nauvoparticle, wherein

the detergent is a non-ionic detergent; and (i) a pharmaceutically acceptable butfer. In
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embodiments, the at {east three HA glycoproteins are in a form selected from the group consisting
oft (a) detergent-core nanoparticles comprising  hemagglutinin  (HA), (b) HaSMaNs
{Hemagglutinin Saponin Matrix Nanoparticles); (¢} an influenza split-virion; (d} a whole influenza
virus; {e) recombinant hemagglutinin, and () a hemagglutinin composition extracted from a virus.
In embodiments, the immunogenic composition may coniain nanoparticles with antigens from
more than one viral strain from the same species of virus,

{8278} In embodiments, the immunogenic compositions comprise {1} a CoV S polypeptide in
the form of a detergent-core nanoparticle, wherein the detergent is a non-ionic detergent, (it} at
least three hemagglutinin (HA) glvcoproteins, wherein the three HA glycoproteins are from
different influenza strains, wherein the at least three HA glvcoproteins are in the form of detergent-
core nanoparticles comprising HA glycoproteins and of HaSMaNs. In embodiments, the
mmunogenic compositions comprise (i) at least three hemagglutinin (HA) glycoproteins, wherein
the three HA glycoproteins are from different influenza strains, wherein the at least three HA
glycoproteins are in the form of an influenza split-virion and (31} a CoV S polypeptide in the form
of a detergent-core nanoparticle, wherein the detergent is a non-ionic detergent. In embodiments,
the immunogenic compositions comprise (i) at least three hemagglutinin (HA) glycoproteins,
wherein the three HA glycoproteins are from different influenza strains, wherein the at least three
HA glycoproteins are in the form of a hemagglutinin composition extracted from a virus and (it} a
CoV § polypeptide in the form of a detergent-core nanoparticle, wherein the detergent is a non-
ionic detergent..

{6279} In embodiments, the compositions comprise a total of between about 1 and about 10
detergent-core nanoparticles comprising hemagglutinin and HaSMaNs, for example, about 1,
about 2, about 3, about 4, about 5, about 6, about 7, about 8, about 9, or about 10 total nanoparticles,
In embodiments, each detergent-core nanoparticle and HaSMaN contains a hemagglutinin from a
different influenza strain. In embodiments, each of the HaSMaNs contains hemagglutinin from a
Type A influenza strain. In embodiments, the hemagglutinin from each of the detergent-core
nanoparticles is from a Type B influenza strain. In embodiments, each of the HaSMaNs contains
hemagglutinin from a Type B influenza strain. In embodiments, the hemagglutinin from each of
the detergent-core nanoparticles is from a Type A influenza strain. In embodiments, the
hemagglutinin from each of the detergent-core navoparticles is from a Type B influenza strain and

the hemagglutinin from each HaSMaN is from a Type A influenza strain. In embodiments, the
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compositions comprise a total of four detergent-core nanoparticies comprising hemagghutinin and
HaSMaNs. In embodiments, the compositions comprise a total of three detergent-core
nanoparticles comprising hemagghutinin and HaSMaNs.

{8280} In another embodiment, the disclosures provide for a pharmaceutical pack or kit
comprising one or more containers filled with one or more of the components of the immunogenic
compositions.

{6281} Composttions disclosed herein may be used either prophylactically or therapeutically,
but will typically be prophylactic. Accordingly, the disclosure includes methods for treating or
preventing infection. The methods involve administering to the subject a therapeutic or
prophyiactic amount of the immunogenic compositions of the disclosure. In embodiments, the
pharmaceutical composition 18 a vaccine composition that provides a protective effect. In
embodiments, the protective effect includes amelioration of a symptom associated with infection
in a percentage of the exposed population. For example, the composition may prevent or reduce
one or more virus disease symptoms selected from: fever fatigue, muscle pain, headache, sore
throat, vomiting, diarrhea, rash, symptoms of impaired kidney and liver function, internal bleeding
and external bleeding, compared to an untreated subject.

62821 The nanoparticles may be formulated for administration as vaccines in the presence of
various excipients, buffers, and the hike. For example, the vaccine compositions may contain
sodium phosphate, sodium chloride, and/or histidine. Sodium phosphate may be present at about
10 mM to about 50 mM, about 15 mM to about 25 mM, or about 25 mM; in particular cases, about
22 mM sodium phosphate is present.  Histidine may be present about 0.1% (w/v), about 0.5%
{(w/v}, about 0.7% (w/v}, about 1% (w/v}, about 1.5% {w/v), about 2% (w/v}, or about 2.5% (w/v}.
Sodium chloride, when present, may be about 150 mM.  In certain compositions, the sodium
chloride may be present in higher concentrations, for example from about 200 mM to about 500
mM. In embodiments, the sodium chloride is present in a high concentration, including but not
Himited to about 200 mM, about 250 mM, about 300 mM, about 350 mb, about 400 mM, about
450 mM, or about 560 mM.

{0283} in embodiments, the nanoparticies described herein have improved stability at certain
pH levels. In embodiments, the nanoparticles are stable at slightly acidic pH levels. For example,
the nanoparticles that are stable at a slightly acidic pH, for example from pH 5.8 to pH 7.0. In

embodiments, the nanoparticles and compositions containing nanoparticles may be stable at pHs
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ranging from about pH 5.8 to about pH 7.0, including about pH 5.9 to about pH 6.8, about pH 6.0
to about pH 6.5, about pH 6.1 to about pH 6.4, about pH 6.1 to about pH 6.3, or about pH 6.2, In
embodiments, the nanoparticles and compositions described herein are stabile at neutral pHs,
including from about pH 7.0 to about pH 7.4 In embodiments, the nanoparticles and compositions
described herein are stable at slightly atkaline pHs, for example from about pH 7.0 to aboui pH
8.5, from about pH 7.0 to about pH 8.0, or from about pH 7.0 to about pH 7.5, including all values
and ranges in between

Adjuvants

[8284] In certain embodiments, the compositions disclosed herein may be combined with one
or more adjuvants to enhance an immune response.  In embodiments, the compositions are
prepared without adjuvants, and are thus available to be administered as adjuvant-free
compositions.  Advantageously, adjuvant-free compositions disclosed herein may provide
protective immune responses when administered as a single dose. Alum-free compositions that
induce robust immune responses are especially useful in adults about 60 and older In
embodiments, the adjuvant is an oil-in-water emulsion composed of squalene as the oil phase,
stabilised with the surfactants polysorbate 80 and sorbitan triofeate, in citrate buffer.
Abuminum-based adjuvants

10285} In embodiments, the adjuvant may be alum {e.g. AIPO,4 or AI{OH):). Typically, the
nanopasticle is substantially bound to the alum. For example, the nanoparticle may be at least 80%
bound, at least 85% bound, at [east 90% bound or at least 95% bound to the alum. Often, the
nanoparticle is 92% o 97°% bound to the alum 1o a coraposition. The amount of alum is present
per dose is typically in a range between about 400 pg to about 1250 yg. For example, the alum
may be present in a per dose amount of about 300 pug to about 900 ug, about 400 pg to about 8O0
ug, about 500 pg to about 700 pg, about 400 ug to about 600 ug, or about 400 pg to about 500 pg.
Typically, the alum is present at about 400 pg for a dose of 120 ug of the protein nanoparticle.
Saponin Adjuvants

8286} Adjuvanis containing saponin may also be combined with the immunogens disclosed
herein. Sapounins are giycosides dertved from the bark of the Quillaja saponaria Molina tree.
Typically, saponin is prepared using a multi-step purification process resulting in multiple

fractions, As used, herein, the term “a saponin fraction from Quillaja sapovaria Molina” 1s used
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generically to describe a semi-purified or defined saponin fraction of Quiliaja saponaria or a
substantially pure fraction thereof,

Saponin Fyactions

{0287} Several approaches for producing saponin fractions are suitable. Fractions A, B, and C
are described in 1.8, Pat. No. 6,352,697 and may be prepared as follows. A lipophilic fraction
from (il A, a crude aqueous Quillaja saponaria Molina extract, 1s separated by chromatography
and eluted with 70% acetonitrile in water to recover the lipophilic fraction. This lipophilic fraction
is then separated by semi-preparative HPLC with elution using a gradient of from 25% to 60%
acetonitrile in acidic water. The fraction referred fo herein as “Fraction A” or “QH-A” is, or
corresponds to, the fraction, which is eluted at approximately 39% acetonitrile. The fraction
referred to herein as “Fraction B” or “QH-B” is, or corresponds to, the fraction, which is eluted at
approximately 47% acetonitrile. The fraction referred to herein as “Fraction C7 or “OH-C” is, or
corresponds to, the fraction, which is eluted at approximately 49% acetonitrile.  Additional
information regarding purification of Fractions is found in U .S Pat. No. 5,057,540, Wheuo prepared
as described herein, Fractions A, B and C of Quillaja saponaria Molina each represent groups or
families of chemically closely related molecules with definable properties. The chromatographic
counditions under which they are obtained are such that the batch-to-batch reproducibility in terms
of elution profile and biological activity is highly consistent.

[6288] {ther saponin fractions have been described. Fractions B3, B4 and B4b are described
in EP 0436620 Fractions QA1-QA22 are described EP03632279 B2, Q-VAC (Nor-Feed, AS
Denmark), Quillaja saponaria Molina Spikoside (Isconova AB, Ultunaallén 2B, 756 51 Uppsala,
Sweden). Fractions QA-1, QA-2Z, QA-3, QA-4, QA-5, QA-0, QA-7, QA-8, QA-9, QA-10, QA-11,
QA-12, QA-13, QA-14, QA-1S, QA-16, QA-17, QA-18, QA-19, QA-20, QA-21, and QA-22 of
EP 03632 279 B2, especially QA-7, QA-17, QA-18, and QA-21 may be used. They are obtained
as described 1in EP 0 3632 279 B2, especially at page 6 and in Example 1 on page 8§ and 9.

{82891 The saponin fractions described herein and used for forming adiuvants are often
substantially pure fraciions; that is, the fractions are substantially free of the presence of
contamination from other materials. In particular aspects, a substantially pure saponin fraction
may contain up to 40% by weight, up to 30% by weight, up to 25% by weight, up to 20% by

weight, up to 15% by weight, up to 10% by weight, up to 7% by weight, up to 5% by weight, up
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to 2% by weight, up to 1% by weight, up to (.5% by weight, or up to 0.1% by weight of other
compounds such as other saponins or other adjuvant materials.

{SCOM Structures

[82%0] Saponin fractions may be administered in the form of a cage-like particle referred to as
an ISCOM (Immune Stimulating COMplex).  ISCOMs may be prepared as described in
EPG10994281, EP0242380B1 and EP01805346 B1. In particular embodiments a transport and/or a
passenger antigen may be used, as described in EP 9600647-3 (PCT/SE97/00289).

Mawrix Adjuvants

{8291} In embodiments, the ISCOM is an ISCOM matrix complex. An ISCOM matrix
complex comprises at least one saponin fraction and a lipid. The lipid is at least & sterol, such as
cholesterol. In particular aspects, the ISCOM matrix complex also contains a phospholipid. The
ISCOM matrix complexes may also contain one or more other immunomodulatory {(adjuvant-
active) substances, not necessarily a glycoside, and may be produced as described in
EPO4366208B 1, which is incorporated by reference in iis entirety berein.

{0292} {n other aspects, the ISCOM is an [SCOM complex. An ISCOM complex contains at
fcast one saponin, at least one lpid, and at least one kind of antigen or epitope. The ISCOM
complex contains antigen associated by detergent treatment such that that a pottion of the antigen
integrates into the particle. In contrast, ISCOM matrix 18 formulated as an admixture with antigen
and the association between ISCOM matrix paticles and antigen is mediated by electrostatic
and/or hydrophobic interactions.

{6293} According to one embodiment, the saponin fraction integrated into an ISCOM matrix
complex or an ISCOM complex, or at least one additional adjuvant, which also is integrated into
the ISCOM or ISCOM matrix complex or mixed therewith, 1s selected from fraction A, fraction
B, or fraction C of Quillaja saponaria, a semipurified preparation of Quillaja saponaria, a purified
preparation of Quillaja saponaria, or any puritied sub-traction e g, QA 1-21.

{8294 In particular aspects, each ISCOM particle may contain at least two saponin fractions.
Any combinations of weight % of different saponin fractions may be used. Any combination of
weight % of any two fracticns may be used. For example, the particle may contain any weight %
of fraction A and any weight % of another saponin fraction, such as a crude saponin fraction or
fraction C, respectively. Accordingly, to particular aspects, each ISCOM matrix particle or each

ISCOM complex particle may contain from 0.1 to 99.9 by weight, 5 to 95% by weight, 10 to 90%
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by weight 15 to 85% by weight, 20 to 80% by weight, 25 to 75% by weight, 30 to 70% by weight,
35 to 65% by weight, 40 to 60% by weight, 45 to 55% by weight, 40 to 60% by weight, or 50%
by weight of one saponin fraction, e.g. fraction A and the rest up to 100% in each case of ancther
saponin e.g. any crude fraction or any other faction e g fraction C. The weight is calculated as the
iotal weight of the saponin fractions. Examples of ISCOM matrix complex and ISCOM complex
adjuvants are disclosed in U.8 Published Application No. 2013/0129770, which is incorporated by
reference in its entirety herein.

j0295] In particular embodiments, the ISCOM matrix or ISCOM complex comprises from 5-
99% by weight of one fraction, e g. fraction A and the rest up to 100% of weight of another fraction
e.g. a crude saponin fraction or fraction . The weight is calculated as the total weight of the
saponin fractions,

{0296] In another embodiment, the ISCOM matrix or ISCOM complex comprises from 40%
to 99% by weight of one fraction, eg fraction A and from 1% to 60% by weight of ancther
fraction, ¢.g. a crude saponin fraction or fraction €. The weight is calculated as the total weight of
the saponin fractions.

{8297} In vet another embodiment, the ISCOM matrix or ISCOM complex comprises from
70% t0 95% by weight of one fraction e.g., fraction A, and from 30% 1o 5% by weight of ancther
fraction, e.g., a crude saponin fraction, or fraction C. The weight is calculated as the total weight
of the saponin fractions. In other embodiments, the saponin fraction from Quillaja saponaria
Molina is selected from any one of QA 1-21.

[0298] In addition to particles containing mixtures of saponin fractions, ISCOM matrix
particles and ISCOM complex particles may each be formed using only one saponin fraction.
Compositions disclosed herein may contain multiple particles wherein each particle contains only
one saponin fraction. That is, certain compositions may contain one or more different types of
ISCOM-matrix complexes particles and/or one or more different types of ISCOM complexes
particles, where each individual particle contains one saponin fraction from Quillaja saponaria
Molina, wherein the saponin fraction in one complex is different from the saponin fraction in the
other complex particies.

{6299] in particular aspects, one type of saponin fraction or a crude saponin fraction may be
integrated into one ISCOM matrix complex or pasticle and another type of substantially pure

saponin fraction, or a crude saponin fraction, may be integrated into another ISCOM matrix

113



WO 2024/211449 PCT/US2024/022891

complex or particie. A composition or vaccine may comprise at least two types of complexes or
particles each type having one type of saponins integrated into physically different particles.
{03001 In the compositions, mixtures of ISCOM matrix complex particles and/or ISCOM
complex particles may be used in which one saponin fraction Quillaja saponania Molina and
another saponin fraction Quillaja saponaria Molina are separately incorporated into different
{SCOM matrix complex particles and/or ISCOM complex particles.

{6301} The ISCOM matrix or ISCOM complex particles, which ecach have one saponin
fraction, may be present in composition at any combination of weight %. In particular aspects, a
composition may contain 0.1% to 99.9% by weight, 5% 10 95% by weight, 10% to 90% by weight,
15% to 85% by weight, 20% to 80% by weight, 25% to 75% by weight, 30% to 70% by weight,
35% ta 65% by weight, 40% to 60% by weight, 45% to 55% by weight, 40 to 60% by weight, or
50% by weight, of an [SCOM matrix or complex containing a first saponin fraction with the
remaining portion made up by an ISCOM matrix or complex containing a different saponin
fraction. In aspects, the remaining portion is one or more ISCOM matrix or complexes where each
matrix or complex particle contains only one saponin fraction. In other aspects, the ISCOM matrix
or complex particles may contain more thao one saponin fraction.

{8302 In particular compositicns, the only sapounin fraction in a first ISCOM malrix or
ISCOM complex particle is Fraction A and the only sapornin fraction in a second ISCOM matrix
or ISCOM complex pasticle is Fraction C.

{08303} Preferred compositions comprise a first ISCOM matrix containing Fraction A and a
second ISCOM matrix containing Fraction C, wherein the Fraction A ISCOM matrix constituies
about 70% per weight of the total saponin adjuvant, and the Fraction C ISCOM matrix constitutes
about 30% per weight of the total saponin adjuvast. In another preferred composition, the Fraction
A ISCOM matrix constitutes about 85% per weight of the total saponin adjuvant, and the Fraction
C ISCOM matrix constitutes about 15% per weight of the total saponin adjuvant. Thus, in certain
compuositions, the Fraction A ISCOM matrix is present in a range of about 70%% to about 85%, and
Fraction C ISCOM matrix is present in a range of about 15% to about 30%, of the total weight
amount of saponin adjuvant in the composition. In embodiments, the Fraction A ISCOM matrix
accounts for 50-96 % by weight and Fraction C ISCOM matrix accounts for the remainder,
respectively, of the sums of the weights of Fraction A ISCOM matrix and Fraction C ISCOM in

the adjuvant. In a particularly preferred composition, referred to herein as MATRIX-M ™ the
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Fraction A ISCOM matrix is present at about 85 % and Fraction C ISCOM matrix is present at
about 15% of the total weight amount of saponin adjuvant in the composition. MATRIX-M ™ may
be referred to interchangeably as Matrix-M1.

18304} Exemplary QS-7 and QS-21 fractions, their production and their use is described in
U.S Pat. Nos. 5,057,540, 6.231.859: 6,352,697, 6,524,584: 6,846,485 7,776,343, and 8,173,141,
which are incorporated by reference herein.

{6305} In embodiments, other adjuvants may be used in addition or as an alternative. The
inclusion of any adjuvant described in Vogel et al, "A Compendium of Vaccine Adjuvants and
Excipients {(2nd Edition)," herein incorporated by reference in its entirety for all purposes, is
envisioned within the scope of this disclosure. Other adjuvants include complete Freund's adjuvant
{a non-specific stimulator of the imrmune response containing killed Mycobacterium tuberculosis),
incomplete Freund's adjuvanis and aluminum hydroxide adjuvant Other adjuvants comprise
GMCSP, BCG, MDP compounds, such as thur-MDP and nor-MDP, CGP (MTP-PE}, lipid A, and
monophosphoryl lipid A (MPL}, MF-39, RIBI, which contains three components extracted from
bacteria, MPL, trehalose dimycolate (YDM) and cell wall skeleton (CWS) in a 2%
squalens/TWEEN® polysorbate 80 emulsion.  In embodiments, the adjuvant way be a
paucilamellar Jipid vesicle; for example, NOVASOMES®. NOVASOMES® are paucilamellar
nonphospholipid vesicles ranging from about 100 um to about 500 nm. They comprise BRU®
alcohol ethoxylate 72, cholesterol, oleic acid and squalene. NOVASOMES® have been shown to
be an effective adjuvant (see, U.S. Pat. Nos. 5,629,021, 6,387,373, and 4,911,928
Administration and Dosage

{03861 In embodiments, the disclosure provides a method for eliciting an imumune response
against one or more coropaviruses and/or influenza viruses. In embodiments, the response is
against one or more of the SARS-CoV-2 virus, MERS, and SARS. In embodimenis, the response
is against a heterogeneous SARS-CoV-2 strain. Non-limiting examples of heterogencous SARS-
CoV-2 strains include the Cal 20C SARS-CoV-2 sirain, P.1 SARS-CoV-2 strain, B.1.351T SARSK-
CoV-2 strain, and B.1.1.7 SARS-CoV-2 strain. The methed involves adminmistering an
immunologically effective amount of an immunogenic composition described herein to a subject.
Advantageously, the proteins disclosed herein induce one or more of particularly useful anti-

coronavirus and/or anti-influenza responses.
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{6387} {n embodiments, the compositions described herein are administered with an adjuvant.
In embodiments, the compositions described hercin are administered withowt an adjuvant. In
aspects, the adjuvant may be bound to the nanoparticle, such as by a non-covalent interaction. In
other aspects, the adjuvant is co-adminstered with the nanoparticle but the adjuvant and
nanoparticle do not interact substantially.

{0308} in embodiments, the compositions may be used for the prevention and/or treatment of
one or more of a SARS-CoV-2 infection, a heterogeneous SARS-CoV-2 strain infection, a SARS
infection, a MERS infection, and influenza infection, or a combination thereof. Thus, the
disclosure provides a method for eliciting an immune response against one or more of the SARS-
CoV-2 virus, heterogeneous SARS-CoV-2 virus, MERS, SARS, and an influenza virus. The
method involves administering an immunologically effective amount of g composition described
herein 10 a subject. Advantageously, the compositions disclosed herein induce particularty useful
anti-coronavirus and/or anti-influenza responses.

