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(57) Abstract: Disclosed herein are coronavirus Spike (S) proteins and nanoparticles comprising the same, which are suitable for use in 
vaccines. The nanoparticles present antigens from pathogens surrounded to and associated with a detergent core resulting in enhanced 

stability and good immunogenicity. Dosages, formulations, and methods for preparing the vaccines and nanoparticles are also disclosed.
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CORONAVIRUS VACCINE FORMULATIONS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[00011 This application claims priority to U.S. Provisional Application No. 63/164,487, filed 

March 22, 2021, U.S. Provisional Application No. 63/176,825, filed April 19, 2021; U.S.  

Provisional Application No. 63/177,059, filed April 20, 2021; U.S. Provisional Application No.  

63/195,986 filed June 2, 2021; U.S. Provisional Application No. 63/280,395 filed November 17, 

2021; U.S. Provisional Application No. 63/290,439 filed December 16,2021; U.S.Provisional 

Application No. 63/292,196 filed December 21, 2021; and U.S. Provisional Application No.  

63/293,468 filed December 23, 2021. The contents of each of the aforementioned applications are 

incorporated by reference herein in their entireties.This application also incorporates by reference 

herein International Publication No. 2021/0154812 and U S. Patent No. 10,953,089 in their 

entireties.  

DESCRIPTION OF THE TEXT FILE SUBMITTED ELECTRONICALLY 

[0002] The contents of the text file submitted electronically herewith are incorporated herein 

by reference in their entirety: A computer readable format copy of the Sequence Listing (filename: 

NOVV_092_01WOSeqListST25,txt, date recorded: March 9, 2022; file size: 974 kilobytes).  

FIELD 

[0003] The present disclosure is generally related to non-naturally occurring coronavirus 

(CoV) Spike (S) polypeptides and nanoparticles and vaccines comprising the same, which are 

useful for stimulating immune responses. The nanoparticles provide antigens, for example, 

glycoprotein antigens, optionally associated with a detergent core and are typically produced using 

recombinant approaches. The nanoparticles have improved stability and enhanced epitope 

presentation. The disclosure also provides compositions containing the nanoparticles, methods for 

producing them, and methods of stimulatinginmmune responses 

BACKGROUND OF THE INVENTION 

[0004] Infectious diseases remain a problem throughout the world. While progress has been 

made on developing vaccines against some pathogens, many remain a threat to huinan health. The 
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outbreak of sudden acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has infected more 

79 million people in the United States alone, with at least 960,000 deaths. Worldwide, the death 

toll has surpassed 6 million. The SARS-CoV-2 coronavirus belongs to the same family of viruses 

as severe acute respiratory syndrome coronavirus (SARS-CoV) and Middle East respiratory 

syndrome coronavirus (MERS-CoV), which have killed hundreds of people in the past 17 years.  

SARS-CoV-2 causes the disease COVID-19. The World Health Organization classified COVID

19 as a global pandemic in March 2020. The pandemic is still ongoing. Efforts to control it have 

been hindered by the emergence of variants of SARS-CoV-2.  

[00051 The development of vaccines that prevent or reduce the severity of life-threatening 

infectious diseases caused by SARS-CoV-2 and variants thereof 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.  

SUMMARY OF THE INVENTION 

[00061 The present disclosure provides non-naturally occurring CoV S polypeptides suitable 

for inducing immune responses against SARS-CoV-2 and SARS-CoV-2 variants. The disclosure 

also provides nanoparticles containing the glycoproteins as well as methods of stimulating immune 

responses.  

[0007] The present disclosure also provides CoV S polypeptidessuitable for inducing immune 

responses against multiple coronaviruses, including SARS-CoV-2 and variants thereof, Middle 

East Respiratory Syndrome (MERS), and Severe Acute Respiratory Syndrome (SARS).  

[00081 Provided herein are CoV S polypeptides comprising: 

(i) an S Isubunit with an inactivated furin cleavage site, wherein the S Isubunit comprises 

an N-terminal domain (NTD), a receptor binding domain (RBD), subdomains I and 2 (SD/2), 

wherein the inactivated furin cleavage site has an amino acid sequence of QQAQ; 

wherein the NTD optionally comprises one or more modifications selected from 

the group consisting of: 

2
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(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; 

(b) insertion 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 

aminoacid 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, 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 one or more amino 

acids selected from the group consisting of 557, 600, 601, 642, 664, 668, and combinations 

thereof; and 

(ii) an S2 subunit, wherein amino acids 973 and 974 are proline, wherein the S2 subunit 

optionally 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; 

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

703, 846, 875, 937, 969, 973, 974, 1014, 1058, 1105, and 1163 and combinations thereof; 

and 

(c) deletion of one or more amino acids from the TMCT; wherein the amino acids 

of the CoV S glycoprotein are numbered with respect to a polypeptide having the 

sequence of SEQ [D NO: 2.  

[0009] In embodiments, the coronavirus S glycoprotein comprises deletion of amino acids 

676-685. In embodiments, the coronavirus S glycoprotein comprises deletion of amino acids 702

711. In embodiments, the coronavirus S glycoprotein comprises deletion of amino acids 806-815.  

In embodiments, the coronavirus S glycoprotein comprises deletion of amino acids 775-793. In 

embodiments, the coronavirus S glycoprotein comprises deletion of amino acids 1-292 of the NTD.  

In embodiments, the coronavirus S glycoprotein comprises deletion of amino acids 1201-1260 of 

the TMCT. In embodiments, the coronavirus S glycoprotein comprises or consists of an amino 

acid sequence selected from the group consisting of SEQ ID NOS: 85-89, 105, 106, and 112-115, 
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164-168 or an amino acid sequence with at least 90 %, at least 91 %, at least 92 %, at least 93%, 

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

identity to any one of SEQ ID NOS: 85-89, 105, 106, and 112-115, 164-168. In embodiments, the 

coronavirus S glycoprotein comprises a signal peptide, optionally wherein the signal peptide 

comprises an amino acid sequence of SEQ ID NO: 5 or SEQ ID NO: 117. In embodiments, the 

coronavirus S glycoprotein comprises a C-terminal fusion protein. In embodiments, the C-terminal 

fusion protein is a hexahistidine tag. In embodiments, the C-terminal fusion protein is a foldon. In 

embodiments, the foldon has an amino acid sequence corresponding to SEQ ID NO: 68. In 

embodiments, the coronavirus S glycoprotein has a AHal that is at least 2-fold greater than the 

AHcal of the wild-type CoV S glycoprotein (SEQ ID NO: 2). In embodiments, provided herein is 

a coronavirus S glycoprotein having an S2 subunit, NTD, RBDI, and SD1/2 that is at least 90 %, at 

least 91 %,at least 92 %, at least 93 %, at least 94 %, at least 95 %, at least 96 %, at least 97 %, at 

least 98 %,at least 99 %, or at least 99.5 % identical to the corresponding subunit or domain of 

the CoV S glycoprotein having an amino acid sequence of SEQ ID NO: 2.  

[00101 Provided herein is an isolated nucleic acid encoding a CoV S glycoprotein described 

herein.  

[00111 Provided herein is vector comprising an isolated nucleic acid encoding a CoV S 

glycoprotein described herein.  

[00121 Provided herein is a nanoparticle comprising a CoV S glycoprotein described herein.  

In embodiments, the nanoparticle has a Zavg diameter of between about 20 nm and about 35 nm.  

In embodiments, the nanoparticle has a polydispersity index from about0.2 to about 0.45, Provided 

herein is a cell expressing a CoV S glycoprotein described herein.  

[0013] Provided herein is a vaccine composition comprising a nanoparticle comprising a CoV 

S glycoprotein described herein. In embodiments, the vaccine composition comprises an adjuvant.  

In embodiments, the adjuvant comprises at least two iscom particles, wherein: the first iscom 

particle comprises fraction A of Quillaja Sponaria Molina and not fraction C of Quillaja 

aponaria Molina; and the second iscom particle comprises fraction C of Quillaja Saponaria 

Molina and not fraction A of Quillaja Saponaria Molina. In embodiments, fraction A of Quillaja 

Saponar/ia Molina and fraction C of Qui/laSaponaria Molina account for about 85 % by weight 

and about 15% by weight, respectively, of the sum of weights of fraction A of Quillaja Siponaria 

Molina and fraction C of Quillaja Saponaria Molina in the adjuvant. In embodiments, fraction A 
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of QullajaSaponaria Molina and fraction C of Quilaja Saponaria Molina account for about 92 

% by weight and about 8 % by weight, respectively, of the sum of weights of fraction A of Quillaja 

Saponaria Molina and fraction C of Quillaa Saponaria Molina in the adjuvant. In embodiments, 

the vaccine composition comprises about 50 pg adjuvant.  

100141 Provided herein is a method of stimulating an immune response against SARS-CoV-2 

in a subject comprising administering a vaccine composition described herein. In embodiments, 

the subject is administered a first dose at day 0 and a boost dose at day 21. In embodiments, the 

subject is administered from about 3 pg to about 25 pg of coronavirus S glycoprotein. In 

embodiments, the subject is administered about 5 pg of coronavirus S glycoprotein. In 

embodiments, the vaccine composition is administered intramuscularly. In embodiments, a single 

dose of the vaccine composition is administered. In embodiments, multiple doses of the vaccine 

composition are administered. In embodiments, the vaccine composition is coadministered with 

an influenza glycoprotein.  

[0015] Provided herein is an immunogenic composition comprising: (i) a nanoaparticle 

comprising a CoV S glycoprotein described herein, and a non-ionic detergent core; (ii) a 

pharmaceutically acceptable buffer; and (iii) a saponin adjuvant. In embodiments, the 

immunogenic composition comprises from about 3 pg to about 25 pg of CoV S glycoprotein. In 

embodiments, the immunogenic composition comprises about 5 pg of CoV S glycoprotein. In 

embodiments, the saponin adjuvant comprises at least two iscom particles, wherein: the first iscom 

particle comprises fraction A of Quillja Saponaria Molina and not fraction C of Quillja 

Saponaria Molina; and the second iscom particle comprises fraction C of Quillaja Saponaria 

Molina and not fraction A of Quillaja Saponarla Molina. In embodiments, fraction A of Quillaja 
Saponaria Molina accounts for 50-96% by weight and fraction C of QuillajaSaponaria Molina 

accounts for the remainder, respectively, of the sum of the weights of fraction A of Quillja 

Saponaria Molina and fraction Cof QuillajaSaponaria Molina in the adjuvant In embodiments, 

fraction A of Quillaja Saponaria Molina and fraction C of Quillaa Saponaria Molina account 

for about 85 % by weight and about 15% by weight, respectively, of the sum of the weights of 

fraction A of Quilja Saponaria Molina and fraction C of Quillaja.Saponarila Molina in the 

adjuvant. In embodiments, the immunogenic composition comprises about 50 pg of saponin 

adjuvant. In embodiments, the non-ionic detergent is selected from the group consisting of
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polysorbate-20 (PS20). polysorbate-40 (PS40), polysorbate-60 (PS60), polysorbate-65 (PS65), 

and polysorbate-80 (PS80).  

100161 In embodiments, provided herein is a method of stimulating an immune response 

against SALRS-CoV-2 or a heterogeneous SARS-CoV-2 strain in a subject comprising 

administering the immunogenic composition or vaccine composition provided herein. In 

embodiments, the method comprises administering from about 3 Pg to about 25 pg of CoV S 

glycoprotein. In embodiments, the method comprises administering about 5 pg of CoV S 

glycoprotein. In embodiments, the saponin adjuvant comprises at least two iscom particles, 

wherein: the first iscom particle comprises fraction A of QuillaiaSaonaria Molina and not 

fraction C of Quiliaja Saponaria Molina; and the second iscom particle comprises fraction C of 

Quillaja Saponaria Molina and not fraction A of Quillaja Saponara Molina. In embodiments, 

fraction A of QuillajaSaponaria Molina accounts for 50-96% by weight and fraction C of Quilaja 

Saponaia Molina accounts for the remainder, respectively, of the sum of the weights of fraction 

A of Quiliaja S'aponaria Molina and fraction C of Quiliaj Saponaria Molina in the adjuvant. In 

embodiments, fraction A of Quilja 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 Quillaja Saponaria Molina and fraction C of Quillaja Saponaria. In 

embodiments, the method comprises administering about 50 pg of the saponin adjuvant. In 

embodiments, the non-ionic detergent is selected from the group consisting of polysorbate-20 

(PS20), polysorbate-40 (PS40), polysorbate-60 (PS60). polysorbate-65 (PS65), and polysorbate

80 (PS80). In embodiments, the subject is administered a first dose at day 0 and a boost dose at 

day 21. In embodiments, a single dose of the immunogenic composition is administered. In 

embodiments, the method comprises administering a second immunogenic composition. In 

embodiments, the second immunogenic composition comprises an mRNA encoding a SARS-Cov

2 Spike glycoprotein, a plasmid DNA encodinga SARS-Cov-2 Spike glycoprotein, a viral vector 

encoding a SARS-Cov-2 Spike glycoprotein, or an inactivated SARS-CoV-2 virus. In 

embodiments, the heterogenous SARS-CoV-2 strain is selected from the group consisting of a 

B.1.1.7 SARS-CoV-2 strain, B.i.351 SARS-CoV-2 strain, P.1 SARS-CoV-2 strain, B.1.617.2 

SARS-CoV-2 strain, B.i.525 SARS-CoV-2 strain, B.1.526 SARS-CoV-2 strain, B.1.617.1 SARS

CoV-2 strain, a C.37 SARS-CoV-2 strain, B.1.621 SARS-CoV-2 strain, and a Cal.20C SARS

CoV-2 strain. In embodiments, the efficacy of the immunogenic composition for preventing 
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coronavirus disease-19 (COVID-19) is 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 

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 %, at least about 96 %,at least about 97, at least about 98 %, at 

least about 99 %, or about 100 % for up to about 2 months, up to about2.5 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 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 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. In embodiments, the efficacy of the immunogenic composition for 

preventing coronavirus disease-19 (COVID-19) is from about 50 % to about 99 %, from about 50 

% to about 95 %, from 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 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 % to about 65 %, 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 35 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 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 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. In 

embodiments, the COVID-19 is mild COVID-19. In embodiments, the COVID-19 is moderate 

COVID-19. In embodiments, the COVID-19 is severe COVID-19. In embodiments, provided 

herein is a method of inducing a protective immune response against a heterogenous SARS-CoV

2strain, comprising administering to a subjecta nanoparticle comprising a coronavirus S (CoV S) 

glycoprotein having the amino acid sequence of SEQ ID NO: 87, and a non-lonic detergent core, 

a pharmaceutically acceptable buffer, and (iii) a saponin adjuvant, wherein the heterogenous 

SARS-CoV-2 strain has a SARS-CoV-2 S glycoprotein having from about I to about 60
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modifications compared to a SARS-CoV-2 glycoprotein of SEQ ID NO: 1. In embodiments, the 

heterogeneous SARS-CoV-2 strain has a SARS-CoV-2 S glycoprotein having from about 1 to 

about 20 modifications, from about 1 to about 10 modifications, from about 10 to about 20 

modifications, from 10 to about 30 modifications, from about 10 to about 40 modifications, from 

10 to about 50 modifications, from 10 to about 60 modifications, from 20 to about 60 

modifications, from 20 to about 50 modifications, from about 20 to about 40 modifications, from 

about 5 to about 15 modifications, or from about 5 to about 10 modifications compared to a SARS

CoV-2 glycoprotein of SEQ ID NO: 1.  

BRIEF DESCRIPTION OF THE DRAWINGS 

10017] The patent or application file contains at least one drawing executed in color. Copies 

of this patent or patent application publication with color drawing(s) will be provided by the Office 

upon request and payment of the necessary fee.  

[00181 Fig. 1 shows a schematic of the wild-type amino acid sequence of the SARS-CoV-2 

Spike (S) protein (SEQ ID NO: 1). The furin cleavage site RRAR (SEQ ID NO: 6) is highlighted 

in bold, and the signal peptide is underlined.  

100191 Fig. 2 shows the primary structure of a SARS-CoV-2 S polypeptide, which has an 

inactive furin cleavage site, a fusion peptide deletion, and K986P and V987P mutations. The 

domain positions are numbered with respect to the amino acid sequence of the wild-type CoV S 

polypeptide from SARS-CoV-2 containing a signal peptide (SEQ ID NO: 1).  

[00201 Fig. 3 shows the primary structure of the BV2378 CoV S polypeptide, which has an 

inactive furin cleavage site, a fusion peptide deletion of amino acids 819-828, and K986P and 

V987P mutations, The domain positions are numbered with respect to the amino acid sequence of 

the wild-type CoV S polypeptide from SARS-CoV-2 containing a signal peptide (SEQ ID NO: 1).  

[00211 Fig. 4 shows purification of the CoV S polypeptides BV2364, BV2365, BV2366 

BV2367, BV2368, BV2369, BV2373, BV2374, and BV2375. The data reveal that BV2365 (SEQ 

ID NO: 4) and BV2373 (SEQ ID NO: 87) which has an inactive furin cleavage site having an 

amino acid sequence of QQAQ (SEQ ID NO: 7) is expressed as a single chain (SO). In contrast, 

CoV S polypeptides containing an intact furin cleavage site (e.g. BV2364, BV2366, and BV2374) 

are cleaved, as evident by the presence of the cleavage product S2.  
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100221 Fig. 5 shows that the CoV S polypeptides BV2361, BV2365, BV2369, BV2365, 

BV2373, andBV2374 bind to human angiotensin-converting enzyme 2 precursor (hACE2) by bio

layer interferometry.  

[00231 Fig. 6 shows that BV2361 from SARS-CoV-2 does not bind the MERS-CoV receptor, 

dipeptidyl peptidase IV (DPP4) and the MERS S protein does not bind to human angiotensin

converting enzyme 2 precursor (hACE2) by bio-layerinterferometry 

100241 Fig. 7 shows that BV2361 binds to hACE2 by enzyme-linked immunosorbent assay 

(ELISA).  

100251 Fig. 8 shows the primary structure of the BV2373 CoV S polypeptide and 

modifications to the furin cleavage site, K986P, and V987P.  

100261 Fig. 9 shows purification of the wild type CoV S polypeptide and the CoV S 

polypeptides BV2365 and BV2373.  

[00271 Fig. 10 shows a cryo-electron microscopy (cryoEM) structure of the BV2373 CoV S 

polypeptide overlaid on the cryoEM structure of the SARS-CoV-2 spike protein (EMB ID: 21374).  

[00281 Figs. 11A-F show that the CoV S Spike polypeptides BV2365 and BV2373 bind to 

hACE2. Bio-layer interferometry reveals that BV2365 (Fig. 11B) and BV2373 (Fig. 11C) bind 

to hACE2 with similar dissociation kinetics to the wild-type CoV S polypeptide (Fig. 11A) ELISA 

shows that the wild-type CoV S polypeptide (Fig. 11D) and BV2365 (Fig. 11E) bind to hACE2 

with sinilaraffinity whileBV2373 binds to hACE2 ata higher affinity (Fig.11F) 

[0029] Figs. 12A-B show the effect of stress conditions, such as temperature, two freeze/thaw 

cycles, oxidation, agitation, and pH extremes on binding of the CoV S polypeptides BV2373 (Fig.  

12A) and BV2365 (Fig. 12B) to hACE2.  

[0030] Figs. 13A-B show anti-CoV S polypeptide IgG titers 13 days, 21 days, and28 days 

after immunization of mice with two doses (Fig. 13A) and one dose of 0.1 pg to 10 pg of BV2373 

with or without Fraction A and Fraction C iscom matrix (i.,MATRIX-M T M) (Fig. 13B).  

100311 Fig. 14 shows the induction of antibodies that block interaction of hACE2 in mice 

immunized with one dose or two doses of 0.1 pg to 10 g of BV2373 with or without MATRIX

MJM.  

[00321 Fig. 15 shows virus neutralizing antibodies detected in mice immunized with one dose 

or two doses of 0.1 pg to 10 pg of BV2373 with or without MATRIX-\/IM".  
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100331 Fig. 16 shows the virus load (SARS-CoV-2) in the lungs of Ad!CMV/hACE2 mice 

immunized with either a single dose of BV2373 or two doses of BV2373 spaced 14 days apart 

with or without MATRIX-MtM.  

[00341 Figs. 17A-C shows weight loss exhibited by mice after immunization with BV2373.  

Fig. I7A shows the effect of immunization on weight loss with a single 0.01 ig, 0.1 pg, I g, or 

10 pg of BV2373 plus MATRIX-MTM. Fig. 17B shows the effect of immunization on weight loss 

withtwo doses of BV2373 (0.01 pg, 0.1 Pg, 1 Ig) plus MATRIX-MT . Fig. 17C shows the effect 

of immunization on weight loss with two doses of BV2373 (10 pg) in the presence or absence of 

MATRIX-MI4 .  

[00351 Figs. 18A-B shows the effect of BV2373 on lung histopathology of mice four days 

(Fig. 18A) or seven days (Fig. 18B) after infection with SARS-CoV-2.  

[0036] Fig. 19 shows the number of IFN-y secreting cells after ex vivo stimulation in the 

spleens of mice immunized with BV2373 in the absence of adjuvant compared to mice inmunized 

with BV2373 in the presence of MATRIX-M'.  

[00371 Figs. 20A-E shows the frequency of cytokine secreting CD4- T cells in the spleens of 

mice immunized with BV2373 in the presence or absence of MATRIX-MTM. Fig. 20A shows the 

frequency of IFN-y secreting CD4+ T cells. Fig. 20B shows the frequency of TNT-a secreting 

CD4+ T cells, Fig. 20C shows the frequency of IL-2 secreting CD4+ T cells. Fig. 20D shows the 

frequency of CD4+ T cells that secrete two cytokines selected from IFN-y, TNF-a, and IL-2. Fig.  

20E shows the frequency of CD4+ T cells that express IFN-, TNF.-a, and ICL-2 

[0038] Figs. 21A-E shows the frequency of cytokine secreting CD8 T cells in the spleens of 

mice immunized with BV2373 in the presence or absence of MATRIX MT. Fig. 21A shows the 

frequency of IFN-7 secreting CD8 T cells. Fig. 21B shows the frequency of TNF-a secreting 

CD8* T cells. Fig. 21C shows the frequency of IL-2 secreting CD8W T cells. Fig. 20D shows the 

frequency of CD8* T cells that secrete two cytokines selected from IFN-y, TNF-a, and IL-2. Fig.  

21E shows the frequency of CD8* T cells that express IFN-y, TNF-a, and IL-2.  

[00391 Fig. 22 illustrates the frequency of CD4+ or CD8 cells that express one (single), two 

(double), or three (triple) cytokines selected from IFN-y, TNF-a, and IL-2 in the spleens of mice 

immunized with BV2373 in the presence or absence of MATRIX-MT M 

100401 Figs. 23A-C illustrate the effect of immunization with BV2373 in the presence or 

absence of MATRIX-MTM n type 2cytokine secretion from CD4*Tcells. Fig. 23A shows the 
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frequency of IL-4 secreting cells. Fig. 23B shows the frequency of IL-5 CD4 secreting cells. Fig.  

23C shows the ratio of IFN-y secreting to IL-4 secreting CD4T cells.  

100411 Figs. 24A-B illustrate the effect of mouse immunization with BV2373 in the presence 

or absence of MATRIX-M"T on germinal center formation by assessing the presence of CD4 T 

follicular helper cells (TFH). Fig. 24A shows the frequency of CD4* Ifollicular helper cells in 

spleens, and Fig. 24B shows the phenotype (e.g. CD4C CXCR5Y PD-I-) of the CD4+ T follicular 

helper cells.  

[00421 Figs. 25A-B illustrate the effect of mouse immunization with BV2373 in the presence 

or absence of MATRIX-MT 4 on germinal center formation by assessing the presence of germinal 

center (GC) B cells. Fig. 25A shows the frequency of GC B cells in spleens, and Fig. 25B reveals 

the phenotype (e.g. CD19- GLT CD-95) of the CD4* T follicular helper cells.  

[0043] Figs. 26A-C show the effect of immunization with BV2373 in the presence or absence 

of MATRIX-Mtf on antibody response in olive baboons. Fig. 26A shows the anti-SARS-CoV-2 

S polypeptide IgG titer in baboons after immunization with BV2373. Fig. 26B shows the presence 

of hACE2 receptor blocking antibodies in baboons following a single immunization with 5 pg or 

25pg of BV2373 in the presence of MATRIX-MTM. Fig. 26C shows the titer of virus neutralizing 

antibodies following a single immunization with BV2373 and MATRIX-MT4 .  

[0044] Fig. 27 shows thesignificant correlation between anti-SAR-S-CoV-2 S polypeptide IgG 

and neutralizing antibody titers in olive baboons after immunization with BV2373.  

[0045] Fig. 28 shows the frequency of IFN-7 secreting cells in peripheral blood mononuclear 

cells (PBMC) of olive baboons immunized with BV2373 in the presence or absence of MATRX

MI 

[0046] Figs. 29A-E shows the frequency of cytokine secreting CD4+ T cells in the PBMC of 

olive baboons immunized with BV2373 in the presence or absence of MATRIX-M M.Fig. 29A 

shows the frequency of IFN-7 secreting CD4+ T cells. Fig. 29B shows the frequency of IL-2 

secreting CD4+ Icells. Fig. 29C shows the frequency of TNF-a secreting CD4+ T cells. Fig. 29D 

shows the frequency of CD4--Tcells that secrete two cytokines selected from IFN-, TNiF-a, and 

L-2. Fig. 29E shows the frequency of CD4+ Icells that express IFN-7, TNF-a, and IL-2.  

[00471 Fig. 30 shows a schematic of the coronavirus Spike (S) protein (SEQ ID NO: 109) 

(BV2384). The furin cleavage site GSAS (SEQ ID NO: 97) is underlined once, and the K986P and 

V987P mutations are underlined twice.  
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100481 Fig. 31 shows a schematic of the coronavirus Spike (S) protein (SEQ ID NO: 86) 

(BV2373). The furin cleavage site QQAQ (SEQ ID NO. 7) is underlined once, and the K986P and 

V987P mutations are underlined twice.  

[00491 Fig. 32 shows purification of the CoV S polypeptides BV2373 (SEQ ID NO: 87) and 

BV2384 (SEQ ID NO: 109).  

[00501 Fig. 33 shows a scanning densitometry plot of BV2384 (SEQ ID NO: 109) purity after 

purification.  

[00511 Fig. 34 shows a scanning densitometry plot of BV2373 (SEQ ID NO: 87) purity after 

purification 

[00521 Figs. 35A-B illustrates induction of anti-S antibodies (Fig. 35A) and neutralizing 

antibodies (Fig. 35B) in response to administration of BV2373 and MATRIX-M. Cynomolgus 

macaques were administered one or two doses (Day 0 and Day 21) of 2.5 g, 5 pg. or 25 jg of 

BV2373 with 25 pg or 50 pg MATRLX-1\/T" adjuvant. Controls received neither BV2373 or 

MATRIX-MTM. Antibodies were measured at Days 21 and 33.  

[0053] Figs. 36A-B illustrates a decrease of SARS-CoV-2 viral replication by vaccine 

formulations disclosed herein as assessed in broncheoalveol lavage (BAL) in Cynomolgus 

macaques. Cynomoigus macaques were administered BV2373 and MATRIX-MTM as shown.  

Subjects were immunized Day 0 and in the groups with two doses Day 0 and Day 21. Subject 

animals were challenged Day 37 with 1x104 pfu SARS-CoV-2 virus. Viral RNA (Fig. 36A, 

corresponding to total RNA present) and viral sub-genomic RNA (Fig. 36B, corresponding to 

replicating virus) levels were assessed in bronchiolar savage (BAL) at 2 days and 4 days post

challenge with infectious virus (d2pi and d4pi). Most subjects showed no viral RNA. At Day 2 

small amounts of RNA were measured in some subjects. By Day 4, no RNA was measured except 

for two subjects at the lowest dose of 2.5 pg. Sub-genomic RNA was not detected at either 2 Days 

or 4 days except for I subject, again at the lowest dose.  

[00541 Figs. 37A-B illustrates a decrease of SARS-CoV-2 viral replication by vaccine 

formulations disclosed herein as assessed in nasal swab in Cynomolgus macaques. Cynomolgus 

macaques were administered BV2373 with ATRIX-1\w"' as shown. Subjects were immunized 

Day 0 and in the groups with two doses Day 0 and Day21. Subject animals were challenged Day 

37 with 1x104 SARS-CoV-2 virus. Viral RNA (Fig. 37A) and viral sub-genomic (sg) RNA (Fig.  

37B) were assessed by nasal swab at 2 days and 4 days post-infection (d2pi and d4pi). Most 

12



WO 2022/203963 PCT/US2022/020974 

subjects showed no viral RNA. At Day 2 and Day 4 small amounts of RNA were measured in 

some subjects. Sub-genomic RNA was not detected at either 2 Days or 4 days. Subjects were 

inununized Day 0 and in the groups with two doses Day 0 and Day 21. These data show that the 

vaccine decreases nose total virus RNA by 100 -1000 fold and sgRNA to undetectable levels, and 

confirm that immune response to the vaccine will block viral replication and prevent viral spread.  

[00551 Figs. 38A-B show anti-CoV S polypeptide IgG titers 21 days and 35 days after 

immunization of Cynomolgus macaques with one dose (Fig. 38A) or two doses of BV2373 and 

25 pg or 50 pg of MATRJX-Mi (Fig. 38B).  

[00561 Figs. 38C-38D shows the hACE2 inhibition titer of Cynomolgus macaques 21 days 

and 35 days after immunization of Cynomolgus macaques with one dose (Fig. 38C) or two doses 

of BV2373 (5 g) and MATRXMT (25 g or 50 pg) (Fig. 38D).  

[0057] Fig. 38E shows the significant correlation between anti- CoV S polypeptide IgG titer 

and hACE2 inhibition titer in Cynomolgus macaques after administration of BV2373 and 

IATRIX-MT". Datais shown for Groups 2-6 of Table 4.  

[00581 Fig. 39 shows the anti-CoV S polypeptide titers and hACE2 inhibition titer of 

Cynomolgus macaques 35 days after immunization with two doses of BV2373 and MATRIX-MI 

or after immunization with convalescent human serum (Groups 2, 4, and 6) of Table 4. These data 

show that the anti-CoV S polypeptide and hACE2 inhibition titers of Cynomologus macaques 

immunized with BV2373 and MATRIX-MT is superior to Cynomolgus macaques immunized 

with convalescent serum.  

[0059] Figs. 40A-B shows the SARS-CoV-2 neutralizing titers of Cynomolgus macaques 

immunized with BV2373 and MATRIX-Mrm as determined by cytopathic effect (CPE) (Fig. 40A) 

and plaque reduction neutralization test (PRNT) (Fig. 40B).  

[0060] Fig. 41 shows administration timings of a clinical trial that evaluated the safety and 

efficacy of a vaccine comprising BV2373 and optionally MATRIX-M TiAESI denotes an adverse 

event of special interest. MAEE denotes a medically attended adverse event, and SAE denotes a 

serious adverse event.  

100611 Figs. 42A-B show the local (Fig. 42A) and systemic adverse events (Fig. 42B) 

experienced by patients in a clinical trial which evaluated a vaccine comprising BV2373 and 

MATRIX-M`'T. Groups A-E are identified in Table 5. The data shows that the vaccine was well 

tolerated and safe.  
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100621 Figs. 43A-B show the anti-CoV S polypeptide IgG (Fig. 43A) and neutralization titers 

(Fig. 43B) 21 days and 35 days after immunization of participants in a clinical trial which 

evaluated a vaccine comprising BV2373 and MATRIX-M T. Horizontal bars represent 

interquartile range (IRQ) and median area inder the curve, respectively. Whisker endpoints are 

equal to the maximum and minimum values below or above the median ±1.5 times the IQR. The 

convalescent serum panel includes specimens from PCR-confirmed COVID-19 participants from 

Baylor College of Medicine (29 specimens for ELISA and 32 specimens for microneutralization 

(MN1N IC>99). Severity of COVID-19 is denoted as a red mark for hospitalized patients (including 

intensive care setting), a blue mark for outpatient-treated patients (sample collected in emergency 

department), and a green mark for asymptomatic (exposed) patients (sample collected from 

contact/exposure assessment).  

[0063] Figs. 44A-C shows the correlation between anti- CoV S polypeptide IgG and 

neutralizing antibody titers in patients administered convalescent sera (Fig. 44A), two 25 pg doses 

of BV2373 (Fig. 44B), and two doses (5 pg and 25 pg) of BV2373 with M ATRTX-Mr` (Fig.  

44C). A strong correlation was observed between neutralizing antibody titers and anti-CoV-S Ig 

titers in patients treated with convalescent sera or with adjuvanted BV2373, but not in patients 

treated with BV2373 in the absence of adjuvant.  

[0064] Figs. 45A-D show the frequencies of antigen-specific CD4 T cells producing T helper 

I (Thl) cytokines interferon-garnma (IFN-7), tumor necrosis factor-alpha (TNF-a), and interleukin 

(IL)-2 and T helper 2 (Th2) cytokines IL-5 andIL-13 indicated cytokines from participants in 

Groups A (placebo, Fig. 45A), B (25 pg BV2373, Fig. 45B), C (5 pg BV2373 and 50 pg 

MATRIX-Mt Fig. 45C), and D (25 pg BV2373 and 50 jg MATRIX-Mt, Fig. 45D) following 

stimulation with BV2373. "Any 2" in Th1 cytokine panel means CD4F T cells that can produce 

two types of Thi cytokines at the same time. "All 3" indicates CD4 T cells that produce IFN-y, 

TNF-a, and IL-2 simultaneously. "Both" in Th2 panel means CD4' T cells that can produce Th2 

cytokines IL-5 and IL-13 at the sometime.  