[6369] In embodiments, the compositions described heretn have an efficacy against 2 SARS-
CoV-2 virus or a heterogeneous SARS-CoV-2 strain that is between about 50 % and about 99 %,
between about 80 % and about 99 %, between about 73 % and about 99 %, between about 80 %
and about 95 %%, between about 90 % and about 98 %, between about 75 % and about 95 %, at
teast about 50 %, at least about 55 %, at least about 60 %, at least about 65 %, at least about 70 %,
at least about 75 Yo, at least about 80 %, at least about 83 %, at feast about 90 %0, at least about 91
%, at least about 92 %, at least about 93 %, at least about 94 %, at least about 95 %, at least about
96 %%, at least about 97 %, at least about 98 %, or at least about 99 % In embodiments, the
nanoparticles or CoV S polypeptides described herein have an efficacy against a Cal 20C SARS-
CoV-2 strain that is between about 50 % and about 99 %, between about 80 %% and about 99 %,
between about 75 % and about 99 %, between about 80 % and about 95 %, between about 90 %
and about 98 %, between about 75 % and about 95 %, at least about 50 %, at least about 55 %, at
least about 60 %, at least about 65 %, at least about 70 %, at least about 75 %, at {east about 80 %%,
at least about 85 %, at least about 90 %, at least about 91 %, at least about 92 %, at least about 93

-~
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%, at least about 94 %, at least about 95 %, at least about 96 %, at least about 97 %, at least about

98 %, or at least about 99 %. In embodiments, the nanoparticles or CoV 8§ polypeptides described

herein have an efficacy against a P.1 SARS-CoV-2 sirain that 1s between about 50 % and about 99

%%, between about 80 % and about 99 %, between about 75 % and about 99 %, between about 80
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% and about 95 %, between about 90 % and about 98 %, between about 75 % and about 95 %, at
feast about 50 Y%, at least about 55 %, at least about 60 %%, at least about 65 %6, at least about 70 %,
at least about 75 %, at least about 80 %6, at least about 85 %, at feast about 90 %, at least about 91
%%, at least about 92 %, at least about 93 %, at least about 94 %, at least about 95 %, at least about
96 %, at least about 97 %, at least about 98 %, or at least about 99 %. In embodiments, the
nanopasticles or CoV S polypeptides described herein have an efficacy against a B.1.351 SARS-
CoV-2 strain that is between about SO % and about 99 %, between about 80 % and about 99 %,
between about 75 %6 and about 99 %, between about 80 % and about 95 %%, between about 90 %
and about 98 %, between about 75 % and about 95 %%, at least about 50 %, at least about 55 %, at
feast about 60 %, at least about 65 %, at least about 70 %, at teast about 75 %, at least about 80 %,
at least about 85 %%, at least about 90 %, at least about 91 %, at [east about 92 %, at least about 93
%, at least about 94 %, at least about 95 %, at least about 96 %, at least about 97 %, at least about
98 %, or at least about 99 %. In embodiments, the nanoparticles or CoV S polypeptides described
herein have an efficacy against a B.1.1.7 SARS-CoV-2 strain that is between about 530 % and about
99 %, between about 80 % and about 99 %, between about 75 % and about 99 %, between about
30 % and about 95 %, between about 90 Y% and about 98 %, between about 75 % and about 95 %,
at least about 50 %, at least about 55 %, at least about 60 %, at least about 65 %, at least about 70
%%, at least about 75 %, at least about 80 %, at least about 83 %, at least about 90 %, at least about
91 %%, at least about 92 %o, at least about 93 %, at least about 94 %, at least about 95 %, at least
about 96 %, at least about 97 %, at least about 98 94, or at least about 99 %.

{8319} In emboduments, the immunogenicity of a composition described herein against an
influenza virus is determined using a HAT assay or by measuring neutralizing antibodies. The
method for performing an HAT assay is described in the following article which is wncorporated by
reference herein in its entirety: Cowling et al. Clin Infect Dis. 2019; 68{10) 1713-1717. In
embodiments, the immunogenicity of the nanoparticle influenza vaccines may be compared to a
commercially available influenza vaccine composition. As used herein, “commercially available
influenza vaccine composition” can be any influenza vaccine composition that is available for
medical use. For example, the commercially available influenza vaccine composition can be
formulated for a trivalent or a quadrivalent injection. In embodiments aspects, the formulation for
an injection can comprise the inactivated form of the virus. In erabodirents, the commercially

available influenza vaccine composition can be formulated for a nasal spray. In embodiments, the
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formulation for a nasal spray can comprise attenuated or weakened forms of the virus. n
embodiments, the compositions disciosed herein induce neutralizing antibodies that bind to an
influenza sirain that has drifted (i.e. undergone slight mutation) relative to the sequence used in
the virus within the same sub-type of influenza. In embodiments, one, two, three four, or all of
the strains used in the compostiions induce neuiralizing antibodies against one drifted strain,
against two drifted strains, against three drifted strains, against four drifted strains, or against five
drifted sirains.

83114 Compositions disclosed herein may be administered via a systemic route or a mucosal
route or a transdermal route or directly into a specific tissue. As used herein, the term “systemic
administration” includes parenteral routes of administration. In  particular, paresteral
administration includes subcutaneous, intraperitoneal, intravenous, intraarterial, intramuscular, or
intrasternal injection, intravenous, or kidney dialytic infusion techniques. Typically, the systemic,
parenteral administration is intramuscular injection. As used herein, the term “‘mucosal
administration” includes oral, intranasal, intravaginal, intra-rectal, intra-tracheal, intestinal and
ophthalmic administration. Preferably, administration is intramuscular.

{6312} Compositions may be administered on a single dose schedule or a multiple dose
schedule. Multiple doses may be used in a primary unmunization schedule or in a booster
tmmunization schedule. In a multiple dose schedule the various doses may be given by the same
or different routes e.g., a parenteral prime and mucosal boost, a mucosal prime and parenteral
boost, etc. In aspects, a follow-on boost dose is administered about 2 weeks, about 3 weeks, about
4 weeks, about 5 weeks, or about 6 weeks after the prior dose. In embodiments, the follow-on
boost dose is administered 3 weeks after administration of the prior dose. In embodiments, the first
dose 1s admimstered at day 0, and the boost dose is administered at day 21, In embodiments, the
first dose is administered at day O, and the boost dose is administered at day 28

{0313} In embodiments, the dose, as measured in pg, may be the total weight of the dose

o

including the solute, or the weight of the nanoparticles, or the weight of a protein in a nanoparticle

{e.g., the weight of hemagglutinin or a CoV § polypeptide). Dose is measured using protein
concentration assay either A280 or ELISA.

{6314} The dose of CoV S polypeptide, including for pediatric adminisiration, may be in the
range of about 1 ug to about 25 pg, about 3 pg to about 25 ug, about 5 pg o about 25 ug, about

5 pe to about 530 pug about 1 g to about 300 pg, about 90 pg to about 270 ug, about 100 pug to
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about 160 pg, about 110 ug to about 150 pg, about 120 pg fo about 140 ug, or about 140 pg 1o
about 160 ug In embodiments, the dose s about 120 pg, administered with alum. In aspects, dose
ranges from about I ug to about 90 ug. In embodiments, the dose of CoV Spike (S) polypeptide is
abont T ug, about 2 pg, about 3 pg, about 4 ug, about 5 pg, about 6 pg, about 7 ug, about 8 ug,
about 9 ug, about 10 ug, about 11 pg, about 12 ug, about 13 ug, about 14 ug, about 15 ug, about
16 ug, about 17 pg, about 18 pg, about 19 ug, about 20 ug, about 21, about 22, about 23, about
24, about 25 ug, about 26 pg, about 27 ug, about 28 ug, about 29 ug, about 30 ug, about 40 ug,
about 50, about 60, about 70, about 80 |, about 90 about 100 pg, about 110 pg, about 120 ug , about
130 pg, about 140 pg, about 150 ug, about 160 ug, about 170 ug, about 180 ug, about 190 ug,
about 200 pg, about 210 ug, about 220 pg, about 230 pg, about 240 ug, about 250 pg, about 260
ug, about 270 ug, about 280 pg, about 290 pg, or about 300 pg, including all values and ranges in
between. In embodiments, the dose of CoV S polypeptide is about 3 ug  In embodiments, the dose
of CoV 8§ polypeptide is about 5 pg. In embodiments, the dose of CoV 8 polypeptide is about 25
ug. In ersbodiments, the dose of CoV 8 polypeptide is about 20 ug. In erubodiments, the dose of
CoV § polypeptide is about 35 pg.

{8315} The total amount of the hemagglutinin in the immunogenic compositions may range
from about 25 pg to about 200 ug, about 30 pg to about 150 ug, about 50 pg to about 100 pg,
about 45 g to about 180 ug, about 60 ug to about 190 pg, or about 100 ug to about 200 ug. In
certain embodiments, the amount of the influenza HA protein in the immunogenic composition
may be in the range of about S ug per strain to about 80 ug per strain, about 10 ug per strain to
about 75 g per strain, about 15 pg per strain to about 70 ng per strain, about 20 pg per strain to
about 65 yg per strain, about 25 ug per strain to about 60 ug per strain, about 30 pg per strain to
about 55 ug per sirain, about 35 ug per strain to about 50 ug per strain, about 15 pg per strain to
about 60 pg per strain. A dose per strain, for example, 10 ug per strain, refers to a dose of a
hemagglutinin from a particular strain of influenza. In embodiments, a subject is administered an
immunogenic composition comprising between about 5 pg and about 100 ug of hemagglutinin per
strain. For example, in embodiments, the compositions comprise about S ug, about 6 ug, about 7
ug, about 7.5 pg, about 8 pg, about 9 pug, about 10 ug, about 11 pg, abowt 12 ug, about 13 pg,
about 14 ug, about 15 pg, about 16 ug, about 17 ug, about 18 pg, about 19 ug, about 20 ug, about
21, about 22, about 23, about 24, about 25 ug, about 26 ug, about 27 pg, about 28 g, about 29

ug, about 30 pg about 31 ug, about 32 pg, about 33 pg, about 34 ug, about 35 ug, about 36 pg,

bl
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about 37 ug, about 38 pg, about 39 ug, about 40 pg, about 41 pg, about 42 ug, about 43 ug, about
44 ug, about 45 pg, about 46 ug, about 47 ug, about 48 ug, about 49 ug, about 50 ug, about 51
ug, about 52 ug, about 53 pg, about 34 pg, about 35 pg, about 56 ug, about 37 ug, about 58 pg,
abont 39 ng, about 60 pg, about 61 ug, about €2 pg, about 63 pg, about 64 ug, about 65 ng, about
66 g, about 67 pg, about 68 ug, about 69 ug, about 70 ug, about 71 ug, about 72 ug, about 73
ug, about 74 pg, about 75 pg, about 76 ug, about 77 pg, about 78 ug, about 79 ug, about 80 pg,
about 81 pg, about 82 pg, about 83 ug, about 84 pg, about 85 pg, about 86 ug, about 87 pg, about

fe)

~

88 ng, about 89 pg, about 90 ug, about 91 ug, about 92 ug, about 93 ug, about 94 pg, about 95
1g, about 96 pg, about 97 ug, about 98 pg, about 99 g, or about 100 ug of hemagglutinin per
strain. In embodiments, the composition comprises from about 24 pg to about 40 pg hemagglutinin
per strain. In embodiments, the composition comprises from about 24 pg to 75 pg hemagglutinin
per strain. In embodiments, the composition comprises about 30 ug hemagglutinin per strain. In
embodiments, the composition comprises about 60 pg hemagglutinin per strain.

[6316] In embodiments, a patient is administered an immunogenic composition containing
from about 5 to 60 pg hemagglutinin per strain and from about 2.5 to 22.5 pg of CoV §
polypeptide. In embodiments, the composition comprises from about 24 ug to 40 pg hemagglutinin
per strain and from 5 pg to about 25 pg of CoV S polypeptide. In embodiments, the immuunogenic
composition contains 5, 10, 35, or 60 pg hemagglutinin per strain. In embodiments, the
fumunogenic composition contains 2.5, 7.5, or 22.5 pg of CoV S polypeptide. In embodiments,
the immunogenic composition contains from 30 ug to about 54 ug hemagglutinin per strain. In
embodiments, the immunogenic composition containg from 13 ug to about 25 pg of CoV 8
polypeptide. In embodiments, the immunocgenic composition contains hemagglutinin from three
or four strains of influenza. In embodiments, the immunogenic composition contains about 40 pg
of a saponin adjuvant, eg, MATRIX-M™ In embodiments, the immunogenic composition
contains about 50 pg or 75 ug of a saponin adjuvant, e.g., MATRIX-M™ In embodiments, the
dose of hemagglutinin per strain and the dose of CoV S polypeptide is found in Table 1H. In
embodiments, a patient i1s administered 30 pg of hemagglutinin per strain and 25 pg of CoV S
polypeptide. In embodiments, a patient is administered 60 pg of hemagglutinin per strain and 35
ug of CoV S pelypeptide.

{6317} In embodiments, the ratio of the amount of hemagglutinin per strain to the amount of

CoV S polypeptide in the immunogenic composition is from about 1:1 to about 5:1. In
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embodiments, the ratio of the amount of hemagglutinin per strain to the amount of CoV S
polypeptide in the immunogenic composition is from about 111 to about 3:1. In embodiments, the
ratio of the amount of hemagglutinin per strain to the amount of CoV § polypeptide in the
immunogenic composition is from about 1.3:1 to about 3:1. In embodiments, the ratio of the
amount of hemagglutinin per sirain to the amount of CoV § polypeptide in the immunogenic
composition is about 1.3:1, about 1.4:1, about 1.5:1, about 1.6:1, about 1.7:1, about 1 8:1, about
1.9:1, about 2.0:1, about 2.1:1, about 2.2:1, about 2.3:1, about 2.4:1, about 2.5:1, abowt 2.6:1, about
2.7:1,about 2.8:1, about 2.9:1, about 3.0:1, about 3.1:1, about 3.2:1, about 3.3:1, about 3 4.1, about
3.5:1, about 3.6:1, about 3.7:1, about 3.8:1. about 3.9: 1, about 4.0:1. about 4.1:1, about 4.2:1,
about 431, about 4.4:1, about 4.5:1, about 4.6:1, about 4.7:1, about 4.8:1, about 491, or about
S:1

{8318} In embodiments, a patient is administered a boost dose of an imimunogenic composition
49, 30, 31, 52, 53, 54, 55, 56, 37, 58, 59, 60, or 61 days after initial administration of the
immunogenic composition. In embodiments, a patient is administered a boost dose of the
immunogenic composition 50 days after initial administration of the immunogenic composition.
In embodiments, a patient is administered a boost dose of the immwunogenic composition 56 days
(+ 5 days} after initial administration of the immunogenic composition. In embodiments, the boost
dose contains the same amount of hemagglutinin per strain and CoV § polypeptide as the initial
dose. ln embodiments, the boost dose contains a different amount of hemagglutinin per strain, CoV
S polypeptide, or a combination thereof, than the initial dose. In embodiments, the amount of
hemagglutinin per strain and the amount of CoV 8 polypeptide in the boost dose of the
imimunogenic composition is selected from Table 1H.

Table 1H

Option Hemagglutinin per strain CeV S polypeptide (g}
{ng)

A 60 225

B 10 2.3

C 60 225

D 10 7.5
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Option Hemagglutinin per strain CoV 8 polypeptide {ug}
(ng)
E 10 225
F 35 7.5
G 5 22.5
H 60 2.5
i 5 7.5
] 5 25
K 35 225
L 35 2.3
M 60 7.5
N 60 2.5
O 24 25
P 25 25
Q 26 25
R 27 25
S 28 25
T 29 25
U 30 25
Y 31 25
W 32 25
X 33 25
Y 34 25
Z 35 25
AA 36 2
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Option Hemagglutinin per strain CoV 8 polypeptide {ug}
(ng)

AB 37 25
AC 38 25
AD 39 25
AE 40 25
AF 33 25
ALy 30-40 20
AH 34 25
Al 33-39 14-15
Al 39 13
AK 30 20
AL 31 20
AM 3z 20
AN 33 20
AQO 34 20
AP 35 20
AL 39 20
AR 37 20
AR 38 20
AT 39 20
Al 40 20
AV 33 i4
AW 34 i4
AX 3s 14
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Option Hemagglutinin per strain CoV 8 polypeptide {ug}
(ng)
AY 36 i4
AZ 37 14
BA 38 14
BB 39 14
BC 33 15
BD 34 15
BE 35 is
BF 36 15
BG 37 15
BH 38 15
BI 39 is
Bl 30 15
BK 30 15
BL 45 is5
BM 45 15
BN 30 25
BO 30 25
BP 45 25
BO 45 25
BR 60 25
BS 60 25
BT 60 35
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{6319] {n embodiments, a patient is administered a first immunogenic composition containing
from about 5 to 60 pg hemagglutinin per strain and a second immunogenic composition containing
from about 2.5 to abowut 22.5 ug of CoV S polypeptide. In embodiments, a patient is administered
a first immunogenic composition containing from about 20 to 60 up hemagglutinin per strain and
a second immunogenic composition containing from about 20 to 40 ug of CoV § polypeptide. In
embodiments, a patient 15 administered a first immunogenic composition containing 30 ug
hemagglutinin per strain and a second immunogenic composition containing 25 ug of CoV 8
polypeptide. In embodiments, a patient is administered a first mmmunogenic composition
containing 60 pg hemagglutinia per strain and a second immunogenic composition containing 353

ug of CoV S polypeptide. In embodiments, the first immunogenic composttion contains about 5,
about 10, about 35, or about 60 pg hemagglutinin per strain. In embodiments, the second
immunoegenic composition contains about 2.5 pg, about 7.5 pg, about 22.5 pyg, or about 25 pg of
CoV 8 polypeptide. In embodiments, the first immunogenic composition contains hemagglutinin
from three or four strains of influenza. In embodiments, the amount of bemagglutinin per strain in
the first immunogenic composition and the amount of CoV S polypeptide in the second
immunogevic composition is provided to Table 1H. In embodiments, the first immunogenic
compositicn, second imumunogenic composition, or both contain about 50 pug of a saponin
adjuvant, e.g, MATRIX-M™ In embodiments, a patient is administered a boost dose of the first
immunogenic composition, second immunogenic composition, or both, 49, 50, 51, 52, 53, 54, 55,
56, 57, 38, 59, 60, or 61 days after initial administration of the first immunogenic composition,
second immunogenic coraposition, or both. In embodiments, a paticut is adminstered a boost dose
of the immunogenic composition 5¢ days after initial administration of the first immunogenic
composition, second immunogenic composition, or both In embodiments, a patient is
administered a boost dose of the immunogenic composition 56 days {+ 5 days) after initial
administration of the first immunogenic composition, second immunogenic composition, of both,
In embodiments, the boost dose contains the same amount of hemagghutinin per strain and CoV 8
polypeptide as the initial dose. In embodiments, the boost dose contains a different amount of
hemagglutinin per strain, CoV 8 polypeptide, or a conbination thereof, than the initial dose. In
embodiments, the amount of hemagglutinin per strain and the amount of CoV S polypeptide in the

boost dose of the first or second immunogemc composition is selected from Table 1H. Certain
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populations may be administered with or without adjuvants. In certain aspects, compositions may
be free of added adjuvant. In such circumstances, the dose may be increased by about 10%.
{03201 In embodiments, a patient is administered from about 24 pg to about 40 ug
hemagglutinin per strain and a CoV S pelypeptide dose of greater than about 20 ug In
embodiments, a patient is adroinistered 24-40 pg hemagglutinin per strain and a CoV 8 polypeptide
dose of about 25 ug.

{6321} In embodiments, the dose of the adjuvant is from about 1 pg to about 100 g, for
example, about 1 pg, about 2 ug, about 3 ug, about 4 g, about 5§ pg, about 6 ug, about 7 ug, about
8 pg, about 9 ug, about 10 ug, about 11 pg, about 12 pg, about 13 ug, about 14 pg, about 15 ug,
about 16 pg, about 17 ug, about 18 ug, about 19 pg, about 20 g, about 21, about 22, about 23,
about 24, about 25 pg. about 26 ug, about 27 pg, about 28 ug, about 29 pg, about 30 pg. about 31
ug, about 32 ug, about 33 pg, about 34 pg, about 35 pg, about 36 pg, about 37 ug, about 38 pg,
about 39 ug, about 40 pg, about 41 ug, about 42 pg, about 43 pg, about 44 ug, about 45 pug, about
46 ug, about 47 pg, about 48 ug, about 49 ug, about 50 ug, about 51 ug, about 52 ug, about 533
ug, about 54 pg, about 55 ug, about 36 pg, about 87 pg, about 58 ug about 59 ug, about 60 pg,
about 61 pg, about 62 pg, about 63 ug, about 64 pg, about 65 pg, about 66 ug, about 67 ug, about
68 ug, about 69 pg, about 70 ng, about 71 ug, about 72 ug, about 73 ug, about 74 pg, about 75
ng, about 76 pg, about 77 ug, about 78 pg, about 79 ug about 80 ug, about 81 ug, about 82 pg,
about 83 ug, about 84 pg, about 85 pg, about 86 ug, about 87 pg, about 88 ug, about 8% ug, about
90 ug, about 91 pg, about 92 ug, about 93 ug, about 94 ug, about 95 ug, about 96 pg, about 97
ug, about 98 pg, about 99 pg, or about 100 pg of adjuvant. In embodiments, the dose of adjuvant
is about 50 ug. In embodiments, the adjuvant is a saponin adjuvant, e.g., MATRIX-M ™.

{8322} In embodiments, the dose is administered in a volume of about 0.1 mL to about 1.5
mL, for example, about 0.1 mL. about 0.2 mL, about 0.25 mL, about ¢.3 mL, about 0.4 mL, about
0.5 mL, about 0.6 mL, about 0.7 mL. about 0.8 mL, about 0.9 mL, about 1.0 mL, about | .1 mL,
about 1.2 mi, about 1.3 mL, about 1.4 mi, or about 1.5 ml. In embodiments, the dose is
administered in a volume of .25 mL. In embodiments, the dose is administered in a volume of 0.3
ml. In embodiments, the dose is administered in a volume of 6.6 mi.,

{6323} in embodiments, the dose may comprise a CoV S polypeptide or hemagglutinin

concentration of about 1 ug/ml to about 50 pg/ml, 10 pg/ml to about 100 ug/ml., about 10
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ug/ml 1o about S0 ng/ml, about 175 pg/ml to about 325 pg/ml, about 260 ug/ml. to about 300
ug/ml, about 220 pg/mi to about 280 pg/mL, or about 240 pg/mL to about 260 ug/mL.

{83244 In embodintents, the immunogenic compositions described herein are administered in
combination with an additional immunogenic composition. In embodirents, the additional
fmrunogenic composition induces an immune response against SARS-CoV-2. In embodiments,
the additional immunogenic composition is administered within about 1 minute, about 5 minutes,
about 10 minutes, about 20 minutes, about 30 minutes, about 40 minutes, about 50 minuies, about
1 hour, about 2 hours, about 3 hours, about 4 hours, about 5 hours, about 6 hours, about 7 hours,
about 8 hours, about 9 hours, about 10 hours, about 11 hours, about 12 hours, about 13 hours,
about 14 hours, about 15 hours, about 16 hours, about 17 hours, about 18 hours, about 19 hours,
about 20 hours, about 21 hours, about 22 hours, about 23 hours, about T day, about 2 days, about
3 days, about 4 days, about S days, about 6 days, about 7 days, about 8 days, about 9 days, about
10 days, about 11 days, about 12 days, about 13 days, about 14 days, about 15 days, about 16 days,
about 17 days, about 18 days, about 19 days, about 20 days, about 21 days, about 22 days, about
23 days, about 24 days, about 25 days, about 26 days, about 27 days, about 28 days, about 29 days,
about 30 days, or about 31 days of the disclosed immunogenic compositions. In embodiments, the
additional composition is administered with a first dose of a composition described herein. In
embodiments, the additional composition is administered with a boost dose of a composition
comprising CoV 8 polypeptides or nanoparticles, detergent-core nanoparticies, HaSMaNs, or
combinations thereof. In embodiments, the additional composition is administered with s (a) first
mmunogenic composition comprising (1) a CoV S glycoprotetn the form of a detergent-core
nanoparticle, wherein the detergent is a non-ionic detergent and {ii} a pharmaceutically acceptable
buffer and (b} a second immunogenic composition comprising (i) at least three HA glyvcoproteins,
wherein gach HA glycoprotein is from a different influenza strain and (i1} a pharmaceutically
acceptable buffer. In embodiments, the additional composition is administered with an initial dose
of a first immunogenic composition and/or second irumunogenic composition. in embodiments,
the additional composition is administered with an boost dose of a first immunogenic composition
and/or second unmunogenic composition.

{0325} {n embodiments, provided herein is a methed for eliciting an immune response against
one o more coronaviruses and/or influenza viruses comprising admintsiering an HNMUTOLEHIC

composition described herein. In embodiments, provided herein is a method for eliciting an

127



WO 2024/211449 PCT/US2024/022891

immune response against one or more coronaviruses and/or influenza viruses comprising {a)
administering a first immunogenic composition comprising (1) a CoV S glycoprotein the form of
a detergent-core nanoparticle, wherein the detergent is a non-ionic detergent and (i) a
pharmaceutically acceptable buffer and (b) administering a second immunogenic composition
comprising (i} at least three HA glycoproteins, wherein each HA glycoprotein is from a different
influenza strain and (it) a pharmaceutically acceptable buffer. In embodiments, the first
immuonogenic composition is administering about 20 minutes, about 30 minutes, about 40 minutes,
about 30 minutes, about 1 hour, about 2 hours, about 3 hours, about 4 hours, about 5 hours, about
6 hours, about 7 hours, about 8 hours, about © hours, about 10 hours, about 11 hours, about 12
hours, about 13 hours, about 14 hours, about 15 houss, about 16 hours, about 17 hours, about 18
hours, about 19 hours, about 20 hours, about 21 hours, about 22 hours, about 23 hours, about 1
day before the second immunogenic composition. In embodiments, the first immunogenic
composition is administering about 20 minutes, about 30 minutes, about 40 minutes, about 50
minutes, about 1 hour, about 2 hours, about 3 hours, about 4 hours, about 5 hours, about 6 hours,
about 7 hours, about 8 hours, about © hours, about 10 hours, about 11 hours, about 12 hours, about
13 hours, about 14 hours, about 153 hours, about 16 hours, about 17 hours, about 18 hours, about
19 hours, about 20 hours, about 21 hours, about 22 hours, about 23 hours, about 1 day after the
second immunogenic composition. Typically, the first immunogenic composition and second
immunogenic composition are administered at the same time (i.e, within 15 minutes of each
other). In embodiments, the first immunogenic composition is administered intramuscularly. In
embodiments, the second immunogenic composition is admimstered intramuscularly. In
embodiments, the second immunogenic composition is administered intranasally. In embodiments,
the first immunogenic composition is administered intramuscularly and the second immunogenic
composition 1s administered intramuscularly. In embodiments, the first immunogenic composition
is administered intramuscularly and the second immunogenic composition is administered
intranasally. In embodiments, the first immunogenic composition and second immunogenic
composition are administered intramuscularly to the same arm. In embodiments, the first
immunogenic  composition  and second mununogenic  composition  are  administered
intramuscularly to different arms.

[6326] In embodiments, the additional immunogenic composition coroprises an mRNA

encoding a SARS-Cov-2 Spike glycoprotein, a plasmid DNA encoding a SARS-Cov-2 Spike
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glycoprotein, an viral vector encoding a SARS-Cov-2 Spike glycoprotein, or an inactivated SARS-
CoV-2 virus.

{03274 In embodiments, the additional immunogenic composition comprises mRNA that
encodes for a CoV S polypeptide. In embodiments, the mRNA encodes for a CoV S polypeptide
comprising proline substitutions at positions 986 and 987 of SEQ ID NGO: 1. In emsbodiments, the
mRINA encodes for a CoV S polypeptide comprising an intact furin cleavage site. In embodiments,
the mRNA encodes for a CoV S polypeptide comprising proline substitutions at positions 986 and
987 of SEQ ID NO: 1 and an intact furin cleavage site. In embodiments, the mRNA encodes fora
CoV § polypeptide comprising proline substitutions at positions 986 and 987 of SEQ ID NO: |
and an inactive furin cleavage site. In embodiments, the mRNA encodes for a CoV § polypeptide
having an amino acid sequence of SEQ ID NO: 87, In embodiments, the mRNA encoding for a
CoV § polypeptide is encapsulated in a lipid nanoparticle. An exemplary immunogenic
composition comprising mRNA that encodes for a CoV S polypeptide is described in Jackson et
al. N. Eng. J. Med. 2020. An mRNA Vaccine against SARS-CoV-2- preliminary report, which is
mcorporated by reference in its entirety herein. In embodiments, the composition comprising
mRNA that encodes for a CoV S polypeptide is administered at a dose of 25 pg, 100 ug, or 250
ug.

[8328] In embodiments, the additional immunogenic composition comprises an adenovirus
vector encoding for a CoV S polypeptide. In embodiments, the AAV vector encodes for a wild-
type CoV S polvpeptide. In embodiments, the AAV vector encodes for a CoV 8 polypeptide
comprising proline substitutions at positions 986 and 987 of SEQ 13 NGO 1 and an intact furin
cleavage site. In embodiments, the AAV vector encodes for a CoV S polypeptide comprising
proline substitutions at positions 986 and 987 of SEQ 113 NO: 1 and an inactive furin cleavage site.
In embodiments, the AAV vector encodes for a CoV S polypeptide having an amino acid sequence
of SEQ ID NO: 87. The following publications describe immunogenic compositions comprising
an adenovirus vector encoding for a CoV 8§ polypeptide, each of which is incorporated by
reference in its entirety herein: van Doremalen N et al. A single dose of ChAdOx 1 MERS provides
protective jmmunity 1n rhesus macaques. Science Advances, 2020; van Doremalen N. et al
ChAdOx1 nCoV-19 vaccination prevents SARS-CoV-2 pneumonia in rhesus macaques. bioRxiv,

(2020).

129



WO 2024/211449 PCT/US2024/022891

{6329} In embodiments, the additional immunogenic composition comprises deoxyribonucleic
acid (DNA). In embodiments, the additional immunogenic composition comprises plasmid DNA.
In embodiments, the plasmid DNA encodes for a CoV S polypeptide. In embodiments, the DNA
encodes for a CoV S polvpeptide comprising proline substitutions at positions 986 and 987 of SEQ
D NG 1 and an intact furin cleavage site. In embodiments, the DNA encodes for a CoV §
polypeptide comprising proline substitutions at positions 986 and 987 of SEQ 1D NO: 1 and an
inactive furin cleavage site. In embodiments, the DNA encodes for a CoV § polypeptide having
an amino acid sequence of SEQ ID NO: &7,

{83301 In embodiments, the additional immunogenic composition comprises an inactivated
virus vaccine,

{6331} In embodiments, the immunogenic compositions comprising CoV S polypeptides or
nanoparticles, detergent-core nanoparticles, and HaSMaNs are administered to a patient that has
or has previously had a confirmed infection caused by SARS-CoV-2 or a heterogeneous SARS-
CoV-2 strain. The infection with SARS-CoV-2 or a heterogeneous SARS-CoV-2 strain may be
confirmed by a nucleic acid amplification test (e.g., polymerase chain reaction) or serological
testing (e.g., testing for antibodies against a SARS-CoV-2 viral antigen). lo embodiments, the
compositicn comprising CoV § polypeptides or nanoparticles, detergent-core nanoparticles,
HaSMaNs, or combinations thercof, are administered to a patient at least about 3 days, at least
about 1 week, at least about 2 weeks, at least about 3 weeks, at lgast about 4 weeks after a patient
has been diagnosed with COVID-19. In embodiments, the composition comprising CoV §
polypeptides or nanoparticles, detergent-core nanoparticles, HaSMaNs, or combinatious thereof,
are administered to a patient between 1 week and 1 vear after the patient’s diagnosis with COVID-
19, for example, about 1 week, about 2 weeks, about 3 weeks, about 4 weeks, about S weeks, about
o weeks, about 1 month, about 2 months, about 3 months, about 4 months, about 5 months, about
6 months, about 7 months, about 8 months, about @ months, about 10 months, about 11 months, or
about 1 vear. In embodiments, the composition comprising CoV S polypeptides or nanoparticles,
detergent-core nanoparticies, HaSMaNs, or combinations thereof, are administered to a patient
between | week and 20 vears after the patient’s diagnosis with COVID-19, for example, about 1
week, about Z weeks, about 3 weeks, about 4 weeks, about § weeks, about 6 weeks, about 1 month,
about 2 months, about 3 months, about 4 ruonths, about 5 months, about 6 months, about 7 months,

about & months, about 9 months, about 10 months, about 11 months, about 1 year, about 2 years,
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about 3 years, about 4 years, about S years, about 6 vears, about 7 years, about 8 years, about 9
vears, about 10 years, about 11 years, about 12 years, about 13 years, about 14 years, about 15

years, about 16 years, about 17 years, about 18 vears, about 19 years, or about 20 vears.

[8332] In embodiments, the composition comprising CoV S polypeptides or nanoparticles,
detergent-core nanoparticles, HaSMaNs, or combinations thereof, are admimstered afier the
patient has been administered a first immunogenic composition. Non-limiting examples of first
immunogenic compositions include a SARS-CoV-2 Spike glycoprotein, an mRNA encoding a
SARS-Cov-2 Spike glycoprotein, a plasmid DNA encoding a SARS-Cov-2 Spike glycoprotein, an
viral vector encoding a SARS-Cov-2 Spike glycoprotein, or an inactivated SARS-CoV-2 virus. In
embodiments, the CoV S polypeptides or nanoparticles comprising the same are administered
between about 1 week and about 1 yvear, between about | week and | month, between about 3
weeks and 4 weeks, between about 1 week and 5 vears, between about 1 year and about 5 years,
between about 1 year and about 3 years, between about 3 years and about 5 vears, between about
5 years and about 10 years, between about 1 year and about 10 years, or between about 1 year and
about 2 years after administration of the first immunogenic composition. In embodiments, the CoV
S polypeptides or nanoparticles comprising the same are administered between about 1 week and
about 1 vear after administration of the first immaunogenic composition, for examiple, about 1 week,
about 2 weeks, about 3 weeks, about 4 weeks, about 5 weeks, about 6 weeks, about 7 weeks, about
& weeks, about 9 weeks, about 10 weeks, about I month, about 2 months, about 3 months, about
4 months, about 5 months, about 6 months, about 7 months, about 8 months, about 9 months, about
10 wonths, about 11 months, or about 1 year after administration of the firsi immunogenic
composition.

[8333] In ersbodiments, the composition comprising CoV S polypeptides or navnoparticies
comprising CoV S polypeptides, detergent-core nanoparticles, HaSMaNs, or combinations
thereof, are useful for preparing immunogenic compositions to stimulate an immune response that
confers immunity or substantial immunity to one or more of MERS, SARS, SARS-CoV-2, and a
heterogeneous SARS-CoV-2 strain.  Both mucosal and cellular immunity may contribute to
immunity to infection and disease. Antihodies secreted locally in the upper respiraiory tract are a
major factor in resistance to natural infection. Seecretory immunoglobulin A (slgA) 1s invelved in
protection of the upper respiratory tract and serurn 1gG in protection of the lower respiratory tract,

The immune response induced by an infection protects against reinfection with the same virus or



WO 2024/211449 PCT/US2024/022891

an antigenically similar viral strain. The antibodies produced in a host after immunization with
the nanoparticles disclosed herein can also be administered to others, thereby providing passive
administration in the sulject.
[8334] In embodiments, the composition comprising CoV S polypeptides or nanoparticles,
detergent-core nanoparticles, HaSMaNs, or combinations thereof, induce cross-neutralizing
antibodies agamst SARS-CoV-2 viruses containing S proteins with one or more modifications
selected from:

{a) deletion of one or more aming acids of the NTD, wherein the ong or more amino acids
are selected from the group consisting of amino acid 56, 57, 131, 132, 144, 145, 228, 229, 230,
231,234, 235, 236, 237, 238, 239, 240, or combinations thereof, and

{b) mutation of one or more amino acids of the NTD, wherein the one or more mutations
arg selected from the group consisting of amino acid 5, 6, 7, 13, 39, 51, 53, 54, 56, 57, 62, 63, 67,
82,125, 129, 131, 132, 133, 139, 143, 144, 145, 177, 200, 201, 202, 209, 229, 233, 240, 245, or

2 k]

combinations thereof;

(¢) mutation of one or more amino acids of the RBD wherein the one or more mutations is
selected from the group consisting of amino acid 333, 404, 419, 426, 439, 440, 464, 465, 471, 477,
481, 488, and combinations thereof]

() mutation to one or more aming acids of the SD1/2 | wherein the one or more amino
acids is selected from the group consisting of 557, 600, 601, 642, 664, 668, and combinations
thereof;

{&) an inactive furin cleavage site {corresponding {0 one ot more mutations 1o amino acids
669-672y,

(fy deletion of one or more amino acids of the 82 subunit, wherein the amino acids are
selected from the group consisting of 676-085, 676-762, 702-711, 775-793, 806-813; and
combinations thereof

{2} myutation of one or more amino acids of the S2 subunit, wherein the amino acids are
selected from the group consisting of of 688, 703, 846, 875, 937, 969, 973, 974, 1014, 1058, 1105,
and 1163; and combinations thereof

(h) deletion of one or more amino acids from the TMCT (amino acids 1201-1260), wherein

the amino acids of the CoV § glycoprotein are numbered with respect to SEQ ID NG: 2.
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{6335} fn embodiments, the composition comprising CoV S polypeptides or nanoparticles
comprising CoV S polypeptides, detergent-core nanoparticles, HaSMaNs, or combinations
thereof, induce cross-neutralizing antibodies against SARS-CoV-2 viruses containing S proteins
with one or more modifications selected from: deletions of amino acid 56, deletion of amino acid
57, deletion of amino acid 131, N488Y, A557D, D601G, PO6RH, T7031, S969A, D1105H, N426K,
and Y440F, wherein the amino acids are numbered with respect to a CoV § polypeptide having an
amino acid sequence of SEQ D NQG: 2.

{83364 In embodiments, the composition comprising CoV S polypeptides or nanoparticies
comprising CoV S polypeptides, detergeni-core nanoparticles, HaSMaNs, or combinations
thereof, induces cross-neutralizing antibodies against SARS-CoV-2 viruses containing $ proteins
with one or more modifications selected from: deletions of amino acid 56, deletion of amino acid
57, deletion of amino acid 131, N488Y, ASS7D, D601G, P66BH, T7031, S969A, and DI110SH,
wherein the amino acids are numbered with respect to a CoV § polypeptide having an amino acid
sequence of SEQ ID NG: 2

{06337} {n embodiments, the composition comprising CoV 8 polypeptides or nanoparticles
comprising CoV S polypeptides, detergent-core nanoparticles, HaSMaNs, or combinations
thereof, induces cross-neutralizing antibodies against SARS-CoV-2 viruses containing N proteins
with one or more modifications selected from: DE7TA, D202G, L229H, K404N, E471K, N488Y,
D601G, and A6R8Y, wherein the amino acids are numbered with respect to a CoV S polypeptide
having an amino acid sequence of SEQ ID NO: 2.

[{6338] In emboduments, the composition comprising CoV 8 polypeptides or nanoparticles
comprising CoV S polypeptides, detergent-core nanoparticles, HaSMalNs, or combinations
thereof, induces cross-neutralizing antibodies against SARS-CoV-2 viruses containing S proteins
with one or more modifications selected from: deletion of amino acids 229-231, D6TA, D202G,
K404N, E471K, N488Y, D6OIG, and A688V, wherein the amino acids are numbered with respect
to a CoV § polypeptide having an amino acid sequence of SEQ D NO: 2.

[0339] In embodiments, the composition comprising CoV S polypeptides or nanoparticies
comprising CoV 8 polypeptides, detergent-core nanoparticles, HaSMaNs, or combinations
thereof, induces cross-neutralizing antibodies against SARS-CoV-2 viruses containing 8 proteins

with one or more modifications selected from: deletion of amino acids 229-231, LSF, D67A,
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202G, K404N, E471K, N4B88Y, B601G, and A688V wherein the amino acids are numbered with
respect to a CoV S polypeptide having an amino acid sequence of SEQ 1D NG: 2.

{03401 In embodiments, the composition comprising CoV S polypeptides or nanoparticle
comprising CoV 8 polypeptides, detergeni-core nanoparticles, HaSMaNs, or combinations
thereot, induces cross-neutralizing antibodies against SARS-CoV-2 viruses containing S proteins
with one or more modifications selected from: LSF, T7N, P138, DI25Y, R1778, K404T, E471K,
N488Y, Da01G, He42Y, TI014L and V1163F, wherein the amino acids are numbered with
respect to a CoV S polypeptide having an amino acid sequence of SEQ ID NG: 2.

{8341} In embodiments, the composition comprising CoV S polypeptides or nanoparticies
comprising CoV § polypeptides, detergent-core nanopartticles, HaSMaNs, or combinations
thereof, induces cross-neutralizing antibodies against SARS-CoV-2 viruses with an 8§ protein
comprising one of more modifications selected from: W139C and L439R, wherein the amino acids
are numbered with respect to a CoV § polypeptide having an amino acid sequence of SEQ ID NG:
2. In embodiments, the CoV S protein comprising W139C and L439R modifications is expressed
with a signal peptide having an amino acid sequence of SEQ D NO: 117 or SEQ ID NO: 5 In
embodiments, the CoV S protein or nanoparticle compriging a CoV S protein induces cross-
neutralizing antibodies against SARS-CoV-2 viruses with one or more meodifications selected
from: DO0OIG, W139C, and L439R, wherein the amino acids are numbered with respect to a CoV
S polypeptide having an amino acid sequence of SEQ D NOG: 2. In embodiments, the CoV S
protein or nanoparticle comprising DE01G, W139C, and L439R modifications is expressed with a
signal peptide having av amioo acid sequence of SEQ D NG: 117 or SEQ ID NG 8.

83424 In embodiments, the composition comprising CoV S polypeptides or nanoparticies
comprising CoV 8 polypeptides, detergeni-core nanoparticles, HaSMaNs, or combinations
thereof, induces cross-neutralizing antibodies against SARS-CoV-2 viruses with one or more
modifications sefected from: DGOLG, LSF, D6TA, D202G, deletions of amino acids 229-231,
R2331, K404N, B471K, N488Y, and AG88V, wherein the amino acids are numbered with respect
1o a CoV S polypeptide having an amino acid sequence of SEQ ID NQO: 2. In embodiments, the
composition comprising CoV S polypeptides or nanoparticles, detergent-core nanoparticles,
HaSMaNs, or combinations thereof, induces cross-neutralizing antibodies against SARS-CoV-2

viruses with one or more modifications selected from. L3F, DO7A, DB202G, deletions of amino
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acids 229-231, R2331 K404N, E471K, N483Y, and AG&8Y, wherein the amino acids are
numbered with respect to a CoV S polypeptide having an amino acid sequence of SEQ ID NO: 2.
{03431 In embodiments, the composition comprising CoV 8 polypeptides or nanoparticles
comprising CoV 8 polypeptides, detergent-core nanoparticies, HaSMaNs, or combinations thereof
described herein, have an efficacy at preventing coronavirus disease-19 (COVID-19) from a
SARS-CoV-2 virus or a heterogeneous SARS-CoV-2 strain (e.g., a B.1.1.7 SARS-CoV-2 strain,
B 1351 SARS-CoV-2 sirain, P.1 SARS-CoV-2 strain, B.1.617.2 SARS-CoV-2 strain, B.1.525
SARS-CoV-Z strain, B.1.526 SARS-CoV-2 sirain, B.1.617.1 SARS-CoV-2 strain, a C.37 SARS-
CoV-2 strain, B.1 621 SARS-CoV-2 strain, a B.1.1.529 SARS-CoV-2 strain, or a Cal 20C SARS-
CoV-2 strain) that is from about 50 % to about 99 %, from about 80 %6 to about 99 %, from about
7S % to about 99 %, from about 80 % to about 93 %, from about 90 % to about 98 %, from about
75 % to about 95 %, from about 80 % to about 90 %, from about 85 % to about 95 %, from about
80 %% to about 95 %%, at least about 30 %, at least about 55 %, at least about 60 %, at least about 65
%. at least about 70 Y, at least about 75 %, at least about 80 %, at least about 85 %, at [east about
90 %, at least about 91 %, at least about 92 %, at least about 93 %, at least about 94 %, at least
about 95 %, at feast about 96 %, at least about 97 %4, at least about 98 %, or ai least about 99 %
for up to about 1 month, up to about 2 mounths, up to about 2.5 months, up to about 3 months, up
to about 3.5 months, up to about 4 months, up to about 4.5 months, up to about § months, up to
about 5.3 months, up to about 6 months, up to about 6.5 mouths, up to about 7 months, up to about
7.5 months, up to about 8 months, up to about 8.5 months, up to about 9 months, up to about 9.5
months, up to about 10 mouths, up to about 10.5 months, up to about 11 months, up fo about 11.5
months, up to about 12 months, up to about 12.5 months, up to about 13 months, up to about 13.5
months, up to about 14 months, up to about 14.5 months, up to about 15 months, up to about 155
months, up to about 16 months, up to about 16.5 months, up to about 17 months, up to about 17.5
months, up to about 18 months, up to about 18.5 months, up to about 19 months, up to about 195
months, up to about 20 months, up to about 20.5 months, up to about 21 months, up o about 21.5
months, up to about 22 months, up to about 22.5 months, up to about 23 months, up to about 23.5
months, up to about 24 months, up to about 2.1 vears, up to about 2.2 years, up to about 2.3 years,

up to about 2.4 years, up to about 2.5 years, up to about 2.6 years, up to about 2.