[0065] Fig. 46A shows the primary structure of a wild-type SARS-CoV-2 S polypeptide, 

containing a signal peptide, numberedwith respect to SEQ ID NO: 1. Fig. 46B shows the primary 

structure of a wild-type SARS-CoV-2 S polypeptide, without a signal peptide, numbered with 

respect to SEQ [D NO: 2.  
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100661 Fig. 47 shows the randomization of subjects in a Phase 3 clinical trial that evaluated 

the efficacy, innunogenicity, and safety of BV2373 in combination with Fraction A and Fraction 

C iscom matrix (MATRIX-M"') adjuvant.  

[00671 Fig. 48 is a Kaplan-Meyer plot showing the incidence of symptomatic COVID-19 

(Cumulative Event Rate (%) experienced by subjects after vaccination with BV2373 in 

combination with Fraction A and Fraction C iscom matrix (MATRIX-M) or placebo.  

100681 Fig. 49 shows vaccine efficacy of BV2373 in combination with Fraction A and Fraction 

C iscom matrix (MATRIX-MT ) against SARS-CoV-2 comprising a CoV S polypeptide having 

the amino acid sequence of SEQ ID NO: 1 or the heterogeneous B.1.1.7 SARS-CoV-2 strain which 

comprises a CoV S polypeptide having deletions of amino acids 69, 70, and 144 and mutations of 

N501Y, A570D, D614G, P681H, T7161, S982A, and D1118H.  

[0069] Fig. 50 is a graph showing adverse events experienced by subjects after a first 

vaccination dose (labeled "Vaccination I") and a second vaccination dose (labeled "Vaccination 

2") with BV2373 in combination with Fraction A and Fraction C iscom matrix (M ATRX-MTh ) 

(labeled "A") or placebo (labeled"B").  

[0070] Fig. 51 shows a diagram of the BV2438 CoV S polypeptide. Structural elements 

include the cleavable signal peptide (SP), N-terminal domain (NTD), receptor binding domain 

(RBD), subdomains I and 2 (SDI and SD2), S2 cleavage site (S2'), fusion peptide (FP), heptad 

repeat I (TRI), central helix (CH). heptad repeat 2 (HIR2), transmernbrane domain (TM), and 

cytoplasmic tail (CT). Amino acid changes from the CoV S polypeptide having an amino acid 

sequence of SEQ ID NO: 1 are shown in black text underneath the linear diagram.  

[00711 Fig. 52A shows a reduced SDS-PAGE gel with Coomassie blue staining of purified 

full-length BV2438 showing the main protein product at the expected molecular weight of -170 

kD. Fig. 52B shows a graph of the scanning densitometry. Fig. 52C shows negative stain 

transmission electron micrographs of BV2438. BV2438 forms a well-defined lightbulb-shaped 

particle with a length of 15 nm and a width of 11 nm (left panel). Trimers exhibited an 8nm flexible 

linker connected to PS-80 micelles (left panel). Class average images showed a good fit of the rS

B.1.351 trimer with a cryo-EM solved structure of the prefusion SARS-CoV-2 trimeric spike 

protein ectodomain (PDB ID 6VXX) overlaid on the 2D image (middle panel). The right panel 

shows two BV2438 trimers anchored into a PS-80 micelle.  
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[0072] Fig. 53 shows the mouse study design of Example 10. Groups of mice (n= 20/group) 

were immunized in a prime/boost regimen on study days 0 and 14 with various combinations of 

recombinant S (rS) BV2438 (SA) or BV2373 (WU) protein. Mice were either primed and boosted 

with BV2438, primed and boosted with BV2373, primed with BV2373 and boosted with BV2438, 

or primed and boosted with bivalent BV2373+BV2438. Antigen doses were I pg rS for each 

monovalent immunization, or I pg rS for each construct upon bivalent immunization (2 pg rS 

total). All antigen doses were administered with 5 pg saponin adjuvant. A control group received 

formulation buffer (Placebo). Sera and tissues were collected at the timepoints listed in the 

diagram.  

[00731 Figs. 54A-B shows Anti-SARS-CoV-2 S IgG serum titers in sera collected on Day 21 

of the mouse study of Example 10. ELISA was used to measure antibody titers against the Wuhan

Hu-i spike protein (Fig. 54A) or B.1,351 spike protein (Fig. 54B). Bars indicate the geometric 

mean titer (GMT) and error bars represent 95% confidence interval (CI) for each group. Individual 

animal titers are indicated with colored symbols. Figs. 54C-D show functional antibody titers (as 

measured by ELISA) in sera collected on Day 21 capable of disrupting binding between the SARS

CoV-2 receptor hACE2 and Wuhan-Hu- Ispike protein (Fig. 54C) or B.1.351 spike protein (Fig.  

54D). Bars indicate the geometric mean titer (GMT) and error bars represent 95% confidence 

interval (CI) for each group. Individual animal titers are indicated with colored symbols. Fig. 54E 

shows SARS-CoV-2 neutralizing antibody titers in sera collected on Day 32 from n = 5 

aninals/group were determined using a PRNT assay. Sera were evaluated for their ability to 

neutralize SARS-CoV-2 USA-WAI, B.1.351 variant, or B.1.1.7 variant. Bars indicate the 

geometric mean titer (GMT) and error bars represent 95% confidence interval (CI) for each group.  

Individual animal titers are indicated with symbols. Statistical significance was calculated by 

performing one-way ANOVA with Tukey's post hoc test on logo-transformed data..  

[0074] Figs. 55A-F show the protective efficacy of immunization with SARS-CoV-2 rS based 

on Wuhan-Hu-1 or B.1.351 against challenge with live SARS-CoV-2 B.1.351 or B.1.1.7 virus.  

The study design was described in Fig. 53. Immunized mice (n:= 10/group) were challengedwith 

live SARS-CoV-2 B.1.351 (left panels) or B.i.1.7 (right panels). For four days after challenge, 

mice were weighed daily and their percentage weight loss was calculated relative to their body 

weight on challenge day Fig. 55A and Fig. 55B show the mean percentage body weight loss with 

symbols. Error bars represent standard error of the mean. Half of the mice were sacrificed at 2 
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days post-challenge and lung tissue was subjected to aplaque formation assay to determine lung 

viral titers (Fig. 55C, Fig. 55D). The remaining ice were sacrificed at 4 days post-challenge. Fig.  

55E and Fig. 55F show levels of SARS-CoV-2 subgenomic RNA in lung tissue and expressed as 

fold-change in RINA relative to the mean in the respective Placebo group on Day 2 post-challenge.  

Horizontal bars represent group mean fold-change from n = 5 mice at each timepoint and error 

bars represent standard deviation.  

100751 Figs. 56A-H show cell-mediated immunity induced upon immunization with BV2373 

or BV2438 regimens in mice. Fig. 56A shows the mouse study design. Groups of mice (n = 

8/group) were immunized in a prime/boost regimen on Days 0 and 21 with various combinations 

of SARS-CoV-2 rS based on BV2373 or BV2438. Mice were either primed and boosted with 

BV2438, primed and boosted with BV2373, primed with BV2373 and boosted with BV2438, or 

primed and boosted with bivalent BV2373 and BV2438. Antigen doses were I pg rS for each 

monovalent immunization, or I ug rS for each construct upon bivalent immunization (2 pg rS 

total). All immunizations were administered with 5 pg Matrix-Mi adjuvant. A control group 

received formulation buffer (Placebo, n = 5), Spleens were harvested on Day 28 for cell collection.  

Splenocytes were stimulated with BV2373 or BV2438, then subjected to ELIS A to determine IF N

7-positive cells as a representative Th1 cytokine (Fig. 56B) and IL-5-positive cells as a 

representative Th2 cytokine (Fig. 56C). Data from Fig. 56B and Fig. 56C were used to calculate 

the Thl/Th2 balance of responses to immunization (Fig. 56D). Fig. 56E shows the numbers of 

mutifunctional CD4+ T cells that stained positively for three Thi cytokines (IFN-7, IL-2, and 

TNF-a) using intracellular cytokine staining were quantified and expressed as the number of triple 

cytokine positive cells per 106 CD4-+ T cells, Fig. 56F shows quantification of T follicular helper 

cells. T follicular helper cells were quantified by determining the percentage of PD-+CXCR5-+ 

cells aniong all CD4+ T cells. Fig. 56G shows gerninal center formation Germinal center 

formation was evaluated by determining the percentage of GL7+CD95+ cells among CD19+ B 

cells using flow cytometry. Gray bars represent means and error bars represent standard deviation.  

Individual animal data are shown with colored symbols. An example of the gating strategy is 

shown in Fig. 5611. Differences among experimental groups were evaluated by one-way ANOVA 

with Tukey's post-hoc test (data in Fig. 56B were logio-transformed before analysis). P values < 

0.05 were considered statistically significant,**** p < 0.0001.  
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100761 Figs. 57A-E show the CD4+ and CD8+ T cell response fromimmunization with 

BV2373 or BV2438. Groups of mice (n= 8/group) were immunized in a prime/boost regimen on 

Days 0 and 21 with various combinations of BV2373 or BV2438. Micewere either primed and 

boosted with BV2438, primed and boosted with BV2373, primed with BV2373 and boosted with 

BV2438, or primed and boosted with bivalent BV2373 and BV2438. Antigen doses were I pg rS 

for each monovalent immunization, or 1 pg rS for each construct upon bivalent immunization (2 

pg rS total). All antigen doses were administered with 5 pg saponin adjuvant. A control group 

received formulation buffer (Placebo, n = 5). Spleens were harvested on Day 28 for cell collection.  

Isolated splenocytes were stimulated with either rS-WUi or rS-B.1.351, then subjected to 

intracellular cytokine staining to determinewhether CD4+T cells were positive for IFN-y (Fig.  

57A), IL-2 (Fig. 57B), TNT-a (Fig. 57C), or IL-4 (Fig. 57D). To examine CD8+T cell responses, 

cells were stimulated with a peptide pool corresponding to the entire Wuhan-Hu-1 spike protein 

sequence, then subjected to ICS for IFN-, IL-2, and TNF-a (Fig.57E).  

[0077] Figs. 58A-G show the immunogenicity of one or two booster BV2438 doses 

approximately one year after immunization with BV2373 in baboons. Fig. 58A shows the study 

design. A small cohort of baboons (n = 2-3/group) were originally immnunized with I pg, 5 Pg, or 

25 pg BV2373 with saponin adjuvant or unadjuvanted 25 pg BV2373 on Day 0 and 21 (Week 0 

and 3, respectively). Approximately 1 year later, all animals were boosted with one or two doses 

of 3 pg BV2438 with 50 pg saponin adjuvant on Day 318 and 339 (Week 45 and48, respectively).  

Fig. 58B show the anti-CoV S IgG titer over the course of the study. Individual animals' titers are 

shown over time, different colored symbols and lines represent different dose groups for the initial 

rS-WU1 immunization series. Sera collected before BV2438 boost (Day 303) as well as 7, 21, 35, 

and 81 days after the boost were analyzed to determine anti-rS-W1 (Fig. 58C) and rS-B.1351 

(Fig. 58D) LgG titers by ELISA (horizontal lines represent means), antibody titers capable of 

disrupting the interactionbetween rS-WU1 orrS-B.1.351 andthehACE2 receptorby ELISA(Fig.  

58E. horizontal lines represent means), and antibody titers capable of neutralizing SARS-CoV-2 

strains USA-WA, B.1.351, and B.I.1.7 with a PRNT assay (Fig. 58F, gray bars represent 

geometric means and error bars represent 95% confidence intervals). The presence of 

multifunctional CD4- T cells positive for 3 Thl cytokines (IFN-y, IL-2, andTNF-a) was evaluated 

withintracellular cytokine staining after stimulation with BV2373 or BV2438 (Fig. 58G). Gray 

bars represent means and colored symbols represent individual animal data.  
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100781 Figs. 59A-G show individual Cytokine Responses to BV2438 boost in baboons. A 

small cohort of baboons (n = 2-3/group) wasimunized with, 5 ig, or 25 g BV2373 with 

50 jg saponin adjuvant or unadjuvanted 25 pg BV2373 on Day 0 and 21 (Week 0 and 3, 

respectively). Approximately 1 year later, all animals were boosted with one or two doses of 3 ig 

BV2438 with 50 pg saponin adjuvant on Day 318 and 339 (Weeks 45 and 48, respectively).  

PBMCs collected pre-boost (Day 303; Week 43), 7 days afterthe first rS-B.1.351 boost (Day 325; 

Week 46), and 35 days after the first rS-B.1.351 boost (Day 353; Week 50). PBMCs were 

stimulated with BV2373 or BV2438 and subjected to ELISA to measure (Fig. 59A) IFN-y 

producing cells as a Th1 cytokine and (Fig. 59B) IL-4 producing cells as a'Th2 cytokine. CD4+ T 

cells were also stimulated with BV2373 or BV2438, then subjected to ICS to measure cells 

producing IFN-y (Fig. 59C), IL-2 (Fig. 59D), TNF-a (Fig. 59E), IL-5 (Fig. 59F), and IL-13 (Fig.  

59G).  

[00791 Figs. 60A-B show SARS-CoV-2 variant neutralizing titers from human subjects 

immunized with BV2373. Serum samples from clinical study participants (n= 30) were subjected 

to aPRNTassay to determinethepresence of neutralizing antibodies againstUSA-WAl compared 

to B.1.1.7 (Fig. 60A) and B.1.351 (Fig. 60B). Individual subjects' titers are shown with black 

circles, lines connect individuals' titers against USA-WAl to their titer against the respective 

variant.  

[00801 Figs. 61A-B shows anti-S protein IgG titers before and after boost with BV2373 and a 

saponin adjuvant for the following SARS-CoV-2 variants: (i) SAR-S-CoV-2 virus having a CoV S 

polypeptide with a D614G mutation compared to the protein having an amino acid sequence of 

SEQ ID NO: 1; (ii) a SARS-CoV-2 alpha strain, a SARS-CoV-2 beta strain, and a SARS-CoV-2 

delta strain. Fig. 61A shows the fold increase from day 35 to day 217. Fig. 61B shows the fold 

increase from day 189 to day 217.  

[0081] Figs. 62A-B shows the functional hACE2 inhibition before and after boost with 

BV2373 and a saponin adjuvant for the following SARS-CoV-2 variants: (i) SARS-CoV-2 virus 

having a CoV S polypeptide with a D614G mnutation compared to the protein having an amino acid 

sequence of SEQ ID NO: 1; (ii) a SARS-CoV-2 alpha strain, a SARS-CoV-2 beta strain, and a 

SARS-CoV-2 delta strain. Fig. 62A shows the fold increase from day 35 to day 217. Fig. 62B 

shows the fold increase from day 189 to day 217.  
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100821 Fig. 63 shows a diagram of booster dosing for participants of the trial described in 

Example 11.  

100831 Figs. 64A-B show local (Fig. 64A) and systemic (Fig. 64B) reactogenicity of patients 

in Group B2 of the trial described in Example 11.  

100841 Fig. 65 shows serum IgG titers to the ancestral SARS-CoV-2 strain by study day of the 

patients described in Example 11.  

[00851 Fig. 66 shows neutralizing antibody activity for the ancestral SARS-CoV-2 strain by 

study day of the patients described in Example 11.  

100861 Fig. 67 shows the neutralizing antibody 99 (neut99) values for the immunogenic 

composition comprising BV2373 and saponin adjuvant of Example 11 against the SARS-CoV-2 

strain containing a D614G mutation and the B.1.617.2 (delta variant).  

DETAILED DESCRIPTION OFTHE INVENTION 

Definitions 

100871 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.  

[00881 As used herein, the term "adjuvant" 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 intensification 

or broadening the specificityof either or both antibody and cellular immune responses.  

[0089] 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 100" encompasses 90 and 

110.  

[00901 As used herein, the terms"minmogen," "antigen," and "epitope" refer to substances 

such as proteins, including glycoproteins, and peptides that are capable of eliciting an immune 

response 
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100911 As used herein, an "immunogenic composition" is a composition that comprises an 

antigen where administration of the composition to a subject results in the development in the 

subject of a humoral and/or a cellular immune response to the antigen.  

[00921 As used herein, a "subunit" composition, for example a vaccine, that includes one or 

more selected antigens but not all antigens from a pathogen. Such a composition is 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.  

[00931 As used herein, "substantially" refers to isolation of a substance (e.g. a compound, 

polynucleotide, 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% 

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 0.5% to about 1.0%.  

[0094] 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.  

[0095] "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 its symptoms; or a 

decrease in the severity of a subsequently developed infection or disease or its symptoms.  

[0096] 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, e.g., by plaque neutralization, 

complement fixation, enzyme-linked immunosorbent (ELISA), or microneutralization assay.  

100971 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 
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pathogen. The immune response may include formation of antibodies and/or a cell-mediated 

response. Depending on context, the term"vaccine" may also refer to a suspension or solution of 

an immunogen that is administered to a subject to produce an immune response. Preferably, 

vaccines induces an immune response that is effective at preventing infection from SARS-CoV

2 or a variant thereof 

[00981 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 years to 14 

years of age), an infant (birth to 2 year), or a neonate (up to 2 months). In particular aspects, the 

subject is up to 4 months old, or up to 6 months old. In aspects, the adults are seniors about 65 

years or older, or about 60 years or older. In aspects, the subjectis a pregnantwoman ora woman 

intending to become pregnant. In other aspects, subject is not a human; for example a non-human 

primate; for example, a baboon, a chimpanzee, a gorilla, or a macaque. In certain aspects, the 

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

[0099] In aspects, the subject is immunocompromised. In embodiments, the 

immunocompromised subject is administered a medication that causes immunosuppression. Non

limiting examples of medications that cause immunosuppression include corticosteroids (e.g., 

prednisone), alkylating agents (e.g., cyclophosphamide), antimetabolites (e.g., azathioprine or 6

mercaptopurine), transplant-related 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 (e.g., human 

immunodeficiency virus or Epstein-Barr virus). In embodiments, the virus is a respiratory virus, 

such as respiratory syncytial virus, influenza, parainfluenza, adenovirus, or a picornavirus. In 

embodiments, the immunocompromised subject has acquired immunodeficiency syndrome 

(AIDS). In embodiments, the immunocompromised subject is a person living with human 

immunodeficiency virus (11V). In embodiments, the iminunocompromised subject is 

immunocompromised due to a treatment regiment designed to prevent inflammation or prevent 

rejection of a transplant. In embodiments, the immunocompromised subject is a subject who has 

received a transplant. In embodiments, the immunocompromised subject has undergone radiation 

therapy or a splenectomy. In embodiments, the imimunocompromised subject has been diagnosed 

with cancer, an autoimmune disease, tuberculosis, a substance use disorder (e.g., an alcohol, 
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opioid, or cocaine use disorder), stroke or cerebrovascular disease, a solid organ or blood stem cell 

transplant, sickle cell disease, thalassemia, autoimmune lymphoproliferative syndrome (ALPS), 

autoimmune polyglandular syndrome type I (APS-1), B-cell expansion with NF-B and T-cell 

anergy (BENTA) disease, Caspase-8 deficiency state (CEDS), chronic granulomatous disease 

(CGD), common variable immunodeficiency (CVID), congenital neutropenia syndromes, a 

deficiency in the cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4), a DOCK8 deficiency, a 

GATA2 deficiency, a glycosylation disorder with immunodeficiency, a hyper-immunoglobulin E 

syndrome hiesS), hyper-immunoglobulin M syndrome, diabetes, type I diabetes, type 2 diabetes, 

interferon gamma deficiency, interleukin 12 deficiency, interleukin 23 deficiency, leukocyte 

adhesion deficiency, lipopolysaccharide-responsive beige-like anchor (LRBA) deficiency, P13 

kinase disease, PLCG2-associated antibody deficiency and immune dysregulation (PLAID), 

severe combined inmunodeficiency (SCID), STAT3 dominant-negative disease, STAT3 gain-of

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

syndrome, Wisckott-Aldrich syndrome (WAS), X-linked agammaglobulinemia (XLA), X-linked 

lymphoproliferative disease (XLP), uremia, malnutrition, or XMEN disease. In embodiments, the 

immunocopromised subject is a current or former cigarette smoker. In embodiments, the 

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

defect, phagocyte deficiency, phagocyte dysfunction, complement deficiency or a combination 

thereof 

[0100] In embodiments, the subject is overweight or obese. In embodiments, an overweight 

subject has a body mass index (BMI)1 25 kg/i 2 and < 30 kg/m2 . In embodiments, an obese subject 

has a BMI that is > 30 kg/mn 2. In embodiments, the subject has a mental health condition. In 

embodiments, the mental health condition is depression, schizophrenia, or anxiety.  

[0101] As used herein, the term pharmaceuticallyy acceptable" means being approved by a 

regulatory agency of a US. Federal or a state government or listed in the U.. Pharmacopeia, 

European Pharmacopea or other generally recognized pharmacopeia for use in mammals, and 

more particularly in humans. These compositions can be useful as a vaccine and/or antigenic 

compositions for inducing a protective immune response in a vertebrate.  

[01021 As used herein, the term "about" means plus or minus 10% of the indicated numerical 

value.  

23



WO 2022/203963 PCT/US2022/020974 

101031 As used herein, the term"NVX-CoV2373" refers to a vaccine composition comprising 

the BV2373 Spike glycoprotein (SEQ ID NO: 87) and Fraction A and Fraction Ciscom matrix 

(e.g., MATRIX-MmT").  

[01041 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 S polypeptide. The location 

of a modification within a CoV S polypeptide can be determined based on aligning the sequence 

of the polypeptide to SEQ ID NO: I (CoV S polypeptide containing signal peptide) or SEQ ID 

NO: 2 (mature CoV S polypeptide lacking a signal peptide).  

101051 The term variant of SARS-CoV-2 used interchangeablyherein with a "heterogeneous 

SARS-CoV-2 strain" is a SARS-CoV-2 virus comprising a CoV S polypeptide having at least 

about 2, at least 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 IC), at least aboutI 1, 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 least about 

19, at least about 20, at least about 21, at least about 22, at least about 23, at least about24, at least 

about 25, at least about 26, at least about 27, at least about 28, at least about529, at least about 30, 

at least about 31, at least about 32, at least about 33, at least about 34, or at least about 35 

modifications, between about 2 and about 35 modifications, between about 5 and about 10 

modifications, between about 5 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 about 45 

modifications, as compared to a CoV S polypeptide having the amino acid sequence of SEQ D 

NO: I or SEQ D NO: 2. In embodiments, the heterogeneous SARS-CoV-2 strain is a SARS-CoV

2virus comprising a CoV S polypeptide with at least about 70 %, at least about 75 %, at least 

about 80 O, at least about 85 ,at least about 90 %, at least about 95 O, at least about 96 %, at 

least about 97 %, at least about 98 %, or at least about 99N %identity to a CoV S polypeptide having 

the amino acid sequence of SEQ ID NO: I or SEQ ID NO: 2. In embodiments, the heterogeneous 

SARS-CoV-2 strain is a SARS-CoV-2 virus comprising a CoV S polypeptide with between about 

70 % and about 99.9 % identity to a CoV S polypeptide having the amino acid sequence of SEQ 

ID NO: I or SEQ ID NO: 2. In embodiments, the heterogeneous SARS-CoV-2 strain is a SARS

CoV-2 virus comprising a CoV S polypeptide with between about 70 % and about 99.5 o identity 

to a CoV S polypeptide having the amino acid sequence of SEQ ID N: I or SEQ ID NO: 2. In 
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embodiments, the heterogeneous SARS-CoV-2 strain is a SARS-CoV-2 virus comprising a CoV 

S polypeptide with between about 90 % and about 99.9 %identity to a CoV S polypeptide having 

the amino acid sequence of SEQ ID NO: I or SEQ ID NO: 2. In embodiments, the heterogeneous 

SARS-CoV-2 strain is a SARS-CoV-2 virus comprising a CoV S polypeptide with between about 

90 % and about 99.8 % identity to a CoV S polypeptide having the amino acid sequence of SEQ 

ID NO: I or SEQ ID NO: 2. In embodiments, the heterogeneous SARS-CoV-2 strain is a SARS

CoV-2 virus comprising a CoV S polypeptide with between about 95 % and about 99.9 % identity 

to a CoV S polypeptide having the amino acid sequence of SEQ ID NO: I or SEQ 1D NO: 2. In 

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

S polypeptide with between about 95 % and about 99.8 % identity to a CoV S polypeptide having 

the amino acid sequence of SEQ ID NO: 1 or SEQ ID NO: 2. In embodiments, the heterogeneous 

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: I or SEQ ID NO: 2.  

[01061 The term "B. , 1.7 SARS-CoV-2 strain" (also referred to as an "alpha" strain) refers to 

a heterogenous SARS-CoV-2 strain having a CoV S polypeptide comprising deletions of amino 

acids 69, 70, and 144 and mutations of N501Y, A570D, D614G, P681H or P681R, T716, S982A, 

and DIl18H, 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 ID NO: . The CoV S polypeptide 

of a B.1.1,7 SARS-CoV-2 strain may optionally contain a deletion of amino acid 145, mutation of 

E484K, L432R, or S494P, or a combination thereof.  

[0107] The term "B.1.351 SARS-CoV-2 strain" (also referred to as a "beta" strain) refers to a 

heterogenous SARS-CoV-2 strain having a CoV S polypeptide comprising mutations of D80A, 

K417N, E484K, N501Y, D614G, and A701V, 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 ID 

NO: 1. The CoV S polypeptide of a B.1.617.2 SARS-CoV-2 strain may optionally contain one or 

more of the following mutations: D215G; L24211; R2461; or deletion of 1, 2, or 3 amino acids of 

241-243, 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 ID NO: 1. In embodiments, the beta strain's 

CoV S polypeptide comprises mutations of D80A, D215G, L242-, K417N, E484K, N501Y, 

D614G, and A701V, wherein the CoV S polypeptide is numbered with respect to the wild-type 
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SARS-CoV-2 S polypeptide having the amino acid sequence of SEQ ID NO: 1. In embodiments, 

the beta strain's CoV S polypeptide comprises mutations of D80A, D215G, deletion of 1, 2, or 3 

aminoacids of amino acids 241-243, K417N, E484K, N501Y, D614G, and A701V, 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 ID NO: 1. In embodiments, the beta strain comprises mutations 

of D80A, L242H, R246I, N501Y, K417N, E484K, D614G, and A701V, 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 ID NO: 1.  

101081 The term "P.1 SARS-CoV-2 strain" (also referred to as a "gamma" strain) refers to a 

heterogenous SARS-CoV-2 strain having a CoV S polypeptide containing the mutations L18F, 

T20N, P26S, D138Y, R190S, K417T, E484K, N501Y, D614G, H655Y, T10271, and V11761, 

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 ID NO: 1.  

[0109] The term "Cal20C SARS-CoV-2 strain" refers to a heterogeneous SARS-CoV-2 strain 

having a CoV S polypeptide containing the mutations S131, W152C. and L452R, wherein the CoV 

S polypeptide is numbered with respect to the wild-type SAR-S-CoV-2 S polypeptide having the 

amino acid sequence of SEQ ID NO: 1.  

[0110] The term "B.1(617.2 strain" (also referred to as "delta" strain) refers to a heterogeneous 

SARS-CoV-2 strain having a CoV S polypeptide comprising deletions of amino acids 157 and 158 

and mutations of T19R, E156G, L452R, T478K, D614G, P681R, and D950N, wherein the CoV S 

polypeptide is numbered with respect to the wild-type SARS-CoV-2 S polypeptide having the 

aminoacid sequence of SEQ ID NO: 1. The CoV S polypeptide of a B.1.6172 SARS-CoV-2 strain 

may optionally contain one or more of the following mutations: Gl42D; W64H; H66W; V70F 

T95; Yl451H; D2I13V L214R; A222V; W2581 or W258L; K417N; N439K; E484K or E484Q; 

N501Y; and Q6131, 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 ID NO: 1. In embodiments, 

the delta strain comprises a CoV S polypeptide comprising deletions of amino acids 157 and 158 

and mutations of T9R,G142D, E156G, L452R, T478K, D614G, P681R, and D950N. In 

embodiments, the delta strain comprises a CoV S polypeptide comprising deletions of amino acids 

157 and 158 and mutations of T19R, T95i, G142D, Y45H, E156G, A222V, K417N L452R, 

T478K, D614G, P681R, and D950N, wherein the CoV S polypeptide is numbered with respect to 
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the wild-type SARS-CoV-2 S polypeptide having the amino acid sequence of SEQ ID NO: 1. In 

embodiments, the delta strain comprises a CoV S polypeptide comprising deletions of amino acids 

157 and 158 and mutations of T19R, G142D, El56G, W2581, K417N, N439K, L452R, T478K, 

E484K, N501Y, D614GI 681R, and D950N, 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 ID 

NO: 1. In embodiments, the delta strain comprises a CoV S polypeptide comprising deletions of 

amino acids 157 and 158 and mutations ofT19R W64H,H66W, G142D, El56G, D213, L214R, 

W258I, K417N, N439K, L452R, T478K, E484K, N501Y, D614G, P681R, and D950N, 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 ID NO: I. In embodiments, the delta strain comprises a 

CoV S polypeptide comprising deletions of amino acids 157 and 158 and mutations ofT9R, 

G142D, Ei56G, K417N, L452R, T478K, E484Q, D614G, P681R, and D950N, 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 ID NO: 1, 

[01111 The term "B.1 525 strain" (also referred to as "eta" strain) refers to a heterogeneous 

SAR-S-CoV-2 strain having a CoV S polypeptide containing the mutations Q52R; A67V; E484K; 

D614G; Q677H; F888L; and deletion of 1, 2, 3, or4 of amino acids 69, 70, 144, 145, 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 ID NO: 1.  

[0112] The term "B.1.526 strain" (also referred to as "iota" strain) refers to a heterogeneous 

SARS-CoV-2 strain having a CoV S polypeptide containing the mutations L5F; T95I; D253G; 

E484K; D614G; and A701V, 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 ID NO: 1.  

[0113] The term "B.1.617.1 strain" (also referred to as "kappa" strain) refers to a 

heterogeneous SARS-CoV-2 strain having a CoV S polypeptide containing the mutations L452R; 

E484Q; D614G; I68iR; and Q1071H, 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 ID NO: 1.  

[0114] The term "C.37 strain" (also referred to as "lambda" strain) refers to a heterogeneous 

SARS-CoV-2 strain having a CoV S polypeptide containing the mutations G75V; T76; R246N; 

L452Q; F490S; D614G;T859N; and deletion of 1, 2, 3, 4,5, or 6 of amino acids 247-253, wherein 
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the CoV S polypeptide is numbered with respect to the wild-type SARS-CoV-2 S polypeptide 

having the amino acid sequence of SEQ ID NO: 1.  

10115] The term "B.1.621 strain" (also referred to as"mu" strain) refers to a heterogeneous 

SARS-CoV-2 strain having a CoV S polypeptide containing the mutations T95,I Y44S; Y145N; 

1R346K; E484K; N501Y, D614G; P6811; and D950N, 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 ID NO: 1.  

[01161 The term "efficacy" of an immunogenic composition or vaccine composition described 

herein refers to the percentage reduction of disease (e.g., COVID-19) in a group administered an 

immunogenic composition as compared to a group that is not administered the immunogenic 

composition. In embodiments, efficacy (E) is calculated using the following equation: E (%)= (1 

- RR) x 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 embodiments, immunogenic compositions described herein have an efficacy against a SARS

CoV2 virus or heterogeneous SARS-CoV-2 strain that is 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 

o, at least about 85 %, at least about 90 o, at least about 91 %, at leastabout92,atleastabout 

93 o, at least about 94. %, at least about 95 %, at least about 96 %, at least about 97 %, at least 

about 98 %, at least 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 98t%, between 

about 70 % and about 98t%, between about 70 % and about 95o, between about 70 % and about 

99 %, between about 80 t and about 99t%, between about 80 oand about 98 ,between about 

80 % and about 95t , between about 85 o and about 99 %, between about 85 t and about 98 %, 

between about 85 o and about 95 %, between about 90 tand about 95t , between about 90 o 

and 98 ,or between about 90t oand about 99 % 

10117] A subject that is "positive" for SARS-CoV-2 or a variant thereof has a positive PCR 

or serological 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 

antibodies against a SARS-CoV-2 protein, typically the nucleocapsid protein from SARS-CoV-2 

or a variant thereof.  

28



WO 2022/203963 PCT/US2022/020974 

10118] The term "asymptomatic" refers to a subject that is positive for SARS-CoV-2 or a 

SARS-CoV-2 variant thereof, but does not experience any symptoms of COVID-19.  

101191 Theterm "mild" as itrefers to COVID-19 refers to a subjectthathas a positive PCRor 

serological test for SARS-CoV-2 or a variant thereof and has one or more of the following 

symptoms: (i) fever; (ii) new onset cough; (iii) 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, vomiting, or diarrhea.  

101201 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 or more of the following 

symptoms: (i) a high fever of > 38.4 C for three or more days; (ii) any evidence of significant 

lower 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); (c) SpO2 of 

94 % to 95 %; (d) an abnormal chest x-ray or computerized tomography (CT) consistent with 

pneumonia or LRTI; or (e) adventitious sounds on lung auscultation (e. crackles/rales, wheeze, 

rhonchi, pleural rub, stridor).  