;-«
I
i

years, up o
about 2.8 years, up to aboutl 2.9 years, up to about 3 years, or longer after administration of the last

dose of nanoparticles or CoV 8 polypeptides described herein. In embodiments, the COVID-19 s
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mild COVID-19. In embodiments, the COVID-19 is moderate COVID-19. In embodiments, the
COVID-19 is severe COVID-19. In embodiments, the COVID-19 is asymptomatic COVID-19.
{03441 In embodiments, the present disclosure provides a method of producing one of more of
high affinity anti-MERS-CoV, anti-SARS-CoV, anti-SARS-CoV-2, or anti-influenza virus
antibodies. The high affinity antibodies produced by immunization with the nanoparticles
disclosed herein are produced by administering an immunogenic composition comprising CoV 8
polypeptides or nanoparticles, detergent-core nanoparticles, HaSMaNs, or combinations thereof,
to an animal, collecting the serum and/or plasma from the animal, and purifying the antibody from
the serumy/ and or plasma. In one embodiment, the animal 13 a human. In embodiments, the animal
is a chicken, mouse, guinea pig, rat, rabbit, goat, human, horse, sheep, or cow. In one embodiment,
the animal is bovine or equine. In another embodiment, the bovine or equine animal is transgenic.
In yet a further embodiment, the transgenic bovine or equine animal produces human antibodies.
In embodiments, the animal produces monoclonal antibodies. In embodiments, the animal
produces polyclonal antibodies. In one embodiment, the method further comprises administration
of an adjuvant or immune stimulating compound. In a further embodiment, the purified high
affinity antibody is administered to a human subject. In one erabodiment, the human subject is at
risk for infection with one or more of MERS, SARS, SARS-CoV-2, and influenza virus.

[8345] In some embodiments, the disclosure provides co-formulation (1.e., prefilled syringes
or pre-mix} strategies for immunogenic compositions comprising nanoparticles. Typical vaccine
administration strategies currently being utilized are bedside mix formulations. That is, vaccine
compositions and adjuvants are stored separately and are mixed prior to administration. Pre-raix,
co-formulation, or prefilled syringe strategies for vaccine are less common due to the concerns of
the stability of the astigens {e.g, hemagglutinin and CoV 8§ polypeptide) and their subseguent
immunogenic capabilities. The present disclosure provides immunogenic compositions that can
be pre-mixed and stored in advance. The disclosed vaccination strategies and formulations may
improve the efficiency of vaccination and may reduce the risks of bedside mixing errors, while
maintaining the overall safety and immunogenicity.

{6346} A variety of containers may be used 1o store and transport the pre-mix formulations,
including syringes for single administrations and plastic ampules. In some instances, plastic
ampules can be manufactured using the blow-fill-seal manufacturing technigue or method. In

general, the blow-fill-seal (BFS) manufacturing method includes extruding a plastic material (e.2

o
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resin} to form a parison, which is then placed into a mold and cut to size. A filling needie or
mandrel is then used to inflate the plastic, which in turn, results in a hollow ampule that
substantially conforms to the shape of the mold. Ounce inflated, a desired volume of liquid can be
injected into the ampule, the filling needle or mandrel can be removed, and the ampule can be
scaled.  Accordingly, BFS can be an automated process that can be performed in a sterile
environiment without direct human intervention.

{8347} In some instances, the ability to aseptically manufacture sterile ampules containing a
desired liquid can make BFS manufactured ampules particularly well suited for the pharmaceutical
industrty.  BFS technology, however, has not been compatible with all pharmaceutical liquids,
products, etc. Forexample, some known BFS manufacturing methods include delivering the liquid
or product into the ampule while the plastic is still relatively hot, which can result in adverse effects
10 temperature sensitive Hiquids and/or producis such as vaccines, biotogics, ¢tc. Advances in cool
BFS technology, however, have increased the variety of suitable products, liguids, etc. allowing
some vaccines, biologics, and/or other temperature sensitive pharmaceuticals to be contained in
BFS ampules.

{6348} In some instances, a BFS ampule can have a size, shape, and/or configuration that is at
feast partially based on a desired use and/or a desired pharmaceutical liguid or dosage that the
ampule 1s configured to contain. For example, some known BFS ampules can include a pierce
through top, a twist-off top, a top including a male or female luer, and/or the like. Some known
BFS ampules can have a size and/or shape based on volume of the lquid or dosage configured to
be disposed therein, In addition, some known BFS ampules can be manufactured o a strip of
multiple, temporarily connected ampules, which can increase manufacturing, packaging, and/or
storing efficiencies and/or the like.

{0349} In embodiments, the immunogenic compositions described herein are provided in pre-
filled syringes. When the immunogenic composition 1s prepared in a pre-filied syringe, an antigen
and adjuvant is combined in advance of administration. In embodiments, the pre-filled syringe
contains hemagglutinin and CoV S polypeptide. In embodiments, the pre-filled svringe contains
hemagglutinin and does not contain CoV S polypeptide. In embodiments, the pre-filled syringe
contains CoV 8 polypeptide and does not contain hemagglhutinin.

{6350} In erobodiments, a subject s administered an romunogenic composttion from a pre-

filled syringe. In embodiments, the subject is administered an immunogenic composition
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containing both hemagglutinin and CoV § polypeptide in a single pre-filied syringe In
embodiments, the subject is administered an immunogenic composition from a pre-filled syringe
that contains a CoV 8 polypeptide, but does not contain hemagghutinin, In embodiments, the
subject i3 administered an immunogenic composition from a pre-filled syringe that contains
hemagglutinin, but does not contain a CoV S polypeptide.

{0351} All patents, patent applications, references, and journal articles cited in this disclosure

are expressly incorporated herein by reference in their entireties for all purposes.

EXAMPLES
Example 1
Expression and Purification of Coronavirus Spike (5) Polypeptide Nanoparticles

{6352} The native coronavirus Spike (8) polypeptide (SEQ D NO: 1 and SEQ ID NG:2) and
CoV Spike polypeptides which have amino acid sequences corresponding to SEQ ID NOS: 3, 4,
38,41, 44,48, 51,34, 58, 61, 63,65,67,73, 75, 78,79, 82, 83, 83, &7, 106, 108, 89, 112-115, 132,
133, 114, 138, 141, 144, 147 151, 153, 1356, and 158 have heen expressed in a baculovirus
expression system and recombinant plaques expressing the coronavirus Spike (S) polypeptides
were picked and confirmed. In each case the signal peptide is SEQ D NO: 5. Fig. 2 and Fig. 4
show successful purification of the CoV Spike polypeptides BV2364, BV2365, BV2366, BV2367,
BV2368, BV2369, BV2373, BV2374, and BV2375. Table 2 shows the sequence characteristics of
the aforementioned CoV Spike polypeptides.

Table 2: Selected CoV Spike Polypeptides

Ca¥ 8 polypeptide SEQ ID NO.
BVZ2364 48
BV2365 4
BV2361/BV2366 2
BY2367 63
BVZ368 63
BV2369 67

138
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CoV § polypeptide

SEQ 1D NO.

BY2373, formulated into a composition referred | 87
io herein as “NVX-CoV23737

BY2374 85
BV2374 58
BV2384 1o
BV2425 114
BV2426 115
BVZ438 132
Bv2423 133
BY242S 114
BV2425-2 138
BV2439 141
BY2441 144
BYV2442 147
BV2443 151
BY2448 153
BY1S26NY-1 156
BV1.5206NY-2 i58
BY2465 298
BV2457 299
BY2472 300
BVY2480 301
BY2481 302
BV2508 174
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CoV § polypeptide

SEQ 1D NO.

BY23509 175
BY2465 176
BYV2457 181
BV2472 182
BV2480 183
BV2481 184
BV2523 195
BY2540 192
BYV2541 160
BV2515 188
BY2542 186
BY2515-1 217
BV2523-1 218
BY2540-1 222
BV2541-1 721
BV2549 219
BVY2542-2 220
BV2562 224
BYV2559 223
BV2ST77 234
BY2578 226
BV2589 227
BV25%0 IR
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CoV § polypeptide

SEQ 1D NO.

BV2392 233
XBB.1 234
BV2591 2353
BN.1 236
Deltacron 243
BV2561 244
1A 245
1B 246
1 247
D 248
1E 249
1A~} 250
1B-1 251
1C-1 252
1D-1 253
1E-1 254
1A-2 255
iB-2 256
1¢-2 257
1D-2 258
1E-2 259
1A-3 260
1B-3 261
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CoV § polypeptide

SEQ 1D NO.

1C-3 262
1D-3 263
1E-3 204
2A 265
2B 266
2C 267
2D 263
2A-1 269
2B-1 270
2C-1 271
2D-1 272
2A-2 273
2B-2 274
2{-2 275
202 276
2A-3 277
2B-3 273
2C-3 279
2D-3 280
3A-1 281
3A-2 285
3A-3 289
3B-1 282
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Co¥ § polypeptide SEQID NG,
3B-2 286
3B-3 290
3C-1 283
3C-2 287
3C-3 291
3D-1 284
3D-2 288
3D-3 292

{6353] The wild-type BVZ361 protein (SEQ ID NO: 2) binds to human angiotensin-converting
enzyme 2 precursor (BACHZ). Bio-layer interferometry and ELISA were performed to assess
binding of the CoV § polypeptides.

Frotein and Nanopariicle Production

{6354 The recombinant virus is amplified by infection of 812 insect cells. A culture of insect
cells ws infected at ~3 MO (Multiphicity of infection = virus ffu or pfu/cell) with baculovirus. The
culture and supernatant is harvested 48-72 hrs post-infection. The crude cell harvest,
approximately 30 mL, is clarified by centrifugation for 15 minutes at approxamately 800 x g The
resulting crude cell harvests containing the coronavirus Spike (8) protein are purified as
nanoparticles as described below.

j8355] To produce nanoparticles, non-ionic surfactant TERGITOL® nonylpheno! ethoxylate
NP-9 is used in the membrane protein extraction protocol. Crude extraction is further purified by
passing through anion exchange chromatography, lentil lectin affinity/HIC and cation exchange
chromatography. The washed cells are lysed by detergent treatment and then subjected to low pH
treatrnent which leads to precipitation of BV and S9 host cell DNA and protein. The neutralized
fow pH treatment lysate is clarified and further purified on anion exchange and affinity
chromatography before a second low pH treatment is performed.

[6356] Aftinity chromatography is used o remove SEY/BVY proieins, DNA and NP-9, as well

as to concentrate the coronavirus Spike (8} protein. Briefly, lentil lectin is a metalloprotein
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containing calcium and manganese, which reversibly binds polysaccharides and glycosylated
proteins containing glucose or mannose. The coronavirus Spike (S) protein -containing anion
exchange flow through fraction is loaded onto the lentil lectin affinity chromatography resin
(Capto Lentil Lectin, GE Healthcare). The glycosylated coronavirus Spike (S} protein is
selectively bound to the resin while non-glycosylated proteins and DNA are removed in the
column flow through. Weakly bound glycoproteins are removed by buffers containing high salt
and low molar concentration of methyl alpha-D-mannopyranoside (MMP).

1835874 The column washes are also used to detergent exchange the NP-9 detergent with the
surfactant polysorbate 80 (PS880). The coronavirus Spike (5} polypeptides are eluted in
nanoparticle structure from the lentil lectin column with a high concentration of MMP. After
elution, the coronavirus Spike (8) protein trimers are assembled into nanoparticles composed of
coronavirus Spike {8) protein trimers and PS80 countained in a detergent core. The processes
described in this Example are used to express and purify any CoV S polypeptide nanoparticle
described herein.

Example 2

Expression and Purification of Influenza Detergent-Core Nanoparticles

{8358} HA proteins from a single strain were expressed in Sf9 cells via baculovirus infection
and allowed to grow for 48-96 hours before harvesting. The HA proteins were then harvested by
detergent extraction and turned into detergent core nanoparticles during purification. Briefly, the
TMAE column was pre-equilibrated with buffer composed of 25mM Tris, pH §.0, 1.5M sodium
chloride, 0.02% NP9, Sample was loaded at < 90cm/bir (24 min residence time) and then washed
with EQ buffer (25maM Tris, pH 8.0, 50mM sodium chloride or 81mM sodium chioride (A, B
strains respectively), 0.02% NP-9). The purified sample was then eluted using 1.5 CV EQ buffer,
{6359] For A strains, Nanofiltration was performed for the product from the TMAE column
followed by application onto a Lentil lectin affinity chromatography column pre-equilibrated with
butfer composed of 25 mM Tris, 50 mM and 107 mM Sodium Chionde (for A and B sirains
respectively), 0.02% {w/v) NP-9, pH 8.0 for 3CV (Flow Rate: 150cm/h). Sample was loaded at 4
min tesident time. After loading, washing was performed with 3CV of the Lenul Lectin
equilibration buffer. The product was eluted with 25 mM Sodium Phosphate, pH 7.5, 200 mM
Sodium Chioride, SO0 mM Methyl-a-D-Mannopyranoside, 0.01% (w/v) PS80, pH 7.5 by

collecting 2CV’s at 75cm/hr and 8 minute residence time.
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{6368} For B strains, TMAE column product was further purified using Capto Blue column.
The column was equilibrated with 25 mM Tris, pH 8.0, 107 mM Sediurn Chionde, 0.02% (w/v)
NP-9 followed by loading the TMAE product with a flow rate of 225cm/hr at 4 minute residence
time and collection with 2CV of equilibration buffer. Nanofiltration was performed for the product
from the Capto Blue columu followed by application onto a Lentil lectin affintty chromatography
column pre-equilibrated with buffer composed of 25 mM Tris, 50 mM and 107 mM Sodium
Chloride {for A and B strains respectively), 0.02% (w/v) NP-9, pH 8.0 for 3CV (Flow Rate:
150cm/h). Sample was loaded at 4 min resident time. After loading, washing was performed with
3CV of the Lentil Lectin equilibration buffer. The product was eluted with 25 mM Sodium
Phosphate, pH 7.5, 200 miM Sodium Chloride, 500 mM Methyl-o-D-Mannopyranoside, 0.01%
{w/v) PS80, pH 7.5 by collecting 2CV’s at 7Scm/hr and 8 minute residence time.

{8361} The Lentif Lectin products for both A and B strains were concentrated to target HA
concentration and then buffer exchanged to the final Drug Substance formulation buffer.

Concentration and buffer exchange was performed by ulirafiliration and diafiltration.
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Example 3

Formulation of HaSMaNs

83624 Detergent-core nanoparticles of Example 2 were mixed with saponin adjuvant (.e., 83
% by weight Fraction A ISCOM matrix and 15 % by weight Fraction C ISCOM matrix) and
incubated for at least 24 hours. Fig. 7 (right panel) shows an electron microscopy image of the

HaSMaNs.

Example 4

Immunogenicity and Efficacy of a combinatien vaceine against COVID-19 and Influenza
{6363} The immunogenicity and efficacy of a combination vaccine against COVID-19 and
influenza, also referred to as “gNIV/CoV23737 was evaluated. The combination vaccing
comprised (i) a first vaccine (referred to as “CoV23737) comprising nanoparticies containing a
CoV S polypeptide (SEGQ ID NO: 87) and (31) a second vaccine (referred to as “gNIV”} comprising
nanoparticles containing hemagglutian (HA) from  four different influenza strains. The
nanoparticles containing Type A influenza particles form HaSMaNs. The nanoparticles containing
Type A influenza particles form detergent-core nanoparticles. The four different influenza strains
arg: A/Kansas/14/17, A/Brisbane/02/016, B/Maryland/15/16, and B/Phuket/3073/13.  The
“standard” combination vaccine contained 5 pg of CoV 8 polypeptide and 15 pg of HA per strain.
The “high dose” combination vaccine contained 5 g of CoV 8 polypeptide and 60 pg of HA per
strain. The nanoparticles were premixed with saponin adjuvant (i.e, 85 % Fraction A ISCOM
matrix and 135 % Fraction € ISCOM matrix),

{03641 Groups of male and female animmals were immunized with the standard vaccine or high
dose vaccine, Comparator groups were immunized with vaccines containing either (i) gNIV

.
73

without CoV2373 {each hemagglutinin is present at 15 yg HA/strain}; (i) gNIV without CoV2373
{each hemagglutinin 18 present at 50 pug HA/strain); or (111) CoV2373 without gNIV (5 pg CoV §
polypeptide). All vaccines contained SO g saponin adjuvant {(Fig. 84).

18365] Human ACE2 receptor inhibiting antibodies levels produced by the combination
vaccines were compared to animals immunized with only gNIV or only CoV2373. Animals
immunized with gNIV/CoV2373 had slightly elevated levels of hACEZ receptor blocking
antibodies 2 weeks after a single doses ({GMT = 34-39), which increased 3.2-7 3-fold (GMT 107-

202) 2 weeks following the booster immunization. Human ACE2 inhibiting titers were comparable
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to animals immunized with nanoparticles containing 5 pg CoV2373 (GMT = 290). Animals
immunized with gNIV alone had ne measurable hACE inhibiting antibodies (Fig. 8B).
Hemagglutination inhibliing (HAL antibody titers were compared between groups. HAI titers o
influenza A and B strains were elevated 2 weeks after a single dose and boosted 2-7-fold at 2
weeks following the booster immunization. HAI titers produced by the NIV/CoV2373
combination were comparable to HAI titers produced by immunization with low or high dose
gNIV for all influenza A and B sirains. Animals immunized with S pg CoV2373 vaceine had no
measurable HAT antibodies to A or B strains (¥Figs. 8C-F).

Immunagenicity gNIV CoV2373 combination vaccine in hamsiers

[¢366] We next evaluated the immunogenicity and protection produced by gNIV/CoVZ373
combination vaccine compared 1o vaccines containing qNIV alone or vaccines containing
CoV2373 alone in hamsters challenged with SARS-CoV-2. Groups of hamsters were immunized
with gNIV/CoV2373 consisting of 10 pug or 2.5 ug of HA/strain combined with 5 ug or 1 ug
CoV2373. Comparator groups were immunized with the qNIV (10 pg or 2.5 g HA/strain) or with
CoV2373 (5 ug or 1 pg). All vaccine formulations were adjuvanted with 15 ug saponin adjuvant.
The placeho group recetved formulation buffer (Fig. 9A). Animals receiving the gNIV/CoV2373
combination had elevated anti-8 IgG (GMT = 9467 - 25,295) 2 weeks after the first immunization
which increased 15-30-fold (GMT = 275,341 — 418,124} 2 weeks following the booster
immunization {(Fig. 9B, Fig. 9C). Anti-S IgGtiters at 2 weeks after the first GMT = 4576 - 43,632}
and second doses {GMT = 302,967 — 523,143 of monovalent CoV2373 were comparable to those
in animals receiving the combined vaccines (Fig. 9B, Fig, 3C).

83674 Human ACE2 receptor inhibiting antibody levels elicited by gNIV/CoV2373
combination compared to antibody levels elicited by monovalent CoV2373. Hamsters immunized
with gNIV/CoV2373 had elevated antibody levels (ICs0) that block spike binding to the hACE2
receptor after a single dose (GMT = S7 — 136). Receptor inhibiting titers increased 6.2 -16 3-fold
(GMT = 654 — 1086) following the booster immmumization. Human ACEZ inhibiting levels were
similar to hamsters following a single immunization with CoV2373 (GMT = 24 — 230). Human
ACHZ receptor inhibiting titers tncreased 7.7-68-fold (GMT = 1636 - 1769) following the booster
immunization (Fig, 9B, Fig, ¥E).

{6368} The immune responses to influenza A aud B stratos elicited by gNIV/CoV2373 were

compared to immunization with gNIV. Hamsters immunized with the combination vaccine had
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high HAT titers to A/Kansas H3NZ (GMT = 113 - 202) and A/Brisbane HINT {GMT = 143 - 226)
after a single immunization. A/Kansas H3N2 HAT titers increased 6.3 — 14 2-fold (GMT = 1280
- 1810} following the booster inmunization and A/Brisbane HIN1T HAI titers increased 5.7 — 10-
fold (GMT = 1280-1437) following the booster. {Figs. 18A-D). Animals imnmunized with gNIV
had equivalent HAT titers to the A strains. A/Kansas (GMT = 80-106) and A/Brisbane (GMT =
121-211) after a single immunization. A/Kansas HAI titer increased 24-fold (GMT = 1940-2560)
and A/Brisbane HAT titer increased 8-12 1-fold (GMT 1470-1689) after the booster immunization.
Animals immunized with the combination vaccine had elevated HAI titers to B/Phuket after as
single immunization (GMT = 80 -143) that increased 5-9-fold (GMT = 570 — 718} following the
second unmunization. Animals receiving a single inununization with NIV had comparable
B/Phuket HAT titers (GMT = 735 — 844 after the prime/boost immunization (Fig, 10K, Fig, 10F).
Likewise, animals immunized twice with the gNIV/CoV2373 had similar HAT titers to B/Maryland
(GMT = 160 - 142), which was equal to HAT titers elicited by immunization with the gNIV (GMT
= 106 — 242) (Fig. 106G, Fig. 10H),

{0349} Virus neutralizing antibody titers were comparable between groups of hamsters
immunized with gNIV/CoV2373 compared to anumals immunized with the gNIV alone. Animals
immunized with a prime/boost with gNIV/CoV2373 bad high neutralizing titers to A/Kansas
(GMT = 15,693 — 16,216} and A/Brisbane (GMT = 6992 — 16,507). Immunization with qNIV
elicited similar neutralizing titers to A/Kansas (GMT = 13,625 - 19,314} and A/Brisbane (GMT =
20,146 -22.146) (Figs. 11A-D). Similarly, animals immunized with gNIV/CoV2373 or with gNIV
had comparable levels of B strain neutralizing titers (Figs, 11E-H) Tsken as a whole, these results
indicate that the gNIV/CoV2373 combination vaccine was immunogenically equivalent to the
gNIV and monovalent CoV2373 comparators, indicating there was no interference i the immune
responses when gNIV and CoV2373 were co-administered with saponin adjuvant.

Competitive polyclonal RBD antibodies against neutralizing mAbs

{83704 Polyclonal antibodies were induced in hamsters competitive with prototype US-
WA spike RBD neutralizing mAbs CR3022, NVX 3223 and NVX.239.12 (Table 3} regardless of
vaccination with monovalent CoV2373 or combination NIV, Hamsters immunized with
mongvalent CoV2373 had significantly higher polyclonal antibodies competitive against the US-
WA RBD mAbs when immunized with 5 pg versus 1 ug monovalent CoV2373 (Figs, 12A-C).

Table 3. Functional characteristics of SARS-CoV-2 Spike monoclonal antibodies
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Antibody lsotope SARS-CoV-2 | SARS-CoV-2 | ACE2® 100 %
spike binding i spike RBD*® receptor SARS-CoV-2
{ECs0, (ECsu, inhibition neutralization
ng/mL} ng/ml) (ICso, ng/mL) | (IC 00,
ng/mL)
NVX239.12 | IgGl/ kappa |7 32 56 12.35
NVX.32203 | 1gGl/kappa |28 250 275 185

*RBI: receptor binding domain

YACE2: angiotensin-converting enzyme 2 receptor

16371} The combination of NIV with 1 pg or § ug of CoV2373 1S resulted in some reduction
in the levels of competitive polyclonal antibodies measured against the US-WA RBD. A similar
pattern of competitive polyclonal antibody responses against the B.1 331 variant were induced in
hamsters immunized with monovalent CoV2373 and gNIV/CoV2373 combination vaccines.
However, monovalent CoV2373 or the combination vaccine with gNIV induced significant
polyclonal antibodies competitive with CR3002 and NVX 3223 (Figs. 12D-F) NVX-239.12 did
not bind by to the B.1.351 variant RBD.

Past chalienge clinical signals

{8372} To assess the protective efficacy of the combination vaccine, immunized and
placebo treated hamsters were challenged with SARS-CoV-2 by the intranasal route 21 days after
the second immunization {study day 35} by the intranasal route with SARS-CoV-2. All animals
survived the post challenge phase until the scheduled necropsy (7 dpi). Amimal weights were
monitored daily throughout the post challenge period. Animals receiving the placebo or

el
i

immunized with the gNIV (2.5 ug or 10 ng HA/strain) lost 12.5% to 13% body weight by 7 dpi.
In contrast, animals immunized with 1 ug or Spg CoV2373 retatved their weight with a 2.6% to
5% gain in weight at 7 dpi (Fig. 13A). Animals immunized with gNIV/CoV2373 retained their
weight with a 2.5% to 5% gain in weight at 7 dpt, which was the same as the non-infected sham
group (Fig. 13B).

Subgenomic virus mRNA 1w oral swabs, bronchoalveolar lavage (BAL), and fung samples

[6373] To examine the efficacy of the gNIV/CoV2373 vaceine, virus foad inthe upper and
fower respiratory tract was determined using qRT-PCR designed to detect SARS-CoV-2

subgenomic {sg) SARS-CoV-2 nucleocapsid {N) RNA. Oral swabs were collected 2, 4, and 7 days
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post infection {dpi). The highest levels of sgRNA were observed in oral swabs of placebo treated
animals with a median peak of 4.4 (range 2.7-5.1) logio RNA copies mL ™" at 2 dpi. Viral fevels
remained elevated at 3.2 (range 2.9-4.2) logio RNA copies mL ! at 4 dpi and declined to 3.0 logio
(range 1.7-3. 7y RNA copies mL"' at 7 dpi. Viral RNA levels were not significantly different in oral
swabs from ammals tmmunized with 10 pg or 2.5 g HA/strain with the highest levels of sgRNA
of 4.4-4.5 (range 3.9-4.9} logis RNA copies mL™ at 2 dpi, 3.2-3 4 (range 1.7-3.7) logso RNA copies
ml !t at 4 dpi, and 2.5-3.4 (1.7-3.9) logio RNA copies mL™ at 7 dpi. Oral swabs from animals
immunized with 5 pug or 1 pg CoV2373 had detectable viral RNA at 2 dpi €2.9-3.6 logie coples
mL "), No viral RNA was detected in swabs of animals immunized with CoV2373 at 4 or 7 dpi
(Fig. 13C). Viral RNA {3.2-3.5 logio RNA copies mL') was detected only in swabs collected 2
dpi in animals immunized with gQNIV/CoV2373, while no replicating virus was detected at 4 or 7
dpi (Kig, 13D).

18374} BAL washes were obtained at necropsy and analyzed for viral RNA. The placebo
group and the groups immunized with 10 pug or 2.5 ug HA/siratn had the highest median levels of
viral RNA. Aspirates from the placebo group had the levels of replicating virus with a median of
5.6 {range 51-6.4) logis sgRNA copies mL' Virus load in BAL was also high in animals
immunized with 10 pg HA/strain with a median of 5.6 {range 4.4-5 9} log 1o RNA copies mL ™ and
2.5 ug HA/strain with a median of 5.5 (range 3.6-6.0) log1o RNA copies mL!. Little or no viral
RNA was detected in BAL samples obtained from animals immunized with CoV2373 (1 ugor §
ug) or with the qNIV/CoV2373 combination (Fig. 13E).

{8375} Lung tissues collected at necropsy and were evaluated for virus load. Lung
homogenates from placebo treated and antmals receiving gN1V had the highest virus load: placebo
median 7.1 (range 6.4-8.9) logi RNA copies gram™’; 10 pg HA/strain 7.3 (range 6.7-7.8) logw
RNA copies gram™: and 2.5 pg HA/strain 6.7 (range 6.0-7.7) logic RNA copies gram. Lung
homogenates from animals immunized with CoV2373 or the qNIV/CoV2373 combination had
Hitle or no detectable virus (Fig, 13F).

{83761  AMacroscopic and microscopic observationis: All animals survived until the scheduled
necropsy {study day 42} Lungs were collected and weighed. Lung weights were significanily
higher (p < 0.003} in animals treated with placebo or immunized with NIV compared to animals
immunized with CoV2373 or gNIV/CoV2373 combination (Fig. 13G). Microscopic findings in

the airways of placebo treated and gNIV immunized animals were the same and consisted of
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bronchiolo-alveolar hyperplasia, mixed alveclar inflammation, perivascular inflammation with
edema in the surrounding tissucs, and rare syneytial cells. There were no remarkable findings in
the lungs of animals immunized with CoV2373 or gNIV/CoV2373 vaccines (Figs. 14A-§). These
results are consistent with high virus load and pneumonia in animals treated with placebo and
receiving gNIV, while lungs of CoV2373 and gNIV/CoV2373 vaccinated animals were normal
and free of virus.

{8377} An additional needed capsbility for a successful combination respiratory vaccine will
be to provide coverage in the face of the inevitable viral evolution. The RNA respiratory viruses
are especially prone to rapid evolution, often under immune pressure from the host and antigenic
shift from zoonotic sources. Evolution of the SARS-CoV-2 virus under immune pressure in South
Africa has led to apparent ocutbreaks in populations where some level of herd immunity had been
established. In the context of seasonal influenza, viral evolution is a key challenge for effective
immunization. Recently, multipie severe A(H3NZ-predominant influenza seasons occurred in the
face of recurrent reports of poor field vaccine effectiveness. This appears driven by both antigenic
mismatches arising from egg-based vaccines and the viruses themselves because of a rapid rate of
antigenic evolution.

-
7
i

{83781 in this study, we demonstrate that a combination of gNIV/CoV2373 vaccine
induced competitive polyclonal antibody responses against not only US-WA also the B.1.351
South Africa variant of SARS-CoV-2 spike protein RBD neutralizing epitopes. This study also
demonstrated the potential for neutralizing epitopes that are in common between US-WA and
B.1.352 RBD and induced by CoV2373 vaceine.

j0379¢ The remarkable events of 2019-20 saw both the appearance and surge of a novel
coronavirus and COVID-19 disease concomitant with a near absence of seasonal influenza. At
this time, it has been proposed that COVID-19 control measures may have led to the diminution
of seasonal influenza cases while others have proposed ecological mechanisms. In either case, the
past centuries indicated that influenza would recirculate, and cause disease and highly infectious
and clinically important SARS-CoV-Z and emerging variants are likely to continue to evolve
globally. Co-infection of influenza and SAR-CoV-2 have been described. Common clinical
symptoms of COVID-19 include fever, chills, cough, and dyspnea, making it difficult to diagnose
wnfluenza virus infection. A retrospective study of hospitalized patients positive for SARS-CoV-2

with severe disease showed 12% (64 of 544 patients) were co-infected with influenza A (84%, 54
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or 64y and influenza B (16%, 10 of 64}. The clinical impact of influenza and SARS-CoV-2 co-
infection, however, is unknown.

{03861 The future need for seasonal influenza and the ongoing need for SARS-CoV-2
vaccines makes the prospect of a combination vaccine highly desired due to the logistics of
imrunization with two vaccines annually. In this report, we describe a co-formulated influenza
and SARS-CoV-2 nanoparticle vaccine to broadly protect against co-circulating seasonal influenza
and COVID-19 viruses and with a potential due to broadly protective responses to address the
challenge of emerging influenza strains and SARS-CoV-2 variants.

{03811 Materials and Methods: Virus stock and receptor: The SARS-CoV-2 (strain 2019~
nCoV/USA-WAT/2020) isolate was obtained from the Center for Disease Control and stock virus
prepared by passage 1o Verc ES cells. A/Kansas/14/17, A/Brisbane/02/016, B/Maryland/15/16,
and B/Phuket/3673/13 virus stocks were provided by Novavax, fnc. (Gaithersburg, MD, USA)
Histidine-tagged human ACE2 receptor purchased from Sine Biologics (Beijing, CHN})
Monocional anttbody CR3022 [23] was obtained from Creative BioLabs (Shirley, NY, USA, cat
# MRO-1214L.C). SARS-CoV-2 US-WA recombinant 6-histidine tagged receptor hinding domain
(RBD) was provided by Novavax, Toc. (Gaithersburg, MD, USA). Histidine tagged B.1.351 spike
RBE was obtained from Sino Biologics (cat # 40592-VO8HES, Beijing, CHN)

8382} NVX-CoV2373 spike (S) protein and recombinant hemaggiuiinin vaccines. The
CoV2373 vaccine was constructed from the full-length; wild-type SARS-CoV-2 § glycoprotein
based upon the GenBank gene sequence MN908%47 nucleotides 21563-25384. The native, fuli-
fength § protein was modified by mutating the putative furin cleavage site (682-RRAR-685 1o 682-
QOAQ-685) tocated within the S1/82 cleavage domain to confer protease resistance. Two proline
amino acid substitutions were inserted at positions KO986P and VO87P (2P) within the heptad repeat
I (HR1} domain to stabilize SARS-CoV-2 S in a prefusion conformation.

0333} The synthetic transgene was codon optimized and engineered into the baculovirus
vector for expression in Spedoptera frugiperda (S19) insect cells {GenSeript, Piscataway, NI
USA). Spike trimers {designated CoV2373} were detergent extracted from the plasma membrane
with Tris butfer containing TERGITOL NP-9 detergent and clarified by centrifugation. TMAE
anion exchange and lenti] lectin affinity chromatography was used to purify S-trimers. Purified
CoV2373 was formulated in 25 mM sodium phosphate (pH 7.2), 300 mM NaCl, and 0.02% (v/v)

polysorbate.
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{0384} Cloning and expression of hemagglutinin (HA) nanoparticles: Tnfluenza virus
A/Kansas/14/17, A/Brisbane/02/016, B/Maryiand/15/16, and B/Phuket/3073/13 HA genes were
codon optimized for expression in Sf9 insect cells. Synthetic codon optimized HA genes were
cloned into pBacl baculovirus transfer vectors (Millipore Sigma, Billerica, MA, USA} pBacl
plasmids were transfected into Sf9 with Flash-bacGOLD bacmid containing the Awiographa
californica polydedrosis virus genome (Oxford Expression Technology, Oxford UK. Sf9 cells
cultures were infected with recombinant baculovirus expressing the HA genes. Recombinant HA
was purified as previously described.

{8385} Ferret immunagenicity. Ferrets (n = 30, 15 males and 15 females) were randomized
into 5 groups. Animals were immunized by IM with 15 ug or 60 ug HA/strain with without or

7
/

mixed with 5 ug CoV2373. A comparator group was imnmunized with 5 ug CoV2373. All vaccines
were adjuvanted with 5O ug saponin adjuvant. All groups were immunized with a prime/boost
regimen spaced 21 days apart. Sera were coliected for analysis 21 days after the priming dose and
14 days after the booster immunization.

{06386] Hamster immunogenicity and SARS-Col’-2 challenige. Hamsters (n = 54, 27 males and
27 females) 6-9 weeks old and weighing approximately 100 grams, were randomized oto 10
groups (n = 5-6/group). Auntmals were immunized by jntramuscular {(IM) injection with 10 ug
HA/strain combined with 3 pg or 1 pg CoV2373; 2.5 ug HA/strain combined with S ygor 1 pg
CoV2373; 10 pg HA strain, 2.5 ug HA/strain, 5 pg CoV2373; or 1 pug CoV2373. Vaccines were
mixed with 15 ug saponin adjuvant on the day of injection.  All groups were immunized with a
prime/boost regimen spaced 14 days apart. A placcbo group (n = 5) received formulation buffer
on days O and 14. A sham control group (n = 5} was not immunized. Fourteen days after the first
fmmunization and 14 days after the booster immunization sera were collected for analysis,

{0387} SARS-ColV-2 intranasal challenge: Three weeks after the second immunization {(study
day 35) vaccinated and placebo anmimals were sedated with 80 mg/kg ketamine and 5 myg kg-1
xylazine in 20 pl sterile phosphate buffered saline (PBS), and inoculated by the intranasal route
with 2.0 x 10% pfu of SARS-CoV-2 (strain 2019-nCoV/USA-WA1/2020).

{¢388] Anti-spike g(r £1LI5A4: Spike protein ELISA was used to determine anti-SARS-CoV-2
spike {8) protein IgG titers in sera. Microtiter plates {Thermo Fisher Scientific, Rochester, NY,
USA) were coated with 1.0 pg mL™ of SARS-CoV-2 § protein (CoV2373, Lot 16Apr20,
MNovavax, Inc. Gaithersburg, MD, USA). Plates washed with PBS-Tween (PBS-T) and non-
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specific binding was blocked with TBX Startblock blecking buffer (Thermo Fisher Scientific).
Serum samples were serially diluted 3-fold starting with a 1:50 dilution and added to the coated
plates, followed by incubation at room temperature for 2 hours. Following ineubation, plates were
washed with PBS-T and horseradish peroxidase (HRP)-conjugated goat anti-hamster IgG
{Southern Biotech, Birmingham, AL, USA) added for 1 hour. Plates were washed with PBS-T and
3,37.5,5 -tetramethylbenzidine (TMB) peroxidase substrate (Sigma, St Louis, MO, USA) added.
Reactions were stopped with TMB stop solution {ScyTek Laboratories, Inc. Logan, UT). Plates
were read at OD 450 nm with a SpectraMax Plus plate reader (Molecular Devices, Sunnyvale, CA,
USA) EC50 values were calculated by 4-parameter fitting using SoftMax Pro 6.5.1 GxP software,
Individual animal anti-spike IgG titers were determined and the group geometric mean titers
{GMTs), and 93% confidence 1ntervals (= 95% CI) plotted using GraphPad Prism 8 software. A
titer below the assay lower limit of detection (1.0OD) of 50 {starting dilution) was reported and a
value of “25” assigned to the sample to calculate the group GMT.

{6389] Human ACE2 recepior blocking antibody FLISA. hACE2 receptor blocking antibody
titers were determined by ELISA. Microtiter plates were coated with 1.0 yg mL™' SARS-CoV-2 8
proten (CoV2373, Lot# 02Apr20, Novavax, Inc., Gaithersburg, MD, USA) overnight at 4°C.
Nerum was serially difuted 2-fold starting with a 1:40 dilution and were added to coated wells and
incubated for 1 hour at room temperature. After washing, 30 ng mL™" of histidine-tagged hACE2
{Sino Biologics, Beijing, CN) was added to wells for 1 hour at room temperature. HRP-conjugated
anti-histidine IgG was added and incubated for | hour followed by addition of TMB substrate.
Plates were read at OD 450 nro with a SpectraMax Plus plate reader (Molecular Devices,
Sunnyvale, CA, USA} and data analyzed with SoftMax Pro 6.5.1 GxP software. The % inhibition
for each dilution for each sample was calculated using the following equation 1u the SoftMax Pro
program: 100-[{MeanResults/Control Value@PositiveControi j* 100].

{0390} Serum dilution versus % inhibition plot was generated, and curve fitting was performed
by 4-parameter fogistic (4PL} curve fitting to data. Serum antibody titer at 50% inhibition (1C50)
of BACE2 to SARS-CoV-2 1S protein was determined in the SoftMax Pro progrant. Individual
animal hACE?2 receptor inhibiting titers, group GMT + 95% CI were plotted using GraphPad Prism
& software. For a titer below the assay lower limit of detection (LOD]}, a titer of < 40 (starting

dilution) was reported and a value of “20™ assigned to the sampie o calculate the group GMT.



WO 2024/211449 PCT/US2024/022891

{6391} Biolayer inferferometry compefitive binding assay: Competitive binding biclayer
interferometry (BLI) assay was performed using an Octet QK 384 instrument (FortéBio). BLI
studies were done with hisg-tagged SARS-CoV-2 18 protein receptor binding domain (RBI3)
coupled to Ni-NTA biosensor tips. The assay consisted of two steps: 1) experimental serum
samples (1:200), pre-immune (day 0) negative control, and positive control samples prepared with
pre-immune serum spiked with 5 yg mL ™ of a spike-specific monoclonal antibody {(mAb); and 2)
competing SARS-CoV-2 mAb (5 pg mL ") was loaded onto the RBD biosensor tips and additional
binding or competition measured. The competition of r§ RBD protein binding of serum polyclonal
antibody competing mAb was measured. Data were analyzed using Octet data analysis HT10.0
software. Data were normalized against placebo day 0 serum and percentage of binding and
competition of rS RBD mAb. Competing antibody concentration (ug mL ™) in serum samples were
calculated based on percentage of polyclonal antibody competition and concentration of competing
mAD.

{6392} Hemagglutinin  inhibiting  awtibodies (HAID. HAI responses against influenza
A/Brisbane/02/2018 (HIN1), A/Kansas/14/17 (H3N2), and B strains {(B/Maryland/15/16 and
B/Phuket/3073/13) were evaluated using Day 14 and Day 28 serum samples. A 0.75% suspension
of human red blood cells (RBC, Biological Specialty Corporation, Allentown, PA, USA) was
prepared in Dulbecco's phosphate-buffered saline (DPBS). Serum samples were treated with
receptor-destroying enzyme (RDE)} from Fibrio choferae (Denka Seiken, Stamford, TX, USA}) at
37°C overnight to eliminate nonspecific red blood cell (RBC) hemagglutinating activity. RDE was
wnactivated the next day by incubation at $6°C for | hour. RDE-treated sera were serially difuted
2-told in DPBS {starting at 1:10, 25 ub} in 96-well, U bottom plates and incubated with
standardized influenza virus conceniration (4 HA Units in 25 pll) for 25 minutes, At the end of the
incubation, ¢.75% suspension of human RBC (50 uL) were added to each well and the plates were
incubated at room temperature for 45 minutes. Hemagglutination inhibition (HAT) was determined
by cbiserving the O-ring shape formed by the RBCs in the sample wells and in the negative conirol
wells. The HAT titers were recorded as the reciprocal of the highest serum difution where HAT was
observed (last well with (-ring). For a titer below the assay limit of detection (LOD), a titer of <
10 {starting dilution} was reported and a value 57 assigned to the sample to calculate the group

geometric mean titers (GMT).
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{6393} Micro neutralization (MN) assay: Virgs neutralizing antibodies against influenza
A/Kansas/14/17 {(H3N2), A/Brisbane/02/208 HIN, B/Phuket/3073/13, and B/Maryland/15/2016
were evaluated using Day 14 and Day 28 serum samples. Serum samples were heat-inactivated at
56 °C for 30 minutes, 2-fold sertally diluted {(starting at 1:20, S0 pl) and incubated with 100
TCIDSO virus (50 pL) for 2 hours. At the end of incubation, 100 uL of 1.5x10% Lt MDCK cells
were added to each well and the plates were incubated with 5% CO2 at 37°C for influenza A virus
or 32°C for influenza B virus. After 18-22 hours incubation, cells were fixed with 80% cold
acetone and incubated with murine monoclonal anti-influenza A or B nucleoprotein (Millipore
Billerica, MA, USA) followed by peroxidase-conjugated goat anti-mouse IgG (Kirkegaard and
Perry Laboratories, Gaithersburg, MD, USA). Optical density following development with 3-
amino-9-cthylcarbazole (AEC) substrate (Sigma Aldrich, Saint Louis, MO, USA) was used t©
calcuiate the 50% micro neutralization titer (50% MN) for each serum sample. For a titer below
the assay limit of detection (LOD), a titer of < 20 (starting dilution) was reported and a value <107
assigned to the sample to calculate the group geometric mean titers (GMT).