[01211 The term "severe"as it refers to COVID-19 refers to asubject 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 > 330 breaths per minute at rest; (ii) resting heart rate of > 125 beats 

perminute;(iii)SpO2 of < 93% or Pa2/FiO2 < 300 mmlg; (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 ventilation or extracorporeal membrane oxygenation (ECMO); (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; (c) acute hepatic 

failure; (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 blood pressure (DBP) or < 60 mmHg); 

(f) acute stroke (ischemic or hemorrhagic); (g) acute throinbotic event, such as acute myocardial 

infarction (AMI), deep vein thrombosis (DVI), or pulmonary embolism (PE); (h) a requirement 

for vasopressors, systemic corticosteroids, or hemodialysis; (vii) admission to an intensive care 

unit; or (viii) death.  
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Vaccine Conpositions Containing Coronavirus (CoV)9Spike (S)9proteins 

[01221 The disclosure provides non-naturally occurring coronavirus (CoV) Spike (S) 

polypeptides, nanoparticles containing CoV S polypeptides, and immunogenic compositions and 

vaccine compositions containing either non-naturally occurring CoV S polypeptides or 

nanoparticles containing CoV S polypeptides. In embodiments, provided herein are methods of 

using CoV S polypeptides, nanoparticles, immunogenic compositions, and vaccine compositions 

to stimulate an immune response.  

[01231 Also provided herein are methods of manufacturing the nanoparticles and vaccine 

compositions. Advantageously, the methods provide nanoparticles that are substantially free from 

contamination by other proteins, such as proteins associated with recombinant expression of 

proteins in insect cells. In embodiments, expression occurs in baculovirus/Sf9 systems.  

CoV S Polypeptde Anigens 

101241 The vaccine compositions of the disclosure contain non-naturally occurring CoV S 

polypeptides. 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 CoV S polypeptide is derived from a variant of SARS-CoV-2. In embodiments, 

the variant of SARS-CoV-2 is SARS-CoV-2 VUI202012/01, B.1,1.7 (also called "501Y.Vi" and 

"alpha"), B.1.351 (also called "501Y.V2" and "beta"), B, 1.6172 (also called "delta"), Ca.20C 

(also called "epsilon"), or P,1 (also called "gamma"). The variant of SARS-CoV-2 is designated 

by a World Health Organization (WHO) label g.alpha, beta, gamma, delta, etc.), by its 

Phylogenetic Assignment of Named Global Outbreak (PANGO) lineage, by its GISAID clade, or 

by its Nextstrain clade.  

[01251 The table below provides a list of variant SARS-CoV-2 strains: 

WHO label Modifications Optional 

Pango GISAID coinpared to Modifications 
Pag Nextstrain clade SEQ ID NO: I compared to 

SEQ ID NO: 1 
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Deletion of Deletion of 
amino acids 69 amino acid 
and 70; 145;E484K; 
deletion of L432R; S494P 
amino acids 
144; N501Y 

Alpha B.1.i.7 GRY 201 (V1) A570D; 
D614G; 
P681H or 
P681R, T716I: 
S982A; and 
D1118H 

D215G; 
L242H; 
R2461; 

D80A - Deletion of1, 

Beta B.1351 GH 1501YV2 20H(V2) K417N 2, or 3 amino 
E484K; cids of 241
N501Y 243 
D614G 
A701\V 

L18F;'T20N; 
P26S;D138Y; 
R190S; 
K417T; 

Gamma P 1 GR/501YV3 20J (V3) N484K 
N5OlY
D614G; 
H655Y; 
T10271; and 
V1176F 

TI9R; E156G; G142D; 
deletion of W64H; H66W; 
amino acids V70FT9I 
157 and 158; Y145H; 
L452R; D213 V; 
T478K; L214R; 

Delta B.1.617.2 G/478K.Vl 21A, 21I, 2iJ D614G; A2 22V 
P681R; W258I or 
D950N W258L; 

K417N; 
N439K; 
E484K or 

E484Q; 
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N501Y; 
Q6131-1 

Q52R; A67V; 
deletions of 
amino acids 
69-70; 

Eta B 1.525 deletions of 
amino acids 
144-145 
E484K; 
D614G; 
Q677H; FSSSL 
L5F, T9 51, 
D253G; 

Iota B 1.526 E484K; 
D614G, 
A701V 

L452R; 
E484Q; 

Kappa B.16171 D614G; 
P681R; 
Q1071H 
G75V T761, 
R246N, 
deletion of 1 
2,3,4, 5,or6 

Lambda C. 37 amino acids of 
?47-2 53; 
L452Q; 
F490S; 
D614G, 
T859N 

T95I; Y 144S; 
Y145N; 
R346K; 

\4i B.1.621 E484K, 
N501Y, 

D614G; 
P681H;1 
D950N 
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[01261 In embodiments, the SARS-CoV-2 virus has a CoV S polypeptide having the amino 

acid sequence of SEQ [D NO: 1, and the variant of SARS-CoV-2 comprises a CoV S polypeptide 

having at least about 1, at least about2, at least 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 least about 19, at least about 20, at least about 21, at least about 22, at least 

about 23, at least about 24, at least about 25, 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 about 32, at least about 33, at least 

about 34, at least about 35 modifications, at least about 36, at least about 37, at least about 38, at 

least about 39. at leastabout 40, at least about41, at least about 42, at least about 43, at least about 

44, at least about 45, at least about46, at least about 47, at least about 48, at leastabout 49, at least 

about 50, at least about 51, at least about 52, at least about 53, at least about 54, at least about 55, 

at least about 56, at least about 57, at least about 58, at least about 59, or at least about 60 

modifications compared to SEQ ID NO: 1.  

[0127] In contrast to the SARS-CoV S protein, the SARS-CoV-2 S protein has a four amino 

acid insertion in the S1/S2 cleavage site resulting in a polybasic RRAR furin-like cleavage motif.  

The SARS-CoV-2 S protein is synthesized as an inactive precursor (SO) that is proteolytically 

cleaved at the furin cleavage site into Sl and S2 subunits which remain non-covalently linked to 

form prefusion trimers. The S2 domain of the SARS-CoV-2 S protein comprises a fusion peptide 

(FP), two heptad repeats (IR] and HR2), a transmernbrane (TM) domain, and a cytoplasmic tail 

(CT). The Si domain of the SARS-CoV-2 S 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 SDI 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.  

[0128] In embodiments, the CoV S polypeptides are glycoproteins, due to post-translational 

glycosylation. The glycoproteins comprise one or more of a signal peptide, an Si subunit, an S2 

subunit, a NTD, a, RBD, two subdornains (SDI and SD2, labeled SDI/2 in Figs. 46A-B and 

referred to as "SD1/2" herein), an intact or modified fusion peptide, an HRi domain, an HR2 

domain, a TM, and a CD. In embodiments, the amino acids for each domain are given in Fig. 2 
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and Fig. 46A (shown according to SEQ ID NO: 1), Fig. 46B (shown according to SEQ ID NO: 2), 

and Fig. 3 (shown corresponding to SEQ ID NO: 1). In embodiments, each domain may have at 

least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96 %,at 

least 97%, at least 98 %,at least 99%, or at least 99.5% identity to the sequences for each domain 

as in SEQ ID NO: 1 or SEQ ID NO: 2. Each 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 5, up to about 10, up to 

about 20, up to about 30, up to about 35, up to about 40, up to about 45, up to about 50, up to about 

55, up to about 60, up to about 65, or up to about 70 amino acids compared to those shown in SEQ 

ID NO: I or SEQ ID NO: 2. Each 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 

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

amino acids, between about 12 and about 17amino acids, between about 15 and about 20 amino 

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

between about 22 and about 27 amino acids, between about 25 and about 30 amino acids, between 

about 30 and about 35 amino acids, between about 35 and about 40 anino acids, between about 

40 and about 45 amino acids, between about 45 and about 50 amino acids, between about 50 and 

about 55 amino acids, or between about 55 and about 60 amino acids as compared to those shown 

in SEQ ID NO: 1 or SEQ ID NO: 2. Note that Figs. 2 and 3 illustrate the 13-amino acid N-terminal 

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 (S) polypeptide.  

[0129] In embodiments, the native CoV Spike (S) polypeptide (SEQ ID NO: 2) is modified 

resulting in non-naturally occurring CoV Spike (S) polypeptides (Fig. 1). In embodiments, the 

CoV Spike (S) glycoproteins comprise a S1 subunit and a S2 subunit, wherein the SI subunit 

comprises an NTD, an RBD, a SDI/2, and an inactive furin cleavage site (amino acids 669-672), 

arid wherein the S2 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 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; 

(b) insertion of 1, 2, 3, or 4 amino acids after amino acid 132; and 
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(c) mutation of one or more amino acids 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, 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 one or more amino acids 

selected from the group consisting of 557, 600, 601, 642, 664, 668, and combinations thereof; and 

wherein the S2 subunit optionally 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; 

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

846, 875, 937, 969, 973, 974, 1014, 1058, 1105, and 1163 and combinations thereof; and 

(c) deletion of one or more amino acids from the transmembrane and cytoplasmic domain 

(TMCT) (arnino acids 1201-1260), 

wherein the amino acids of the CoV S glycoprotein are numbered with respect to SEQ ID NO: 2.  

[0130] Fig. 3shows a CoV S polypeptide called BV2378, which has an inactive furin cleavage 

site, deleted fusion peptide (eg., deletion of amino acids 819-828), a K986P, and a V987 mutation, 

wherein the amino acids are numbered with respect to SEQ ID NO: 1. The mature BV2378 

polypeptide lacks one or more amino acids of the signal peptide, which are amino acids 1-13 of 

SEQ I NO: 1.  

[0131] In embodiments, the CoV S 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) and2D class averaging. A reduction in electron density corresponds 

to a flexible domain.  

CoV SPolvpeptide Antigens-Modifications to SI subunit 

[01321 In embodiments, the CoV S polypeptides contain one or more modifications to the Si 

subunit having an amino acid sequence of SEQ ID NO: 121.  

[01331 The amino acid sequence of the SI subunit (SEQ ID NO: 121) is shown below.  
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QCVNLTTRTQLPPAYTNSFI'RGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIIIVSGT 

NGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKV('EF 

QFCNDPFLGVY_'HKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNFKNLRE 

FVFKNIDGYFKIYSKI-ITPINLVRDLPQGFSALEPLVDLPIGINILTRFQTLLALI-IRSYLTPGD 

SSSGWTAGAAAYYVGYLQPRTFLLKYNEN(I'ITDAVDCALDPLSETKCTLKSFTVEKGI 

YQTSNFRVQPTESIVRFPNISNLCPFGEVFNATRFASVYANRKRISNCVADYSV LYNSA 

SFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQAPGQTGKIADYNYKLPDDFTGC 

VIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFP 

LQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGT 

GVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAV 

LYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVNNSYECDIIGAG 

CASYQTQTNSPRRAR 

[01341 Underlined regions of SEQ ID NO: 121 represent amino acids within the S Isubunit 

that may be modified.  

[01351 In embodiments, the CoV S polypeptides described herein comprise an Si subunit with 

at least 95%, at least 96 %, at least 97%, at least 98 %, at least 99%, or at least 99,5 %, identity to 

the S] subunit of SEQ ID NO: I or SEQ ID NO: 2. The Si 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 5, 

up to about 10, up to about 15, up to about 20, up to about 25, or ip to about 30 amino acids 

compared to the amino acid sequence of the S1 subunit of SEQ ID NO: I or SEQ ID NO: 2. The 

S1 subunit may have a deletion, an insertion, or mutation of between about I and about 5 amino 

acids, between about 3and about 10 arnino acids, between about 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 

aminoacids as compared to the S1 subunit of SEQ ID NO: I or SEQ ID NO:2.  

[0136] In embodiments, the Si subunit may contain any combination of modifications shown 

inTable IA.  

Table IA 

Modifications to SI(SEQ IDNO:121) 
amino acids 14685 of SEQIDNO: Iandamino acids 1-672of SEQ-NO;2 
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Position Position Position Potential Modifications 
within Within within 

SEQ ID SEQ ID SEQ ID 
NO: I NO: 2 NO: 121 
14-305 1-292 1-292 * deletion of up to about 1, 2, 3, 4, 5, 10 20, 30, 40, 50 

60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160 170 
10 190, 200, 210, 220, 230, 240, 250, 260 270 280 
290, or292 amino acids 

18 5 5 * mutation to phenylalanine 
0 mutation to tyrosme 
o mutation to tryptophan 

19 6 6 mutation to arginine 
* mutation to lysine 
* mutation to histidine 

20 7 7 mutation to asparagine 
* mutation to glutamine 

* mutation to isoleucine 
0 mutation to vailne 

26 13 13 * mutation to serine 
o mutation to threonine 

52 39 39 * mutation to arginine 
* mutation to lysMine 
* mutationto histidine 

64 51 51 * mutation to histidine 
* mutation to lysine 
* mutation to arginine 

66 53 53 * mutation to tryptophan 
* mutation to tyrosme 

o mutation to plienylalanine 
67 54 54 mutation to valine 

mutation to isoleucine 
mutation to leucine 

69 56 56 * Deletion of amino acid 
57 57 * Deletion of amino acid 

Mutation to phenvialanine 
Mutation to tyrosine 

Mutation to tryptophan 

75 62 62 Mutation to valine 
* Mutation to leucine 
* Mutation to isoleucine 

76 63 63 * Mutation to isoleucine 
* Mutation to value 
* Mutation to leucine 

80 67 67 * mutation to alanine 
mutation to glycine 

95 82 32 * mutation to beta branched amino acid 
*mutation to isoIeucine 
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munitation to vame 
138 125 125 mutation totrosine 

mutation to phenylalanine 
mutation to tryptophan 

142 129 129 * mutation to asparticacid 
* mutation to glutamic acid -------- ------------ :uaiai 

144 131 131 0 Deletion of amino acid 
* Mutation to serine 

145 132 132 • Deletion of amino acid 
Mutation to histidine 
Mutation to asparagine 
Mutation to glutamine 
insertion of 1, 2,3, or 4 amino acids after amino acid 
132 (e., asparagine) 

146 133 133 * mutation to aromatic amino acid 
0 mutation to tyrosne 
o mutation to phenlalanine 

mutatign to trohan 
152 139 139 0 mutation to cysteine 

* mutation to methionine 
* mutation to serine 
0 mutation to threonine 

156 143 143 * mutation to glycine 
mutation to alamne 

157 144 144 * deletion of amino acid 
158 145 145 * deletion of amino acid 
190 177 177 * mutation to serine 

0 mutation to threonine 
* mutation to cysteme 

21 200 200 * mutation to valine 
* mutation to leucie 
* mutation to isoleucine 

* mutation to beta branched amino acid 
214 201 201 mutation to arginine 

0 mutation to lysine 
o mutation to histidine 

215 202 202 * mutation to glycine 
* mutation to alanine 

222 209 209 * mutation to valine 
* mutation to leucine 
* mutation to isoleucine 

241-244 228-231 228-231 * deletion of 1,2, 3, or 4 amino acids 

242 229 229 * mutation to histidine 
mutation to lysine 

* mutation to arginme 

246 233 233 mutation to beta-branched amino acid 
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mutation to isoleucine 
mutation to valine 

* mutation to threonine 
* mutation to asparagine 

247 234 234 e deleion ofaminoacid 
248 235 235 0 deletion of amino acid 
249 236 236 * deletion of amino acid 
250 237 237 * deletion of amino acid 
251 238 238 * deletion of amino acid 
252 239 239 * deletion of amino acid 
253 240 240 0 mutation to gveine 

* deletion of amio acid 
258 245 245 0 mutation to isoleucine 

0 mutation to valine 
* mutation to leucine 
* mutation to beta branched amino acid 

346 333 333 0 mutation to lysine 
0 mutation to argmmine 
_ mutation to histidine 

417 404 404 0 mutation to asparagine 
mutation to threomine 
mutation to isoleucine 
*mutation to valine 

a mutation to serine 
0 mutation to glutamine 

mutation to beta-branched amino acid 
432 419 419 0 mutation to lysine 

0 mutation to arginine 
* mutation to histidme 

439 426 426 * mutation to lysine 
* mutation to arginine 
* mutation to histidine 

452 439 439 * mutation to arginine 
* mutation to lysine 
0 mutationtohistidine 
* mutation to gilutamnine 
* mutation to asparagine 

453 440 440 * mutation to phenvialanine 
0 mutation to trptophan 

477 464 464 * mutation to asparagine 
0 mutation to glutamine 

478 465 465 0 mutation to lysine 
0 mutation to arginine 
* mnutationtLohistidine 

484 471 471 0 mutation to lysine 
0 mutation to argimne 
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mutation to histidine 
o mutation to gutamine 
* mutation to asparagmne 

490 477 477 mutation to serine 
* mutaLiontothreoine 

494 1 4891 481 0 mutationtoproline 
501 488 488 v mutation to tyrosine 

* mutation to phenylalanine 
* mutation to tryptoplian 

570 557 557 0 Mutation to aspartic acid 
0 Mutation to lutamic acid 

613 600 600 * Mutation to histidine 
0 Mutation Lo sMine 
o Mutation to arginine 

614 601 601 Mutation to glycie 
* Mutation to alanine 

655 642 642 * Mutation to tvrosine 
* Mutation to phenylalanine 
0 Mutation to tryptophan 

67 7 664 664 o Mutation to histidine 
681 668 668 e Mutation to histidine 

* Mutation to ilsine 
* Mutation toarinine 

682-685 | 669-672 669-672 | inactive fuin cleavage site (See Table IE) 

CoVSPolypeptideAntirns-lodifications to S7 subunit- NTD 

[01371 In embodiments, the CoV S polypeptides contain one or more modifications to the 

NTD. In embodiments, the NTD has an amino acid sequence of SEQ ID NO: 118, which 

corresponds to amino acids 14-305 of SEQ ID NO: 1 or amino acids 1-292 of SEQ ID NO: 2.  

[01381 The amino acid sequence of an NTD (SEQ ID NO: 118) is shown below.  

QCVNLTTRTQLPPAYTNSFTRGVYYPDKVFR-SSVLHSTQDLFLPFFSNVTWFHAIHVSGT 

NGTKRFDNPVLPFNDGVYFASTEKSNIIRGIIFGTTLDSKTQSIIVNNATNVVIKVCEF 

QFCNDPFLGVYY-HKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLFEGKQGNFKNLRE 

FVFKNIDGYFKIYSKHTPININRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGD 

SSSGWTAGAAAYYVGYLQPRTFILKYNENGTITDAVDCALDPLSETKCTLKS 

[0139] In embodiments, the NTD has an amino acid sequence of SEQ ID NO: 45, which 

corresponds to amino acids 14 to 331 of SEQ ID NO: I or amino acids 1-318 of SEQ ID NO: 2.  

The amino acid sequence of an NTD (SEQ ID NO: 45) is shown below.  
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10140] QCVNLTTRT'QLPIPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTVWFI 

AlIV'SGTNGTKRFDNPVLPFNDGVYFAS'EKSNIIRGWIFGTTLDSKTQSLLIVNNATNV 

VIKVCEFQFCNDIFLGVYY1HKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQG 

NFKNLREFVFKNIDGYFKIYSKI-LTPlINLVRDLPQGFSALEPLVDLPIGCINITRkFQTLLALHR 

SYLTPGDSSSGWTAGAAAYYVGYLQPRI'FLLKYNENGTITDAVDCALDPLSE'KCTLKS 

FTVEKGIYQTSNFRVQPTESIVRFPN 

101411 In embodiments, the NTD and RBD overlap by up to about 1 amino acid, up to about 

5 amino acids, up to about 10 amino acids, or up to about 20 amino acids.  

101421 In 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 amino acids.  

101431 In embodiments, the CoV S polypeptides described herein comprise a N D with at 

least 95%, at least 96 %, at least 97%, at least 98 %, at least 99%, or at least 99.5 %, identity to 

the NTD of SEQ ID NO: I or SEQ ID NO: 2. The NTD imay have a deletion, an insertion, or 

mutation of up to about 1, ip to about 2, up to about 3, tip to about 4, up to about 5, up to about 

10, tip 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: I or SEQ ID NO: 2. The NTD may have a 

deletion, an insertion, or mutation of between about I 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 amino acids, or between about and 30 amino acids as 

compared to the NTD of SEQ ID NO: 1 or SEQ ID NO: 2.  

[0144] In embodiments, the CoV S poypeptides contain a deletion of one or more amino acids 

from the N-terminal domain (NTD) (corresponding to amino acids 1-292 of SEQ ID NO: 2. In 

embodiments, the CoV S polypeptides contain a deletion of up to 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.  

101451 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 NO: 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 NID enhances protein expression of the CoV Spike (S) polypeptide.  
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In embodiments, the CoV S polypeptides which have an NTD deletion have amino acid sequences 

represented by SEQ ID NOS: 46, 48, 49, 51, 52, and 54. In embodiments, the CoV S polypeptides 

which have an NTD deletion are encoded by an isolated nucleic acid sequence selected from the 

group consisting of SEQ ID NO: 47, SEQ [D NO: 50, and SEQ ID NO: 53.  

101461 In embodiments, the NTD may contain any combination of modifications shown in 

Table 1B. The modifications are shown with respect to SEQ ID NO:2, the mature S polypeptide 

sequence for reference.  

Table 1B 

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

Position SEQ ID SEQ ID Modifications 
within NO: 2 NO: 121 

SEQ ID residue or SEQ ID 
NO: 1 NO: 45 

residue 
18 5 5 mutation to phenylalanine 

mutation to tyrosne 
*mutation to rvptophan 

19 6 6 *omutationtoanine 

*mutation tolsine 

*mutation to histidine 
20 7 7 mutation to asparagine 

mutation to gutamine 

mutation to isoleucine 
*mutation to valine 

26 13 13 mutation to serne 
mutation to threonine 

64 51 51 * mutation to histidine 
* mutation to lysine 
* mutation to arinnm 

66 53 53 mutation to tryptophan 
* mutation to tyrosine 

* mutation to phenylalanine 
69 56 56 * Deletion of amino acid 
70 57 57 * Deletion of amino acid 

* Mutation to phenylalanine 
* Mutation to tyrosine 
0 Mutation to tryptophan 

7 62 62 * Mutation to valine 
* Mutation to ieucine 
* Mutation to isoleucine 

7663 63 * Mutation to isoleucine 
o Mutation to valine 
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0 Mutation to leucine 
80 67 67 0 mutation to alanine 

0 mutation to glycine 
95 82 82 mutation to beta branched amino acid 

* mutation to isoleucine 
* mutation to valine 

138 125 125 mutation to tyrosine 
* mutation to phenylalanine 
* mutation to tryptophan 

142 129 129 0 mutation to aspartic acid 
0 mutation to glutamic acid 

144 131 131 * Deletion of amino acid 
SMutation to serine 

145 132 132 * Deletionof amino acid 
o Mutation to histidine 
* Mutation to asparagine 
* Mutation to glutamine 
* insertion of 1, 2, 3, or 4 amino acids after this position 

146 133 133 0 Mutation to aromatic amino acid 
0 Mutation to tvrosine 
0 Mutation to phenylalanine 
* Mutation to tryptophan 

152 139 139 0 mutation to cysteine 
* mutation to methionine 
* mutation to serine 
* mutation to threonine 
0 mutation to arinine 

156 143 143 mutation to glycine 
o mutation to alaine 

157 144 144 * deletion of amino acid 
158 145 145 * deletion of amino acid 
190 177 177 * mutation to serine 

o mutation to threonine 
* mutation to cysteine 

213 200 200 * mutation to valine 
* mutation to leucine 
* mutation to isoleucinie 
* mutation to beta branched amino acid 

214 201 201 * mutation to arginine 
Mutation to lysine 

mutation to histidine 
215 202 202 * mutation to glivne 

* mutation to alanine 
222 209 209 * mutation to valine 

* mutation to leucine 
* mutation to isoleucine 

242 229 229 * mutation to histidine 

43



WO 2022/203963 PCT/US2022/020974 

mutation tolysine 

_ mutation to arginne 

24 1244 228-231 228-2-31 0 deletion of 1, 2, 3, or 4 amino acids 
246 233 233 mutation to beta-branched amino acid 

mutation to isoleucine 
mutation to valine 

*mutation to threonine 

mutation to asparaine 
247 234 234 0 deletion of amino acid 
248 235 235 0 deletion of amino acid 
249 236 236 0 deletion of amino acid 
250 237 237 * deletion of amino acid 
251 238 238 * deletion of amino acid 

22 23 9 239 0 deletion of amino acid 
253 240 240 0 mutation to gvline 

* deletion of amino acid 
258 245 245 * mutation to isoleucine 

* mutation to valine 
* mutation to leucine 
0 mutation to beta branched amino acid 

CoVS Polypeptide Antigens- Aodifications to Si subunit- RBD 

[0147] In embodiments, the CoV S polypeptides contain one or more modifications to the 

RBD.  

[0148] In embodiments, the RBD has an amino acid sequence of SEQ ID NO: 126, which 

corresponds to amino acids 331-527 of SEQID NO: I or amino acids 318-514 of SEQID NO: 2.  

[0149] The amino acid sequence of the RBD (SEQ ID NO: 126) is shown below: 

N1TNLCPIFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLND 

LCFITNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGN 

YNYLYRLFRKSNLKPFERDISI'EIYQAGSTPCNCVEGFNCYFPLQSYGFQPTNGVGYQPY 

RVVVLSFELLHA1ATVCGP 

In embodiments, the RBD has an amino acid sequence of SEQ ID NO: 116, which corresponds to 

aminoacids 335-530 of SEQ ID NO: I or amino acids 322-517 of SEQ ID NO: 2.  

[01501 The amino acid sequence of the RBD (SEQ ID NO: 116) is shown below.  

LCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFT 
NVYADSFVIRGDEVRQIAPGQ TGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNY 
LYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVV 
VLSFELLHAPATVCGPKKS 
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101511 In embodiments, an RBD as provided herein may be extended at the N-terminus or C

terminus by up to I amino acid, up to 5 amino acids, up to 10 amino acids, up to 15 amino acids, 

up to 20 amino acids, up to 25 amino acids, or ip to 30 amino acids.  

[01521 In embodiments, the CoV S polypeptides described herein comprise a RBD with at 

least 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: I or SEQ ID NO: 2. The RBD may have a deletion, an insertion, or 

mutation of tip 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 RBD of SEQ ID NO: I 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 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 1 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: I or SEQ ID NO: 2.  

[0153] In embodiments, the CoV S polypeptide has at least one, at least two, at least three, at 

least 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 least 17, at least 18, at least 19, or at 

least 20 mutations in the RBD. In embodiments, the RBD may contain any combination of 

modifications as shown in Table 1C.  

Table IC 

Modifications to RBD (SEQ ID NO: 126) 
* amino acids 331-527 of SEQ ID NO: 1 and amino acids 318-514 of SEQ1ID NO: 2 

Position Position Position Potential Modifications 
within Within within 

SEQID SEQID SEQID 
NO:1 NO: 2 NO: 126 

46 333 16 0 mutation to lysMine 
* mutation to arginine 
* mutation to histidine 

417 404 87 0 mutation to asparagine 
* mutation to threonine 
0 mutation to isoleucine 
0 mutation to valine 
0 mutation to senne 
* mutation to glutamine 
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mutation to beta-branched amino acid 
432 419 102 * mutation to lysine 

mutation to argmne 

mutation to histidine 
439 426 109 mutation to lysine 

*mutation to arginine 
mutation to histidine 

452 439 122 *mutation to argnine 
mutation to lysine 
mutation to histidine 
mutation to glutarnine 

mutation to asparagmne 
453 440 123 * mutation to phenylalanine 

* mutationto tirtopha 
477 464 147 * mutation to asparagine 

* mutation to glutamine 

478 465 148 * mutation tolysine 
* mutation to arginine 

* mutation to histidine 
484 471 154 * mutation to lysine 

* mutation to argmne 
* mutation to histidine 
* mutation to gutamine 
* mutation to asparagine 

490 477 160 * mutation to serine 
* mutation to threonine 

494 481 164 * mutation to proline 
501 488 171 * mutation to tyrosine 

* mutation to phenylalanine 
mutationtotryptophan 

CoV S Poll peptide Anti gens- Modifications to SD 2 

[01541 In embodiments, the CoV S polypeptides contain one or more modifications to the 

SD1/2 domain having an amino acid sequence of SEQ ID NO: 122, which corresponds to amino 

acids 542-681 of SEQ ID NO: I or amino acids 529-668 of SEQ ID NO: 2.  

[0155] The amino acid sequence of the SD1/2 (SEQD NO: 122) domain is shown below.  

NFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGT 

NTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAG(CLIGAEIVNNSY 

ECDIPIGAGICASYQTQTNSP 

[0156] In embodiments, the CoV S polypeptides described herein comprise a SD1/2 domain 

withat least 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 ID NO: I or SEQ ID NO: 2. The SDI/2 domain may have a deletion, an 
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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 ip to about 30 amino acids 

compared to the amino acid sequence of the SDI/2 of SEQ ID NO: 1 or SEQ ID NO: 2. The SD1/2 

domainmayhavea deletion, an insertion, ormutation of between about I andabout 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 amino acids, or between about 25 and 30 

amino acids as compared to the SD1/2 domain of SEQ ID NO: I or SEQ ID NO: 2.  

[01571 In embodiments, the CoV S polypeptide has at least one, at least two, at least three, at 

least 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 least 17, at least 18, at least 19, or at 

least 20 mutations in the SD1/2 domain. In embodiments, the SD1/2 domain may contain any 

combination of modifications as shown in Table ID.  

Table ID 

Modifications to SD1/2 (SEQ ID NO: 122) 
* amino acids 542-681 of SEQ ID NO: I or amino acids 529-668 of SEQ ID NO: 2 

Position Position Position Potential Modifications 
within Within within 

SEQID SEQ ID SEQ ID 
NO: 1 NO: 2 NO: 122 

570 557 29 o Mutation to aspartic acid 
- e- -utationtgigutamicacid 

613 600 600 0 Mutation to histidine 
* Mutation to lysine 
* Mutation to arginine 

614 601 73 • Mutation to glycine 
* Mutation to alanine 

655 642 114 * Mutation to tyrosine 
0 Mutation to phenylalanine 
o Mutation to tryptophian 

677 664 664 * Mutation to histidine 
681 668 140 * mutation to histidinc 

Mutationtolsine 
* Mutation to arginine 

CoV S Poipeptide Antigens- Aodificaions to Furin Cleavage Site 

[0158] In embodiments, the CoV S polypeptides contain a furin site (RRAR), which 

corresponds to amino acids 682-685 of SEQ ID NO: I or amino acids 669-672 of SEQ ID NO: 2, 
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that is inactivated by one or more mutations. Inactivation of the furin cleavage site prevents furin 

from cleaving the CoV S polypeptide. In embodiments, the CoV S polypeptides described herein 

which contain an inactivated furin cleavage site are expressed as a single chain.  

[01591 In embodiments, one or more of the amino acids comprising the native furin cleavage 

site is mutated to any natural amino acid. In embodiments, the amino acids are L-amino acids.  

Non-limiting examples of amino acids include alanine, arginine, glycine, asparagine, aspartic acid, 

cysteine, glutamine, glutamic acid, serine, threonine, histidine, lysine, methionine, proline, valine, 

isoleucine, leucine, tyrosine, tryptophan, and phenylalanine.  

101601 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 

glutamine. In embodiments, one of the arginines comprising the native furin cleavage site is 

mutated to glutamine. 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 furi 

cleavage site are mutated to glutamine.  

[01611 In embodiments, one or more of the amino 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.  

In embodiments, two of the arginines comprising the native furin cleavage site are mutated to 

alanine. In embodiments, three of the arginines comprising the native furin cleavage site are 

mutated to alanine.  

[0162] In embodiments, one or more of the amino acids in 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. In 

embodiments, two of the arginines in the native furin cleavage site are mutated to glycine. In 

embodiments, three of the arginines comprising the native furin cleavage site are mutated to 

glycine.  

[0163] In embodiments, one or more of the amino acids in 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 in the native furin cleavage site is mutated to asparagine. In 

embodiments, two of the arginines in the native furin cleavage site are mutated to asparagine. In 

embodiments, three of the arginines in the native furin cleavage site are mutated to asparagine.  
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10164] Non-limiting examples of the amino acid sequences of the inactivated furin sites 

contained within the CoV S polypeptides are found in Table IE.  