{6394 Oral swabs, branchoalveolur lavage (BAL), and lung fissue sample collection: Oral
swabs were collected ou study days 37, 39, and 42 (2, 4 and 7 dpi). BAL samples and lungs were
collected at necropsies carried out on 7 dpi. Lungs were weighed, divided in half, one set was
weighed (~0.1 to 0.2 grams) and snap frozen for virus titer determination. The second set was
preserved in formalin for histopathology analysis. For viral foad assays, tissues were weighed,
placed into pre-labeled Sarstedt cryovials (2/sample), and snap-frozen on dry ice. Lung
homogenates were prepared in 0.5 ml. RNA-Stat for approximately 20 seconds using a hand-held
tissue homogenizer (Omni International, Kennesaw, GA, USA)} The samples were clarified by
centrifugation and supernatants isolated for viral load determination.

{6395 Quantification of subgenomic (sg) RNA by gRI-PCR: The qRT-PCR assay utilized
primers and a probe designed to amplify and bind to a conserved region of nucleocapsid (N) gene
of coronavirus. The signal was compared to a standard curve and calculated to give copies per mb.
For the qRT-PCR assay, viral RNA was extracted from lung homogenates with RNA-STAT 60
{Tel-test”B7) mixed with chlorotorm, precipitated and suspended in RNase-free 0.04% NaNj
{AVE) buffer {Qiagen catalog #1020953). To generate a conirol for the amplification reaction,
RNA was isolated from the virus stock using the same procedure. The arount of viral RNA was

determined by comparing it to a known quantity of plasmid control. A final dilution of 10¥ copies
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per 3 gl was divided into single use aliquots of 10 pl stored at -80°C. The master mix was
prepared with 2.5 mL of 2X huffer containing Tag-pelymerase was prepared from the TagMan
RT-PCR kit (Bioline #BI(-78003). From the kit, 50 pL of the RT and 100 uL of RNAse inhibitor
added. The primer pair at 2 pM concentration was added in a volume of 1.5 mL. 0.5 mL of water
and 350 pL of the probe at a concentration of 2 pM are added and the tube vortexed. For the
reactions, 45 ub of the master mix and 5 gL of the sample RNA are added to the wells of a 96-
well plate 1o triplicate.

83961 For control curve preparation, control viral RNA is prepared to contain 10° to 107 copies
per 3 pl. Ten-fold serial dilutions of control RNA was prepared using RNAse-free water by adding
3 pL of the control to 45 ulb. of water and repeating this for 7 dilutions. The standard curve range
of 110 107 copies/reaction. The sg-N used a known plasmid for its curve. Duplicate samples of
each dilution are prepared as described above. For amplification, the plate was placed in an
Applied Biosystems 7500 Sequence detector {ThermoFisher Scientific) and amplified using the
following program: 48°C for 30 minutes, 95°C for 10 minutes followed by 40 cycles of 95°C for
15 seconds, and 1 minute at 55°C. The number of copies of RNA per mL was calcuiated by
extrapolation from the standard curve and multiplying by the reciprocal of 0.2 ml extraction
volume. A range of 50 to 5 x 10° RNA copies per mL for nasal washes. Lung virus oad was
reported as RNA coptes per gram homogenate. The sequences of the pnmers and probes used in
this study are below:

{6397} 2019-nCoV NI-F: 5-GAC CCC AAA ATC AGC GAA AT-3" (SEGQ ID NO: 303)
{6398} 2019-0CoV Ni-R: 5-TCT GGT TAC TGC CAG TTG AAT CTG-37 (SEQ ID NG
304)

[0399] 2019-nCoV _NI-P 57-6-
FAM/ACCCCGCAT/ZEN/TACGTTTGGTGGACC/3IABKFQ (SEQ ID NO: 308)

{6400} Sg-N-F S’-CGATCTCTTGTAGATCTGTTCTC-3” (SEQ ID NO: 30663

{0401} Sg-N-R §-GGTGAACCAAGACGCAGTAT-3" (SEQ ID NO: 3073

0402} Sg-N-P §S-6-FAM/TAACCAGAA/ZEN/TGGAGAACGCAGTGGG/3IABKFG (SEQ
D NG: 308)

{6403} Histopathology: Lung samples collected at necropsy 7 days post-challenge were placed

in 10% neutral formalin. Fixed tissues were processed and stained with hematoxylin and eosin



WO 2024/211449 PCT/US2024/022891

{H&E}Y for histological examination. A board-certified pathologist (Experimental Pathology
Laboratories, Inc. {EPL Sterling, VA, USA) examined H&E slides in a blinded fashion.

0404} Statistical ancfvsis: GraphPad Prisim 9.0.0 software was used for statistical analysis.
Serum antibody titers were graphically displayed for individual animals and the geometric mean
iiter (GMT) and 95% confidence interval (95% C) intervals plotted. Virus loads were plotted as
the median value, interquartile range, and the mimimum and maximum valoes. Student’s t-test was
used to deternmine differences between paired groups as indicated the figure legends. p <0.05 was

considered significant.
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Example 3

Phase 1/2 Study Evaluating the Safety and Efficacy of an Immunogenic Composition Against
COVID-19 and Influenza

[8405] The immunogenicity and efficacy of a combination immunogenic composition against
COVID-19 and influenza, also referred to as “gNIV/ACoV2373” or “HCC vaccing” was evaluated
in a Phase 1/2 trial containing about 640 healthy participants, aged 50-70 years. The median age
of the participanis was 59 years old. The trial population contained 62 % males and 38 % females.
100 percent of participants had previously received a primary COVID-19 vacecination series with
an oRNA encoding a CoV S polypeptide or an adenovirus vaccine conprising DNA encoding a
CoV § polypeptide.

{6406} The combination immunogenic composition comprises (1) nanoparticles containing
hemagglutinin (HA) from four different influenza strains; (i) nanoparticles containing a CoV §
polypeptide of SEQ ID NGO: 87; and (1) a saponin adiuvant {1.¢., 85 % Fraction A ISCOM matrix
and 13 % Fraction C ISCOM matrix). 14 different combination doses of CoV S polypeptide and
HA were evaluated {Table 4). Table 4 shows the study design of the trial and the amount of
hemagglotinin, CoV 8 polypeptide, and saponin adjuvant in each group. Patients were
administered an initial dose of the immunogenic composition at day ¢ and a boost dose of the
fmmunogenic composition 56 (+5 days) after administration of the initial dose.

{6407} The combination immunogenic composition’s immunogenicity and efficacy against
COVID-19 and influenza was compared o an immunogenic composition containing
hemagglutinin nanoparticles and saponin adjuvant (Hemagglutinin Immunogenic Composition)
and an immunogenic composition containing CoV S polypeptide and saponin adjuvant (CoV S

polypeptide Immunogenic Composition).
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{6408} The combination vaccings were well tolerated The most common solicited local
adverse event was pain and tenderness at the injection site. The most common systemic adverse
event was fatigue, headache, malaise, muscle pain, or fever. Most adverse events were Grade O,
Grade 1, or Grade 2 adverse events. There were rare grade 3 events and no grade 4 events. Adverse
events did not vary substantially by dose of CoV S polypeptide. However, adverse events increased
shightly with increasing dose of hemagglutinin. There were no adverse events of special interest.
{6409} The serum of patients was collected at days 0, 28, 56, and 70 to quantify the titer of
anti-Spike IgG antibodies and hemagglutinin inhibition antibody (HAI} geometric mean titers
agaiust various influenza strains,

{6410} Fig. 15 shows the titer of anti-Spike 1g(G antibodies against the SARS-CoV-2 parental
stratn as a function of dose of hemagglutinin and CoV S polypeptide from dav 0 to day 28 after
immunization. Fig. 22 shows the titer of anti-Spike igG antibodies against the SARS-(CoV-2
parental strain {(in units of geormetric mean ELISA units) as a function of dose of hemagglutinin
and CoV S polypeptide from day 0 to day 182 after immunization. Fig. 25 shows the titer of anti-
Spike lgG antibodies against the SARS-CoV-2 Omicron BA.1 (heterologous strain) {in units of
geometric mean ELISA units) as a function of dose of hemagglutivin and CoV S polypeptide from
dav 0 to day 28 after immunization.

jed11] Fig. 16 shows the HAI geometric mean titers against A/Brisbane HINT as a function
of dose of hemaggiutinin and CoV S polypeptide from day O to day 28 after immunization, Fig.
17 shows the HAI geometric mean titers against A/Kansas H3NZ as a function of dose of
hemagglutinin and CoV S polypeptide from day 0 to day 28 after immunization. Fig, 18 shows the
HAI geometric mean titers against B/Maryland (Vic) as a function of dose of hemagglutinin and
CoV S polypeptide from day 0 to day 28 after immunization. Fig. 19 shows the HAIL geometric
mean titers against B/Phuket {Yam) as a function of dose of hemagglutinin and CoV S polypeptide
from day O to day 28 after immunization. Fig. 21 shows the HAT geometric roean titers against
A/Brisbane HIN1 as a function of dose of hemagglutinin and CoV § polypeptide from day 0 to
day 182. Fig. 24 shows the HAT geometric mean titers against A/Hong Kong H3NZ (heterologous)
as a function of dose of hemagghitinin and CoV 5 polypeptide from day 0 to day 28

{3412} Fig. 23 shows the amount of CD4+ T cells producing double cytokines as a function

of dose of hemaggiutinin and CoV 8 polypeptide from day 0 to day 7. Fig. 26 shows the amount
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of CD4+ T cells producing double cytokings as a function of dose of hemagglutinin and CoV §
polypeptide from day 0 to day 7.

{04131 This data shows that compositions containing a combination of hernagglutinin and CoV
S polypeptide induce comparable or more anti-Spike IgG antibodies than a composition containing
CoV 8 polypeptide alone. (Fig. 15). Additionally, the compositions are effective against four
strains of influenza virus. Further, the compositions induce polyfunctional CD4+ T cell responses

against SARS-CoV-2 and homologous and heterogeneous influenza strains.

84144 The compositions were well-tolerated and exhibited an acceptable safety profile.
Example 6:

Design of Experiments (“DOLE”) Surface Modelling Approach te Determine Dose of CoV §
Glyesprotein and Hemagglutinin

{8415} A modeling approach was used to determine the dose of CoV S glycoprotein and
hemagglutinin,

{6416} Three separate regression modeling approaches were applied. Five separate second
order models (i.e, main 1S and HA dose effects, quadratic of r§ and HA dose, and interaction
terms} were employed. One model was used for the day 28 {post firsi-dose) antibody response to
each sirain: SARS-CoV-2 IgG and each of the 4 homologous flu strain HAlL responses was
emploved. {See Example 5). Patient age, gender, body mass index (BMI), baseline
immmunoglobulin or HAL time since administration of a COVID-19 vaccine, and COVID-19
vaccine identity (vaccination with mRNA enceding a CoV S polypeptide or vaccination with an
adenovirus vaccine comprising DNA encoding a CoV 8§ polypeptide.). An antibody response
surface {e.g., hill, valley, saddleywas produced for each antibody. Different methods were used for
dose optimization, which involved siroultancously varying the CoV 8 glveoprotein and
hemagglutinin dose values and observing where that puts us on each of the 5 antibody response
surfaces, to find an optimal dose level of CoV S polypeptide and bemagglutinin that maximized
antibody responses to each antigen and matched reference standalone vaccine responses {red
region of Fig. 20) Multiple combinations of hemagglotinin and CoV S polypeptide that
represented an optimal formulation were considered. (Fig. 20},

{08417} As an example, selected output i3 shown in Table 5 for permutations of combinations
of CoV S glycoprotein (dose = 25ug) with HA dose level ranging from 24-34pg that produce

optimal HAY and 1g(G responses comparable to the reference standalone
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{6418} Across a range of dose levels shown, responses closely matched or exceeded reference
values for HINT, H3NZ, B-Vie, IgG.

6419} The 3 different modelling approaches broadly converged on a similar set of resuits with
regards to optimal dose combinations, increasing the robustness of the overall interpretation and
conclusions. First, both CoV § and HA antigens as a combined formulation modestly interfere
with each other, however, interference can be overcome with dose adjustment. Second, Higher
CoV S dose levels (>20ug) can overcome the interference of HA dose, and can maich (standalone)
reference CoV § vaccine responses. Third, intermediate dose levels of HA (24-40ug per strain)
can overcome the interference of CoV § dose, and can maich (standalone) reference HA responses
for HANZ, HIN1, B-Vic strains; but modestly lower for B-Yam strain.

{6420} This novel DoE modelling-based approach to dose finding/optimization is a powerful
toof, which has many advantages. First, it allows granufar resolution of immune responses across
a respouse surface, and sccond, it allows fine-tuned dose selection (compared to traditional
approaches). Varlous vaccine formulations can induce antibody responses comparable to
standalone hemagglutinin or CoV 8§ glycoprotein vaccine formulations (for HINT, H3NZ, B-Vic,
and CoV-S). A higher CoV S glycoprotein dose is needed in the combivation hemagglutinin/CoV
S glycoprotein vaccine than in a vaccine containing only CoV § glycoprotein. A higher CoV §
dose is needed in the combination hemagglutinin/CoV 8 glycoprotein vaccine than in a vaceine
coniaining only hemagglutinin. This will aliow for a 40 % reduction in total antigen content in the
combination vaccine as compared 1o a vaccine containing the sum of the amount of CoV 8
glyveoprotein in a vaccine composition containing only CoV 8 glycoprotein and the amount of
hemagglutinin in a vaccine composition comtaining hemagglutinin alone. Thus, there is a major
dose sparing advantage.

{6421} This study also only used 50 pg of saponin adpuvant (see Example 5). An influenza

vaccine composition previously tested used 75 ug of saponin adjuvant,
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Example 7:

Modelling Approach to Determine Dose of CoV S Glycoprotein and Hemagglutinin

{04221 A modeling approach was used to determine the dose of CoV S glycoprotein and
hemagglutinin. These models were based on HAI¢G responses based on actual dose {potency);
neuiralizing antibody responses; and T cell responses. Table ¢ shows model estimates for the
estimated optimized doses. Modeling showed that a higher dose of CoV S polypeptide may be
needed in a composition that contains both CoV 8 polypeptide and HA, as compared to a
composition containing only CoV S polypeptide. Additionally, modeling showed that a fower dose
of HA may be needed v a composition that contains both CoV S polypeptide and HA, as corupared
to a composition containing only HA. This would result in a 50 % reduction of total antigen content
in the combination composition, as compared 1o a composition that contained an amount of HA
requiired for a composttion containing only HA and an amount of CoV S polypeptide required for
a composition containing only CoV 8 polypeptide.

{6423} Modeling based on amount of titers of neutralizing antibodies versus T cell responses
vield similar optimal dose ranges. The ratio of HA (ug) to CoV § pelypeptide ranged from 1.3:1
to 31

Table &

Model estimates of optimized dose

Model 1 Model 2 Model 3 Model 4 Model 5
HAVgG HAVigG: Actual | Neutralizing | doublet FFN-+
dose Ab CD4+ T CD4+ T cells
celis
HA per 33 30-40 54 33-39 39
strain {ug)
oV S 23 20 25 14-15 i3
polypepiide
(g}
Ratioof HA | 131 1.5:1t02:1 221 22 e 31
{ug) te CoV 2.8:1
)
polypeptide
{1zl
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Example 8§

Phase 2 Study Evaluating the Safety and Efficacy of an Immunogenic Composition Against
COVID-19 and Influenza

[8424] The immunogenicity and efficacy of a combination immunogenic composition against
COVID-19 and influenza, also referred to as “gNIV/ACoV2373” or “CIC vaccineg” was evaluated
in a Phase 2 trial containing about 1500 adults, aged 50-80 years. The adults were seropositive for
anti-SARS-CoV-2 virus anti-influenza antibodies (by infection or vaccination) greater than eight
weeks prior to immunization with the combination immunogenic composition.

{0425} The combination tmumunogenic composition coroprises (i) vanoparticles containiong
hemagglutinin {(HA} from four different influenza strains; (i) nanoparticles containing a CoV §
polypeptide of SEGQ ID NO: 87 and nanoparticles comprising a second CoV S polypeptide from
the BA 4/BA .S strain, wherein amine acids 973 and 974 are mutated fo proline as compared to a
CoV 5 polypeptide of SEQ ID NO: 1; and (111} a saponin adjuvant (i.e., 85 % Fraction A ISCOM
matrix and 135 % Fraction C ISCOM matrix}. 14 different combination doses of CoV S polypeptide
and HA were evaluated {Table 7). Table 7 shows the study design of the trial and the amount of
hemagglutinin, CoV S polypeptide, and saponin adjuvant in ecach group. Patients were
administered one dose of the immunogenic composition.

{0426} The combination immunogenic composition’s immunogenicity and efficacy against
COVID-192 and influenza was compared o an immunogenic composition containing
hemagglutinin nanoparticies and saponin adjuvant (Hemagglutinin Immunogenic Composition)
and an immunogenic composition containing CoV 8 polypeptide and saponin adjuvant (CoV §
polypeptide Immunogenic Composition}. The combination immunogenic composition was further
compared to the commercially available influenza vaccines (FLUZONE® HD and FLUAD®),

Table 7

Day ¢

Vaccine Group | N HA per Saponin
o pe CoV § pelypeptide (ug) adjuvant
Strain, pg . (pé)

CIC Vaccine Formulations {gNIV + Bivalent Wohan + BA4/5)
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Pay ¢
Vaccine Group | N A per o ‘ Sa?onin
Strain, pg LoV S polypeptide (ug) adpwant
{mg)
A 75 30 s 50
B 7S 30 15 75
C 75 45 15 50
D 75 45 15 75
E 75 30 25 50
F 75 30 25 75
G 75 45 25 50
H 75 45 25 75
i 75 60 25 50
] 75 60 25 75
K 75 60 35 75
gN1V with Matrix-M adjuvant formulations
L 75 60 0 75
M 75 45 0 75
N 75 30 0 75
SARS-CoV-2 with Mairix-M adjuvant formulations
O 75 0 5 50
P 75 0 15 50
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Pay 0
/accine Group | N A per Saponin
5 N AN 7 3 . ,
Strain, pg CoV S polypeptide (ug) adjm ant
{(ng)

Comparator Influenza Vaccine — Fhuzone High Dose or FLUAD

S{FLUZONE®

HD) 75 60 0 0
T{FLUAD®) 75 15 0 a
Total 1500

{6427} The immunogenicity and safety were assessed at days 0, 7, 21, 84, and {82,

[6428] Fig. 27 shows that serum from patients administered the compositions described above

neutralize SARS-CoV-2 {and heterogenous strains thereof} and influenza virus. Composition F,
which contained 30 pg of hemagglutinin per strain, 25 pg CoV 8 polypeptide, and 75 pg saponin
adjuvant, was deemed to be promising based on the induction of superior microneutralization
(MN} and anti-SARS-CoV-2 8 antibody titers. Composition K, which comtained 60 pg of
hemagglutinin per strain, 35 pg CoV 8 polypeptide, and 75 pg saponin adjuvant, was also deemed
0 be promising based on the induction of superior microneutralization (MN} and anti-SARS-CoV-
2 S antibody titers. Figs. 28A-B shows that Compositions F and K also induced HATI geometric
mean fiters against influenza strains, A/Wisconsin (HIN1), A/Darwin (H3N2), B/Victoria, and
B/Yamagata.

{0429 Compositions F and K exhibited superior immune responses to controls. (Figs, 29-38).
{0430} Al CIC compositions were safe with reactogenicity similar to commercially available
influenza vaccines, FLUZONE® HI» and FLUAD®. All CIC compositions induced production of
anti-SARS-CoV-2 S antibodies and neutralized SARS-CoV-2. All compositions also induced HAI
FeSPONSEs,

{0431} The following abbreviations were used in Figs, 27-38: “MS0” refers to a saponin

adjuvant dose of 50 ug. “M75” refers to a saponin adjuvant dose of 75 pg. “HA30” refers to a
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hemagglutinin dose per strain of 30 pg. “HA4S” refers to a hemagglutinin dose per strain of 45
ug. “HA60” refers to a hemagglutinin dose per strain of 60 pg. “rS1S” refers to a CoV §
polypeptide dose of 15 pg. “r8257 refers to a CoV S polypeptide dose of 25 ug. “r835  refersto a
CoV 8 polypeptide dose of 35 pg.

Example 8

Compositions containing HA Glycoproiein are superior to commercially available flu
VAccines,

{0432} The immunogenicity of compositions L, M, and N of Example &, which contained HA
glycoprotein and saponin adjuvant, but not CoV S polypeptide, were compared to commercially
available influenza vaccines FLUZONE® HD (Composition S of Example 8) and FLUAD®
{Composition T of Example 8).