Table IE 

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

RRAR (SEQ ID NO: 6) Active 

QQAQ (SEQ ID NO: 7) Inactive 

QRAR (SEQ ID NO: 8) Inactive 

RQAR (SEQ ID NO: 9) Inactive 

RRAQ (SEQ ID NO: 10) Inactive 

QQAR (SEQ ID NO: 11) Inactive 

RQAQ(SEQID NO: 12) Inactive 

QRAQ (SEQ ID NO: 13) Inactive 

NNAN (SEQ ID NO: 14) Inactive 

NRAR (SEQ ID NO: 15) Inactive 

RRA N(SEQ IT)NO: 17) Inactive 

NNAR (SEQ ID-NO:-18) Inactive 

RNAN (SEQ ID NO: 19) Inactive 

NRAN(SEQIDNO: 20) Inactive 

AAAA (SEQ ID NO: 21) Inactive 

ARAR (SEQ ID NO: 221) Inactive 

RAA R (SEQ ID NO: 23) Inactive 

RRAA (SEQ ID NO: 24) Inactive 

AA AR (SEQ ID NO: 25) Inactive 

RAAA (SEQ ID NO: 26) Inactive 

ARA (SEQ ID NO: 27) Inactive 
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GGAG (SEQ ID NO: 28) Inactive 

GRAR(SEQ IDNO: 29) Inactive 

RGAR (SEQ ID NO: 30) Inactive 

RRAG (SEQ ID NO: 31) Inactive 

GGAR (SEQ ID NO: 32) Inactive 

RGAG (SEQ ID NO: 33) Inactive 

GRAG (SEQ ID NO: 34) Inactive 

GSAS (SEQ ID NO: 97) Inactive 

GSGA (SEQ ID NO: 111) Inactive 

101651 In embodiments, in lieu of an active furin cleavage site (SEQ ID 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 ID 

NO: 7-34 or SEQ ID NO: 97. In embodiments, the amino acid sequence of the inactivated furin 

cleavage site is QQAQ (SEQ ID NO: 7). In embodiments, the amino acid sequence of the 

inactivated furin cleavage site is GSAS (SEQ ID NO: 97). In embodiments, the amino acid 

sequence of the inactivated furin cleavage site is GSGA (SEQ ID NO: 111). In enbodiments, the 

aminos cidequence of the inactivated furin cleavage site is GG, GGG (SEQ ID NO: 127), GGGG 

(SEQ ID NO: 128), or GGGGG (SEQ ID NO: 129).  

CoVSPojipeptide Antigens- Mod.ficationstoS2 subunit 

[01661 In embodiments, the CoV S polypeptides contain one or more modifications to the S2 

subunit having an amino acid sequence of SEQ ID NO: 120, which corresponds to amino acids 

686-1273 of SEQ ID NO: I or amino acids 673-1260 of SEQ ID NO: 2.  

[0167] The amino acid sequence of the S2 subunit (SEQ ID NO: 120) is shown below.  

SVASQSIIAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDST 

ECSNLLLQYGSFCTQLNRALTG-IAVEQDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILP 

DPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTDE 

MIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNIG(VTQNVLYENQKLI ANQF 

NSAIGKIQDSLSSTASALGKLQDVVNQNAQALNTLV-KQLSSNFGAISSVLNDILSRLDKV 

EAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAATKMSECV)-QSKRVDFC(GKG 
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YFILMSFPQSAPI(VVFLH T YVPAQEKNFTTAPAICHDGKAIFPREGVFVSNG'TWFV 

'QRNFYEPQIITTDNTFVSiNCDVVCIIVNNTVYDPLQPELDSFKEELDKYFKNITSPDV 

DLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWP\VWYIWLGFIAGLLI 

AIVMVTIMLCCMTSC'CSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHYT 

101681 In embodiments, the CoV S polypeptides described herein comprise an S2 subunit with 

at least 95%, at least 96 %, at least 97%, at least 98 %, at least 99`, or at least 99.5 %, identity to 

the S2 subunit of SEQ ID NO: I or SEQ U) NO: 2. The S2 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 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 S2 subunit of SEQ ID NO: 1 or SEQ ID NO: 2. The 

S2 subunit 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 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 S2 subunit of SEQ ID NO: I or SEQ ID NO: 2.  

[01691 In embodiments, the S2 subunit may contain any combination of modifications as 

shown in Table IF.  

Table IF 

Modifications to S2 (SEQ ID NO: 120) 
*amino acids 686-1273 of SEQ ID NO: I and amino acids 673-1260 of SEQ ID NO: 2 

Position Position Position Possible Modifications 
within within within 

SEQ ID SEQ ID SEQ ID 
NO: 1 NO: 2 NO: 120 

689-698 676-685 4-13 1 Deletion of up to about 1 iup 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, or up to about 10 amino 
acids 

101 688 16 e Mutation to beta-branched amino acid 
Mutation to valine 

* Mutation to isoleucine 
* Mutation to threonine 

715-724 702-711 30-39 * Deletion of up to about 1, up to about 2, up to about, 
up to about 4, up to about 5, up to about 6, up to about 
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7, tip to about 8, up to about 9, or tip to about 10 amino 
acids 

/16 703 31 e Mutation to beta-branched amino acid 
Mutation to valine 
Mutation to isoleucine 

788-806 75793 103-121 1 Deletionof up to about 1. up to about. 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 15 up to about 16, up to about 17, up to 
about 18, or tip to about 19 amino acids 

819-828 806-815 134-143 1 Deletionof up to about 1. up to about. 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, or up to about 10 amino 
acids 

859 846 174 e Mutation to asparagine 
Mutation to iutamine 

888 875 203 Mutation to leucine 
Mutation to isoleucine 
Mutation to valine 

950 937 265 e Mutation to asparagine 
* Mutation to iutanine 

982 969 297 * Mutaion to alanine 
* Mutation to glycine 

Mutation to threonine 

986 973 301 e Mutation to proline 
* Mutation to elvcine 

987 974 302 * Mutation to proline 
o Mutation to glycime 

1027 1014 342 * e Mutation to isoleucine 
* Mutation to valine 
* Mutation to serine 

1071 1058 386 Mutation tohistidine 
* Mutatlionto arginine 
* Mutation to ilsine 

1118 1105 433 e Mutation to histidine 
* Mutation to lysine 
* Mutation to arginne 
* Mutation toasparagine 
* Mutation to glutamine 
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1176 1163 491 0 Mutation to phenylalanine 
o Mutation to tvrosine 

Mutation to tryptophan 

1214-1237 1201- 1-24 • Deletion of one or more amino acids of TM 
1224 

1238-1273 1225- 1-36 * Deletionof one or more amino acids of CD 
1260 

[01701 In embodinments, the CoV S polypeptides contain a deletion, corresponding to one or 

more deletions within amino acids 676-685 of the native CoV Spike (S) polypeptide (SEQID NO: 

2). In embodiments, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 arino acids of anino acids 676-685 of the native 

CoV Spike (S) polypeptide (SEQ ID NO:2) are deleted. In embodiments, the deletions of amino 

acids within amino acids 676-685 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 676-685 are non-consecutive e.g. amino acids 676 and 680 are deleted or anino acids 677 

and 682 are deleted. fri embodiments, CoV S polypeptides containing a deletion, corresponding to 

one or more deletions within amino acids 676-685, have an amino acid sequence selected from the 

group consisting of SEQ ID NO: 62 and SEQ ID NO: 63.  

[0171] In embodiments, the CoV S polypeptides contain a deletion, corresponding to one or 

more deletions within amino acids 702-711 of the native CoV Spike (S) polypeptide (SEQ ID NO: 

2). In embodiments, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 amino acids of amino acids 702-711 of the native 

SARS-CoV-2 Spike (S) polypeptide (SEQ ID 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 S 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 ID NO: 64 and SEQ ID NO: 65.  

[01721 In embodiments, the CoV S polypeptides contain a deletion, corresponding to one or 

more deletions within amino acids 775-793 of the native CoV S polypeptide (SEQ ID NO: 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 native SARS-CoV-2 Spike (S) polypeptide (SEQ ID NO:2) 

are deleted. In embodiments, the one or more deletions of amino acids within amino acids 775
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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 e.g. amino acids 775 and 790 are deleted or amino acids 777 and 781 are deleted.  

[01731 In embodiments, the CoV S polypeptides contain a deletion of the fusion peptide (SEQ 

ID NO: 104), which corresponds to amino acids 806-815 of SEQ ID NO: 2. In embodiments, 1, 2, 

3, 4, 5, 6, 7, 8, 9, or 10 amino acids of the fusion peptide of the CoV Spike (S) polypeptide (SEQ 

ID NO:2) are deleted. In embodiments, the deletions of amino acids within the fusion peptide are 

consecutive e.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.  

amino acids 806 and 808 are deleted or amino acids 810 and 813 are deleted. In embodiments, the 

CoV S polypeptides containing a deletion, corresponding to one or more amino acids of the fusion 

peptide, have an amino acid sequence selected from SEQ ID NOS: 66, 77, and 105-108.  

[01741 In embodiments, the CoV S polypeptides contain a imitation at Lys-973 of the native 

CoV Spike (S) 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 ID NO: 84-89, 105-106, and 109-110.  

[0175] In embodiments, the CoV S polypeptides contain a mutation at Val-974 of the native 

CoV Spike (S) polypeptide (SEQ ID NO: 2). In embodiments, Val-974 is mutated to any natural 

amino acid. In embodiments, Val-974 is mutated to proline. In embodiments, Val-974 is mutated 

to glycine. In embodiments, the CoV S polypeptides containing a mutation at amino acid 974 are 

selected from the groupconsisting of SEQ ID NO: 84-89, 105-106, and 109-110.  

[0176] In embodiments, the CoV S polypeptides contain a mutation at Lys-973 and Val-974 

of the native CoV Spike (S) 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 mutated 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.  

Co T'Solvpeptide Antigens-AModifications o0S2 subunit- HR! Domain 

[01771 In embodiments, the CoV S polypeptides contain one or more modifications to the HRI 

domain having an amino acid sequence of SEQ ID NO: 119, which corresponds to amino acids 

912-984 of SEQ ID NO: I or amino acids 889-971 of SEQ ID NO: 2.  
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10178] The amino acid sequence of the HR1i domain (SEQ ID NO: 119) is shown below.  

MAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQNAQALN 

TLVKQLSSNFGAISSVLNDILSRL 

[01791 In embodiments, the CoV S polypeptides described herein comprise an HRI domain 

with at least 95%, at least 96 %,at least 97%, at least 98 %at least 99%, or at least 99.5 %, identity 

to the HR1 domain of SEQ ID NO: I or SEQ ID NO: 2. The HRI 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 

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 HRI domain of SEQ ID NO: I or SEQ ID NO: 2. The 

HRI domain may have a deletion, an insertion, or mutation of between about I 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 amino acids, or between about 25 and 30 

amino acids as compared to the HR1 domain of SEQ ID NO: 1 or SEQ ID NO: 2.  

[0180] In embodiments, the HRI domain may contain any combination of modifications as 

shown in Table 1.  

Table IG 

Modifications to HR1 (SEQ ID NO: 119) 
amino acids 912-984 of SEQ ID NO: I and amino acids 889-971 of SEQ ID NO: 2) 

Position Position Position Possible Modifications 
within within SEQ within 

SEQ ID ID NO: 2 SEQ ID 
NO: 1 NO: 119 

982 969 81 • Mutation to alanine 
& Mutation to glvcine 

__Mutation to threonine 

CoVS Polypeptide Antigens- Modifications to S2subunit- HR2 Domain 

[0181] 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 ID NO: I or amino acids 1150-1200 of SEQ ID NO: 2.
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101821 The amino acid sequence of the HR2 domain (SEQ ID NO: 125) is shown below.  

DVDLGDISGINASVVNIQKEIDRLNEVALKNLNESLIDLQELGKYEQYIKWP 

101831 In embodiments, the CoV S polypeptides described herein comprise anll F2 domain 

withat least 95%, at least 96 %,at least 97%, at least 98 ,at least 99%, or at least 99.5 %, identity 

to the HR2 domain of SEQ ID NO: 1 or SEQ ID NO: 2. The HR2 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 

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 HR2 domain of SEQ ID NO: I or SEQ ID NO: 2. The 

HR2 domain may have a deletion, an insertion, or mutation of between about I 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 amino acids, or between about 25 and 30 

amino acids as compared to the HR2 domain of SEQ ID NO: I or SEQ ID NO: 2.  

CoV S Polypeptide Antigens- Modifications to the 1 domain 

[0184] In embodiments, the CoV S polypeptides contain one or more modifications to the TM 

domain having an amino acid sequence of SEQ ID NO: 123, which corresponds to amino acids 

1214-1237 of SEQ ID NO: 1 or amino acids 1201-1224 of SEQ ID NO: 2.  

[01851 The amino acid sequence of the TM domain (SEQ ID NO: 123) is shown below.  

WY[WLGFIAGLIAIVMVTML(CM 

[0186] In embodiments, the CoV S polypeptides described herein comprise a TM domain with 

at least 95%, at least 96t%, at least 97%, at least 98 %, at least 99%, or at least 99.5 O, identity to 

the TM domain of SEQ ID NO: 1 or SEQ ID 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 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 TM domain of SEQ ID NO: I or SEQ ID NO: 2. The 

TM domain may have a deletion, an insertion, or mutation of between about and about 5 amino 

acids, between about 3 and about 10 amino acids, between about 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 
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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 [D NO: I or SEQ ID NO: 2.  

101871 In embodiments, the CoV S polypeptides described herein lack the entire TM domain.  

In embodiments, the CoV S polypeptides comprise theTM domain.  

Co T'S Polpeptide Antigens- Alodificaions to the CT 

[01881 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 NO: I or amino acids 1225-1260 of SEQ ID NO: 2.  

101891 The amino acid sequence of the CT (SEQ U) NO: 124) is shown below: 

TSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHYT 

101901 In embodiments, the CoV S polypeptides described herein comprise a CT with at least 

95%, at least 96 %, at least 97%. at least 98 %, at least 99%, or at least 99.5 %, identity to the CT 

of SEQ ID NO: I or SEQ ID NO: 2. The CT may have a deletion, an insertion, or mutation of up 

to about 1, ip to about 2, up to about 3, up to about 4, tip 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 CT of SEQ ID NO: I or SEQ ID NO: 2. The CT may have a deletion, an insertion, 

or mutation of between about I 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 20and 25 amino acids, between about 

22and about 27 amino acids, or between about 25 and 30 amino acids as compared to the CT of 

SEQ ID NO: I or SEQ ID NO: 2.  

[0191] In embodiments, the CoV S polypeptides described herein lack a CT In embodiments, 

the CoV S polypeptides comprise the CT.  

[0192] In embodiments, the CoV S polypeptides comprise a TM and a CT. In embodiments, 

the CoV Spike (S) polypeptides contain a deletion of one or more 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 ID NO: 39. In embodiments, the CoV S 

polypeptides which have a deletion of one or more residues of the TMCT have enhanced protein 

expression. In embodiments, the CoV Spike (S) polypeptides which have one or more deletions 

from the TMCThave an amino acid sequence selected from the group consisting of SEQ ID NO:
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40, 41, 42, 52, 54, 59, 61, 88, and 89. In embodiments, the CoV S polypeptides which have one or 

more deletions from the TM-CD are encoded by an isolated nucleic acid sequence selected from 

the group consisting of SEQ ID NO: 39, 43, 53, and 60.  

CoV S Polypeptide Antigens- Non-Limiting Combinations ofMutations 

101931 In embodiments, the CoV S polypeptides contain a deletion of amino acids 56 and 57 

of the native CoV Spike (S) polypeptide (SEQ ID NO: 2).  

101941 In embodiments, the CoV S polypeptides contain deletions of amino acids 131 and 132 

of the native CoV Spike (S) polypeptide (SEQ ID NO: 2).  

101951 In embodiments, the CoV S polypeptides contain a deletion of amino acids 56 and 131 

of the native CoV Spike (S) polypeptide (SEQ ID NO: 2). In embodiments, the CoV S polypeptides 

contain a deletion of amino acids 57 and 131 of the native CoV Spike (S) polypeptide (SEQ U) 

NO: 2).  

[01961 In embodiments, the CoV S polypeptides contain a deletion of amino acids 56, 57, and 

131 of the native CoV Spike (S) polypeptide (SEQ ID NO: 2) 

[01971 In embodiments, the CoV S polypeptides contain a deletion of amino acids 56 and 132 

of the native CoV Spike (S) polypeptide (SEQ ID NO: 2).  

[01981 In embodiments, the CoV S polypeptides contain a deletion of amino acids 57 and 132 

of the native CoV Spike (S) polypeptide (SEQ ID NO: 2).  

[01991 In embodiments, the CoV S polypeptides contain a deletion of amino acids 56, 57, and 

132 of the native CoV Spike (S) poypeptide (SEQ ID NO: 2).  

[0200] In erbodiments, the CoV S polypeptides contain a deletion of amino acids 56, 57, 131, 

and 132 of the native CoV Spike (S) polypeptide (SEQ ID NO: 2).  

[0201] In embodiments, the CoV S polypeptides contain mutations that stabilize the prefusion 

conformation of the CoV S polypeptide. In embodiments, the CoV S polypeptides contain proline 

or glycine substitutions which stabilize the prefusion conformation. This strategy has been utilized 

for to develop a prefusion stabilized MERS-CoV S 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(35):E7348-E7357; Sci Rep. 2018 Oct 24;8(1):15701; U.S. Publication 

No. 2020/0061185; and PCT Application No. ICT/US2017/058370.  

102021 In embodiments, the CoV S polypeptides contain a mutation at Lys-973 and Val-974 

and an inactivated furin cleavage site. In embodiments, the CoV S polypeptides contain mutations 
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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).An exemplary CoV S polypeptide 

containing a mutation at Lys-973 and Val-974 and an inactivated furin cleavage site is depicted in 

Fig. 8. In embodiments, the CoV S polypeptides containing mutations of Lys-973 and Val-974 to 

proline and an inactivated furin cleavage site have an amino acid sequences of SEQ ID NOS: 86 

or 87 and a nucleic acid sequence of SEQ ID NO: 96.  

[02031 In embodiments, the CoV S 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 QQAQ (SEQ U) NO: 7) or GSAS 

(SEQ ID NO: 96), and deletion of one or more amino acids of the fusion peptide. In embodiments, 

the CoV S polypeptides containing mutations of Lys-973 and Val-974 to proline, an inactivated 

furin cleavage site, and deletion of one or more amino acids of the fusion peptide having an amo 

acid sequence of SEQ ID NO: 105 or 106. In embodiments, the CoV S polypeptide contains a 

mutation of Leu-5 to phenylalanine, mutation of Thr-7 to asparagine, mutation of Pro-13 to serne, 

mutation of Asp-i25 to tyrosine, mutation of Arg-'77 toserine, mutation of Lys-404 to threonine, 

mutation of Glu-471 to lysine, mutation of Asn-488 to tyrosine, mutation of His-642 to tyrosine, 

mutation of Thr-1014 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 ID NO: 96) relative to the native CoV Spike (S) polypeptide (SEQ ID NO: 2).  

[0204] In embodiments, the CoV S polypeptide contains a mutation of Trp-139 to cysteine, 

mutation of Leu-439 to arginine, 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) relative to the native CoV Spike (S) polypeptide (SEQ ID NO: 2). In embodiments, the 

CoV S 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 NO: 7) or GSAS (SEQ ID 

NO: 96) relative to the native CoV Spike (S) polypeptide (SEQ ID NO: 1).  

[0205 In embodiments, the CoV S polypeptide contains a mutation of Lys-404 to threonine 

or asparagine, mutation of Glu-471 to lysine, mutation of Asn-488 to tyrosine, mutation of Leu-5 

to phenylalanine, mutation of Asp-67 to alanine, mutation of Asp-202 to glycine, deletion of one 
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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 ID NO: 96) relative to the native CoV Spike (S) 

polypeptide (SEQ ID NO: 2).  

102061 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 

amino acid sequence of QQAQ (SEQ D NO: 7) or GSAS (SEQ ID NO: 96) relative to the native 

CoV Spike (S) polypeptide (SEQ ID NO: 2). In embodiments, the CoV S polypeptide having a 

mutation of Asn-488 to tyrosine, 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) comprises an amino acid sequence of SEQ ID NO: 112.  

[0207] In embodiments, the CoV S polypeptide contains a imitation of Asp-601 to glycine, a 

mutation of Asn-488 to tyrosine, 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) relative to the native CoV Spike (S) polypeptide (SEQ ID NO: 2). In embodiments, the 

CoV S polypeptide having a mutation of Asn-488 to tyrosine, mutations of Lys-973 and Val-974 

to proline, and an inactivated furin cleavagesite having the amino acid sequence of QQAQ (SEQ 

ID NO: 7) or GSAS (SEQ ID NO: 96) comprises an amino acid sequence of SEQ ID NO: 113.  

[02081 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 

glycine, mutation of Pro-668 to histidine, nutation 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 NO: 

7).GSAS (SEQ ID NO: 96), or GG relative to the native CoV Spike (S) polypeptide (SEQ ID NO: 

2). In embodiments, the CoV S polypeptide having 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 

glycine, mutation of Pro-668 to histidine, nutation 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 prone, and 

an inactivated furin cleavage site having the amino acid sequence of QQAQ (SEQ ID NO: 7) or 

GSAS (SEQ ID NO: 96) comprises an amino acid sequence of SEQ ID NO: 114. In embodiments, 

the CoV S polypeptide having deletion of amino acids 56, 57, and 131, mutation of Asn-488 to 
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tyrosine, 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 NO: 7) or GSAS (SEQ ID NO: 96) or GG 

comprises an amino acid sequence of SEQ ID NO: 136. In embodiments, the CoV S polypeptide 

having 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 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 GG comprises an amino acid sequence of SEQ ID NO: 137 or SEQ ID 

NO: 138. In some embodiments, the CoV S polypeptide having an amino acid sequence of SEQ 

ID NO: 114 or SEQ ID NO: 136 is encoded by a nucleic acid having a nucleic acidsequence of 

SEQ ID NO: 135. In some embodiments, the CoV S polypeptide having an amino acid sequence 

of SEQ ID NO: 137 or SEQ ID NO: 138 is encoded by a nucleic acid having a sequence of SEQ 

ID NO: 139.  

[0209] In embodiments, the CoV S 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-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 anino acid sequence of QQAQ (SEQ ID NO: 7) or 

GSAS (SEQ ID NO: 96 relative to the native CoV Spike (S) polypeptide (SEQ ID NO: 2). In 

embodiments, the CoV S polypeptide having a deletion of amino acids 56, 57, and 132, mutation 

of Asn-488 to tyrosine, a mutation of Ala-557 to asparate, 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-i 105 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 NO: 7) or GSAS (SEQ ID 

NO: 96) comprises an amino acid sequence of SEQ ID NO: 114.  

10210] In embodiments, the CoV S 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, 

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 
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furin cleavage site having the amino acid sequence of QQAQ (SEQ ID NO: 7) or GSAS (SEQ ID 

NO: 96) relative to the native CoV Spike (S) polypeptide (SEQ ID NO: 2). In embodiments, the 

CoV S polypeptide having a mutation of Asn-488 to tyrosine, mutation 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 QQAQ (SEQ ID NO: 7) or GSAS (SEQ ID NO: 96) comprises an 

amino acid sequence of SEQ ID NO: 115.  

102111 In embodiments, the CoV S polypeptide contains one or more modifications selected 

from: K973P, V974P, an inactivated furin cleavage site, deletions of amino acid 56, deletion of 

aminoacid 57, deletion of amino acid 131, N488Y, A557D, D601G, P668H, T7031, S969A, and 

DI105H, 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 inactivated furin cleavage site has 

the amino acid sequence of QQAQ (SEQ ID NO: 7). In embodiments, the inactivated furin 

cleavage site has the amino acid sequence of GG.  

[0212] In embodiments, the CoV S polypeptide contains one or more modifications selected 

from: K973P, V974P, an inactivated furin cleavage site, D67A, D202G, L229H, K404N, E471K 

N488Y, D601G, and A688V, wherein the amino acids are numbered with respect to a CoV S 

polypeptide having an anino acid sequence of SEQ ID NO: 2. In embodiments, the inactivated 

furin cleavage site has the amino acid sequence of QQAQ (SEQ ID NO: 7), In embodiments, the 

inactivated furin cleavage site has the amino acid sequence of GG.  

[0213] In embodiments, the CoV S polypeptide contains one or more modifications selected 

from: K973P, V974P, an inactivated furin cleavage site, deletion of amino acids 229-231, D67A, 

D202G, K404N, E471K, N488Y, D601G, and A688V, wherein the amino acids are numbered 

with respect to a CoV S polypeptide having an amino acid sequence of SEQ ID NO: 2.  

102141 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 QQAQ 

(SEQ [D NO: 7), deletion of amino acids229-231, L5F, D67A, D202G, K404N, E471K, N488Y, 

D601G, and A688V, 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 having 

one or more modifications selected from K973P, V974P, an inactivated furin cleavage site having 
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the amino acid sequence of QQAQ (SEQ IDNO: 7), deletion of amino acids 229-231, L5F,D67A, 

D202G, K404N, E471K, N488Y, D601G, and A688V, 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 amino acid sequence of SEQ ID NO: 144. In embodiments, the CoV S polypeptide having the 

aminoacid sequence of SEQ ID NO: 144 is encoded by a nucleic acid having a sequence of SEQ 

ID NO: 145.  

[02151 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, 

deletion of amino acids 229-231, L5F, D67A, D202G, K404N, E471K, N488Y, D601G, and 

A688V, wherein the amino acids are numbered with respect to a CoV S polypeptide having an 

aminoacid sequence of SEQ ID NO: 2. In embodiments, the CoV S polypeptide having one or 

more modifications selected from K973P, V974P, an inactivated furin cleavage site having the 

amino acid sequence of GG, deletion of amino acids 229-231., L5F, D67A, D202G, K404N, 

E471K, N488Y, D601G, and A688V, 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 amino acid 

sequence of SEQ ID NO: 144. In embodiments, the CoV S 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.  

[0216] In embodiments, the CoV S polypeptide contains one or more modifications selected 

from: K973P, V974P. an inactivated furin cleavage site, L5F, T7N, P3S., DI25Y, R177S, K404T, 

E471K, N488Y, D601G,-1642Y, T1014i, and V1163F, 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 modifications selected from: K973P, 

V974P, an inactivated furin cleavage site, L5F, T7N, P13S, D125Y, R177S, K404T, E471K, 

N488Y, D601G, H642Y, T10141, and VI163F, wherein the amino acids are numbered with 

respect to a CoV S polypeptide having an amino acid sequence of SEQ ID NO: 2, has an amino 

acid sequence of SEQ ID NO: 151. In embodiments, the CoV S polypeptide having an amino acid 

sequence of SEQ ID NO: 151 is encoded by a nucleic acid having a sequence of SEQ ID NO: 150.  

10217] In embodiments, the CoV S polypeptide contains one or more modifications selected 

from: K973P, V974P, an inactivated furin cleavage site, deletion of amino acids 229-231, L5F, 

D67A, D202G, L2291, K404N, E471K, N488Y, D601G, and A688V, wherein the amino acids 
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are numbered with respect to a CoV S polypeptide having an amino acid sequence of SEQ ID NO: 

10218] In embodiments, the CoV S polypeptide contains one or more modifications selected 

from: K973P, V974P, an inactivated furin cleavage site, K404N, E471K, N488Y, L5F, D67A, 

D202G, L229-, D601G, A688V, and deletion of amino acids 229-231, 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 inactivated furin cleavage site has the amino acid sequence of QQAQ (SEQ 

ID NO: 7). In embodiments, the inactivated furin cleavage site has the amino acid sequence of GG 

102191 In embodiments, the CoV S polypeptide contains one or more modifications selected 

from: K973P, V974P, 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 acid sequence of 

SEQ ID NO: 2. In embodiments, the CoV S polypeptide contains one or more modifications 

selected from: K973P, V974P, an inactivated furin cleavage site, K404N, E471K, and N488Y. In 

embodiments, the CoV S polypeptide is the RBD of the CoV S polypeptide having one or more 

modifications selected from K973P, V974P, an inactivated furin cleavage site., K404N, E471K, 

and N488K wherein the amino acids are numbered with respect to a CoV S polypeptide having an 

aminoacid sequence of SEQ ID NO: 2. In embodiments, the CoV S polypeptideis the RBD of the 

CoV S polypeptide having one or more modifications selected from K973P, V974P, an inactivated 

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 NO: 2.  

[0220] 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, 

D601G, E404N, E471K, and N488Y. In embodiments, the CoV S polypeptide contains one or 

more modifications selected from: K973P, V974P, an inactivated furin cleavage site having the 

ammio acid sequence of GG, and a D60IG mutation, 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 modifications selected from: K973P, V974P, an inactivated 

furin cleavage site having the amino acid sequence of GG, and a D601G mutation has an amino 

acid sequence of SEQ ID NO: 133.  

102211 In embodiments, the CoV S polypeptide contains one or more modifications selected 

from: K973P, V974P, an inactivated furin cleavage site, optionally wherein the inactivated furin 
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cleavage site is QQAQ (SEQ ID NO: 7) or GG, K404N, E471K, N488K, D67A, D202G, L2291-1, 

D601G, and A688V, 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 modifications selected from: K973P, V974P, an inactivated furin cleavage 

site, optionally wherein the inactivated furin cleavage site is QQAQ (SEQ ID NO: 7) or G, 

K404NE471K, N488K,D67A,D202, L229H,D601G, and A688V has an amino acid sequence 

of SEQ ID NO: 132 or SEQ ID NO: 141. In embodiments, the CoV S polypeptide having an amino 

acid sequence of SEQ U) NO: 132 isencoded by a nucleic acid having a nucleic acid sequence of 

SEQ ID NO: 131. In embodiments, the CoV S polypeptidehaving anamino acid sequence of SEQ 

ID NO: 132 is encoded by a nucleic acid having a nucleic acid sequence of SEQ ID NO: 142.  

[02221 In embodiments, the CoV S polypeptide contains one or more modifications selected 

from: K973P, V974P, an inactivated furin cleavage site, W139C and L439R, 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 comprising K973P, V974P, an inactivated furin 

cleavagesite, W139C and L439R modifications is expressed with signal peptide having an amino 

acid sequence of SEQ ID NO: 117 or SEQ I NO: 5. In embodiments, the CoV S polypeptide 

comprises one or more modifications selected from: K973P, V974P, an inactivated furin cleavage 

site, D601G, W39C, and L439R, wherein the amino acids are numbered with respect to a CoV S 

polypeptide having an amino acid sequence of SEQ IU NO: 2. In embodiments, the CoV S 

polypeptide comprises K973P, V974P, an inactivated furin cleavage site, D601G, WI39C, and 

L439R modifications and is expressed with a signal peptide having an amino acid sequence of 

SEQ ID NO: 117 or SEQ ID NO: 5.  

[0223] In embodiments, the CoV S polypeptide comprises one or more modifications selected 

from: K973P, V974P, an inactivated furin cleavage site, D601, L5F, D67A, D202G, deletions 

of amino acids 229-231, R2331, K404N, E471K, N488Y, and A688V, wherein the amino acids 

are numbered with respect to a CoV S polypeptide having an amino acid sequence of SEQ ID NO: 

2.  

102241 In embodiments, 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), W139C, S481P, D601G, and L439R, wherein the amino 

acids are numbered with respect to a CoV S polypeptide having an amino acid sequence of SEQ 
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ID NO: 2. In embodiments, 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), WI39C, D601G, and L439R, 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 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), W139C, S481P, and D601G 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 modifications selected from: 

K973P, V974P, an inactivated furin cleavage site, optionally wherein the inactivated furin 

cleavage site is QQAQ (SEQ ID NO: 7), W139C, S481P, D601G, and L439R has the amino acid 

sequence of SEQ ID NO: 153. In embodiments, the CoV S polypeptide having the amino acid 

sequence of SEQ ID NO: 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 ID 

NO: 153 comprises a signal peptide having an amino acid sequence of SEQ ID NO: 5.  

[0225] In embodiments, 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), T821, D240G, E471K, D601G, and A688V, 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 modifications 

selected from: K973P, V974P, an inactivated furin cleavage site, optionally wherein the 

inactivated furin cleavage site is QQAQ (SEQ ID NO: 7), T821, D240G, E471K, D601G, and 

A688V, wherein the amino acids are numbered with respect to a CoV S polypeptide having an 

amino acid sequence of SEQ ID NO: 2, has an amino acid sequence of SEQ ID NO: 156. In 

embodiments, the CoV S polypeptide containing one or more modifications selected from: K973P, 

V974P, an inactivated furin cleavage site, optionallywherein the inactivated furin cleavage site is 

QQAQ (SEQ ID NO: 7), T821, D240G, E471K, D601G, and A688V, wherein the amino acids are 

numbered with respect to a CoV S polypeptide having an amino acid sequence of SEQ ID NO: 2, 

comprises a signal peptide having an amino acid sequence of SEQ ID NO: 154 or SEQ ID NO: 5.  

102261 In embodiments, the CoV S polypeptide contains one or more modifications selected 

from: K973P, V974P, an inactivated furin cleavage site, optionally wherein the inactivated furin 
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cleavage site is QQAQ (SEQ ID NO: 7),T821, D240G, S464N, D601G, and A688V, 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 modifications 

selected from: K973P, V974P, an inactivated furin cleavage site, optionally wherein the 

inactivated furin cleavage site is QQAQ (SEQ ID NO: 7), T821, D240G, S464N, D601G, and 

A688V, wherein the amino acids are numbered with respect to a CoV S polypeptide having an 

aminoacid 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, 

V974P, an inactivated furin cleavage site, optionally wherein the inactivated furin cleavage site is 

QQAQ (SEQ U) NO: 7), T821, D240G, S464N, D601G, and A688V, wherein the amino acids are 

numbered with respect to a CoV S polypeptide having an amino acid sequence of SEQ ID NO: 2, 

comprises a signal peptide of SEQ ID NO: 154.  