{0433§ Fig. 31 shows that compositions L., M, and N exhibit 44-89 % improved immune
responses against HINT and H3N2 viruses, which cause the majority of influenza infections. The
HAI responses induced by Compositions L, M, and N were 31-36 % higher for all four strains as
compared to FLUAD®, 44-89 % higher for influenza A strains as compared to FLUZONE® HD,

and non-tnferior to influenza B sirains.

ENUMERATED EMBODIMENTS OF THE DISCLOSURE

Specific enumerated embodiments <i> to <70> provided below are for illustration
purposes only, and do oot otherwise limit the scope of the disclosed subject matter, as defined by
the claims. These enumerated embodiments encompass all combinations, sub-combinations, and

multiply referenced {e.g., multiply dependent) combinations described therein,

1. An Immunogenic composition cComprising:

(a} a coronavirus S (CoV §) glvecoprotein in the form of 3 detergent-core nanoparticie,
wherein the detergent is a non-ionic detergent;

{b} at feast three hemagglutioin (HA) glycoproteins, wherein each HA glycoprotein is
from a different influenza strain; and

(¢} a pharmaceutically acceptable buffer.
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2. The tmmunogenic composition of enumerated embodiment 1, wherein the at least three
HA glycoproteins are in a form selected from the group consisting of”

{2} detergent-core nanoparticles comprising hemagglutinin (HA),

(b) HaSMaNs (Hemagglutinin Saponin Matrix Nanoparticles),

(¢} an inactivated whole influenza virus,;

(d) a hemagglutinin composition extracted from an influenza virus; optionally an
influenza split-virion composition or a subunit influenza composition;

and any combination thereof.
3. The immunogenic composition of enumerated embodiment 2, wherein at least one HA
glycoprotein is in the form of a detergent-core nanoparticle comprising HA and at least one HA

glycoprotein is in the form of a HaSMaN.

4 The tmmunogenic composition of enumerated embodiment 3, wherein the hemagglutinin

glycoprotein of the detergent-core nanoparticle is from a Type B influenza strain.

5. The immunogenic composition of enumerated embodiment 3, wherein the hemagglutinin

glvcoprotein of the detergent-core nanoparticle is from a Type A influenza strain.

6. The immunogenic composition of enumerated embodiment 3, wherein the detergent-core

nanoparticle is a trypsin-resistant nanoparticie.

7. The tramunogenic composition of enumerated embodirnent 3, wherein the HaSMaN is a

frypsin-resistant nanoparticle.

8. The timmunogenic composition of any one of above enumerated embodiments 1-7,

wherein each HA glycoprotein is from a different influenza strain.

9. The immunogenic composition of any one of above enumerated embodiments 1-8,

comprising upto 4, upto 5, upto 6, up to 7, up to §, up to 9, or up to 10 HA glyeoproteins.
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10, The tmmunogenic composition of any one of above enumerated embodiments 1-9,

wherein cach HA glycoprotetn is in the form of a nanoparticle.

11 The immunogenic composition of enumerated embodiment 10, wherein each nanoparticle

comprises a HA glycoprotein from a single influenza strain.

12. The tmmunogenic composition of enumerated embodiment 11, wherein each nanoparticle

is a detergent-core nanoparticle or a HaSMaN.

13 The immunogenic composition of any one of above enumerated embodiments 1-12,

comprising an adjuvant.

14 The tmmunogenic composition of enumerated embodiment 13, wherein the adjuvant is a

saponin adjuvant.

Is. The tnununogenic composition of esumerated embodiment 14, wherein the saponin
adjuvant comprises ai least two iscom particies, wherein:

a first 1scom particle comprises fraction A of Quillaja Saponaria Moliva and vot fraction
C of Quillaja Saponaria Molina,; and

a second iscom particle comprises fraction C of Quiligia Saponaria Molina and not

fraction A of Quillaju Saponaria Molina.

16. The trumunogenic composition of enumerated embodirnent 15, whertein fraction A of
Quillaje Saponaria Molina accounts for 50-96% by weight and fraction C of Quillujo Saponaria
Molina accounts for the remainder, respectively, of the sum of the weights of fraction A of

Ouillaja Saponaria Molina and fraction C of Owuiflaja Saponaric Molina in the adjuvant.

17. The tramunogenic compostition of enumerated embodiment 15, wherein fraction A of
Quillaja Saponaria Molina accounts for at least 70 S by weight and fraction C of Quiflaja
Saponaria Molina accounts for the remainder, respectively, of the sum of the weights of fraction

A of Quillaja Saponaria Molina and fraction C of Quiflaja Saponaria Molina in the adjuvant.
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18, The immunogenic composition of enumerated embodiment 15, wherein fraction A of
Ohillaje Saponaria Molina accounts for at least 85 % by weight and fraction C of Quilluja
Saponaric Molina accounts for the remainder, respectively, of the sum of the weights of fraction

A of Quillaja Saponaria Molina and fraction C of Quillaje Saponaria Molina in the adjuvant.

19. The tnumunogenic composition of enumerated embodiment 15, wherein fraction A of
Cuillajo Saponaria Molina and fraction C of Quifiaja Saponaria Molina account for about 85
% by weight and about 15 % by weight, respectively, of the sum of the weights of fraction A of

Quillaja Saponaric Molina and fraction C of Quillajo Saponaria Molina in the adjuvant.

20. The timmunogenic composition of enurnerated embodiment 15, wherein fraction A of
Chiillajo Saponaria Molina and fraction C of Quillaja Saponaria Molina account for about 92
%% by weight and about 8 % by weight, respectively, of the sum of the weights of fraction A of

Quiflaja Saponaria Molina and fraction C of Quillajo Saponaria Molina in the adjuvant.

21 The immunogenic composition of any oug of above enumerated embodiments 13-20,

comprising about 50 pg or about 75 pg saponin adjuvant.

22 The immunogenic composition of any one of above enumerated embodiments 1-21,
wherein the detergent is PS80.

23, The trumunogenic compaosition of any one of above enumerated embodiments 1-22,
wherein the influenza strain is of a subtype selected from the group consisting of H1, H2, H3,

H4, H5, H6, H7, H8, Ho, H10, Hi1, Hi2, Hi3, Hi4, HiS, H16, H17, and HIS.

24.  The immunogenic composition of any one of above enumerated embodiments 1-23,
wherein the pharmaceutically acceptable butfer comprises (1) sodium phosphate at about 25 mM;
{11) sodium chloride at about 150 mM; (iit) arginine hydrochioride at about 100 mM; and (iv}

trehalose at about 3%, wherein the composition pH is at about 7.5,
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25. The tmmunogenic composition of any one of above enumerated embodiments 1-24,
wherein the CoV 8§ glycoprotein comprises:

{1) an S1 subunit with an inactivaied furin cleavage site, wherein the S1 subunit
comprises an N-terminal domain (NTD), a receptor binding domain (RBD), subdomains 1 and 2
{SD1/2), whereiun the inactivated furin cleavage site has an amino acid sequence of QQAQ (SEQ
DNO: Ty

wherein the NTD optionally comprises one or more modifications selected from the
group consisting of:

(a} deletion of one or more amino acids selected from the group consisting of amino acid

S6, 57,131, 132, 144, 145, 228, 229, 230, 231, 234, 235, 236, 237, 238, 239, 240 and

combinations thereof,

{byinsertion of 1, 2, 3, or 4 amino acids after amino acid 132, and

{c) mutation of one or more amino acids selected from the group consisting of amino acid

7,13.51.53, 56, 57,62, 63, 67. 82, 125, 129, 131, 132, 133, 139, 143, 144, 145, 177, 200,

[¥al

. 6,
01,202, 209, 228, 233, 240, 245, and combinations thereof;

b2

wherein the RBD optionally comprises mutation of one or more amino acids selected
from the group consisting of amino acid 333, 404, 419, 426, 439, 440, 464, 465, 471, 477, 481,
488, and combinations thereof,
wherein the $I21/2 domain optionally comprises mutation of one or more amino acids
selected from the group consisting of 557, 600, 601, 642, 664, 668, and combinations thereof:
and
(i1} an S2 subunit, wherein amine acids 973 and 974 are proline,
wherein the 82 subunit optionally comprises one or more modifications selected
from the group consisting of:
{a) deletion of one or more amino acids from 676-68S, 676-702, 702-711, 775-
793, 806-815 and combinations thereof,
{b) mutatton of one or more amino acids selected from the group consisting of
68&, 703, 846, 875,937, 969, 1014, 1058, 1105, and 1163 and combinations thereof’ and
(¢} deletion of one or more amino acids from the TMCT;
wherein the amino acids of the CoV § glycoprotein are numbered with respect to a polypeptide

having the sequence of SEQ ID NO: 2.
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26. The immunogenic composition of enumerated embodiment 25, wherein the CoV 8
glycoprotein comprises or consists of an amino acid sequence with at least 90 %, at least 91 %, at
feast 92 %, at least 93 94, at least 94 %, at least 95 %, at feast 96 %, at least 97 %, at least 98 %%,
at least 99 %, or 100 % 1dentity to any one of SEQ ID NOS: 86-89, 105, 106, 112-11S, 174, 175,
176, 181-184, 186, 188, 190, 195, 217-228 233-236, 243, 255-264, 273-280, and 298-302.

27, The immunogenic composition of enumerated embodiment 26, wherein the CoV §
glycoprotein comprises a sequence that 1s at least 90 %, at least 91 %, at least 92 %, at least 93

%%, at least 94 %, at least 95 %0, at least 96 Y%, at least 97 %, at least 98 %, at least 99 %, or 100 %

identical to SEQ ID NO: 87

B

8. The tmmunogenic composition of any one of above enumerated embodiments 1-27,

comprising 2, 3,4, 5,6,7, 8,9, or 10 CoV 8 glycoproteins.

29, The immunogevic composition of any oue of above enumerated embodiments 1-28,
comprising from about 1 pg 10 about 56 pg of CoV S glycoprotein and from about 5 pg 1o about

60 pg of hemagglutinin per strain.

30 The immunogenic composition of enumerated embodiment 29, comprising from about 20
g to about 50 ug of CoV § glycoprotein and from about 24 ug to about 40 pg of hemagglutinin

per strain.

3L The immunogenic composition of any one of above enumerated embodiments 1-29,
comprising about 2.5 ug, about 3 pg, about 5 ug, about 7.5 ug, about 22.5 ug, about 25 ug. or

about 30 ug, of CoV § glycoprotein.

32. The trumunogenic composition of any one of above enumerated embodiments 1-29,
comprising about 5 pg, about 10 pg, about 24 pg, about 25 g, about 26 pg, about 27 ug, about

28 pg, about 29 ug, about 30 ug, about 31 ug, about 32 ug, about 33 pg, about 34 pg, about 35
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7
I

ug, about 36 ug, about 37 ug, about 38 pg, about 39 pg, about 40 pg, or about 60 pug of

hemagglutinin per strain.

33. The immunogenic composition of any one of shove enumerated embodiments 1-32,
wherein a ratio of the amount of hemagglutinin per strain to the amount of CoV 8 glycoprotein

in the immunogenic composition is from about 11 to about 5:1.

34, The immunogenic composition of enumerated embodiment 33, wherein the ratio of the
amount of hemagglutinin per strain to the amount of CoV S ¢glycoprotein in the immunogenic

compositicon is from about 1:1 to about 3:1.

35. The timmunogenic composition of enurnerated embodiment 33, wherein the ratio of the
amount of hemagglutinin per strain to the amount of CoV 8 glycoprotein in the immunogenic

composition is from about 1.2:1 to about 3.1 or about 1 3:1.

36. The tnununogenic composition of enumerated embodiment 33, wheretn the ratio of the
amount of hemaggluiinin per sirain o the amount of CoV § glycoprotein in the immunogenic
composition is about 1.2:1, 1.3:1, about 1.4:1, about 1.5:1, about 1.6:1, about 1.7:1, about 1.8:1,
about 1.9:1, about 2.0:1, about 2.1:1, about 2.2:1, about 2.3:1, about 2.4:1, about 2.5:1, about
2.6:1, about 2.7:1, about 2.8:1, about 2.9:1, about 3.0:1, about 3.1:1, about 3.2:1, about 3.3:1,
about 3 .41, about 3.5:1, about 3.6:1, about 3.7:1, about 3.8:1, about 3.9: 1, about 4.0:1, about
4.1:1, about4.2:1, about 4.3:1, about 4. 4:1, about 4 5:1, about 4.6:1, about 4.7:1, about 4 8:1,

about 4.9:1, or about 5.1

37. The immunogenic composition of any one of above enumerated embodiments 1-31 and

33-36, comprising from about 30 pg to about 54 ug of hemagglutinin per strain.

2

38 The tramunogenic compostition of any one of above enumerated embodiments 1-31 and
33-36, comprising about 30 pg about 31 ug, about 32 ug, about 33 ug, about 34 pg about 35 pg,
about 36 g, about 37 pg, about 38 ug, about 39 pg, about 40 ug, about 41 pg, about 42 ug,

about 43 ug, about 44 pg, about 45 ug, about 46 pg, about 47 ug, about 48 ug, about 49 pg,
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about 50 ug, about 51 g, about 52 ng, about 53 pg, about 54 ug, about 55 ug, about 56 ug,

about 57 ug, about 38 pg, about 539 ug or about 60 ug of hemagglutinin per strain.

o2
39,  The immunogenic composition of any one of above enumerated embodiments 1-29 and

32-38, comprising from about 13 pg to about 25 ug of CoV 8 glycoprotein.

40.  The timmunogenic composition of any one of above enumerated embodiments 1-30 and

32-39, comprising from about 25 pg to about 35 pg of CoV § glycoprotein.

43 The immunogenic composition of any one of above enumerated embodiments 1-37 and
39-40, comprising about 30 pg of hemagglutinin per strain and about 25 pg of CoV S

glycoprotein.

42. The immunogenic composition of any one of above enumerated embodiments 1-29, 32-
36 and 38-41, comprising about 60 ug of hemagglutinin per strain and about 35 ug of

coronavitus 5 glycoprotein.

43, The immunogenic composttion of any one of above enumerated embodiments 1-30, 32-
38, and 40-41, comprising about 13 ug, about 14 ug, about 15 pg, about 16 pg, about 17 pg,

about 18 ng, about 19 pg, about 20 pg, about 21

I=2]

g, about 22 ug, about 23 ug, about 24 ug, or

=1

about 25 ng of CoV 8 glycoprotein.

44, The tramunogenic composition of any one of above enumerated embodiments 1-40 and

43, comprising about 33 pg of hemagglutinin per strain and about 25 pg of CoV S glycoprotein.
45, The timmunogenic composition of any one of above enumerated embodiments 1-30, 33-

37,39, and 43, comprising from about 30 ug to about 40 ug of hemagglutinin per strain and

about 20 ug of CoV S glycoprotein.
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46. The tmmunogenic composition of any one of above enumerated embodiments 1-29, 31,

33-40, and 43, comprising about 54 ug of hemagglutinin per strain and about 25 ug of CoV S

glycoprotein.
47 The bmmunogenic composition of any one of above enumerated embodiments 1-29, 33-

37, and 39, comprising from about 33 ug to about 39 ug of hemagglutinin per strain and from

about 14 ng o about 15 pg of CoV § glycoprotein.

48, The tmmunogenic composttion of any one of above enumerated embodiments 1-29, 33-
37, and 39, comprising about 39 ug of hemagglutinin per strain and about 13 ug of CoV §

glycoprotein.

49 The immunogenic composition of any one of above enumerated embodiments 1-29, 32-
36, 38, 40, and 42, comprising about 60 pg of hemagglutinin per strain, and 75ug of saponin

adjuvant and about 35 pg of CoV 8 glycoprotein.

50. The timmunogenic composition of any cue of above enumerated embodiments 33-49,
wherein the ratio of the amount of hemagglutinin per strain to the amount of coronavirus S
q .

glycoprotein in the immunogenic composition is about 1.2:1, 1.3:1, about 1.5:1, about 2:1, about

2.2:1, about 2.4:1, about 2.8:1, about 2.6:1, or about 3:1.

st An IMMUnogenic composition, Comprising:

(a) at least three bemagglutinio (HA) glycoproteins, wherein each HA glycoprotein is
from a different influenza strain, wherein from 30 to 60 pg of HA per strain is present in the
composition; and

{b} a pharmaceutically acceptable buffer.
52 The tramunogenic composition of enumerated embodiment 51, further comprising a

corcnavirus $ (CoV S) glycoprotein in the form of a detergent-core nanoparticle, wherein the

detergent is a non-ionic detergent.
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53 The tmmunogenic composition of any one of above enumerated embodiments 51-52,

wherein about 30 pg, about 45 ug, or about 60 ug of HA per strain is present in the compeosition.

54, The immunogenic composition of any one of above enumerated embodiments 51-53,

further comprising an adjuvaunt,

§S. The immunogenic composition of any one of above enumerated embodiments 51-54,

wherein the adjuvant is a saponin adjuvant.

36. The immunogenic composition of enumerated embodiment 55, wherein the saponin
adjuvant comprises at least two iscom particles, wherein:

a first iscom particle comprises fraction A of Quillaja Saponaria Molina and not fraction
C of Quillaja Saponaria Molina; and

a second iscory pariicle comprises fraction C of Quiliaja Sapownaria Molina and not

fraction A of Quillaja Saponaric Molina.

57 The timmunogenic composition of enumerated embodiment 56, wherein fraction A of
Ouillaja Saponaria Molina accounts for 50-96% by weight and fraction C of Qwillaja Saponaria
Molina accounts for the remainder, respectively, of the sum of the weights of fraction A of

Ouillaja Soponaria Molina and fraction C of Quillaja Saponaria Molina in the adjuvant.

58. The tmmunogenic composition of enumerated embodiment 56, wherein fraction A of
Ouillaga Saponaria Molina accounts for at feast 70 % by weight and fraction C of Owillaja
Saponaria Molina accounts for the remainder, respectively, of the sum of the weights of fraction

A of Quillajo Sapenaria Molina and fraction C of Quillaja Saponaria Molina in the adjuvant.

59.  The immunogenic composition of enumerated embodiment 56, wherein fraction A of
Quillaja Saponaric Molina accounts for at least 85 % by weight and fraction { of Quifloja
Saponaria Molina accounts for the remainder, respectively, of the sum of the weights of fraction

A of Quitlaja Saponaria Molina and fraction C of Quiflaja Saponaric Molina in the adjuvant,
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60 The tmmunogenic composition of enumerated embodiment 56, wherein fraction A of
Ohillaja Saponaria Molina and fraction C of Ouillaja Saponaric Molina account for about 85
Y% by weight and about 15 % by weight, respectively, of the sum of the weights of fraction A of

Quillaja Saponaria Molina and fraction C of Quiflaja Saponaria Molina in the adjuvant.

01 The immunogenic composition of enumerated embodiment 56, wherein fraction A of
(hidflaja Saponaria Molina and fraction C of Ouillaja Saponaric Molina account for about 92
% by weight and about 8 %6 by weight, respectively, of the sum of the weights of fraction A of

Ouillaja Saponaria Molina and fraction C of Quifiaja Saponaria Molina in the adpuvant.

02. The immunogenic composition of any one of above enumerated embodiments 54-61,

comprising about 50 pg or about 75 ug adjuvant.

63. A method of stimulating an immune response against SARS-CoV-2, a heterogeneous
SARS-CoV-2 strain, an influenza virus, or a combination thereof in a subject comprising

administering the immunogenic composition of any one of above enumerated embodiments 1-62.

64, The method of enumerated embodiment 63, wherein the subject is administered a first

dose at day O and a boost dose at day 56.

65, The method of above enumerated embodimenis 63 or 64, wherein the immunogenic

composition is administered intramuscularly.

06, The method of any one of above enumerated embodiments 63 or 65 wherein a single

dose of the immunogenic composition is administered.

67. The method of any one of above enumerated embodiments 63-66, wherein the
heterngenous SARS-CoV-2 strain is selected from the group consisting of Cal 200 SARS-CoV-2
strain, P.1 SARS-CoV-2 strain, B.1.351 SARS-CoV-2 strain, B.1.1.7 SARS-CeoV-2 strain,
SARS-CoV-2 B.1.617.2 strain, B.1.525 strain, B. 1.526 strain, B.1.617.1 strain, C.37 strain,

B.1.621 strain, or the SARS-CoV-2 omicron strain.
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08, The method of any one of above enumerated embodiments 63-67 wherein the efficacy of
the immunogenic composition for preventing coronavirus disease-19 (COVID-19) is at least SO
%%, at least about 55 %, at least about 60 %, at least about 65 %, at least about 70 %, at least
about 75 %, at least about 80 %, at least about 85 %4, about least about 90 %, at least about 91 %%,
at least about 92 %, at least about 93 %, at least about 94 %, at least about 95 %, at least about 96
Y%, at least about 97 %, at teast about 98 %, or at least about 99 %, or about 100 % for up to
about 2 months, up to about 2.5 months, up to about 3 months, up to about 3.5 months, up to
about 4 months, up to about 4.5 months, up to about 5 months, up to about 5.5 months, up to
about 6 months, up to about 6.5 months, up to abowt 7 months, up to about 7.5 months, up to
about 8 months, up to about 8.5 months, up to about ¥ months, up to about 9.5 months, up to
about 10 months, up to about 10.5 months, up to about 11 months, up to about 11.5 months, or

up to about 12 months after administration of the immunogenic composition.

69.  The method of any one of above enumerated embodiments 63-67, wherein the efficacy of
the immunogenic composition for preventing coronavirus disease-19 (COVI-19) is from about
50 % to about 99 %, from about 30 % to aboui 95 %, trom about 50 % to about 90 %, from about
50 % to about 85 %, from about 50 % to about 80 %, from about 60 % to about 99 %, from about
60 % to about 95 %, from about 60 % to about 90 %, from about 60 % to about 85 %, from about
60 % to about 80 %, from about 40 % to about 99 %, from about 40 % to about 95 %, from sbout
40 % to about 90 Y%, from about 40 %5 to about 85 %, from about 40 % to about §0 %%, from about
40 % to about 75 %, from about 40 % t0 about 70 %, from about 40 % to about 635 %, from about
40 % to about 55 %, or from about 40 % to about 50 % for up to about 2 months, up to about 2.5
months, up to about 3 months, up to about 3.5 months, up to about 4 months, up to about 4.5
months, up to about S months, up to about 5.5 months, up to about 6 months, up to about &.3
months, up to about 7 months, up to about 7.5 months, up o about & months, up to about 8.5
months, up to about © months, up to about 9.5 months, up o about 10 months, up to about 10.5
months, up to about 11 months, up to about 11.5 months, or up 1o about 12 months after

administration of the immunogenic composition.
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70, A prefitled syringe comprising the immunogenic composition of any one of above

enumerated embodiments 1-62.
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INCORPORATION BY REFERENCE
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CLAIMS

What 1s claimed is:

I An immunogenic composition comprising:

{a)a coronavirus S {CoV 8) glycoprotein in the form of a detergent-core nanoparticle,
wherein the detergent is a non-ionic detergent;

(b) at feast three hemagglutinin (HA) glycoproteins, wherein each HA glycoprotein is
from a different influenza strain; and

{¢} a pharmaceutically acceptable buffer.
2. The tmmunogenic composition of claim 1, wherein the at least three HA glycoproteins
are in a form selected from the group consisting of.

(a) detergent-core nanoparticles comprising hemagglutinin (HA);

{by HaSMaNs (Hemagglutinin Saponin Matrix Nanoparticles);

{c) an inactivated whole influenza virus;

(&) a hemaggiutinin corposition extracted from an influenza virus; optionally an
influenza split-virion composition or a subuntt influenza compositiorn;

and any combination thereof.
3. The immunogenic composition of claim 2, wherein at least one HA glycoprotein 1s in the
form of a detergent-core nanoparticle comprising HA and at fgast one HA glycoprotein is in the

form of a HaSMaN.

4. The immunogenic composition of claim 3, wherein the hemagglutinin glycoprotein of the

detergent-core nanoparticle is from a Type B influenza strain,

S. The immunogenic composition of claim 3, wherein the hemagglutinin glycoprotein of the

detergent-core nanoparticle is from a Type A influsnza strain.
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6. The immunogenic composition of claim 3, wherein the detergent-core nanoparticlie is a
trypsin-resistant nanoparticle.
7 The immunogenic composition of claim 3, wherein the HaSMalN is a trypsin-resistant

nanoparticle.

3. The tmmunogenic composition of any oue of claims 1-7, wherein each HA glycoprotein

is from a different influenza strain.

9. The immunogenic compostiion of any one of claims 1-8, comprising up to 4, up to 5, up
) S o 5

to G, upto 7, up to 8, up to 9, or up to 10 HA glycoproteins.

10. The tmmunogenic compeosition of any one of claims 1-9, wherein each HA glycoprotein

is in the form of a nanoparticle.

tL The tnununogesic composition of claim 10, wherein each nanoparticle comprises a HA

giycoprotein from a single influenza strain.

12, The immunogenic composition of claim 11, wherein each nanoparticle is a detergent-core

nanoparticle or a HaSMaN.

13. The tmmunogenic composition of any one of claims 1-12, comprising an adjuvant.
14 The immunogenic composition of claim 13, wherein the adjuvant is a saponin adjuvant.
1s. The timmunogenic compaosition of claim 14, wherein the saponin adjuvant comprises at

least two iscom particles, wherein:

a first iscom particle comprises fraction A of Quillaja Saponaria Molina and not fraction
C of Quillaja Saponaria Molina; and

a second iscom particle coraprises fraction C of Quiflaja Saponaria Molina and not

fraction A of Owillaja Saponaria Molina.
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io, The immunogenic composition of claim 15, wherein fraction A of Quillaja Saponaria
Molina accounts for 50-96% by weight and fraction C of Quillaja Saponaria Molina accounts
for the remainder, respectively, of the sum of the weights of fraction A of Quillaja Sapanaria

Molina and fraction C of Owillaja Saponaria Moliva in the adjuvant.

7. The tnumunogenic composition of claim 15, wherein fraction A of Quillaja Saponaria
Molina accounts for at least 70 %% by weight and fraction € of Quillaju Suponaria Molina
accounts for the remainder, respectively, of the sum of the weights of fraction A of Uwiliaja

Saponaria Molina and fraction C of Quillaja Saponaric Molina in the adjuvant.

8. The tmmunogenic composition of claira 15, wherein fraction A of Quillaja Saponaria
Molina accounts for at least 85 % by weight and fraction C of Quillaja Saponaria Molina
accounts for the remainder, respectively, of the suro of the weights of fraction A of Ouillajo

Saponaria Molina and fraction C of Quillaja Saponaric Molina in the adjuvant.

o The tmmunogenic composition of claim 15, wherein fraction A of Quiflaja Saponaria
Molina and fraction C of Quillaja Saponaria Molina account for about 85 % by weight and
about 15 % by weight, respectively, of the sum of the weights of fraction A of Quiliaja

Saponaria Molina and fraction C of Quillajo Saponaria Molina m the adjuvant.

20. The tmmunogenic composition of claim 15, wherein fraction A of Quiflaja Saponaria
Molina and fraction C of Quillaja Saponaria Molina account for about 92 % by weight and
about 8 % by weight, respectively, of the sum of the weights of fraction A of Quillaja Saponaria

Molina and fraction C of Quillaja Soponaria Molina in the adjuvant,

21 The immunogenic composttion of any one of claims 13-20, comprising about 50 pg or

aboui 75 ug saponin adjuvant,

22. The tmmunogenic composition of any oue of claims 1-21, wherein the detergent is PS80,
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23 The tmmunogenic composition of any one of claims 1-22, wherein the influenya strain is
of a subtype selected from the group consisting of Hi, H2, H3, H4, H5, H6, H7, H8, HY, H1Q,
H1i, H12, HI3, H14, HIS, H16, H17, and HIS.

24, The immunogenic composition of any one of claims 1-23, wherein the pharmaceutically
acceptable buffer comprises (1) sodium phosphate at about 25 mM; (i1} sodium chloride at about
150 mM; (iii) arginine hydrochloride at about 100 mM; and {iv) trehalose at about 5%, wherein

the composition pH is at about 7.5,

25. The immunogenic compostiion of any one of claims 1-24, wherein the CoV §
glycoprotein comprises:

{1) an 81 subunit with an inactivated furin cleavage site, wherein the S1 subunit
comprises an N-terminal domain (NTD), a receptor binding domain (RBD), subdomains 1 and 2
{SD1/2), wherein the inactivated furin cleavage site bas an amino acid sequence of QUAQ (R8EQ
DNG: Ty,

wherein the NTD optionally comprises one or more modifications selected from the
group consisting of’

(a) deletion of one or more amino acids selected from the group consisting of amino acid

56,57, 131, 132, 144, 145, 228, 229, 230, 231, 234, 235, 236, 237, 238, 239, 240 and

combinations thereof;

{byinsertion of 1, 2, 3, or 4 amino acids after amino acid 132, and

{c) mutation of one or more amino acids selected from the group consisting of amino acid
56,7, 13,51, 53, 56, 57,62, 63, 67, 82, 125, 129, 131, 132, 133, 139, 143, 144, 145, 177, 200,
201, 202, 209, 229, 233, 240, 245, and combinations thereot]

wherein the RBD optionally comprises mutation of one or more amino acids selected
from the group consisting of amino acid 333, 404, 419, 426, 439, 440, 404, 465, 471, 477, 481,
488, and combinations thereof;

wherein the 82172 domain opticnally comprises mutation of one or more amino acids
selected from the group consisting of 557, 600, 601, 642, 664, 668, and combinations thereof]
and

(it} an 82 subunit, wherein amine acids 973 and 974 are proline,

187



WO 2024/211449 PCT/US2024/022891

wherein the 82 subunit optionally comprises one or more modifications selected
from the group consisting of:

{(a) deletion of one or morg amino acids from 676-685, 676-702, 702-711, 775-
793, 806-815 and combinations thereof]

(b} mutation of one or more aminoe acids selected from the group consisting of
68&, 703, 846, 875,937, 969, 1014, 1058, 1105, and 1163 and combinations thereof, and

{¢) deletion of one or more amino acids from the TMCT,

wherein the amino acids of the CoV 8 glycoprotein are numbered with respect to a polypeptide

having the sequence of SEQ ID NO: 2.

26. The immunogenic composition of claim 25, wherein the CoV 8 glycoprotein comprises
or consists of an amino acid sequence with at least 90 %, at least 91 %, at least 92 %, at feast 93
%, at least 94 %, at least 95 %, at least 96 Y%, at least 97 %, at least 98 %%, at least 99 %, or 100 %
identity to any one of SEQ 1D NOS: 86-89, 105, 106, 112-115, 174, 175, 176, 181-184, 186,
188, 190, 195, 217-228 233-236, 243, 255-264, 273-280, and 298-302.

27. The tmmunogenic composition of claim 26, wherein the CoV § glvcoproteln comprises a
sequence that 1s at ieast 90 %, at least 91 %, at least 92 %, at least 93 Y%, at least 94 %, at least 95
%%, ai least 96 %, at least 97 %, at least 98 Yo, at least 99 %, or 100 % identical to SEQ 1D NO:
37.

28. The tmmunogenic composition of any one of claims 1-27, comprising 2, 3,4, 5,6, 7, 4,9,

or 10 CoV S glycoproteins,

29, The immunogenic composition of any one of claims 1-28, comprising from about 1 pg
to about 30 ug of CoV & glycoprotein and from about § pg to about 60 pg of hemagglutinin per

sl

strain.

30. The immunogenic composition of claim 29, comprising from about 20 nug to about 56 pg

of CoV § glycoprotein and from about 24 pg to about 40 pg of hemagglutinin per strain.
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31 The tmmunogenic composition of any one of claims 1-29, comprising about 2.5 pg,
about 3 ug, about 5 pg, about 7.5 ug, about 22.5 pg, about 25 ug, or about 30 pg, of CoV S

glycoprotein.

32 The immunogenic composition of any one of claims 1-29, comprising about S ug, about
10 ug, about 24 ug, about 25 ug, about 26 ug, about 27 ug, about 28 ug, aboui 29 pg, about 30

ug, about 31 ug, about 32 ug, about 33 pg, about 34 pg, about 35 pg, about 36 ug, about 37 ug,

about 38 pg, about 39 pg, about 40 ug, or about 60 ug of hemagglutinin per strain.

33. The immunogenic composition of any one of claims 1-32, wherein a ratio of the amount
of hemagglutinin per strain to the amount of CoV S glycoprotein in the immunogenic

composition is from about 11 to about 5:1.

34 The tmmunogenic compaosition of claim 33, wherein the ratio of the amount of
hemagglutinin per strain to the amount of CoV § glycoprotein in the immunogenic compaosition

ts from about 1.1 to about 3: 1.

35 The immunogenic composition of claim 33, wherein the ratio of the amount of
hemagghutinin per strain to the amount of CoV § glycoprotein in the immunogenic compaosition

is from about 1.2:1 to about 3:1 or about 1.3:1.

36. The tmmunogenic composition of claim 33, wherein the ratio of the amount of
hemagglutinin per strain 1o the amount of CoV § glycoproten in the immunogenic composition
is about 1.2:1, 1.3:1, about 1.4:1, about 1.5:1, about 1.6:1, about 1.7:1, about 1.8:1, about 1.9:1,
about 2.0:1, about 2.1:1, about 2.2:1, about 2.3:1, about 2.4:1, about 2.5:1, about 2.6:1, about
2.7:1, about 2.8:1, about 2.9:1, about 3.0:1, about 3.1:1, about 3.2:1, about 3.3:1, about 3.4:1,
about 3.5:1, about 3.6:1, about 3.7:1, about 3 8.1, about 3.9: 1, about 4.0:1, about 4.1:1, about
42:1, about 431, about 4.4:1, about 4.5:3, about 4.6:1, about 4 7:1, about 4 81, about 4.9:1, or

about 5:1.

189



WO 2024/211449 PCT/US2024/022891

37 The tmmunogenic composition of any one of claims 1-31 and 33-36, compriging from
about 30 ug to about 54 ug of hemagglutinin per strain,
38.  The immunogenic composition of any one of claims 1-31 and 33-36, comprising about 30

wg about 31 ug, about 32 ug, about 33 pg, about 34 ug, about 35 pg, about 36 pg, about 37 ug,
about 38 ug, about 39 pg, about 40 pg, about 41 ug, about 42 ug, about 43 ug, about 44 ug,
about 45 pg, about 46 pg, about 47 ug, about 48 pg, about 49 ug, about 50 ug, about 51 ug,
about 52 ug, about 53 pg, about 54 pg, about 55 ug, about 56 pg, about 57 g, about 58 ug,
about 59 ug, or about 60 ng of hemagglutinin per strain.

39. The immunogenic composition of any one of claims 1-29 and 32-38, comprising from

about 13 ug to about 25 ug of CoV S glycoprotein.

40 The immunogenic composition of any one of claims 1-30 and 32-39, comprising from

about 25 |g to about 35 ug of CoV § glycoprotein.

41 The timmunogenic composition of any oue of claims 1-37 and 39-40, comprising about 30

1g of hemagglutinin per strain and about 25 pg of CoV S glveoprotein.

42, The immunogenic composition of any one of claims 1-29, 32-36 and 38-41, comprising

about 60 pg of hemagglutinin per strain and about 35 ug of coronavirus S glycoprotein.

43, The immunogenic compaosition of any one of claims 1-30, 32-38, and 40-41, comprising
about 13 ug, about 14 pg, about 15 pg, about 16 ug, about 17 ug, about 18 ug, about 19 ug,
about 20 g, about 21 pg, about 22 ug, about 23 ug, about 24 ug, or about 25 pg of CoV S

glycoprotein.

44, The numunogenic composition of any one of claims 1-40 and 43, comprising about 33 ug
o J feel o

of hemagglutinin per strain and about 25 ug of CoV S glycoprotein.
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45 The tmmunogenic composition of any one of claims 1-30, 33-37, 39, and 43, comprising
from about 30 pg to about 40 pg of hemagglutinin per strain and about 20 ug of CoV S

glycoprotein.

40, The immunogenic composttion of any one of clauns 1-29, 31, 33-40, and 43, comprising

about 54 ug of hemagglutinin per strain and about 25 pg of CoV § glycoprotein.

47, The immunogenic composition of any one of claims 1-29, 33-37, and 39, comprising
from about 33 pg to about 39 pg of hemagglutinin per strain and from about 14 pg to about 15

wg of CoV 8§ glycoprotein,

48. The timmunogenic composition of any one of claims 1-29, 33-37, and 39, comprising

about 39 ug of hemagglutinin per strain and about 13 pg of CoV S glycoprotein.

49, The immunogenic composition of any one of claims 1-29, 32-36, 38, 40, and 42,
comprising about 60 ug of hemagglutinin per strain, and 75ug of saponin adjuvant and about 33

ug of CoV S glycoprotein.

50. The immunogenic composition of any one of claims 33-49, wherein the ratio of the
amount of hemagglutinin per strain to the amount of coronavirus 8§ glycoprotetn in the
mmmunogenic composition is about 1.2:1, 1.3:1, about 1.5:1, about 2:1, about 2.2.1, about 2.4: 1,

about 2.8:1, about 2.6:1, or about 3:1.

51 An immunogenic composition, comprising:

{(a) at least three hemagglutinin (HA) glycoproteins, wherein each HA ¢lycoprotein is
from a different influenza strain, wherein from 30 to 60 pg of HA per strain is present in the
composition; and

(b) a pharmaceutically acceptable buffer.
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52. The tmmunogenic composition of claim §1, further comprising a coronavirus 8 (CoV §)
glycoprotein in the form of a detergent-core nanoparticle, wherein the detergent is a non-ionic

detergent.

53, The immunogenic composition of any one of clauns 51-52, wherein about 30 pg, about

45 pg, or about 60 ug of HA per sirain is present in the composition.

54, The immunogenic composition of any one of claims 51-53, further comprising an
adjuvant.
sS. The immunogenic composition of any one of claims 51-54, wherein the adjuvantis a

saponin adjuvant.

56. The tmmunogenic compaosition of claim SS, wherein the saponin adjuvant comprises at
feast two iscom particles, wherein:

a first iscom particle comprises fraction A of Owillaja Saponaria Molina and not fraction
C of Quillaja Saponaria Molina; and

a second iscom particle comprises fraction C of Owillaja Saponaria Molina and not

fraction A of Quiliaja Saponaria Molina.

57. The tnununogenic composition of claim 56, wherein fraction A of Quillaja Soponaria
Moalina accounts for 50-96% by weight and fraction C of Quillaja Saponaria Molina accounts
for the remainder, respectively, of the sum of the weights of fraction A of Qwiliaja Soponaria

Molina and fraction C of Quillaja Soponaric Molina in the adjuvant.

58, The immunogenic composition of clair 56, wherein fraction A of Quillaja Saponaria
Molina accounts for at least 70 % by weight and fraction C of Quillajo Saponaria Molina
accounts for the remainder, respectively, of the sum of the weights of traction A of Uuillaja

Saponaria Molina and fraction C of Quifiaja Saponaria Molina in the adjuvant.
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59. The tmmunogenic composition of claim 56, wherein fraction A of Quillajo Saponaria
Molina accounts for at least 85 % by weight and fraction C of Quiflaja Saponaria Molina
accounts for the remainder, respectively, of the sum of the weights of fraction A of Quillaja

Saponaria Molina and fraction C of Quillapa Saponaria Molina in the adjuvant.

60, The immunogenic composition of claim 56, wherein fraction A of Quillajo Saponaria
Molina and fraction C of Quillaja Saponaria Molina account for about 85 % by weight and
about 15 % by weight, respectively, of the sum of the weights of fraction A of Quilfaju

Saponaria Molina and traction C of Ouiliapa Saponaria Molina in the adjuvant.

61 The immunogenic composition of claim 56, wherein fraction A of Quiflajo Seponaria
Motlina and fraction C of Quillaja Saponaria Molina account for about 92 % by weight and
about & % by weight, respectively, of the sum of the weights of fraction A of Quillaja Saponaria

Molina and fraction C of Quillaja Saponaria Molina in the adjuvant,

62, The immunogenic composition of any ove of claims 54-61, comprising about 50 pg or
about 75 ug adjuvant.

63. A method of stimulating an immune response against SARS-CoV-2, a heterogeneous
SARS-CoV-2 strain, an influenza virus, or 2 combination thereof in a subject comprising

administering the immunogenic composition of any oune of claims 1-62.

64, The method of claim 63, wherein the subject is administered a first dose at day O and a

boost dose at day 56.

65, The method of claim 63 or 64, wherein the immunogenic composition is administered
intramusculardy.
06, The method of any one of claims 63 or 65 wherein a single dose of the immunogenic

composition is administered.



WO 2024/211449 PCT/US2024/022891

67 The method of any one of claims 63-66, wherein the heterogenous SARS-CoV-2 strain is
selected from the group consisting of Cal 20C SARS-CoV-2 strain, P.1 SARS-CoV-2 strain,
B.1.351 SARS-CoV-2 strain, B.1.1.7 SARS-CoV-2 strain, SARS-CoV-2 B.1.617.2 strain,
B.1.525 strain, B. 1.526 strain, B.1.617.1 strain, C.37 strain, B.1.621 strain, or the SARS-CoV-2

omicron strain.

68. The method of any one of claims 63-67 wherein the efficacy of the immunogenic
composition for preventing coronavirus disease-19 (COVID-19) is at least 50 %, at least about
55 %%, at least about 60 %, at least about 65 %, at least about 70 %, at least about 75 %, at least
about 80 %, at least about 85 %, about least about 90 %, at least about 91 %%, at least about 92 %,
at least about 93 %, at least about 94 %, at least about 95 %4, at least about 96 %, at least about 97
%, at least about 98 %6, or at least about 99 %, or about 100 % for up to about 2 months, up to
about 2.5 months, up to about 3 months, up to about 3.5 months, up to about 4 months, up to
about 4.5 months, up to about 3 months, up to about 5.5 months, up to about 6 months, up to
about 6.5 months, up to about 7 months, up to about 7.5 months, up to about 8 months, up to
about 8.5 mounths, up to about 9 months, up to about 9.5 months, up to about 10 months, up to
about 10.5 months, up to about 11 months, up to about 11.5 months, or up to about 12 months

after administration of the immunogenic composition.

69. The method of any one of claims 63-67, wherein the efficacy of the immunogenic
composition for preventing coronavirus disease~-19 (COVID-19) is from about 5O % to about 99
%, from about 50 % to about 95 %, from about S0 % to about 90 %, from about 50 % to about 85
4, from about 50 % o about 80 %, from about 60 % to about 99 %, from about 60 % to about 95
%, from about 60 % to about 90 %, from about 60 % to about 85 %, from about 60 % to about 80
Y%, from about 40 % to about 99 %, from about 40 % to about 95 %, from about 40 % to about 90
%%, from about 40 % to about 85 %%, from about 40 % to about 80 %, from about 40 % to about 75
%%, from about 40 % to about 70 %, from about 40 %4 to about 65 %, from about 40 % to about 55

%, ot from about 40 % to about SO % for up to about 2 mouths, up to about 2.5 months, up to

>N

about 3 months, up to about 3.5 months, up to about 4 months, up to about 4.5 months, up to
about 5 roonghs, up to about 5.5 months, up to about 6 months, up to about 6.5 months, up to

1

about 7 months, up to about 7.5 months, up to about 8 months, up to about &.5 months, up to
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about 9 months, up to about 9.5 months, up to about 10 months, up to about 10.5 months, up to

about 11 months, up to about 11.5 months, or up to about 12 months after administration of the

immunegenic composition.

70. A prefifled syringe comprising the trununogenic composition of any one of ¢laims 1-62.
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