[02271 In embodiments, 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 57, 

deletion of amino acid 131, a N488Y mutation, an A557D mutation, a D601G imutation, a P668H 

mutation, a T703I mutation, a S969A mutation, and a D105H mutation, wherein the CoV S 

polypeptide is numbered with respect to the wild-type SARS-CoV2 S polypeptide having the 

amino acid sequence of SEQ ID NO: 2. In embodiments, 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 57, deletion of amino acid 132, a N488Y mutation, an A557D mutation, a 

D601G mutation, a P668H mutation, a T7031 mutation, a S969A mutation, and a D1105H1 

mutation, wherein the CoV S polypeptide is numbered with respect to the wild-type SARS-CoV

2 S polypeptide having the anino acid sequence of SEQ ID NO: 2.  

102281 In embodiments, 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), a D67A mutation, a L22911 mutation, a R2331 mutation, 

an A688V mutation, an N488Y mutation, a K404N mutation, a E471K mutation, and a D601G 

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 ID NO: 2.  
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102291 In embodiments, 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 D NO: 7), a L5F mutation, a T7N mutation, a P13S mutation, a 

D125Y rnutation, a R177S mutation, a K404T mutation, a E471K mutation, a N488Y mutation, a 

D601G mutation, a 1642Y mutation, a T10141i mutation, and a T1163F 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 ID NO: 2.  

[02301 In embodiments, the CoV S polypeptide contains one or more modifications selected 

from: K986P, V987P, an inactivated furin cleavage site, optionally wherein the inactivated furin 

cleavage site is QQAQ (SEQ ID NO: 7), a S131 mutation, a W152C mutation, and a L452R 

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 ID NO: 1. In embodiments, the CoV S 

polypeptide contains one or more modifications selected from: K986P, V987P, an inactivated furin 

cleavage site, optionally wherein the inactivated furin cleavage site is QQAQ (SEQ ID NO: 7), a 

S131 mutation, a W152C mutation, and a.L452R 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 ID NO: I lacks an N-terminal signal peptide 

[0231] In embodiments, the CoV Spike (S) polypeptides comprise a polypeptide linker. In 

embodiments, the polypeptide linker contains glycine and serine. In embodiments, the linker has 

about 50 %, about 55 %, about 60 %,about 65 %, about 70 %, about 75 o, about 80 %, about 85 

N, about 90 %, about 95 o, or about 100 % glycine.  

[0232] In embodiments, the polypeptide linker has a repeat of (SGGGC) (SEQ ID NO: 91), 

wherein n is an integer from to 50 (e 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). In embodiments, the polypeptide linker has an amino acid sequence 

corresponding to SEQ ID NO: 90.  

[02331 In embodiments, the polypeptide linker has a repeat of (GCCGS) (SEQ ID NO: 93), 

wherein n is an integer from 1 to 50 (e.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).  
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102341 In embodiments, the polypeptide linker has a repeat of (GGGS), (SEQ ID NO: 92), 

wherein n is an integer fromI to 50 (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, II, 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).  

[0235] In aspects, the polypeptide linker is a poly-(G1y)n linker, wherein n is 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, tripeptides, 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).  

[02361 In embodiments, the polypeptide linker comprises between I to 100 contiguous amino 

acids of a naturally occurring CoV S polypeptide or of a CoV S polypeptide disclosed herein. In 

embodiments, the polypeptide linker has anamino acid sequence corresponding to SEQ ID NO: 

94.  

[0237] In embodiments, the CoV Spike (S) polypeptides comprise a foldon. In embodiments, 

the TMCT is replaced with a foldon. In embodiments, a foldon causes trimerization of the CoV 

Spike (S) 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 ID NO: 68. In embodiments, the 

foldon is a T4 fibritin trimerization motif. In embodiments, the T4 fibritin trimerization domain 

has an amino acid sequence of SEQ ID NO: 103. In embodiments, the foldon is separated in amino 

acid sequence from the CoV Spike (S) polypeptide by a polypeptide linker. Non-limiting examples 

of polypeptide linkers are found throughout this disclosure.  

[0238] In embodiments, the disclosure provides CoV S polypeptides comprising a fragment of 

a coronavirus S protein and nanoparticles and vaccines comprising the same. In embodiments, the 

fragment of the coronavirus S protein is between 10 and 1500 amino acids in length (e.g. about 

10, about 20, about 30, about 40, about 50, about 60, about 70, about 80, about 90, about 100, 

about 150, 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, about 950, 

about 1000, about 1050, about 1100, about 1150, 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 
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(RBD), subdomain 1, subdomain 2, upper helix, fusion peptide, connecting region, heptad repeat 

1, central helix, heptad repeat 2, NTD, and TMCT.  

102391 In embodiments, the CoV S polypeptide comprises an RBD and a subdomain 1. In 

embodiments, the CoV S polypeptide comprising an RBD and a subdomain I is amino acids 319 

to 591 of SEQ ID NO: 1.  

[02401 In embodiments, the CoV S polypeptide contains a fragment of a coronavirus S protein, 

wherein the fragment of the coronavirus S protein is the RBD. Non-limiting examples of RBDs 

include the RBD of SARS-CoV-2 (amino acid sequence = SEQ ID NO: 69), the RBD of SARS 

(amino acid sequence = SEQ ID NO: 70), and the RBD of MERS, (amino acid sequence = SEQ 

ID NO: 71).  

102411 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 NO: 90 or SEQ ID NO: 94.  

[0242] In embodiments, the CoV S polypeptide contains 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11, 12, 13, 

14, 15, 16, 17, 18, 19, or 20 RBDs.  

[0243] In some embodiments, the CoV S 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.  

[0244] In embodiments, 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 RBD, 

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 NOS: 76-79.  

[0245] In einbodiments, the CoV S polypeptide contains a SARS-CoV-2 RBD 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.  

102461 In embodiments, the CoV S polypeptide comprises a SARS RBD and a MERS RBD.  

In embodiments, the CoV S polypeptide comprises a SARS RBD and a MERS RBD, wherein each 

RBD is separated by a polypeptide linker.  
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102471 In embodiments, the CoV S polypeptide contains a SARS-CoV-2 RBD, a SARS RBD, 

and a MERS RBD. In embodiments, the CoV S polypeptide contains a SARS-CoV-2 RBD, a 

SARS RBD, and a MERS RBD, wherein each RBD is separated by a polypeptide linker. In 

embodiments, the CoV S polypeptide comprising a SARS-CoV-2 RBD, a SARS RBD, and a 

MERS RBD has an amino acid sequence selected from the group consisting of SEQ ID NOS: 80

83.  

102481 In embodiments, the CoV S polypeptides described herein are expressed with an N

terminal signal peptide. In embodiments, the N-terminal signal peptide has an amino acid sequence 

of SEQ ID NO: 5 (MFVFLVLLPLVSS). In embodiments, the N-terminal signal peptide has an 

aminoacid sequence of SEQ ID NO: 117(MFVFLVLLPLVSI). In embodiments, the N-terminal 

signal peptide has an amino acid sequence of SEQ ID NO: 154 (MIFVFFVLLPLVSS). In 

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 

acidsmay be deleted or mutated. An initiating methionine residue is maintained to initiate 

expression. In embodiments, the CoV S polypeptides are encoded by a nucleic acid sequence 

selected from the group consisting of SEQ ID NO: 35, SEQ ID NO: 37, SEQ ID NO: 95, SEQ ID 

NO: 43, SEQ ID NO: 47, SEQ ID NO: 50, SEQ ID NO: 53, SEQ ID NO: 55, SEQ ID NO: 57, 

SEQ ID NO: 96, SEQ ID NO: 60, SEQ ID NO: 131, SEQ ID NO: 135, SEQ ID NO: 142, SEQ ID 

NO: 145, SEQ ID NO: 148, and SEQ ID NO: 150. In embodiments, the N-terminal signal peptide 

of the CoV S polypeptide contains a mutation at Ser-13 relative to the native CoV Spike (S) signal 

polypeptide (SEQ ID 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.  

[0249] Following 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 ID NOS: 2, 4, 38, 41, 44, 48, 51 54, 

58, 61, 63, 65, 67, 73, 75, 78, 79, 82, 83, 85, 87, 89, 106, 110, 132, 133, 114, 138, 141, 144,147, 

151, 153, 156, and 158, 164-168). In embodiments, the signal peptide is cleaved by host cell 

proteases. In aspects, the full-length protein may be isolated from the host cell and the signal 

peptide cleaved subsequently.  

102501 Following cleavage of the signal peptide from the CoV Spike (S) polypeptide with an 

amino acidsequence corresponding to SEQ ID NOS: 1, 3, 36, 40, 42, 46, 49, 52, 56, 59, 62, 64, 
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66, 72, 74, 76, 77, 80, 81, 84, 86, 87, 105, 107, 88, 109, 130, 134, 136, 137, 140, 143, 146, 149, 

152, 155, 157, 159-163 during expression and purification, a mature polypeptide having an amino 

acid sequence selected from the group consisting of SEQ ID NOS: 2, 4, 38, 41, 44, 48, 51, 54, 58, 

61, 63, 65, 67, 73, 75, 78, 79, 82, 83, 85, 106, 108, 89, and 110, 112-115, 132, 133, 114, 138, 141, 

144, 147, 151, 153, 156, and 158, 164-168 is obtained and used to produce a CoV S nanoparticle 

vaccine or CoV S nanoparticles.  

[02511 Advantageously, the disclosed CoV S polypeptides may have enhanced protein 

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

[02521 In embodiments, the CoV S polypeptides described herein contain further 

modifications from the native coronavirus S protein (SEQ ID NO: 2). In embodiments, the 

coronavirus S proteins described herein exhibit at least 80 %, or at least 90 %, or at least 95 %, or 

at least 97 %, or at least 99 % identity to the native coronavirus S protein. A person of skill in the 

art would use known techniques to calculate the percent identity of the recombinant coronavirus S 

protein to the native protein or to a-y of the CoV S polypeptides described herein. For example, 

percentage identity can be calculated using the tools CLUSTALW2 or Basic Local Alignment 

Search Tool (BLAST), which are available online. The following default parameters may be used 

for CLUSTALW2 Pairwise alignment: Protein Weight Matrix = Gonnet; Gap Open = 10; Gap 

Extension = 0,1.  

[02531 In embodiments, the CoV S polypeptides described herein are at least 95%, at least 96 

%, at leaste97 at, at least 98%at least99%,or east 99.5 % identical to the CoV S polypeptide 

having an amino acid sequence of SEQ ID NO: 87. A CoV S polypeptide nay have a deletion, an 

insertion, or mutation of up to about 1, up to about 2, up to about 3, up to about 4, ip to about 5, 

up to about 10, up to about 15, up to about 20, up to about25, up to about 30, up to about 35, up 

to about 40, up to about 45, or up to about 50 amino acids compared to the amino acid sequence 

of the CoV S polypeptide having an amino acid sequence of SEQ ID NO: 87. A CoV S polypeptide 

may have may have a deletion, an insertion, or mutation of between about I 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 amino acids, between about 25 and 30 

aminoacids. between about 30 and 35 amino acids, between about 35 and 40 amino acids, between 
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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 SEQ ID NO: 87. In embodiments, the CoV S 

polypeptides described herein comprise about 1, about 2, about 3, about 4, about 5, about 6, about 

7, about 8, about 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 coronavirus S protein (SEQ ID NO: 87).  

[02541 In embodiments, the CoV S polypeptides described herein are at least 95%, at least 96 

%, at least 97%, at least 98 %, at least 99%, or at least 99.5 % identical to the CoV S polypeptide 

having an amino acid sequence selected from any one of SEQ ID NOS: 2, 4, 38, 41, 44, 48, 51, 

54, 58, 61, 63, 65, 67, 73, 75, 78, 79, 82, 83, 85, 106, 108, 89., and 110, 112-115, 132, 133, 114, 

138, 141, 144, 147, 151, 153, 156, and 158 164-168. A CoV S polypeptide 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, up to about 30, up to about 35., 

up to about 40, up to about 45, or up to about 50 amino acids compared to the amino acid sequence 

of the CoV S polypeptide having an amino acid sequence selected from any one of SEQ ID NOS: 

2, 4, 38, 41, 44, 48, 51, 54, 58, 61, 63, 65, 67, 73, 75, 78, 79, 82, 83, 85, 106, 108, 89, and 110, 

112-115, 132,133, 114,138, 141, 144,147, 151, 153,156, and 158, 164-168. A CoV S polypeptide 

may have may have a deletion, an insertion, or mutation of between about I 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 amino acids, between 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 selected from any one of SEQ ID NOS: 2, 4 38, 41 

44, 48, 51, 54, 58, 61, 63, 65, 67, 73, 75, 78, 79, 82, 83, 85, 106, 108, 89, and 110, 112-115, 132, 

133, 114, 138, 141, 144, 147, 151, 153, 156, and 15, 164-168. In embodiments, the CoV S 

polypeptides described herein comprise about 1, about 2, about 3, about 4, about 5, about 6, about 

7, about 8, about 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 coronavirus S protein (SEQ ID NO: 87).  
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102551 In embodiments, the coronavirus S polypeptide 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 epitope. For example, 

the tag may be a polyglutamate tag, a FLAG-tag, a HA-tag, a polyHis-tag (having about 5-10 

histidines) (SEQ ID NO: 101), a hexahistidine tag (SEQ [D NO: 100), an 8X-His-tag (having eight 

histidines) (SEQ U) NO: 102), a My-tag, a Glutathione-S-transferase-tag, a Green fluorescent 

protein-tag, Maltose binding protein-tag, a Thioredoxin-tag, or an Fc-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. For the 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-5, caspase-6, caspase-7, caspase-8, caspase-9, 

caspase-10, enterokinase, factor Xa, Granzyme B, TEV protease, and thrombin. In embodiments, 

the protease cleavage site is an HRV3C protease cleavage site. In embodiments, the protease 

cleavage site comprises an amino acid sequence of SEQ ID NO: 98.  

[02561 In embodiments, the CoV S glycoprotein comprises a fusion protein. In embodiments, 

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 is a polylifis-tag (having about 5-10 histidines), a Myc-tag, a (ilutathione-S-transferase-tag, a 

Green fluorescent protein-tag, Maltose 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 Fc-tag is 

monomeric, dimeric, or trimeric. In embodiments, the tag is a hexahistidine tag, e.g. a polyHis-tag 

which contains six histidines (SEQ ID NO: 100). In embodiments, the tag isa Twin-Strep-tag with 

an amino acid sequence of SEQ [D NO: 99.  

[02571 In embodiments, the CoV S polypeptide is 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.  
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102581 In aspects, the CoV S protein may be truncated. For example, the N-terminus may be 

truncated by about 10 amino acids, about 30 amino acids, about 50 amino acids, about 75 amino 

acids, about 100 amno acids, or about 200 amino acids. The C-terminus may be truncatedinstead 

of or in addition to the N-terminus. For example, the C-terminus may be truncated by about 10 

aminoacids, about 30 amino acids, about 50 amino acids, about 75 amino acids, about 100 amino 

acids, or about 200 amino acids. For purposes of calculating identity to the protein having 

truncations, identity is measured over the remaining portion of the protein.  

Nanoparticles containing CoV Spike (S) Polypeptides 

[02591 In embodiments, the mature CoV S polypeptide antigens are used to produce a vaccine 

comprising coronavirus S nanoparticles. In embodiments, nanoparticles of the present disclosure 

comprise the CoV S polypeptides described herein. In embodiments, the nanoparticles of the 

present disclosure comprise CoV S polypeptides associated with a detergent core. The presence 

of the detergent facilitates formation 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 multi-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 inherently contains or is 

adapted to contain a transmneribrane domain to promote association of the protein into a detergent 

core. In embodiments, the CoV S polypeptide contains a head domain, Fig. 10 shows an exemplary 

structure of a CoV S polypeptide of the disclosure. Primarily 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 to the immune 

system due to organization of multiple copies of the protein around the detergent.  

102601 In embodiments, the detergent core is a non-ionic detergent core. In embodiments, the 

CoV S polypeptide is associated with the non-ionic detergent core. In embodiments, the detergent 

is selected from the group consisting of polysorbate-20 (PS20), polysorbate-40 (PS40), 

polysorbate-60 (PS60), polysorbate-65 (PS65) and polysorbate-80 (PS80).  

102611 In embodiments, the detergent is PS80.  
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102621 In embodiments, the CoV S polypeptide forms a trimer. In embodiments, the CoV S 

polypeptide nanoparticles are composed of multiple polypeptide trimers surrounding a non-ionic 

detergent core. In embodiments, the nanoparticles contain at least about 1 trimer or more. In 

embodiments, the nanoparticles contain at least about 5 trimers to about 30 trimers of the Spike 

protein. In embodiments, each nanoparticle 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 

contain 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 to 6 trimers per nanoparticle, or 2 to 

9 trimers per nanoparticle. In embodiments, the compositions may contain a substantially 

homogenous population of nanoparticles. For example, the population may contain about 95% 

nanoparticles having 5 trimers.  

[0263] 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 nri, about 20 nm to about 50 m, about 20 nm to about 45 nm, about 20 nm to about 35 nm, 

about 20 nn to about 30 nm, about25 nm to about 35 m, 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.  

[0264] In embodiments, the nanoparticles comprising the CoV S polypeptides disclosed herein 

have a reduced particle size compared to nanoparticles comprising a wild-type CoV S 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 least about 65 %, at least about 70 %, at least about 75 % , at least about 80 %, or 

at least about 85 % smaller in particle size.  

102651 The nanoparticles comprising CoV S polypeptides disclosed herein are more 

homogenous in size, shape, and mass than nanoparticles comprising a wild-type CoV S 

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, 

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 0.35, about 0.40, or about 0.45. In embodiments, the 
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nanoparticles measured herein have a PDI that is at least about 25 % smaller than the PDI of 

nanoparticles comprising the wild-type CoV S polypeptide, for example, at least about 25 %, at 

least about 30 %, at least about 35%, at least about 40 %, at least about 45 %, at least about50%, 

at least about 55 %, or at least about 60 %, smaller.  

102661 The CoV S polypeptides and nanoparticles comprising the same have improved thermal 

stability as compared to the wild-type CoV S polypeptide or a nanoparticle thereof The thermal 

stability of the CoV S polypeptides is measured using differential scanning calorimetry (DSC) 

unless otherwise specified. The enthalpy of transition (AHcal) is the energy required to unfold a 

CoV S polypeptide. In embodiments, the CoV S polypeptides have an increased AHeal as 

compared to the wild-type CoV S polypeptide. In embodiments, the AIcal 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 8-fold, 

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

[02671 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 nanoparticle 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, Nanoparticletype 

may be determined by measuring sedimentation co-efficient.  

Production .f Nanoparticles containing CoV Spopeptide Antigens 

[0268] The nanoparticles of the present disclosure are non-naturally occurring products, the 

components of which do not occur together in nature. Generally, 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. second detergent to form the nanoparticles.  

[0269] The antigens contained in the nanoparticles are typically produced by recombinant 

expression in host cells. 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 is a cathepsin-L knock-out baculovirus, a chitinase knock-out baculovirus. Optionally, 

the baculovirus is a double knock-out for both cathepsin-L and chitinase. High level expression 

may be obtained in insect cell expression systems. Non limiting examples of insect cells are, 

Spodoptera frugiperda (Sf) cells, e.g. Sf9, Sf21, Trichoplusiani cells, e.g. High Five cells, and 
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Drosophila S2 cells. In embodiments, the CoV S polypeptide described herein are produced in any 

suitable host cell. In embodiments, the host cell is an insect cell. In embodiments, the insect cell is 

an Sf9 cell.  

[02701 Typical transfection and cell growth methods can be used to culture the cells. Vectors, 

e.g., vectors comprising polynucleotides that encode fusion proteins, can be transfected into host 

cells according to methods well known in the art For example,introducing nucleic acids into 

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.  

[02711 Methods to grow host cells include, but are not limited to, batch, batch-fed, continuous 

and perfusion cell culture techniques. Cell culture means the growth and propagation of cells in a 

bioreactor (a fermentation chamber) where cells propagate and express protein (e.g. recombinant 

proteins) for purification and isolation. Typically, cell culture is performed under sterile, controlled 

temperature and atmospheric conditions in a blioreactor. A bioreactor is a chamber used to culture 

cells in which environmental conditions such as temperature, atmosphere, agitation and/or pH can 

be monitored. Inone ebodiment, the bioreactor is a stainless steel chamber. In another 

embodiment, the bioreactor is a pre-sterilized plastic bag (e.g Cellbag, Wave Biotech, 

Bridgewater, N.J.). In other embodiment, the pre-sterilized plastic bags are about 50 L to 3500 L 

bags.  

Extraction and Purijicalion oj anoparticles containing CoV Spike (S) Protein Antigens 

[0272] After growth of the host cells, the protein 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 front the media and a detergent-containing solution is added to solubilize the cell 

menbrane, releasing the protein in a detergent extract. Triton X-100 and TERGITOL@ 

nonylphenol ethoxylate, also known as NP-9, are each preferred detergents for extraction. The 

detergent rnay be added to a final concentration of about 0.1% to about ,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 aspects, the concentration is 

about 0.5%.  
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102731 In other aspects, different first detergents may be used to isolate the protein from the 

host cell. For example, the first detergent may be Bis(polyethlene glycol bis[iidazoylcarbonyl]), 

nonoxynol-9, Bis(polyethylene glycol bis[imidazoyl carbonyl]), BRIJ@ Polyethylene glycol 

dodecyl ether 35, BRIJ@ Polyethylene glycol (3) cetyl ether 56, BRIJ@ alcohol ethoxylate 72, 

BRIJ@ Polyoxyl 2 stearyl ether 76, BRIJ@ polyethylene glycol monoolelyl ether 92V, BRIJ@ 

Polyoxyethylene (10) oleyl ether 97, BRIJ® Polyethylene glycol hexadecyl ether 58P, 

CREMOPHOR® EL Macrogolglycerol ricinoleate, Decaethyleneglycol monododecyl ether, N

Decanovi-N-methylglucamine, n-Decyl alpha-Dglucopyranoside,Decyl beta-D-maltopyranoside, 

n-Dodecanoyl-N-methylglucamide, nDodecyl alpha-D-maltoside, n-Dodecyl beta-D-maltoside, 

n-Dodecyl beta-D-maltoside,Heptaethylene glycol monodecyl ether, Heptaethylene glycol 

rnonododecyl ether, Heptaethylene glycol monotetradecyl ether, n-Hexadecyl beta-D-maltoside, 

Hexaethylene glycol monododecyl ether, Hexaethylene glycol monohexadecyl ether, 

Hexaethylene glycol monooctadecyl ether, Hexaethylene glycol monotetradecyl ether, Igepal CA

630,Igepal CA -630, Methyl-6-0-(N -heptylcarbamoyl)-alpha-D-glucopyranosideNonaethylene 

glycol monododecyl ether., N-Nonanoy-N-methvylucamine, N-NonanoylN-rnethylglucamine, 

Octaethylene glycol monodecyl ether, Octaethylene glycolmonododecyl ether, Octaethylene 

glycol monohexadecyl ether, Octaethylene glycol monooctadecyl ether, Octaethylene glycol 

monotetradecyl ether, Octyl-beta-D glucopyranoside, Pentaethylene glycol monodecyl ether, 

Pentaethylene glycol monododecyl ether., Pentaethylene glycol monohexadecyl ether, 

Pentaethylene glycol monohexyl ether, Pentaethylene glycol nonooctadecyl ether, Pentaethylene 

glycol monooctyl ether, Polyethylene glycol diglycidyl ether, Polyethylene glycol ether W-1, 

Polyoxyethylene 10 tridecyl ether, Polyoxyethylene 100 stearate, Polyoxyethylene 20 

isohexadecyl ether, Polyoxyethylene 20 oleyl ether, Poly oxy ethylene 40 stearate, Polyoxyethylene 

50 stearate, Polyoxyethylene 8 stearate, Polyoxyethylene bis(imidazolyl carbonyl), 

Polyoxyethylene 25 propylene glycol 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 trioleate, TERGITOL@ 

secondary alcohol ethoxylateType I5-S-12, TERGITOL@ secondary alcohol ethoxylate Type 15

S-30, TERGITOL@ secondary alcohol ethoxylate Type 15-S-5, TERGITOL@ secondary alcohol 

ethoxylate Type 15-S-7,TERGITOL@ secondary alcohol ethoxylate Type 15-S-9,TERGITOL@ 

nonylphenol ethoxylate Type NP-10, TERGITOL@ nonylphenol ethoxylate Type NP-4, 
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TERGITOL@ nonylphenol ethoxylate Type NP-40, TERGITOL@ nonylphenol ethoxylateType 

NP-7, TERGITOL@ nonylphenol ethoxylate Type NP-9, TERGITOL@ branched secondary 

alcohol ethoxylate Type TMN-10, TERGITOL@ branched secondary alcohol ethoxylate Type 

TMN-6, TRITON" X-100 Polyethylene glycol tert-octylphenyl ether or combinations thereof 

102741 The nanoparticles may then be isolated from cellular debris using centrifugation. In 

embodimentsgradient centrifugation, such as using cesium chloride, sucrose andiodixanol, may 

be used. Other techniques may be used as alternatives or in addition, such as standard purification 

techniques including, e.g., ion exchange, affinity, and gel filtration chromatography.  

102751 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 (Lens culinaris) lectin affinity resin, and the third column may be a cation 

exchange column such as a FRACTOGEL@ EMD methacrylate based polymeric beads SO3 

(EMD Millipore) resin. In other aspects, the cation exchange column may be an NMC column or 

a Nuvia C Prime column (Bio-Rad Laboratories, Inc). Preferably, the methods disclosed herein 

do not use a detergent extraction column; 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.  

Detergent exchange of nanoparticles containingToVSpopeptideAntigens 

[02761 To form nanoparticles, 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. NP-9 is a 

preferred extraction detergent. Typically, the nanoparticles do not contain detectable NP-9 when 

measured by HPLC. The second detergent is typically selected from the group consisting of PS20, 

PS40, PS60, PS65, and PS80. Preferably, the second detergent is PS80.  

[0277] In particular aspects, detergent exchange is performed using affinity chromatography 

to bind glycoproteins via their carbohydrate moiety. For example, the affinity chromatography 

may use a legume lectin column. Legume lectins are proteins originally identified in plants and 

found to interact specifically and reversibly with carbohydrate residues. See, for example, Sharon 

and Lis, "Legume lectins--a large family of homologous proteins," FASEB J. 1990 

Nov;4(14):3198-208; Liener, "The Lectins: Properties, Functions, and Applications in Biology 

and Medicine," Elsevier, 2012. Suitable lectins include concanavalin A (con A), pea lectin, 

sainfoin lect, and lentil lectin. Lentil lectin is a preferred column for detergent exchange due to its 
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binding properties. Lectin columns are commercially available; for example, Capto Lentil Lectin, 

is available from GE 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., glycoprotein 

oligomers which can be dimers, trimers, or tetramers anchored in the detergent. In embodiments, 

the CoV S polypeptides form trimers. In embodiments, the CoV S polypeptide trimers are 

anchored in detergent. In embodiments, each CoV S polypeptide nanoparticle contains at least one 

trimer associated with a non-ionic core.  

[02781 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 purifications steps and 

this amount is lowered to achieve the final nanoparticles having 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 0.025 % (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 0.06 % (v/v), about 0.065 % (v/v), about 0.07 % (v/v), about 0.075 % 

(v/v)t 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% PS0.  

In embodiments, the nanoparticle contains about 0.01 % (v/v) PS80.  

[0279] In embodirments, purified CoV S polypeptides are dialyzed. In embodiments, dialysis 

occurs after purification. In embodiments, the CoV S polypeptides 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 5 mM, about 10 mM, about 15 mM, about 20 mM, about 25 mM, about 30 mM, 

about 35 mM, about 40 mM, about 45 mM, about 50 mM, about 55 mM, about 60 mM, about 65 

mM, about 70 mM, about 75 nM, about 80 mM, about 85 mnM, about 90 mM, about 95 mM, or 

about 100 mM sodium phosphate. In embodiments, the pH 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 

chloride comprises about 50 mM NaCl to about 500 mM NaCl, for example, about 50 mM, about 
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60 mM, about 70 mM, about 80 mM, about 90 mM, about 100 mM, about 110 mM, about 120 

mM, about 130 mM, about 140 mM, about 150 mM, about 160 mM, about 170 mM, about 180 

mM, about 190 mM, about 200 mM, about 210 mM, about220 mM, about 230 mM, about 240 

mM, about250 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, about 350 mM, about 360 

mM, about 370 mM, about 380 rM, about 390 mM, about 400 mM, about 410 mM, about 420 

mM,i about 430 miiM, about 440 mM, about 450 mM, about 460 mM, about 470 mM, about 480 

mM, about 490 mM, or about 500 mM NaCl. In embodiments, the dialysis solution comprising 

PS80 comprises 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 

0.025 % (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 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 

[0280] Detergent exchange may be performed with proteins purified as discussed above and 

purified, frozen for storage, and then thawed for detergent exchange.  

[0281] Stability of compositions disclosed herein may be measured in a variety of ways. In 

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 harsh storage conditions.  

Thus, a measure of stability is the relative abundance of antigen peptides 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, 

freeze/thaw cycles, and agitation. Figs. 12A-B show that BV2373 (SEQ [D NO: 87) and BV2365 

(SEQ ID NO: 4) retain binding to hACE2 under a variety of stress conditions. It is thought that the 

position of the glycoprotein anchored into the detergent core provides enhanced stability by 

reducing undesirable interactions. For example, the improved protection against protease-based 

degradation may be achieved through a shielding effect whereby anchoring the glycoproteins into 

the core at the molar ratios disclosed herein results in steric hindrance blocking protease access.  

Stability may also be measured by monitoring intact proteins. Fig. 33 and Fig. 34 compare 
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nanoparticles containing CoV polypeptides having amino acid sequences of SEQ ID NOS: 109 

and 87, respectively. Fig. 34 indicates that CoV polypeptides having an amino acid sequence of 

SEQ ID NO: 87 show particularly good stability during purification. The polypeptide of Fig. 34 

comprises a furin cleavage site having an amino acid sequence of QQAQ (SEQ ID NO: 7).  

V'tccine Compositions containing CoV S Polypeptide Antigens 

[02821 The disclosure provides vaccine compositions comprising CoV S polypeptides, for 

example, in a nanoparticle. In aspects, the vaccine composition may contain nanoparticles with 

antigens from more than one viral strain from the same species of virus. 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 vaccine compositions.  

[02831 Compositions 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 

prophylactic amount of the immunogenic compositions of the disclosure. Preferably, the 

pharmaceutical composition is a vaccine composition that provides a protective effect. In other 

aspects, the protective effect may include 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 front: 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.  

[0284] The nanoparticles may be formulated for administration as vaccines in the presence of 

various excipients, buffers, and the like. 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 

limited to about 200 mM, about250 mM, about 300 mM, about 350 mM, about 400 mM, about 

450 mM, or about 500 mM.  
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102851 In embodiments, the nanoparticles described herein have improved stability at certain 

pH levels. In embodiments, the nanoparticles are stable at slightly acidic p11 levels. For example, 

the nanoparticles that are stable at a slightly acidic p1, for example from pH 5.8 to pH 7.0. In 

embodiments, the nanoparticles and compositions containing nanoparticles may be stable at p-Is 

ranging from about p1 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 alkaline pHs, for example from about pH 7.0 to about 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.  

Adjuvan/s 

[02861 In certain embodiments, the compositions disclosed herein may be combined with one 

or more adjuvants to enhance an immune response. In other embodiments, the compositions are 

prepared without adjuvants, and are thus available to be administered as adiuvant-free 

compositions. Advantageously, adjuvant-free compositions disclosed hereinmay provide 

protective immune responses when administered as a single dose. Alurin-free compositions that 

induce robust immune responses are especially useful in adults about 60 and older.  

Aluminum-based ad juvants 

[0287] In embodiments, the adjuvant may be alum (e.g. AlPO4 or A(OH)). Typically, the 

nanoparticle is substantially bound to the alum. For example, the nanoparticle may be at least 80% 

bound, at least 85% bound, at least 90% bound or at least 95% bound to the alum. Often, the 

nanoparticle is 92% to 97% bound to the alum in a composition. The amount of alum is present 

per dose is typically in a range between about 400 pg to about 1250 pg. For example, the alum 

may be present in a per dose amount of about 300 pg to about 900 pg, about 400 ig to about 800 

pig, about 500 pg to about 700 ig, about 400 pg to about 600 g, or about 400 pg to about 500 pg.  

Typically, the alum is present at about 400 pg for a dose of 120 ig of the protein nanoparticle.  

Saponin Adjuvants 
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102881 Adjuvants containing saponin may also be combined with the immunogens disclosed 

herein. Saponins are glycosides derived from the bark of the Quilaja 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 saponaria Molina" is used 

generically to describe a semi-purified or defined saponin fraction of Quiliaja saponaria or a 

substantially pure fraction thereof.  

Saonin Fractions 

[02891 Several approaches for producing saponin fractions are suitable. Fractions A, B, and C 

are described in U.S. Pat. No. 6,352,697 and may be prepared as follows. A lipophilic fraction 

from Quil A, a crude aqueous Quillaja saponaria Molina extract, is separated by chromatography 

and eluted with 70% acetonitrile in vater 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 to 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 iseluted at 

approximately 47% acetonitrile. The fraction referred to herein as "Fraction C" or "QH-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. When 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 

conditions under which they are obtained are such that the batch-to-batch reproducibility in terms 

of elution profile and biological activity is highly consistent.  

[0290] Other saponin fractions have been described. Fractions B3, B4 and B4b are described 

in EP 0436620. Fractions QAI-QA22 are described EP03632279 B2, Q-VAC (Nor-Feed, AS 

Denmark), Quillaja saponaria Molina Spikoside (sconova AB, Ultunaalldn 2B, 756 51 Uppsala, 

Sweden). Fractions QA-1, QA-2, QA-3, QA-4, QA-5, QA-6, QA-7, QA-8, QA-9, QA-10, QA-11, 

QA-12, QA-13, QA-14, QA-15, QA-16, QA-17, QA-18, QA-19, QA-20, QA-21, and QA-22 of 

EP 0 3632 279B2, especially QA-7, QA-17, QA-18, and QA-21 may be used. They are obtained 

as described in E1 0 3632 279 B2, especially at page 6 and in Example I on page 8 and 9.  

102911 The saponin fractions described herein and used for forming adjuvants are often 

substantially pure fractions; that is, the fractions are substantially free of the presence of 
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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% byweight, up to 7% by weight, up to 5% by weight, ip 

to 2% by weight, up to 1% by weight, up to 0.5% by weight, or up to 0.1% by weight of other 

compounds such as other saponins or other adjuvant materials.  

ISCOIStructures 

[02921 Saponin fractions maybe administered in the form of a cage-like particle referred to as 

an ISCOM (Immune Stimulating COMplex). ISCOMs may be prepared as described in 

EP0109942B1, EP0242380B1 and EP0180546 Bl. In particular embodiments a transport and/or a 

passenger antigen may be used, as described in EP 9600647-3 (PCT/SE97/00289).  

latrixAduvants 

[0293] 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 atleastasterol, 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 

EP0436620B1, which is incorporated by reference in its entirety herein.  

[0294] In other aspects, the ISCOM is an ISCOM complex. An ISCOM complex contains at 

least one saponin, at least one lipid, and at least one kind of antigen or epitope The ISCOM 

complex contains antigen associated by detergent treatment such that that a portion of the antigen 

integrates into the particle. In contrast, ISCOM matrix is formulated as an admixturewith antigen 

and the association between ISCOM matrix particles and antigen is mediated by electrostatic 

and/or hydrophobic interactions.  

[0295] According to one embodiment, the saponin fraction integrated into anl COM matrix 

complex or an1 COM complex, or at least one additional adjuvant, which also is integrated into 

the ISCOM or ISCOM matrix complex or mixed therewith, is selected from fraction A, fraction 

B, or fraction Cof Quillaja saponaria, a semipurified preparation of Quillaja saponaria, a purified 

preparation of Quillaja saponaria, or any purified sub-fraction e.g., QA 1-21.  

[02961 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 fractions may be used. For example, the particle may contain any weight % 
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of fraction A and any weight % of another saponin fraction, such as a crude saponin fraction or 

fraction C, respectively. Accordingly, in 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% 

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 another 

saponin e.g. any crude fraction or any other faction e.g. fraction C. The weight is calculated as the 

total weight of the saponin fractions. Examples of ISCOM matrix complex and ISCOM complex 

adjuvants are disclosed in U.S Published Application No. 2013/0129770, which is incorporated by 

reference in its entirety herein.  

102971 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 C The weight is calculated as the total weight of the 

saponin fractions.  

[02981 In another embodiment, the ISCOM matrix or ISCOM complex comprises from 40% 

to 99% by weight of one fraction, e.g. fraction A and from 1% to 60% by weight of another 

fraction, e.g. a crude saponin fraction or fraction C. The weight is calculated as the total weight of 

thesaponin fractions.  

[02991 In yet another embodiment, the ISCOM matrix or ISCOM complex comprises from 

70% to 95% by weight of one fraction e.g., fraction A, and from 30% to5%by weight of another 

fraction, e.g., a crude saponin fraction, or fraction C. The weight is calculated as the total weight 

of the saponin fractions. fIn other embodiments, the saponin fraction from Quillaja saponaria 

Molina is selected from any one of QA 1-21.  

[0300] 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 particles.  
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103011 In particular aspects, one type of saponin fraction or a crude saponin fraction may be 

integrated into one ISCOM matrix complex or particle and another type of substantially pure 

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

complex or particle. 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.  

[03021 In the compositions, mixtures of ISCOM matrix complex particles and/or ISCOM 

complex particles may be used in which one saponin fraction Quillaja saponaria Molina and 

another saponin fraction Quillaja saponaria Molina are separately incorporated into different 

ISCOM matrix complex particles and/or ISCOM complex particles.  

[03031 The ISCOM matrix or ISCOM complex particles, which each 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% to 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% to 65% by weight, 40% to 60% by weight, 45% to 55% by weight, 40 to 60% by weight, or 

50% by weight, of an ISCOM 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 than one saponin fraction 

[0304] In particular compositions, the only saponin fraction in a first ISCOM matrix or 

ISCOM complex particle is Fraction A and the only saponin fraction in a second ISCOM matrix 

or ISCOM complex particle is Fraction C.  

[0305] Preferred compositions comprise a first ISCOM inatrix containing Fraction A and a 

second ISCOM matrix containing Fraction C, wherein the Fraction A ISCOM matrix constitutes 

about 70% per weight of the total saponin adjuvant, and the Fraction C ISCOM matrix constitutes 

about 30% per weight of the total saponinadjuvant. 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 

compositions, 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 
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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 MATR1X-MTM, the 

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-Mm may 

be referred to interchangeably as Matrix-M.  

[03061 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; 6,846,489; 7,776,343, and 8,173,141, 

which are incorporated by reference herein.  

[03071 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 immune response containing killed Mycobacterium tuberculosis), 

incomplete Freund's adjuvants and aluminum hydroxide adjuvant. Other adjuvants comprise 

GMCSP, BCG, MP compounds, such as thur-MOP and nor-MDP, CGP (MTP-PE), lipid A, and 

monophosphoryl lipid A (MPL), MF-59, RIBI, which contains three components extracted from 

bacteria, MPL, trehalose dimycolate (TDM) and cell wall skeleton (CWS) in a 2% 

squalene/TWEEN® polysorbate 80 emulsion. In ermbodiments, the adjuvant may be a 

paucilamellar lipid vesicle; for example, NOVASOMES@. NOVASOMES@ are paucilainellar 

nonphospholipid vesicles ranging from about 100 nu to about 500 nm. They comprise BRIJ@ 

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 

[0308] In embodiments, the disclosure provides a method for eliciting an immune response 

against one or more coronaviruses. In embodiments, the response is against one or more of the 

SARS-CoV-2 virus, MERS, and SARS. In embodiments, the response is against a heterogeneous 

SARS-CoV-2 strain. Non-limiting examples of heterogeneous SARS-CoV-2 strains include the 

Cal.20C SARS-CoV-2 strain, P.1 SARS-CoV-2 strain, B.1.351 SARS-CoV-2 strain, and B.i.1.7 

SARS-CoV-2 strain. The method involves administering an immunologically effective amount of 

a composition containing a nanoparticle or containing a recombinant CoV Spike (S) polypeptide 
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to a subject. Advantageously, the proteins disclosed herein induce one or more of particularly 

useful anti-coronavirus responses.  

103091 In embodiments, the nanoparticles or CoV S polypeptides are administered with an 

adjuvant. In aspects, the nanoparticles or CoV S polypeptides are administered without 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-administered with the nanoparticle butthe adjuvant 

and nanoparticle do not interact substantially.  

[03101 In embodiments, the nanoparticles or CoV S polypeptides 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, or a MERS infection. 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, and SARS. The method involves administering an 

immunologically effective amrnount of a composition containing a nanoparticle or a CoV S 

polypeptide to a subject, Advantageously, the proteins disclosed herein induce particularly useful 

anti-coronavirus responses.  

[0311] In embodiments, compositions containing the nanoparticles or CoV S polypeptides 

described herein induce a protective response against SARS-CoV-2 or a heterogeneous SARS

CoV-2 strain in a subject for up to about 3 months, up to about 4 months, up to about 5 months, 

up to about 6 months, up to about 7 months, up to about 8 months, up to about 9 months, up to 

about 10 months, up to about 11 months, up to about 12 months, up to about 13 months, up to 

about 14 months, up to about 15 months, up to about 16 months, up to about 17 months, up to 

about 18 months, up to about 19 months, up to about 20 months, up to about 21 months, up to 

about 22 months, up to about23 months, up to about 24 months, up to about 2.5 years, up to about 

3 years, up to about 3.5 years, up to about 4 years, up to about 4.5 years, up to about years after 

a last dose of nanoparticle or CoV S polypeptide. In embodiments, the nanoparticles or CoV S 

polypeptides described herein induce a protective response in a subject for at least 6 months.  

[0312] In embodiments, the protective response is against an asymptonatic infection caused 

by SARS-CoV-2 or a heterogeneous SARS-CoV-2 strain. In embodiments, the protective response 

is against a symptomatic infection caused by SARS-CoV-2 or a heterogeneous SARS-CoV-2 

strain.  
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103131 In embodiments, compositions containing the nanoparticles or CoV S polypeptides 

described herein have an efficacy atpreventing coronavirus disease-19 (COVID-19) from SARS

CoV-2 virus ora heterogeneous SARS-CoV-2 strain (e.g., a B..1.7 SARS-CoV-2 strain, B.1.351 

SARS-CoV-2 strain, P.1 SARS-CoV-2 strain, B.1.617.2 SARS-CoV-2 strain, B.1.525 SARS

CoV-2 strain, B..526 SARS-CoV-2 strain, B.1.617.1 SARS-CoV-2 strain, a C.37 SARS-CoV-2 

strain, B.1.621 SARS-CoV-2 strain, or a Cal.20C SARS-CoV-2 strain) that is from about 50 % to 

about 99 %from about 80 % to about 99 %from about 75 % to about 99% from about 80 % to 

about 95 %,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 50%, 

at least about 55 %, at least about 60 %, at least about 65 %, at least about 70 %, at least about75 

%, at least about 80 %at least about 85 %, at 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 %, at least 

about 97 %, at least about 98 %, or at least about 99 % for up to about I month, 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 about 7 months, up to about 75 months, up to about 8 

months, up to about 8.5 months, up to about 9 months, ip to about 9.5 months, up to about 10 

months, up to about 10.5 months, up to about I Imonths, up to 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 15.5 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 19.5 months, up to about 20 

months, up to about 20.5 months, up to about21 months, up to about 21.5 months, up to about 22 

months, up to about 22,5 months, up to about 23 months, up to about23.5 months, up to about 24 

months, up to about 2.1 years, up to about2.2 years, up to about 2.3 years, up to about 2.4 years, 

up to about 2.5 years, up to about2.6 years, up to about2.7 years, up to about 2.8 years, up to 

about 2.9 years, up to about 3 years, or longer after administration of the last dose of nanoparticles 

or CoV S polypeptides described herein. In embodiments, the COVID-19 is 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.  
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103141 In embodiments, compositions containing the nanoparticles or CoV S polypeptides 

described herein have an efficacy against a SARS-CoV-2 virus or a heterogeneous SARS-CoV-2 

strain of at least 82 % for up to about 7.5 months after administration of the last dose of 

nanoparticles or CoV S polypeptides described herein. In embodiments, compositions containing 

the nanoparticles or CoV S polypeptides described herein have an efficacy against a SARS-CoV

2 virus or a heterogeneous SARS-CoV-2 strain of 80 %to about 90 % for up to about 7.5 months 

after administration of the last dose of nanoparticles or CoV S polypeptides described herein.  

[03151 In embodiments, compositions containing the nanoparticles or CoV S polypeptides 

have an efficacy of at least 75 % against asymptomatic disease. In embodiments, the nanoparticles 

or CoV S polypeptides have an efficacy of from 80 % to 90 %, from 80 % to 99 %,from 82 % to 

99 %, from 82 % to 95%, from 85 % to 95 %, from 85 % to 99 %, from 85 to 97 %, at least 80 %, 

at least 81 %, at least 82 %, at least 83 %, at least 84 %, at least 85 %, at least 86 %, at least 87 %, 

at least 88 %, at least 89 %, at least 90 %, at least 91 %, at least 92 %, at least 93 %, at least 94 %, 

at least 95 %, at least 96 %, at least 97 %, at least 98 %, at least 99 %, or 100 % against symptomatic 

COVID-19 for up to about I month, ip 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, tip 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 months, up to about 10 5 months, up to about II 

months, up to 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 nionths, up to about 14.5 nionths, tip to about 15 

months, up to about 15,5 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 nionths, up to about 18.5 nionths, tip to about 19 

months, up to about 19,5 months, up to about 20 months, up to about20.5 months, up to about 21 

months, up to about 21.5 months, up to about22 nionths, up to about 22.5 nionths, tip to about 23 

months, ip to about 23.5 months, or up to about24 months, or more.  

[0316] In embodiments, compositions containing the naioparticles or CoV S polypeptides 

have an efficacy of from 95 % to 97 %,from 95 % to 99 /, from 95 % to 98 %,at least 95 N, at 

least 96 %,at least 97 /, at least 98 %,at least 99 %, or 100 9/ against severe COVID-19 for up 

to about I month, up to about 2 months, up to about2.5 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 
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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 months, up to about 9 months, up to about 9.5 

months, ip to about 10 months, up to about 10.5 months, up to about 11 months, up to 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 15.5 

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 19.5 

months, up to about 20 months, up to about 20.5 months, up to about 21 months, up to 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, or up to about 24 months, or more.  

[03171 In embodiments, compositions containing the nanoparticles or CoV S polypeptides 

have an efficacy of from 75 % to 95 %, from 75 % to 90 %, from 75 % to 85 %, from 75 % to 98 

%, from 80 % to 98 %, from 80 % to 95 %, from 80 % to 90 %, from 85 % to 98 %, from 85 % 

to 95 %, at least 75 %, at least 76 %, at least 77 %, at least 78 %, at least 79 %,at least 80 %, at 

least 81 at least 82 %at least 83 %at least 84 %, at least 85 %, at least 86 %at least 87 %, at 

least 88 %,at least 89 %,at least 90 %,at least 91 %, at least 92 %, at least 93 %, at least 94 %, at 

least 95 %at least 96 %,at least 97 %, at least 98 %, at least 99 %, or 100 % against moderate 

COVID-19 for up to about I month, 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 about 7 

months, up to about 75 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 months, up to about 10.5 months, up to about II 

months, up to 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 15.5 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 19.5 months, up to about 20 months, up to about 20.5 months, up to about 21 

months, up to about 21.5 months, up to about 22 months, up to about 22.5 months, up to about 23 

months, up to about23.5 months, or up to about 24 months, or more.  

10318] In embodiments, compositions containing the nanoparticles or CoV S polypeptides 

have an efficacy of from 40% to 95 %, from 40 %to 90 %, from 40 % to 85 %, from 40 % to 80 
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%, from 40 % to 75 %, from 40 %to 70 %from 40 % to 65 %, from 40 %to 60 %, from 50 % to 

95 %, from 50 % to 90 %, from 50 % to 85 %, from 50 % to 80 %, from 50 % to 75 %, from 50 

%to 70 fromom 50 % to 65 %, from 50 % to 60 %, at least 40 %, at least 41 %,at least 42 %,at 

least 43 %, at least 44 %,at least 45 %at least 46 %, at least 47 %, at least 48 %,at least 49 %, at 

least 50 %,at least 51 %,at least 52 %at least 53 %at least 54 %, at least55 %,at least 56 %, at 

least 57 %,at least 58 %, at least 59 %,at least 60 %,at least 61 %,at least 62% at least 63%, 

at least 64 %,at least 65 %,at least 66 %,at least 67% at least 68% at least 69 %, at least 70%, 

at least 71 %,at least 72 %,at least 73 %,at least 74 %,at least 75 %,at least 76 %, at least77%, 

at least 78%, at least 79 %,at least 80 %,at least 81% at least 82% at least 83 %, at least 84%, 

at least 85 %,at least 86 %,at least 87%, at least 88 %,at least 89 %,at least 90 %, at least 91%, 

at least 92 %,at least 93 %,at least 94 %,at least 95% at least 96% at least 97 %, at least 98%, 

at least 99 %,or 100 % against mild COVID-19 for up to about month, up to about 2 months, ip 

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 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 months, up to about 10.5 

months, up to about 11 months, up to about 11.5 months, up to about 12 months, up to about 12.5 

months, ip 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 15,5 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 19.5 months, up to about 20 months, up to about 20.5 

months, up to about 21 months, up to about21.5 months, up to about22 months, up to about 22.5 

months, up to about 23 months, up to about 23.5 months, or up to about24 months, or more.  

[0319] 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, parenteral 

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 mucosall 

administration" includes oral, intranasal, intravaginal, intra-rectal, intra-tracheal, intestinal and 

ophthalmic administration. Preferably, administration is intramuscular.  
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103201 Compositions may be administered on a single dose schedule or a multiple dose 

schedule. Multiple doses may be used in a primary immunization schedule or in a booster 

immunization schedule. In embodiments, about 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, or 30 doses are administered. 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 boost dose is 

administered about 2 weeks, about 3 weeks, about 4 weeks, about 5 weeks, about 6 weeks, about 

months, about 3 months, about 4 months, about 5 months, about 6 months, about 7 months, about 

8 months, about 9 months, about 10 months, about 11 months, about 12 months (1 year), about 2 

years, about 3 years, about 4 years, about 5 years, about 6 years, about 7 years, about 8 years, about 

9 years, or about 10 years after the first dose. In embodiments, a boost dose is administered ever 

year after administration of the initial dose. In embodiments, the follow-on boost dose is 

administered 3 weeks or 4 weeks after administration of the prior dose. In embodiments, the first 

dose is administered at day 0, and the boost dose is administered at day 21. In embodiments, the 

first dose is administered at day 0, and the boost dose is administered at day 28. In embodiments, 

the first dose is administered at day 0, a boost dose is administered at day 21, and a second boost 

dose is administered about six months after administration of the first dose. In embodiments, the 

first dose is administered at day 0, and the boost dose is administered at day 28, and a second boost 

dose is administered about six months after administration of the first dose. In embodiments, the 

first dose is administered at day 0, a boost dose is administered at day 21, and a second boost dose 

is administered about six months after administration of the second dose. In embodiments, the 

first dose is administered at day 0, and the boost dose is administered at day 28, and a second boost 

dose is administered about six months after administration of the second dose.  

[0321] In embodiments, the boost dose comprises the same immunological composition as the 

initial dose. In embodiments, the boost dose comprises a different immunological composition 

than the initial dose. In embodiments, the different immunological composition is a SARS-CoV-2 

Spike glycoprotein, an mRNA encoding a SARS-Cov-2 Spike glycoprotein, a plasmnid 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 boost dose comprises the 

initial composition. In embodiments, the initial dose comprises a SARS-CoV-2 S glycoprotein 

(e.g., a SARS CoV-2 S glycoprotein having the amino acid sequence of SEQ ID NO: 87), and the 
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boost dose comprises the same SARS-CoV-2 S glycoprotein (e.g., a SARS CoV-2 S glycoprotein 

having the amino acid sequence of SEQ ID NO: 87).In embodiments, the initial dose comprises a 

SARS-CoV-2 S glycoprotein (e.g., a SARS CoV-2 S glycoprotein having the amino acid sequence 

of SEQ ID NO: 87), and the boost dose comprises a different SARS-CoV-2 S glycoprotein (e.g., 

a SARS CoV-2 S glycoprotein having the amino acid sequence of SEQ ID NO: 132).In 

embodiments, the initial dose comprises a combination of SARS-CoV-2 S glycoproteins (e.g., a 

SARS CoV-2 S glycoprotein having the amino acid sequence of SEQ ID NO: 87 and a SARS 

CoV-2 S glycoprotein having the amino acid sequence of SEQ ID NO: 132). In embodiments, the 

boost dose comprises a combination of SARS-CoV-2 S glycoproteins (e.g., a SARS CoV-2 S 

glycoprotein having the amino acid sequence of SEQ ID NO: 87 and a SARS CoV-2 S 

glycoprotein having the amino acid sequence of SEQ ID NO: 132). In embodiments, the initial 

dose comprises a SARS-CoV-2 S glycoprotein, a plasmid DNA encoding a SARS-Cov-2 S 

glycoprotein, an viral vector encoding a SARS-CoV-2 Spike glycoprotein, or an inactivated 

SARS-CoV-2 virus. In embodiments, the initial dose comprises 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, and the boost 

dose comprises one or more SARS-CoV-2 S glycoproteins.  

[0322] In embodiments, the dose, as measured in pg, may be the total weight of the dose 

including the solute, or the weight of the CoV S polypeptide nanoparticles, or the weight of the 

CoV S polypeptide. Dose is measured using protein concentration assay either A280 or ELISA.  

[0323] The dose of antigen, including for pediatric administration, may be in the range of about 

5 pg to about 25 pg, about I pg to about 300 pg, about 90 pg to about 270 pg, about 100 pg to 

about 160 pg, about 110 pg to about 150 pg, about 120 pg to about 140 pg, or about 140 pg to 

about 160 pg. In embodiments, the dose is about 120 pg, administered with alum. In aspects, a 

pediatric dose may be in the range of about 1 pg to about 90 pg. In embodiments, the dose of CoV 

Spike (S) polypeptide is about 1 pg, about 2 pg, about 3 pg, about 4 pg, about 5 pg, about 6 pg, 

about 7 pg, about 8 pg, about 9 pg, about 10 g, about 11 pg, about 12 pg, about 13 pg, about 14 

pg, about 15 pg, about 16 g, about 17 pg, about 18 pg, about 19 pg, about 20 g, about 21, about 

22, about 23, about24, about 25 pg, about 26 pg, about 27 pg, about 28 pg, about 29 pg, about 30 

pg, about 40 pg, about 50, about 60, about 70, about 80 , about 90 about 100 pg, about 110 pg, 

about 120 pg . about 130 pg, about 140 pg, about 150 g, about 160 pg, about 170 pg, about 180 
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jig, about 190 pg, about 200 jg, about 210 pg, about 220 pg, about 230 ig, about 240 g, about 

250 g , about 260 g, about270 jg, about 280 pg, about290 g, or about 300 ig, including all 

values and ranges in between. In embodiments, the dose of CoV S polypeptide is 5 g. In 

embodiments, the dose of CoV S polypeptide is 25 pg. In embodiments, the dose of a CoV S 

polypeptide is the same for the initial dose and for boost doses. In embodiments, the dose of a CoV 

S polypeptide is the different for the initial dose and for boost doses.  

[03241 Certain 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%.  

[03251 In embodiments, the dose of the adjuvant administered with a non-naturally occurring 

CoV S polypeptide is from about 1 pg to about 100 jig, for example, about pg, about 2 pg, about 

3jig, about 4 pg, about 5 pg, about 6 pg, about 7 pg, about 8 pg, about 9 pg, about 10 ig, about 

II pg, about 12 pg, about 13 pg, about 14 pg, about 15 pg, about 16 pg, about 17 pg, about 18 

pg, about 19 jg, about 20 pg, about 21, about 22, about 23, about 24, about 25 pg, about 26 pg, 

about 27 pg, about 28 ig, about 29 jg, about 30 jg, about 31 pg, about 32 pg, about 33 pg, about 

34 g, about 35 g, about 36 g, about 37 g, about 38 g, about 39 g, about 40 g, about 41 

pg, about 42 pg, about 43 ig, about 44j g, about 45 pg, about 46 pg, about 47 ig, about 48 pg, 

about 49 pg, about 50 pg, about 51 pg, about 52 pg, about 53 Pg, about 54 pg, about 55 g, about 

56 pg, about 57 pg, about 58 pg, about 59 pg, about 60 pg, about 61 pg, about 62 pg, about 63 

jig, about 64 ig, about 65 pg, about 66 pg, about 67 jig, about 68 pg, about 69 pg, about 70 jig, 

about 71 jig, about 72 jig, about. 73 ig, about 74 ig, about 75 pg, about 76 pg, about 77 pg, about 

78 ig, about 79 ig, about 80 ig, about 81 ig, about 82 ig, about 83 ig, about 84 ig, about 85 

pg, about 86 pg, about 87 jig, about 88 pg, about 89 pg, about 90 pg, about 91 ig, about 92 pg, 

about 93 pg, about 94 pg, about 95 pg, about 96 gg, about 97 ig, about 98 jig, about 99 jg, or 

about 100 pg of adjuvant. In embodinents, the dose of adiuvant is about 50 jig. In enbodiments, 

the adjuvant is a saponin adjuvant, e.g., MATRIX-M 4 .  

[03261 In embodiments, the dose is administered in a volume of about 0.1 mL to about 1.5 

iL, for example, about 0.1 mL, about 0.2 mL, about 0.25 mL, about 0.3 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 1.1 mL, 

about 1.2 mL, about 1.3 mL, about 1.4 mL, or about 1.5 mL. In embodiments, the dose is 
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administered in a volume of 0.25 mL. In embodiments, the dose is administered in a volume of 0.5 

mL. In embodiments, the dose is administered in a volume of 0.6 mL.  

103271 In particular embodiments for a vaccine against MERS, SARS, or the SARS-CoV-2 

coronavirus, the dose may comprise a CoV S polypeptide concentration of about I pg/mL to about 

50 pg/rML, 10 pg/mL to about 100 g/mL, about 10 pg/mL to about 50 pg/mL, about 175 g/mL 

to about 325jpg/niL, about 200 pg/mL to about 300 pg/mL, about 220 pg/mL to about 280 pg/mL, 

or about 240 pg/mL to about 260 pg/mL.  

[03281 In another embodiment, the disclosure provides a method of formulating a vaccine 

composition that induces immunity to an infection or at least one disease symptom thereof to a 

mammal, comprising adding to the composition an effective dose of a nanoparticle or a CoV S 

polypeptide. The disclosed CoV S polypeptides and nanoparticles are useful for preparing 

compositions that stimulate an immune response that confers immunity orsubstantial immunity to 

infectious agents. Thus, in one embodiment, the disclosure provides a method of inducing 

immunity to infections or at least one disease symptom thereof in a subject, comprising 

administering at least one effective dose of ananoparticle and/or a CoV S polypeptide 

[0329] In embodiments, the CoV S polypeptides or nanoparticles comprising the same are 

administered in combination with an additional immunogenic composition. In embodiments, the 

additional immunogenic composition induces an immune response against SARS-CoV-2. In 

embodiments, the additional immunogenic composition is administered within about minute, 

about 5 minutes, about 10 minutes, 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 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 1 day, about 2 

days, about 3 days, about 4 days, about 5 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, about23 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 CoV S polypeptides or 

nanoparticles comprising the same. In embodiments, the additional composition is administered 

with a first dose of a composition comprising a CoV S polypeptide or nanoparticle comprising the 
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same. In embodiments, the additional composition is administered with a boost dose of a 

composition comprising a CoV S polypeptide or nanoparticle comprising the same.  

103301 In embodiments, the additional immunogenic composition comprises 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.  

[03311 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 NO: 1. In embodiments, the 

mRNA 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: I and an intact furin cleavagesite. In embodiments, the mRNA encodes for a 

CoV S polypeptide comprising proline substitutions at positions 986 and 987 of SEQ ID NO: I 

and an inactive furin cleavage site. In embodiments, the mRNA encodes for a CoV S polypeptide 

having an amino acid sequence of SEQ ID NO: 87. In embodiments, the mRNA encoding for a 

CoV S 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 

incorporated 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 g. or 250 

Pg.  

[0332] In embodiments, the additional imnmunogenic composition comprises an adenovirus 

vector encoding for a CoV S polypeptide. In embodiments, the AAV vector encodes for a wild

type CoV S polypeptide. In embodiments, the AAV vector encodes for a CoV S polypeptide 

comprising proline substitutions at positions 986 and 987 of SEQ ID NO: I 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 ID NO: I 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 S polypeptide, each of which is incorporated by 

reference in its entirety herein: van Doremalen N. et al. A single dose of ChAdOxI MERS provides 
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protective immunity in rhesus nacaques. Science Advances, 2020; van Doremalen N. et al.  

ChAdOxi nCoV-19 vaccination prevents SARS-CoV-2 pneumonia in rhesus macaques. bioRxiv, 

(2020).  

[03331 In embodiments, the additional immunogenic composition comprises deoxyribonucleic 

acid (DNA). In embodiments, the additional immunogenic composition comprises plasmid DNA.  

In embodiments, the plasnid DNA encodes for a CoV S polypeptide. In embodiments, the DNA 

encodes for a CoV S polypeptide comprising proline substitutions at positions 986 and 987 of SEQ 

ID NO: I and an intact furin cleavage site. In embodiments, the DNA encodes for a CoV S 

polypeptide comprising proline substitutions at positions 986 and 987 of SEQ ID NO: 1 and an 

inactive furin cleavage site. In embodiments, the DNA encodes for a CoV S polypeptide having 

an amino acid sequence of SEQ ID NO: 87.  

[0334] In embodiments, the additional immunogenic composition comprises an inactivated 

virus vaccine 

[0335] In embodiments, the CoV S polypeptides or nanoparticles comprising CoV S 

polypeptides 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). In embodiments, the CoV S polypeptides or nanoparticles comprising CoV 

S polypeptides are administered to a. patient at least about 3 days, at least about I week, at least 

about 2 weeks, at least about 3 weeks, at least about 4 weeks after a patient has been diagnosed 

with COVID-19. In embodiments, the CoV S polypeptides or nanoparticles comprising CoV S 

polypeptides are administered to a patient between I week and 1 year after the patient's diagnosis 

with COVfD-19, for example, about I week, about 2 weeks, about 3 weeks, about 4 weeks, about 

5 weeks, about 6 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 months, about 

11 months, or about 1 year. In embodiments, the CoV S polypeptides or nanoparticles comprising 

CoV S polypeptides are administered to a patient between I week and 20 years after the patient's 

diagnosis with COVID-19, for example, about I week, about 2 weeks, about 3 weeks, about 4 

weeks, about 5 weeks, about 6 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 
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10 months, about 11m months, about 1 year, about 2 years, about 3 years, about 4 years, about 5 

years, about 6 years, about 7 years, about 8 years, about 9 years, about 10 years, about I Iyears, 

about 12 years, about 13 years, about 14 years, about 15 years, about 16 years, about 17years, 

about 18 years, about 19years, or about 20years.  

103361 In embodiments, the CoV S polypeptides or nanoparticles comprising the same are 

administered after 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 year, between about 1 week and I month, 

between about 3 weeks and 4 weeks, between about I week and 5 years, between about 1 year and 

about 5 years, between about I year and about 3 years, between about 3 years and about 5 years., 

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 innunogenic composition. In 

embodiments, the CoV S polypeptides or nanoparticles comprising the same are administered 

between about I week and about year after administration of the first inmunogenic composition, 

for example, about I week, about 2 weeks, about 3 weeks, about 4 weeks, about 5 weeks, about 6 

weeks, about 7 weeks, about 8 weeks, about 9 weeks, about 10 weeks, about I month, about 2 

months, about 3 months, about 4 months, about months, about 6 months, about 7 months, about 

8 months, about 9 months, about 10 months, about I Imonths, or about 1 year after administration 

of the first immunogenic composition.  

[03371] In embodimrents, the CoV S proteins or nanoparticles comprising CoV S proteins are 

useful for preparing immunogenic compositions to stimulate an innune response that confers 

immunity or substantial inmunity 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. Antibodies secreted locally in the upper respiratory tract are a 

major factor in resistance to natural infection. Secretory immunoglobulin A (sIgA) is involved in 

protection of the upper respiratory tract and serum IgG in protection of the lower respiratory tract.  

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

an antigenically similar viral strain. The antibodies produced in a host after immunization with 
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the nanoparticles disclosed herein can also be administered to others, thereby providing passive 

administration in the subject.  

103381 In embodiments, the CoV S proteins or nanoparticles comprising CoV S proteins 

induce cross-neutralizing antibodies against SARS-CoV-2 viruses containing S proteins with one 

or more modifications selected front: 

(a) deletion of one or more amino acids of the NTD, wherein the one or more amino acids 

are selected from the group consisting of amino acid 56, 57, 131, 132, 229, 230, 2.31, or 

combinations thereof; and 

(b) mutation of one or more amino acids of the NTD, wherein the one or more mutations 

are selected from the group consisting of amino acid 67, 82, 133, 229, 202, 209, 240, 139, 5, 233, 

7, 13,125, 177, or combinations thereof; 

(c) 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 488, 404, 471, 464, 439, 481, 426, 440, and 

combinations thereof; 

(d) mutation to one or more amino acids of the SD1/2 , wherein the one or more amino 

acids is selected from the group consisting of 601, 557, 668 642., and combinations thereof 

(e) an inactive furin cleavage site (corresponding to one or more mutations in amino acids 

669-672); 

(f) deletion of one or more amino acids of the S2 subunit, wherein the amino acids are 

selected from the group consisting of 676-702, 702-711, 775-793, 806-815; and combinations 

thereof 

(g) mutation of one or more amino acids of the S2 subunit, wherein the amino acids are 

selected from the group consisting of 973, 974, 703, 1105, 688, 969, 1014, 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 S glycoprotein are numbered with respect to SEQ ID NO: 2.  

[0339] In embodiments, the CoV S proteins or nanoparticles comprising CoV S proteins 

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, D601IG, P66811,IT7031, S969A, D1105H, N426K, 
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and Y440F, wherein the amino acids are numberedwith respect to a CoV S polypeptide having an 

amino acid sequence of SEQ ID NO: 2.  

103401 In embodiments, the CoV S protein or nanoparticle comprising a CoV S protein induces 

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, P668H,T7031, S969A, and Di105H,wherein the amino 

acids are numbered with respect to a CoV S polypeptide having an amino acid sequence of SEQ 

ID NO: 2.  

103411 In embodiments, the CoV S protein or nanoparticle comprising a CoV S protein induces 

cross-neutralizing antibodies against SARS-CoV-2 viruses containing S proteins with one or more 

modifications selected from: D67A, D202G, L229H, K404N, E471K, N488Y, D60iG, and 

A688V, wherein the amino acids are numbered with respect to a CoV S polypeptide having an 

amino acid sequence of SEQ ID NO:2.  

[0342] In embodiments, the CoV S protein or nanoparticle comprising a CoV S protein 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, D67A, D202G, K404N, E471K, 

N488Y, D601G, and A688V, 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 CoV S protein or nanoparticle comprising a CoV S protein 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, L5F, D67A, D202G, K404N, 

E471K, N488Y, D601(G, and A688V wherein the amino acids are numbered with respect to a CoV 

S polypeptide having an amino acid sequence of SEQ ID NO: 2.  

[0344] In embodiments, the CoV S protein or nanoparticle comprising a CoV S protein induces 

cross-neutralizing antibodies against SARS-CoV-2 viruses containing S proteins with one or more 

modifications selected from: L5F, T7N, PI3S, D125Y, R177S, K404T, E471K, N488Y, D601G, 

I-1642Y, T10141, and V1163F, wherein the amino acids are numbered with respect to a CoV S 

polypeptide having an amino acid sequence of SEQ ID NO: 2.  

[0345 In embodiments, the CoV S protein or nanoparticle comprising a CoV S protein induces 

cross-neutralizing antibodies against SARS-CoV-2 viruses with an S protein comprising one or 

more modifications selected from: W139C and L439R, wherein the amino acids are numbered 
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with respect to a CoV S polypeptide having an amino acid sequence of SEQ ID NO: 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 ID NO: 117 or SEQ ID NO: 5. In 

embodiments, the CoV S protein or nanoparticle comprising a CoV S protein induces cross

neutralizing antibodies against SARS-CoV-2 viruses with one or more modifications selected 

from: D601G, W139C, and L439R, herein the amino acids are numbered with respect to a CoV 

S polypeptide having an amino acid sequence of SEQ U) NO: 2. In embodiments, the CoV S 

protein or nanoparticle comprising D601G, 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.  

[03461 In embodiments, the CoV S protein or nanoparticle comprising a CoV S protein induces 

cross-neutralizing antibodies against SARS-CoV-2 viruses with one or more modifications 

selected from: D601G, L5F, D67A, D202G, deletions of amino acids 229-231, R2331, K404N, 

E471K, N488Y, and A688V, wherein the amino acids are numbered with respect to a CoV S 

polypeptide having an amino acidsequence of SEQ ID NO: 2. In embodiments, the CoV S protein 

or nanoparticle comprising a CoV S protein induces cross-neutralizing antibodies against SARS

CoV-2 viruses with one or more modifications selected from: L5F, D67A, D202G, deletions of 

amino acids 229-231, R233I, K404N, E471K, N488Y, and A688V, wherein the amino acids are 

numbered with respect to a CoV S polypeptide having an amino acid sequence of SEQ ID NO: 2.  

[03471 In embodiments, the present disclosure provides a method of producing one or more of 

high affinity anti-MER S-CoV, anti-SARS-CoV, and anti-SARS-CoV-2 virus antibodies. The high 

affinity antibodies produced by immunization with the nanoparticles disclosed herein are produced 

by administering an immunogenic composition comprising an S CoV polypeptide or a nanoparticle 

comprising an S CoV polypeptide to an animal, collecting the serum and/or plasma from the 

animal, and purifying the antibody from the serum/and or plasma. fIone embodiment,theanimal 

is 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 
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embodiment, the human subject is at risk for infection with one or more of MERS, SARS, and 

SARS-CoV-2.  

103481 In embodiments, the CoV S proteins or nanoparticles are co-administered with an 

influenza glycoprotein or nanoparticle comprising an influenza glycoprotein. Suitable 

glycoproteins and nanoparticles are described in USPublication No.2018/0133308andUS 

Publication No. 2019/0314487, each of which is incorporated by reference herein in its entirety.  

In embodiments, the CoV S protein or nanoparticle is coadministered with: (a) a detergent-core 

nanoparticle, wherein the detergent-core nanoparticle comprises a recombinant influenza 

hemagglutinin (HA) glycoprotein from a Type B influenza strain; and (b) a Hemagglutinin 

Saponin Matrix Nanoparticle (HaSMaN), wherein the HaSMaN comprises a recombinant 

influenza HA glycoprotein from a Type A influenza strain and ISCOM matrix adjuvant. In 

embodiments, the CoV S protein or nanoparticle is coadministered with a nanoparticle comprising 

a non-ionic detergent core and an influenza HA glycoprotein, wherein the influenza HA 

glycoprotein contains a head region that projects outward from the non-ionic detergent core and a 

transmembrane domain that is associated with the non-ionic detergent core., wherein the influenza 

HA glycoprotein is a HAO glycoprotein, wherein the amino acid sequence of the influenza HA 

glycoprotein has 100% identity to the amino acid sequenceof the native influenza HA protein. In 

embodiments, the influenza glycoprotein or nanoparticle is coformulated with the CoV S protein 

or nanoparticle.  

[0349] All patents, patent applications, references, andjournal articles cited in this disclosure 

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

Example I 

Expression and Purification of Coronavirus Spike (S) Polypeptide Nanoparticles 

[0350] The native coronavirus Spike (S) polypeptide (SEQ ID NO: 1 and SEQ ID NO:2) and 

CoV Spike polypeptides which have amino acid sequences corresponding to SEQ ID NOS: 3, 4, 

38,41,44,48,51,54,58,61,63,65,67,73,75,78,79,82,83,85,87,106,108,89,112-115,132, 

133, 114, 138, 141, 144, 147, 151, 153, 156, 158, 164-168 have been 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 ID NO: 5. Fig. 4 and Fig. 9 

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 

CoSpolypeptide Modification SEQ ID NO.  

BV2364 Deleted '-Terminal Domain 48 

BV2365 Inactive furin cleavage site 4 

BV2361 /BV2366 Wild-type 2 

BV2367 Deletion of amino acids 676-685, 63 
inactive furin cleavage site 

BV2368 Deletion of amino acids 702-711, 65 
inactive furin cleavage site 

BV2369 Deletion of amino acids 806-815, 67 
inactive furin cleavage site 

BV2373, formulated into a Inactive furin cleavage site, 87 
composition referred to herein as K973P mutation, V974P mutation 
"NVX-CoV23 7 3 " 

BV2374 K973P mutation, V974P mutation 85 

BV2374 inactive farin cleavage site and 58 
His-tag 
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BV2384 Inactive furin cleavage site 110 
(GSAS), K973P. V974P mutation 

BV2425 Inactive furin cleavage site, 114 
K973P, V974P mutation, deletions 
of amino acid 56, deletion of 
amino acid 5', deletion of amino 
acid 131, N488Y mutation 
A557D mutation, D601G 
mutation, P668H mutation T7031 
mutation. S969A mutation, and 
DI105H mutation 

BV2426 Inactive furin cleavage site, 115 
K973P mutation, V974P mutation, 
D67A mutation, D202G mutation, 
L229H mutation, K404N 
mutation, E471K mutation, 
N488Y mutation, D60iG 
mutation, and A688V mutation 

BV2438 Inactive furin cleavage site 132 
(QQAQ: SEQ ID NO: 7), K973P 
mutation, V974P mutation, 
K404N mutation, E471K 
Mutation, N488Y mutation, D67A 
mutation, D202G mutation, 
L22917 mutation, D601G 
Mutation A688V mutation 

BV2423 Inactive furin cleavage site (GG), 133 
K973P mutation, V974P mutation, 
D601G mutation 

BV2425 Inactive furincleavagesite 114 
(QQAQ: SEQ ID NO: 7), K973P 
Mutation. V974P mutation, 
deletion of aimno acids 56 , and 
131, N4SSY mutation, A557D 
mutation, D601G mutation, 
P66811 mutation, T7031 mutation, 
S969A mutation, DI105f 
mutation 

BV2425-2 Inactive fincleavage site (GG), 138 
K973P mutation, V974P mutation 
deletion of amino acids 56, 57, and 
131, N488Y mutation, A557D 
mutation. D601G utation, 
P668H mutationT701mutation.  
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S969A mutation, DI105H 
mutation 

BV2439 Inactive furin cleavage site (GG), 141 
K973P mutation, V974P mutation, 
K404N mutation, E471K 
mutation, N488K mutation, D67A 
mutation, D202G mutation, 
L229H mutation. D601G 
mutation, A688V mutation 

BV2441 Inactive turin cleavage site 144 
(QQAQ: SEQ ID NO: 7), K973P 
mutation, V974P mutation, 
K404N mutation, E4.71K 
mutation, N488Y mutation, D67A 
mutation, D202G mutation, 
D601G mutation, A688V 
mutation, deletions of amino acids 
229-231 

BV2442 Inactive turin cleavage site (GG), 147 
K973P mutation, V974P mutation, 
K404N mutation, E471K 
mutation, N488Y mutation, D67A 
mutation. D202G mutation.  
D60IG mutation, A688V 
mutation, deletions of amino acids 
229-231 

BV2443 Inactive furin cleavage site 151 
(QQAQ: SEQ ID NO: 7), K973P 
mutation, V974P mutation, T7N 
mutation, P13S mutation, D125Y 
mutation, R 177S mutation, K404T 
mutation, E471K mutation, 
N488Y mutation, D601G 
mutation, 1-1642Y mutation, 
'11014Ymutation, V1163F 
mutation 

BV2448 Inactive furin cleavage site 153 
(QQAQ: SEQ ID NO: 7), K973P 
mutation. V974P mutation, 
W139C mutation, S481P 
mutation, D601G utation, 
L439R mutation 

BV1.526NY-1 Inactive furin cleavage site 156 
(QQAQ: SEQ ID NO: 7), K973P 
mutation, V974P mutation, T821 I 
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mutation. D240G mutation 
E471K mutation, D601G 
mutation, A688V mutation 

BVI.526NY-2 Inactive furin cleavage site 158 
(QQAQ: SEQ ID NO: 7), K973P 
mutation, V974P mutation, T821 
mutation, D240G mutation.  
E464K mutation, D601G 
mutation, A688V mutation 

BV2465 Mutations: T6R, G129D, R145G, 164 
L439R, T465K, D601G, P668R, 
D937G, K973P, V974P, Inactive 
FurinCleavage site (QQAQ: SEQ 
ID NO: 7) 

Deletion: 143, 144 

BV2457 T821, G129D, E141K, L439R, 165 
T471Q, D601G, P668R, Q1058H 
K973P, V974P, Inactive Furin 
Cleavage site (QQAQ: SEQ ID 
NO: 7) 

BV2472 Mutations: T6R, G129D, R145G, 166 
K404N L439RT465K, D601G 
P668R, D937G, W2451, K973P 
V974P Inactive Furin Cleavage 
site (QQAQ: SEQ ID NO: 7) 

Deletion: 143, 144 

BV2480 T821, Y13IS, Y132N, R333K, 167 
E471K, N488Y. D601G,P668H.  
D937N, Inactive Furin Cleavage 
site (QQAQ: SEQ ID NO: 7), 
K973P mutation, V974P mutation 

BV2481 T821, Y131T, Y132S, R333K, 168 
E471K, N488Y, D601G, P6681H, 
D937N, Inactive Furin Cleavage 
site (QQAQ: SEQ ID NO: 7), 
K973P mutation, V974P mutation 

Insertion of asparagine after amino 
acid 132 
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103511 Thewild-typeBV2361 protein (SEQID NO: 2) binds to humanangiotensin-converting 

enzyme 2 precursor (hACE2). Bio-layer interferometry and ELISA were performed to assess 

binding of the CoV S polypeptides.  

Bio-layer interferonetry (BLI) 

[03521 The BLI experiments were performed using an Octet QK384 system (Pall Forte Bio, 

Fremont, CA). His-tagged human ACE2 (2 g mL-1) was immobilized on nickel-charged Ni-NTA 

biosensor tips. After baseline, SARS-CoV-2 S protein containing samples were 2-fold serially 

diluted and were allowed to associate for 600 seconds followed by dissociation for an additional 

900 sec. Data was analyzed with Octet software HT 101:1 global curve fit.  

103531 The CoV S polypeptides BV2361., BV2365, BV2369, BV2365, BV2373, BV2374 

retain the ability to bind to hACE2 (Fig. 5, Figs. IIA-C). Dissociation kinetics showed that the S

proteins remained tightly bound as evident by minimal or no dissociation over 900 seconds of 

observation in the absence of fluid phase S protein (Figs. 11A-C).  

[03541 Furthermore, binding is specific. The wild-type CoV S protein, BV2361 and the CoV 

S polypeptides BV2365 and BV2373 do not bind the MERS-CoV receptor, dipeptidyl peptidase 

IV (DPP4). Additionally, the MERS S protein does not bind to human angiotensin-converting 

enzyne 2 precursor (hACE2) (Fig. 6 and Figs. 11D-F).  

[0355] The specificity of the CoV S polypeptides for hACE2 was confirmed by ELISA.  

Ninety-six well plates were coated with 100 jiL SARS-CoV-2 spike protein (2 jig/nL) overnight 

at 4°C. Plates were washed with phosphate buffered saline with 0.05% Tween (PBS-T) buffer and 

blocked with TBS Startblock blocking buffer (TherrnoFisher Scientific). His-tagged hACE2 and 

hDPP4 receptors were 3-fold serially diluted (5-0.0001 g mL-1) and added to coated wells for 2 

hours at room temperature. The plates were washed with PBS-T. Optimally diluted horseradish 

peroxidase (FIRP) conjugated anti-histidine was added and color developed by addition of and 

3,3',5,5'-tetramrnethylbenzidine peroxidase substrate (TMB, T0440-IL, Signma, St. Louis, MO, 

USA). Plates were read at an OD of 450 nm with a SpectraMax Plus plate reader (Molecular 

Devices, Sunnyvale, CA, USA) and data analyzed with SoftMax software. EC50 values were 

calculated by 4-parameter fitting using GraphPad Prism 7.05 software.  
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103561 The ELISA results showed that the wild-type CoV S polypeptide (BV2361) BV2365, 

and BV2373 proteins specifically bound hACE2 but failed to bind the hDPP-4 receptor used by 

MERS-CoV (IC 5 s >5000 ng mL-1). The wild-type CoV S polypeptide and BV2365 bound to 

hACE2 with similar affinity (ICso = 36-38 ng/mL), while BV2373 attained 50% saturation of 

hACE2 binding at 2-fold lower concentration (ICo = 18 ng/mL) (Fig. 7, Figs. 11D-F).  

Protein andJNanoparticle Production 

103571 The recombinant virus is amplified by infection of Sf9 insect cells. A culture of insect 

cells is infected at ~3 MOI (Multiplicity 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 approximately 800 x g. The 

resulting crude cell harvests containing the coronavirus Spike (S) protein are purified as 

nanoparticles as described below.  

[03581 To produce nanoparticles, non-ionic surfactant TERGITOL@ nonylphenol 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 

treatment which leads to precipitation of BV and Sf9 host cell DNA and protein. The neutralized 

low pH treatment lysate is clarified and further purified on anion exchange and affinity 

chromatography before a second low pH treatment is performed.  

[0359] Affinity chromatography is used to remove Sf9/BV proteins, DNA and NP-9, as well 

as to concentrate the coronavirus Spike (S) protein. Briefly, lentil lectin is a metalloprotein 

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).  

[03601 The column washes are also used to detergent exchange the NP-9 detergent with the 

surfactant polysorbate 80 (PS80). The coronavirus Spike (S) polypeptides are eluted in 

nanoparticle structure from the lentil lectin column with a high concentration of MMP. After 
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elation, the coronavirus Spike (S) protein trimers are assembled into nanoparticles composed of 

coronavirus Spike (S) protein trimers and PS80 contained in a detergent core.  

Example 2 

Immunogenicity of Coronavirus Spike (S) Polypeptide Nanoparticle Vaccines in Mice 

103611 The coronavirus Spike (S) protein composition comprising a CoV S polypeptide of 

SEQ ID NO: 87 (also called "BV2373") as described in Example I was evaluated for 

immunogenicity and toxicity in a murine model, using female BALB/c mice (7-9 weeks old; 

Harlan Laboratories Inc., Frederick, MD). The compositions were evaluated in the presence and 

in the absence of a saponin adjuvant, e.g., MATRIX-MtCompositions containing MATRIX

MTMcontained 5 pg of MATRIX-MA. Vaccines containing coronavirus Spike (S) polypeptide 

at various doses, including 0.01 pg, 0.1 pg, 1 pg, and 10 pg, were administered intramuscularly 

as a single dose (also referred to as a single priming dose) (study day 14) or as two doses (also 

referred to as a prime/boost regimen) spaced 14-days apart (study day 0 and 14). A placebo group 

served as a non-mmnnunized control. Serum was collected for analysis on study days -1, 13,2 1, and 

28. Vaccinated and control animals were intranasally challenged with SARS-CoV-2 42 days 

following one (a single dose) or two (two doses)immunizations.  

VaccineImmunogencit 

[0362] Animals immunized with a single priming dose of 0 1-10 g BV2373 and IATRIX

fTM had elevated anti-S IgG titers that were detected 21-28 days after a single immunization (Fig.  

13B). Mice immunized with a 10 g dose of BV2373 and MATRIX-MTiproducedantibodiesthat 

blocked hACE2 receptor binding to the CoV S protein and virus neutralzing antibodies that were 

detected 21- 28 days after a single priming dose (Fig.14 nd Fig. 15). Animalsimmunized with 

the prime/boost regimen (two doses) had significantly elevated anti-S IgG titers that were detected 

7-16 days following the booster immunization across all dose levels (Fig.13A). Animals 

immunized with BV2373 (1 g and 10 gg) and MATRIX-M 4T had similar high anti-S LgG titers 

following immunization (GMT = 139,000 and 84,000, respectively), Mice immunized with 

BV2373 (0 1 ug, I g, or 10 g) and MATRIX MT had significantly (p 5 0.05 and p 5 0.0001) 

higher anti-S IgG titers compared to mice immunized with 10 g BV2373 without adjuvant (Fig.  
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13A). These results indicate the potential for 10- to 100-fold dose sparing provided by the 

MATRX-MLN adjuvant. Furthermore, immunization with two doses of BV2373 and MATRIX

M"' elicited high titer antibodies that blocked hACE2 receptor binding to S-protein (IC50: 218 

- 1642) and neutralized the cytopathic effect (CPE) of SARS-CoV-2 on Vero E6 cells (100% 

blocking of CPE = 7680 -20,000) across all dose levels (Fig. 14 and Fig. 15).  

SARS CoV-2 Challenge 

[03631 To evaluate the induction of protective immunity, immunized mice were challenged 

withSARS-CoV-2. Since mice do not support replication of the wild-type SARS-CoV-2 virus, on 

day 52 post initial vaccination, mice were intranasally infected with an adenovirus expressing 

hACE2 (Ad/hACE2) to render them permissive. Mice were intranasally inoculated with 1.5 X 105 

pfu of SARS-CoV-2 in 50 pL divided between nares. Challenged mice were weighed on the day 

of infection and daily for up to 7 days post infection. At 4- and 7-days post infection, 5 mice were 

sacrificed from each vaccination and control group, and lungs were harvested and prepared for 

pulmonary histology.  

[03641 The viral titer was quantified by a plaque assay. Briefly, the harvested lungs were 

homogenized in PBS using 1.0 mm glass beads (Sigma Aldrich) and a Beadruptor (Omini 

International Inc.). Homogenates were added to Vero E6 near confluent cultures and SARS-CoV

2 virus titers determined by counting plaque forming units (pfu) using a 6-point dilution curve 

[03651 At4 days post infection, placebo-treated mice had 104 SARS-CoV-2 pfu/lung, while 

the mice immunized with BV2363 without MATRIX MTi had 103 pfu/lung (Fig. 16). The 

BV2373 with MATR1X-MI prime-only groups of mice exhibited a dose dependent reduction in 

virus titer, with recipients of the 10 pg BV2373 dose having no detectable virus at day 4 post 

infection. Mice receiving 1 ug, 0 1 g and 0.01 g BV2373 doses all showed a marked reduction 

in titer compared to placebo-vaccinated mice. In the prime/boost groups, mice immunized with 10 

pg, 1 jg and 0.1 g doses had almost undetectable lung virus loads, while the 0,01 pg group 

displayed a reduction of 1 log reduction relative to placebo animals.  

[03661 Weight loss paralleled the viral load findings. Animals receiving a single dose of 

BV2373 (0.1 pg, 1 g, and 10 pg) and MATRLX-M 4 showed marked protection from weight loss 

compared to the unvaccinated placebo animals (Fig. 17A). The mice receiving a prime and boost 

dose with adjuvant also demonstrated significant protection against weight loss at all dose levels 

(Figs. 17B-C). The effect of the presence of adjuvant on protection against weight loss was 
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evaluated. Mice receiving the prime/boost (two doses) plus adjuvant were significantly protected 

from weight loss relative to placebo, while the group immunized without adjuvant was not (Fig.  

17C). These results showed that BV2373 confers protection against SARS-CoV-2 and that low 

doses of the vaccine associated with lower serologic responses do not exacerbate weight loss or 

demonstrate exaggerated illness.  

[03671 Lung histopathology was evaluated on days 4 and day 7 post infection (Fig. 18A and 

Fig. 18B). At day 4 post infection, placebo-immunized mice showed denudation of epithelial cells 

in the large airways with thickening of the alveolar septa surrounded by a mixed inflammatory cell 

population. Periarteriolar cuffing was observed throughout the lungs with inflammatory cells 

consistingprimarily of neutrophils and macrophages. By day 7 post infection, the placebo-treated 

mice displayed peribronchiolar inflammation with increased periarteriolar cuffing. The thickened 

alveolar sept remained with increased diffuse interstitial inflammation throughout the alveolar 

septa (Fig. 18B).  

[0368] The BV2373 immunized mice showed significant reduction in lung pathology at both 

day 4 and day 7 post infection in a dose-dependent manner. The prime only group displays reduced 

inflammation at the 10 ig and I g dose with a reduction in inflammation surrounding the bronchi 

and arterioles compared to placebo mice. In the lower doses of the prime-only groups, lung 

inflammation resembles that of the placebo groups, correlating with weight loss and lung virus 

titer. The prime/boost immunized groups displayed a significant reduction in lung inflammation 

for all doses tested, which again correlated with lung viral titer and weight loss data., The epithelia 

cells in the large and small bronchi at day 4 and 7 were substantially preserved with minimal 

bronchiolar sloughing and signs of viral infection. The arterioles of animals immunized with 10 

pg, I jig and 0.1 jig doses have minimal inflammation with only moderate cuffing seen with the 

0.01 ug dose, similar to placebo. Alveolar inflammation was reduced in animals that received the 

higher doses with only the lower 0.01 g dose associated with inflammation (Figs.1A-18B).  

These data demonstrate that BV2373 reduces lung inflammation after challenge and that even 

doses and regimens of BV2373 that elicit minimal or no detectable neutralizing activity are not 

associated with exacerbation of the inflammatory response to the virus. Furthermore, the vaccine 

does not cause vaccine associated enhanced respiratory disease (VAERD) in challenged mice.  

T Cell Iesponse 
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103691 The effect of the vaccine composition comprising a CoV S polypeptide of SEQ ID NO: 

87 on the T cell response was evaluated. BALB/c mice (N = 6 per group) were immunized 

intramuscularly with 10 pg BV2373 with or without 5 g MATRIX-MTM in2 doses spaced 21

days apart. Spleens were collected 7-days after the second immunization (study day 28). A non

vaccinated group (N:= 3) served as a control.  

[03701 Antigen-specific T cell responses were measured by ELISPOTT' enzyme linked 

immunosorbent assay and intracellular cytokine staining (ICCS) from spleens collected 7-days 

after the second immunization (study day 28). The number of IFN-y secreting cells after ex vivo 

stimulation increased 20-fold (p = 0.002) in spleens of mice immunized with BV2373 and 

MATRIX-M compared to BV2373 alone as measured by the ELISPOTTM assay (Fig. 19). In 

order to examine CD4+ and CD8+ T cell responses separately, ICCS assays were performed in 

combination with surface marker staining. Data shown are gated on CD44hi CD621- effector 

memory T cell population The frequency of IFN-., TNF--+, and II-2+ cytokine-secreting CD4+ 

and CD8+ T cells was significantly higher (p <0.0001) in spleens from mice immunized with 

BV2373 as compared to mice inmunized without adjuvant (Fig. 20A-C and Fig. 21A-C). Further, 

the frequency of multifunctional CD4+ and CD8+ T cells, which simultaneously produce at least 

two or three cytokines was also significantly increased (p <0.0001) in spleens from the BV2373/ 

LATRIX-MTinunized mice as compared to mice immunized in the absence of adjuvant (Figs.  

20D-E and Figs. 21D-E). Immunization with BV2373/ MATRIX-MTM resulted in higher 

proportions of multifunctional phenotypes (e.g., T cells that secrete more than one of FN-y, TNF

u, and IL-2) within both CD4+ and CD8+ T cell populations. The proportions of multifunctional 

phenotypes detected in memory CD4+ T cells were higher than those in CD8+ T cells (Fig. 22).  

[0371] Type2 cytokine IL-4 and IL-5 secretion from CD4+ T cells was also determined by 

ICCS and ELISPOTTm respectively. Immunization with BV2373/ MATRIX-M"" also increased 

type 2 cytokine IL-4 and IL-5 secretion (2-fold) compared to immunization with BV2373 alone, 

but to a lesser degree than enhancement of type I cytokine production (e.g. IFN-y increased 20

fold) (Figs. 23A-C). These results indicate that administration of the MATRIX-MT adjuvant 

skewed the CD4+T cell development toward Th Iresponses.  

[0372] The effect of immunization on germinal center formationwas assessed by measuring 

the frequency of CD4+i Tfollicular helper (TEH) cells and germinal center (GC) B cells in spleens.  

MATRIX-ML administration significantly increased the frequency of TF-I cells (CD4- C(XCR5+ 
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PD-1I-) was significantly increased (p = 0.01), as well as the frequency of GC B cells 

(CD19+CL7+CD95+) (p:= 0.0002) in spleens (Figs. 24A-B and Figs. 25A-B).  

Example 3 

Immunogenicity of Coronavirus Spike (S) Polypeptide Nanoparticle Vaccines in Olive 

Baboons 

[03731 The immunogenicity of a vaccine composition comprising BV2373 in baboons was 

assessed. Adult olive baboons were immunized with a dose range (I g, 5pg and 25 pg) of 

BV2373 and 50 Ig MATRIX-MI adjuvant administered by intramuscular (M)injection in two 

doses spaced 21-days apart. To assess the adjuvanting activity of MATRIX-MTM in non-human 

primates, another group of animals was immunized with 25 g of BV2373 without MATRIX

MT. Anti-S protein IgG titers were detected within 21-days of a single priming immunization in 

animals immunized with BV2373/ MATRIX-MTM across all the dose levels (G-MT = 1249

19,000). Anti-S protein IgG titers increased over a log (GMT = 33,000-174,000) within I to 2 

weeks following a booster immunization (days 28 and 35) across all of the dose levels. (Fig. 26A).  

[03741 Low levels of hACE2 receptor blocking antibodies were detected in animals following 

single immunization with BV2373 (5 g or 25 ug) and MATRIX-M (GMT = 22-37). Receptor 

blocking antibody titers were significantly increased within one to two weeks of the booster 

immunization across all groups immunized with BV2373/IATRIX-MTM(CMT = 150-600) (Fig.  

26B). Virus neutralizing antibodies were elevated (GMT = 190-446) across all dose groups after 

a single immunization with BV2373/ MATRIX-MTF Animals immunized with 25 pg BV2373 

alone had no detectable antibodies that block S-protein binding to hACE2 (Fig. 26C). Neutralizing 

titers were increased 6- to 8-fold one week following the booster immunization (GMT:= 1160

3846), Neutralizing titers increased an additional 25- to 38- fold following the second 

immunization (CMT = 6400-17,000) (Fig. 26C). There was a significant correlation (p <0.0001) 

between anti-S IgG levels and neutralizing antibody titers (Fig. 27). The irmunogenicity of the 

adjuvanted vaccine in nonhuman primates is consistent with the results of Example 2 and further 

supports the role of MATRIX-MTM in promoting the generation of neutralizing antibodies and 

dose sparing.  
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103751 PBMCs were collected 7 days after the second immunization (day 28), and the T cell 

response was measured by ELISPOT assay. PBMCs from animals immunizedwith BV2373 (5 pg 

or 25 pg) and MATRIX-M"v had the highest number of IFN-7 secreting cells, whichwas 5-fold 

greater compared to animals immunized with 25 g BV2373 alone or BV2373 (1 pg) and 

MATRIX-M 1 (Fig. 28). By ICCS analysis, immunization with BV2373 (5 pg) and MATRIX

M showed the highest frequency of IFN-y+, IL-2+, and TNF-a+ CD4+T cells (Figs. 29A-C).  

This trend was also true for multifunctional CD4+T cells, inwhich at least two or three type I 

cytokines were produced simultaneously (Figs. 29D-E).  

Example 4.  

Structural Characterization of Coronavirus Spike (S) Polypeptide Nanoparticle Vaccines 

103761 Transmission electron microscopy (TEM) and two dimensional (2D) class averaging 

were used to determine the ultrastructure of BV2373. High magnification (67,000x and 100,000x) 

`TEM images of negatively stained BV2373 showed particles corresponding to S-protein 

homotrimers.  

[03771 An automated picking protocolwas used to construct 2D class average images (Lander 

G.C. etal. J SIruct Biol. 166,95-102(2009); SorzanoC.O. etal.,JStructBiol. 148, 194-204 

(2004).). Two rounds of 2D class averaging of homotrimeric structures revealed a triangular 

particle appearance with a 15 nin length and 13 nm width (Fig. 10, top left). Overlaying the 

recently solved cryoEM structure of the SARS-CoV-2 spike protein (EMD ID: 21374) over the 

2D BV2373 image showed a good fit with the crown-shaped Si (NTD and RBD) and the S2 stem 

(Fig. 10, bottom left). Also apparent in the 2D images was a faint projection that protruded from 

the tip of the trimeric structure opposite of the NTD/RBD crown (Fig. 10, top right). 2D class 

averaging using a larger box size showed these faint projections form a connection between the S

trimer and an amorphous structure. (Fig. 10, bottom right).  

103781 Dynamic light scattering (DLS) show that the wild-type CoV S protein had a Z-avg 

particle diameter of 69.53 rnm compared to a 2-fold smaller particle size of BV2365 (33.4 nim) and 

BV2373 (27.2 nim). The polydispersity index (PDI) indicated that BV2365 and BV2373 particles 

were generally uniform in size, shape, and mass (PDI = 0.25-0.29) compared to the wild-type 

spike-protein (PDI = 0.46) (Table 3).  
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Table 3: Particle Size and Thermostability of SARS-CoV-2 Trimeric Spike Proteins 

SARS-CoV-2 S Differential Scanning Calorimetry Dynamic Light Scattering (DLS) 
protein (DSC) 

Tm("C)1  AHeal Z- avg diameter2  PDI 
(am) 

(kJ/nmol) 

Wild-type 586 153 69.53 0.46 

BV2365 61.3 466 33.40 0.25 

BV2373 60.4 732 27.21 0.29 

Tmnax: melting temperature 

2Z-avg: Z-average particle size 

PDI: polydispersity index 

[03791 The thermal stability of the S-trimers was determined by differential scanning 

calorimetry (DSC. The thermal transition temperature of the wild-type CoV S- protein (Tx= 

58.6C)'was similar to BV2365 and BV2373 with a T =61.3°C and 60.4°C, respectively (Table 

3). Of greater significance, was the 3 - 5 fold increased enthalpy of transition required to unfold 

the BV2365 and BV2373 variants (AHcal = 466 and 732 kJ/mol, respectively) compared to the 

lower enthalpy required to unfold the WT spike protein (AHcal = 153 kJ/nol). These results are 

consistent with improved thermal stability of the BV2365 and BV2373 compared to that of WT 

spike protein (Table 3).  

[03801 The stability of the CoV Spike (S) polypeptide nanoparticle vaccines was evaluated by 

dynamic light scattering. Various pHs, temperatures, salt concentrations, and proteases were used 

to compare the stability of the CoV Spike (S) polypeptide nanoparticle vaccines to nanoparticle 

vaccines containing the native CoV Spike (S) polypeptide.  
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Example 5.  

Stability of Coronavirus Spike (S) Polypeptide Nanoparticle Vaccines 

103811 The stability of the CoV Spike (S) polypeptide nanoparticle vaccines was evaluated by 

dynamic light scattering. Various pHs, temperatures, salt concentrations, and proteases were used 

to compare the stability of the CoV Spike (S) polypeptide nanoparticle vaccines to nanoparticle 

vaccines containing the native CoV Spike (S) polypeptide. The stability of BV2365 without the 

2-proline substitutions and BV2373 with two prolines substitution was assessed under different 

environmental stress conditions using the hACE2 capture ELISA. Incubation of BV2373 at pH 

extremes (48 hours at pH 4 and pH 9)., with prolonged agitation (48 hours), and through 

freeze/thaw (2 cycles), and elevated temperature (48 hours at 25°C and 37°C) had no effect on 

hACE2 receptor binding (IC50 = 14.0 - 18.3 ng mL-1).  

[0382] Oxidizing conditions with hydrogen peroxide reduced binding of hACE2 binding to 

BV2373 8-fold (IC50 = 120 ng mL-1) (Fig. 12A). BV2365 without the 2-proline substitutions was 

less stable as determined by a significant loss of hACE2 binding under multiple conditions (Fig.  

12B), 

[0383] The stability of BV2384 (SEQ ID NO: 110) and BV2373 (SEQ ID NO: 87) were 

compared. BV2384 has a furin cleavage site sequence of GSAS (SEQ ID NO: 97), whereas 

BV2373 has a furin cleavage site of QQAQ (SEQ ID NO: 7). As demonstrated by SDS-PAGE and 

Western Blot, BV2384 showed extensive degradation in comparison to BV2373 (Fig. 32).  

Furthermore, scanning densitometry and recovery data demonstrate the unexpected loss of full 

length CoV S protein BV2384, lower purity, and recovery (Fig. 33) in comparison to BV2373 

(Fig. 34).  

Example 6 

Immune Response in Cynomolgus macaques 

[0384] We assessed the immune response induced by BV2373 in a Cynomoigus macaque 

model of SARS-CoV-2 infection. Groups 1-6 were treated as shown in Table 4.  

Table 4: Groups 1-6 of Cynomolgus macaque study 

Group BVT2373 MImmunization Blood Draw Chal lenge 
(N=4) Dose (Day s) (days) (Day) Dose 
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1 Placebo - 0,21 0,21, 33 35 

2 2.5 pg 25 0g 0, 21 0,21,33 35 

3 5 pg 25 pg 0 0,21,33 35 

4 5 pg 50 pg 0,21 0,21,33 35 

5 5pg 50 pg 0 0,21,33 35 

6 25 tg 50 pg 0, 21 0,21,33 35 

[0385] Admrinistration of a vaccine comprising BV2373 resulted in the induction of anti-CoV

S antibodies (Fig. 35A) including neutralizing antibodies (Fig. 35B). Anti-CoV-S antibodies were 

induced after administration of one (Fig. 38A) or two doses (Fig. 38B) of BV2373. Administration 

of the vaccine comprising BV2373 also resulted in the production of antibodies that blocked 

binding of the CoV S protein to hACE2 (Fig. 38C and Fig. 38D). There was a significant 

correlation between anti- CoV S polypeptide IgG titer and hACE2 inhibition titer in Cynomolgus 

macaques after administration of BV2373 (Fig. 38E). The ability of BV2373 to induce the 

production of neutralizing antibodies was evaluated by cytopathic effect (CPE) (Fig. 40A) and 

plaque reduction neutralization test (PRNT) (Fig. 40B). The data revealed that vaccine 

formulations ofTable 4 produced SARS-CoV-2 neutralizing titers, in contrast to the control.  

[03861 The vaccine comprising BV2373's ability to induce anti-CoV-S antibodies and 

antibodies that block binding of hACE2 to the CoV S protein in Cynomolgus macaques was 

compared to human convalescent serum. The data revealed that the BV2373 vaccine formulation 

induced superior anti-CoV S polypeptide and hACE2 inhibition titers as compared to human 

convalescent serum (Fig. 39).  

[03871 The BV2373 vaccine formulation also caused a decrease of SARS-CoV-2 viral 

replication (Figs. 36A-B). Viral RNA (Fig. 36A, corresponding to total RNA present) and viral 

sub-genomic RNA (sgRNA) (Fig. 36B, corresponding to replicating virus) levels were assessed 

in bronchiolar lavage (BAL) at 2 days and4 days post-challenge with infectious virus (d2pi and 

d4pi). Most subjects showed no viral RNA. At Day 2 small amounts of RNA were measured in 

sone subjects. By Day 4, no RNA was measured except for two subjects at the lowest dose of 2.5 

pg. Sub-genomic RNA was not detected at either 2 days or 4 days except for I subject, again at 
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the lowest dose. Viral RNA (Fig. 37A) and viral sub-genomic (sg) RNA (Fig. 37B) were assessed 

by nasal swab at2 days and 4 days post-infection (d2pi and d4pi). Most subjects showed no viral 

RNA. At Day 2 and Day 4 smal amounts of RNA were measured in some subjects. Sub-genomic 

RNA was not detected at either 2 Days or 4 days. Subjects were immunized Day 0 and in the 

groups with two doses Day 0 and Day 21. These data show that the vaccine decreases nose total 

virus RNA by 100 - 1000 fold and sgRNA to undetectable levels, and confirm that immune 

response to the vaccine will block viral replication and prevent viral spread.  

Example 7 

Evaluation of CoV S polypeptide nanoparticle vaccines in humans 

[03881 We assessed the safety and efficacy of a vaccine comprising BV2373 in a randomized, 

observer-blinded, placebo-controlled Phase I clinical trial in 131 healthy participants 18-59 years 

of age. Participants were immunized with two intramuscular injections, 21 days apart. Participants 

received BV2373 with or without MATRIX-M"' (n=106) or placebo (n=25). Groups A-E were 

treated as shown in'Table 5. Fig. 41 shows a timeline of the evaluation of clinical endpoints.  

Table 5: Groups A-E of Phase I1 Human Study 

Participants Day 0 Day 21( 5 days) 
Group 

(N=25) Randomized Sentinel BV2373 MATRIX- BV2373 MATRIX
Dose MIMDose Dose MTMDose 

A 25 - Opg Opg 0pgOp 

B 25 - 25ug Ogg 25pg 0pg 

C 25 3 5g 0g 5 pg 0 pg 

D 25 3 25gg 50 pg 25 pg 50 pu 

L 25 - 25 gw 50 pg 0 pg 0g 

[03891 Overall reactogenicity was mild, and the vaccinations were well tolerated. Local 

reactogenicity was more frequent in patients treated with BV2373 and MATRIX-M "'(Figs. 42A

B).  
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103901 The immunogenicity of BV2373 with and without MATRLX-.MrMwas evaluated. 21 

days after vaccination, anti-CoV-S antibodies were detected for all vaccine regimens (Fig. 43A).  

Geometric rnean fold rises (GMFR) in vaccine regimens comprising MATRX-MN exceeded 

those induced by unadjuvanted BV2373. 7 days after a second vaccination (day 28), the anti-CoV

S titer increased an additional eight-fold over responses seen with first vaccination and within 14 

days (Day 35) responses had more than doubled yet again, achieving GMFRs approximately 100

fold over those observed with BV2373 alone. A single vaccination with BV2373/ MATRIX-M 

achieved similar anti-CoV-S titer levels to those in asymptomatic (exposed) COVID-19 patients.  

A second vaccination achieved GMEU levels that exceeded convalescent serum from outpatient

treated COVID-19 patients by six-fold, achieved levels similar to convalescent serum from 

patients hospitalized with COVID-19, and exceeded overall convalescent serum anti-CoV-S 

antibodies by nearly six-fold. The responses in the two-dose 5-pg and 25-ug BV2373/ MATRIX

MFMregimens were similar. This highlights the ability of the adjuvant (MATRIX-MT ) to enable 

dose sparing.  

[03911 Neutralizing antibodies were induced in all groups treated with BV2373 (Fig. 43B).  

Groups treated with BV2373 and MATRTX-MT regimens exhibited an approximately five-fold 

G-MFR than groups treated with BV2373 alone (Fig. 43B). Second vaccinations with adjuvant had 

a profound effect on neutralizing antibody titers - inducing >100 fold rise over single vaccinations 

without adjuvant. When compared to convalescent serum, second vaccinations with BV2373/ 

MATRIX-MTM achieved GMT levels four-fold greater than outpatient-treated COVID-1 9 patients, 

levels spanning those of patients hospitalized with COVID-19, and exceeded overall convalescent 

seruin GMT by four fold.  

[0392] Convalescent serum, obtained from COVID-19 patients with clinical symptoms 

requiring medical care, demonstrated proportional anti-CoV-S IgG and neutralization titers that 

increased with illness severity (Figs. 43A-B).  

103931 A strong correlation was observed between neutralizing antibody titers and anti-CoV

S IgG in patients treated with BV2373 and MATRIX-M' 4 (r:=0.9466, Fig. 44C) similar to that 

observed in patients treated with convalescent sera (r:=0.958) (Fig. 44A). This correlation was not 

observed in subected administered unadjuvanted BV2373 (r:::0.7616) (Fig. 44B). Both 5 g and 

25 pg BV2373/ MATRX-MI' groups (groups C-E of Table 5) demonstrated similar magnitudes 
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of two-dose responses and every participant seroconverted using either assay measurement when 

a two-dose regimenwas utilized.  

I-cell responses in 16 participants (four participants from each of Groups A through D) showed 

that BV2373/MATRIX-M l regimens induced antigen-specific polyfunctional CD4+ T-cell 

responses in terms of IFN-y, IL-2, andTNF-uc production upon stimulation with BV2373. There 

was a strong bias toward production of Th cytokines (Figs. 45A-D).  

Exarnple 8 

Expression, Purification, and Evaluation of Next-Generation CoV S polypeptide 

nanoparticles 

[0394] CoV S polypeptides having the amino acid sequence of SEQ ID NO: 112, SEQ ID NO: 

113, SEQ ID NO: 114, or SEQ ID NO: H15 are expressed in a baculovirus expression system and 

recombinant plaques expressing the coronavirus Spike (S) polypeptides are picked and confirmed.  

CoV S polypeptides having a sequence of SEQ ID NO: 112, SEQ ID NO: 113, SEQ ID NO: 114, 

and SEQ ID NO: 115 are expressed using an N-terminal signal peptide having an amino acid 

sequence of SEQ ID NO: 5.  

103951 The CoV S polypeptide having a sequence of SEQ ID NO: 112 comprises a mutation 

of Asn-488 to tyrosine, 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).  

[03961 The CoV S polypeptide having a sequence of SEQ ID NO: 113 comprises mutation of 

Asp-601 to glycine, mutation of Asn-488 to tyrosine, 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).  

[03971 The CoV S polypeptide having a sequence of SEQ ID NO: 114 comprises deletion of 

aminoacids 56. 57, 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, mutation of Thr-703 to 

isoleucine, mutation of Ser-969 to alanine, mutation of Asp-i105 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 NO: 7).  

[03981 The CoV S polypeptide having a sequence of SEQ ID NO: 115 comprises mutation of 

Asn-488 to tyrosine, mutation of Asp-67 to alaninem, 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 
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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 QQAQ.  

103991 CoV S polypeptide nanoparticles are generated as in Example 1. The stability and 

immunogenicity of CoV S polypeptides having an amino acid sequence of SEQ ID NO: 112, SEQ 

ID NO: 112, SEQ ID NO: 113, and SEQ ID NO: I15 is evaluated as in Examples 2-7.  

Example 9 

BV2373 and Saponin Adjuvant induce Protective Immune responses against heterogeneous 

SARS-CoV-2 Strains 

104001 Purpose: We conducted a phase 3, randomized, observer-blinded, placebo-controlled 

trial in adults 18-84 years old who received two intramuscular 5-pg doses, 21 days apart, of 

BV2373 and saponin adjuvant (Fraction A and Fraction C iscom matrix, also referred to as 

MATRIX-MT" in this example) or placebo (1:1) across 33 sites in the United Kingdom. The 

primary efficacy endpoint was virologically confirmed mild, moderate, orsevere COVID-19 with 

onset 7 days after second vaccination.  

[04011 A total of 15,187 participants were randomized, of whom 7569 participants received 

BV2373 and IATRIX-MTM and 7570 received placebo; 27,8% were 65 years or older, and 4'% 

had baseline serological evidence of SARS-CoV-2 infection. There were 10 cases of COID-19 

among BV2373 and MATRIX-MT recipients and 96 cases among placebo recipients, with 

symptom onset at least 7 days after second vaccination; BV2373 and MATRIX-MTM was 89,7% 

(95% confidence interval, 80.2 to 94.6) effective in preventing COVID-19. There were five cases 

of severe COVID-19, all of which were reported in theplacebo group. A post hoc analysis revealed 

efficacies of 96.4% (73.8 to 99.5) and 86.3% (71.3 to 93.5) against the prototype SARS-CoV-2 

strain and B.1.1.7 variant, respectively. The prototype SARS-CoV-2 strain comprises a CoV S 

protein having the amino acid sequence of SEQ ID NO: 2. The B1.1.7 variant comprises a CoV 

S protein having deletions of amino acids 56, 57, and 131 and mutations of N488Y, A557D, 

D601G, P668H, T703I, S969A, and D1105k, 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 ID 

NO: 2. Vaccine efficacy was similar across subgroups, including participants with comorbidities 

and those >65 years old. Reactogenicity was generally mild and transient and occurred more 

frequently in the group administered BV2373 and MATRIX-MM. The incidence of serious 

adverse events was low and similar in the two groups. A two-dose regimen of BV2373 and 
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MATRIX-M' conferred 89.7% efficacy against a blend of prototype and B.1.1.7 variant, with a 

safety profile similar to that of other authorized COVID-19 vaccines.  

104021 Methods: Trial Design and Participants: We assessed the safety and efficacy of two 5

tg doses of BV2373 and MATRIX-M' 4 or placebo, administered intramuscularly21 days apart.  

This phase 3 trial was conducted at 33 recruitment sites in the UK. Eligible participants were men 

and non-pregnant women 18 to 84 years old (inclusive) who were healthy or had stable chronic 

medical conditions, including but not limited to human immunodeficiencyvirus and cardiac and 

respiratorydiseases. Health status, assessed at screening, was based on medical history, vital signs, 

and physical examination. Key exclusion criteria included a history of documented COVID-19, 

treatment with immunosuppressive therapy, or diagnosis with an immunodeficient condition.  

[04031 Participants were randomly assigned in a 1:1 ratio via block randomization to receive 

two doses of BV2373 and MATRIX-Mr I"or placebo (normal saline), 21 days apart, using 

centralized Interactive Response Technology system according to pre-generated randomization 

schedules, Randomization was stratified by site and by age >65 years. In a 400-person sub-study, 

participants received a concomitant dose of seasonal influenza vaccine with the first dose. This 

was an observer-blinded study.  

[04041 After each vaccination, participants remained under observation at thestudy site for at 

least 30 minutes to monitor for the presence of any acute reactions, Solicited local and systemic 

adverse events were collected via an electronic diary for 7 days after each dose in a subgroup of 

participants (solicited adverse event subgroup). All participants were assessed for unsolicited 

adverse events from the first dose through 28 days after the second dose; serious adverse events, 

adverse events of special interest, and medically attended adverse events were assessed from the 

first dose through 1 year after the second dose. Safety data are reported for all participants who 

received at least one dose of vaccine or placebo.  

[0405] Safety and Efficacy: The primary endpoint was the efficacy of BV2373 and 

MATRIX-M'" against the first occurrence of virologically confirmed symptomatic mild, 

moderate, or severe COVID-19, with onset at least 7 days after second vaccination in participants 

who were seronegative at baseline. Symptomatic COVID-19 was defined according to US Food 

and Drug Administration (FDA) criteria.  

104061 Symptoms of suspected COVID-19 were monitored throughout the trial and collected 

using a COVID-19 electronic symptom diary (InFLUenza Patient-Reported Outcome [FLU
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PRO] questionnaire) for at least 10 days. At the onset of suspected symptoms of COVID-19, 

respiratory specimens from the nose and throat were collected daily over a 3-day period to confirm 

SARS-CoV-2 infection. Virological confirmation was performed using polymerase chain reaction 

(PCR) testing (UK DHSC laboratories) with the Thermo TaqPathTr system (Thermo Fisher 

Scientific, Waltham,MA, USA).  

[04071 Safety was analyzed in all participants who received at least one dose of BV2373 and 

MATRIX-MM' or placebo and summarized descriptively. Solicited local and systemic adverse 

events were also summarized by FDA toxicity grading criteria and duration after each injection.  

Unsolicited adverse events were coded by preferred term and system organ class using the Medical 

Dictionaryfbr Regulatory Activities (MedDRA), version 23.1, and summarized by severity and 

relationship to studyvaccine.  

[0408] The trial was designed and driven by the total number of events expected to achieve 

statistical significance for the primary endpoint - a target of 100 mild, moderate, or severe Covid

19 cases. The target number of 100 cases for the final analysis was chosen to provide >95% power 

for 70% or higher vaccine efficacy. A single interim analysis of efficacy was conducted based on 

the accumulation of approximately 50% (50 events) of the total anticipated primary endpoints 

using Pocock boundary conditions. The main (hypothesis testing) event-driven analysis for the 

interim and final analyses of the primary objective was carried out at an overall one-sided type I 

error rate of 0.025 for the primary endpoint. The primary endpoint was analyzed in participants 

who were seronegative at baseline, received both doses of study vaccine or placebo, had no major 

protocol deviations affecting the primary endpoint, and had no confirmed cases of symptomatic 

Covid-19 within 6 days after the second injection (per-protocol efficacy population). Vaccine 

efficacy was defined as E (%) = (1 - RR)x 100, where RR = relative risk of incidence rates 

between the two study groups (BV2373 and MATRIX-MTM or placebo). Mean disease incidence 

rate was reported as incidence rate per year in 1000 people. The estimated RR and its confidence 

interval (CI)were derived using Poisson regression with robust error variance. Hypothesis testing 

of the primary endpoint was carried out against the null hypothesis: 1-10: vaccine efficacy <30%.  

The success criterion required rejection of the null hypothesis to demonstrate a statistically 

significant vaccine efficacy.  

104091 Between September 28 and November 28, 2020, a total of 16,645 participants were 

screened and 15,187 participants were randomized (Fig. 47). A total of 15,139 participants 
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received at least one dose of BV2373 and MATRIX-MLA (7569) or placebo (7570), with 14,039 

participants (7020 in the BV2373 and MATRIX-MTi' group and 7019 in the placebo group) 

meeting the criteria for the per-protocol efficacy population. Baseline demographics were well 

balanced between the BV2373 and MATRIX-MM and placebo groups in the per-protocol efficacy 

population, where 48.4% were female, 94.5% were White, 0.4% were Black or African American, 

0.8% were Hispanic or Latino, and 44.6% had at least one comorbid condition (based on Centers 

for Disease Control and Prevention [CDC] definitions. The median age of these participants was 

56 years, and 27.9% were >65 years old. Table 6 provides a summary of the baseline demographics 

of the participants of the clinical trial.  

Table 6: Demographics and Baseline Characteristics of ClinicalTrial Participants 

BV2373 and MATRIX- Placebo TotA 

Mm n=7 020 n=7019 N=14,039 

Age, y 

Median 56.0 56.0 56.0 

Range 18.84 18.84 18, 84 

Age group, i(%) 5067 (72.2) 5062 (72.1) 10129 (72.1) 

18-64 y 1953 (27.8) 1957 (27.9) 3910 (279) 

>65 y 

Sex, I(%) 

Male 3609 (51.4) 3629 (51.7) 7238 (51.6) 

Female 3411(486) 3390 (48.3) 6801 (48.4) 

Race or ethnic group (%) 6625 (94.4) 6635 (94.5) 13260 (94.5) 

White 26(0.4) 26(0.4) 52(0.4) 

Black or African American 201 (2.9) 212(2.9) 413 (2.9) 

Asian 4 (<0.1) 0 4(<0.1) 

American Indian or Alaska Native 1 (<0.1) 0 1 (<0.1 

Native H-awaiian or other Pacific Islander 70 (1.0) 59 (0.8) 136(0.9) 

Multiple 85 (12) 79 (11) 176(1.2) 

Not reported 4 (<0.1) 6 (<0.1) 11(<0.1) 

Other 4 2 8 

Missing 63 (0.9) 51 (0.7) 114(0.8) 
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BV2373 and MATRIX- Placebo Total 

VIT4 n=7020 n=7019 N=14,039 

Hispanic or Latinx 

SARS-CoV-2 serostaus, t(%) 

Negative 6964 (99.2%) 6944 (98.9) 13908 (99.1) 

Positive 0 0 0 

Missing 56 75 131 

BMI, kg/nr, n(%) 

> 30.0: obese 313 (4.5) 323 (4.6) 636 (4,5) 

Comorbidity status* 3117 (44.4) 3143 (44.8) 6260 (44.6) 

Yes 3903 (55,6) 3876 (55.2) 7779 (55.4) 

No 

[0410] SD, standard deviation; body mass index (BM) is calculated as weight (kg) divided by 

squared height (m). Percentages are based on per-protocol efficacy analysis set within each 

treatment and overall. *Comorbid subjects are those identified who have at least one of the 

comorbid conditions reported as a medical history or have a screening BMI value greater than 30 

kg/nm2 

[04111 The solicited adverse eventsubgroup included 2714 participants. Overall, BV2373 and 

MATRIX-MT recipients reported higher frequencies of solicited local adverse events than 

placebo recipients after both the first dose (59.4% vs. 20.9%) and the second dose (80.2% vs.  

17.0%) (Fig.50) 

[0412] Among BV2373 and MATRIX-Mf recipients, the most commonly reported local 

adverse events were injection site tenderness and pain after both the first dose (54.9% and 30.7%) 

and the second dose (76.6% and 51.9%), with most events being grade I (mild) or2 (moderate)in 

severity and of short mean duration (2.3 and 1.7 days after the first dose and 2.8 and2.2 days after 

the second dose). Solicited local adverse events were reported more frequently among younger 

BV2373 and MATRIX-M recipients (18 to 64 years) than older BV2373 and MATRX-Mri 

recipients (>65 years).  

10413] Overall, BV2373 and MATRIX-M" recipients reported higher frequencies of 

solicited systemic adverse events than placebo recipients after both the first dose (47.6% vs.  
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37.9%) and the second dose (64.6% vs. 30.8%) (Fig. 50). Among BV2373 andMATRXMM 

recipients, the most commonly reported systemic adverse events were headache, muscle pain, and 

fatigue after both the first dose (24.5%, 22.3%, and 20.5%) and the second dose (40.7%, 41.1%, 

and 41.0%), with most events being grade 1 or2 in severity and of short rnean duration (1.6, 1.5, 

and 1.9 days after the first dose and 1.9, 1.8, and 1.9 days after the second dose). Grade 4 systemic 

adverse events were reported in two BV2373 and MATRIXMTMparticipants after the first dose 

and in one BV2373 and MATRIX-MTM participant after the second dose. Systemic adverse events 

were reported more often by younger vaccine recipients than byolder vaccine recipients and more 

often after dose 2 than dose 1. Notably, fever (temperature >38°C) was reported in 2.3% and 5.1% 

of BV2373 and MATRIX-MT' participants after the first and second doses, with grade 3 fever 

(39-40°C) in 0.4% and 0.6% of participants after the first and second doses, respectively; one grade 

4 fever (>40°C) was reported after each dose of vaccine.  

[04141 All 15,139 participants who received at least one dose of vaccine or placebo through 

the data cutoff date of the final efficacy analysis were assessed for unsolicited adverse events. The 

frequency of unsolicited adverse events was higher among BV2373 and IATRIX-IV recipients 

than among placebo recipients (25.3% vs. 20.5%), with similar frequencies of severe adverse 

events (1.0% vs. 0.8%), serious adverse events (0.5% vs. 0.5%), medically attended adverse events 

(3.8% vs. 3.9%), adverse events leading to vaccine (0.3% vs. 03%) or study (0.2% vs. 0.2%) 

discontinuation, potential immune-mediated medical conditions (<0 I vs. <0.1%). and adverse 

events of special interest relevant to COVID-19 (0.1% vs. 0.3%). One related serious adverse event 

was reported in an BV2373 and MATRIX-MT recipient (myocarditis), which was considered a 

potentially immune-mediated condition; an independent SMC considered the event most likely a 

viral ivocarditis, The participant recovered. There were no episodes of anaphylaxis, and no 

evidence of vaccine-associated enhanced disease. Two COVID-19-related deaths were reported, 

one in the BV2373 and MATRIX-MTM group, with onset of symptoms 7 days after receiving a 

single vaccine dose, and one in the placebo group.  

[04151 Among 14,039 participants in the per-protocol efficacy population, there were 10 cases 

of virologically confirmed, symptomatic mild, moderate or severe COVID-19 with onset at least 

7 days after the second dose among vaccine recipients (6.53 per 1000 person-years; 95% CI: 3.32 

to 12.85) and 96 cases among placebo recipients (63.43 per 1000 person-years; 95% CI: 45.19 to 

89.03) for a vaccine efficacy of 89.7% (95% CI, 80.2 to 94.6; Fig. 49). Of the 10 cases >65 years 
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old who had mild, moderate, or severe Covid-19, one had received BV2373 and MATRL X-Mi" 

and nine had received placebo. Severe COVID-19 occurred in five participants, of whom none had 

received BV2373 and MATRIX-Ml/g and five had received placebo. There were no 

hospitalizations or deaths among per-protocol vaccine recipients. Vaccine efficacy among 

participants >65 years was 88.9% (95% C, 12.8 to 98.6 and efficacy from 14 days after dose I 

was 83.4% (95% CI, 73.6 to 89.5) (Fig. 49). A post hoc analysis of the primary endpoint identified 

29, 66, and 11 cases of Covid-19 where the isolated strain was the SARS CoV-2 prototype strain., 

SARS-CoV-2 B.1.1.7 variant, or unknown, respectively. Unknown samples were thosevhere the 

PCR tests were performed with a non-DHSC PCR test (e.g., at a local hospital laboratory) where 

variant determinationwas not performed. Vaccine efficacy against the prototype strain was 96.4% 

(95% CI, 73.8 to 99.4), while efficacy against the B.1.1.7 variant was 86.3% (95% CI, 71.3 to 

93.5), (Fig. 49).  

[04161 Discussion: A two-dose regimen of BV2373 and MATRIX-M , given 21 days apart, 

was found to be safe and 89.7% effective against symptomatic COVID-19 caused by both 

prototype and B. 1.1.7 variants.. The timing of accumulated cases in this study allowed for a post 

hoc assessment of vaccine efficacy against different strains, including the B.1.1,7 variant, which 

is now circulating widely outside of the United Kingdom and is soon expected to be the most 

prominent strain in United States. This variant is known to be more transmissible and to be 

associated with a higher case fatality rate than previous strains, emphasizing the need for an 

effective vaccine. This is the first vaccine to demonstrate high vaccine efficacy (86.3%) against 

the B1. 1.7 variant in a phase 3 trial. Although the study was not powered to assess efficacy for 

individual SARS-CoV-2 strains, BV2373 and saponin adjuvant demonstrated significant efficacy 

against all strains detected in trial participants. In particular, the 96.4% point estimate of efficacy 

determined against the prototype strain is similar to that reported against this strain for the 

BNT161b2 mRNA vaccine (95.0%) and the mnRNA-1273 vaccine (94.1%) and greater than that 

demonstrated by the adenoviral vector vaccines.  

[04171] Finally, the BV2373 and saponin adjuvant composition also showed efficacy against 

the B.1.351 variant.  

[04181 Prevention of severe disease (including hospitalization, intensive care admission, and 

death) is an important objective of a vaccination program, and the two-dose regimen of BV2373 

and saponin adjuvant demonstrated very high efficacy, similar to that reported for other licensed 
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Covid-19 vaccines. In addition, BV2373 and saponin adjuvant provided levels of protection after 

the first dose in a range similar to that of other COVID-19 vaccines. The favorable safety profile 

observed during phase 1/2 studies of BV2373 and saponin adjuvantwas confirmed in this phase 3 

trial. Reactogenicity was generally mild or moderate, and reactionswere less common and milder 

in older subjects and more conmon after the second dose. Injection site tenderness and pain, 

fatigue, headache, and muscle pain were the most commonly reported local and systemic adverse 

events and were more common with the vaccine than placebo. The incidence of serious adverse 

events was similar in the vaccine and placebo groups (0.5% in each) and no deaths were 

attributable to receipt of the vaccine.  

[04191 The results of this trial provide further evidence that COVID-19 caused by prototype 

SARS-CoV-2 and the SARS-CoV-2 variant B.11.17 can be prevented by immunization, providing 

the first evidence for a protein-based, adjuvanted vaccine. These data confirm that BV2373 and 

saponin adjuvant can be stored at standard refrigerator temperatures and, moreover, can induce a 

broad epitope response to the spike protein antigen. This broad response provide protective 

efficacy against a range ofheterogenous SAR-S-CoV-2 strains.  

Example 10 

BV2438 and Saponin Adjuvant induce Protective Immune responses against heterogeneous 

SARS-CoV-2 Strains 

[0420] Purpose: The immunogenicity and in vivo protection of compositions containing the 

recombinant CoV Spike (rS) protein BV2438 (SEQ ID NO: 132), BV2373 (SEQ ID NO: 87), or 

both, in combination with a saponin adjuvant was evaluated. The saponin adijuvant contains two 

iscom particles, wherein: the first iscom particle comprises fraction A of Quillaja Saponaria 

Molina and not fraction C of QuillajaSaponaria Molina; and the second iscom particle comprises 

fractionCofQuila /Saponaria Molina andnot fraction A of QuillaaSaponariaMolina.Fraction 

Aand Fraction Caccount for 85 %and 15 % by weight, respectively, of the sum of the weights of 

fraction A of Quilla/a Saponaria Molina. and fraction C of Quillaja Saponaria Molina in the 

adjuvant.  

[04211 The efficacy of BV2438 and BV2373 immunization regimens alone or in combination 

with the aforementioned saponin adjuvant against the SARS-CoV-2/WA1, SARS-CoV-2/B.1.1.7 

and SARS-CoV-2/B.1.351 strains were evaluated. The SARS-CoV-2/WA strain has a CoV S 
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polypeptide having the amino acid sequence of SEQ ID NO: 2. The SARS-CoV-2/B.1.1.7 strain 

has a CoV S polypeptide comprising deletions of amino acids 69, 70, and 144 and mutations of 

N501Y, A570D, D614G, P6811, T7161, S982A, and DI118H, 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 ID NO: 1.The SARS-CoV-2/B.1.351 strain has a CoV S polypeptide comprising 

polypeptide comprising mutations of D80A, L242H, R2461, A701V N501Y, K417N, E484K, and 

D614G, 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 U) NO: 1.  

[04221 Methods: 

[04231 Cells and Virus: Virus and cells were processed as described previously (18). Briefly, 

Vero E6 cells (ATCC# CRL 1586) were cultured in DMEM (QualityBiological), supplemented 

with 10% (v/v) fetal bovine serum (Gibco), 1% (v/v) penicillin/streptomycin (Gemini Bio

products) and 1% (v/v) L-glutamine (2 mM final concentration, Gibco) (Vero media). Cells were 

maintained at 37C and 5% C02. SARS-CoV-2/WA1 were provided by the CDC (BET #NR

52281). SARS-CoV-2/B.1.17 and SARS-CoV-2/B.1.351 were generously provided by Dr. Andy 

Pekosz at The Johns Hopkins Universityobtained, Stocks for both viruses were prepared by 

infection of Vero E6 cells for two days when CPE was starting to be visible. Media were collected 

and clarified by centrifugation prior to being aliquoted for storage at -80°C. Titer of stock was 

determined by plaque assay using Vero E6 cells as described previously 

[0424] SARS-CoV-2 Protein Expression: SARS-CoV-2 constructs were synthetically 

produced from the full-length S glycoprotein gene sequence (GenBank MN908947 nucleotides 

21563-25384). The full-length S-genes were codon optimized for expression in Spodoptera 

frugiperda (Sf9) cells and synthetically produced by GenScript (Piscataway, NJ, USA). The 

QuikChange Lightning site-directed nutagenesis kit (Agilent) was used to produce two spike 

protein variants: the furin cleavage site (682-RRAR-685) was mutated to 682-QQAQ-685 to be 

protease resistant and two proline substitutions at positions K986P and V987P (2P) were 

introduced to produce the double mutant, BV2373. To generate the recombinant Spike construct 

based on the B.1.351 variant, the following point mutations were also introduced: D60A, D215G, 

L242H, K417N, E484K, N501Y, D614G, and A701V. Full-length S-genes were cloned between 

the BanHI - indIII sites in the pFastBac baculovirus transfer vector (Invitrogen, Carlsbad, CA) 

under transcriptional control of the Autographa californica polyhedron promoter. Recombinant 
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baculovirus constructs were plaque purified and master seed stocks prepared and used to produce 

the working virus stocks. The baculovirus master and workingstock titers were determined using 

rapid titer kit (Clontech, Mountain View, CA). Recombinant baculovirus stocks were prepared by 

infecting Sf9 cells with a multiplicity of infection (MOI) of <0.01 plaque forming units (pfu) per 

cell.  

[04251 Expression and Purification: SARS-CoV-2 S proteins were produced in Sf9 cells as 

previously described. Briefly, cells were expanded in serum-free medium and infected with 

recombinant baculovirus. Cells were cultured at 27± 2C and harvested at 68-72 hours post

infection by centrifugation (4000 x g for 15 min). Cell pellets were suspended in 25 mM Tris HCl 

(pH 8.0), 50 mM NaC and 0.5-1.0% (v/v) polyoxyethylene nonylphenol (NP-9, TERGITOL®) 

NP-9 with leupeptin. S-proteins were extracted from the plasma membranes with Tris buffer 

containing NP-9 detergent, clarified by centrifugation at 10,000 x g for 30 min. S-proteins were 

purified by TMAE anion exchange and lentil lectin affinity chromatography. Hollow fiber 

tangential flow filtration was used to formulate the purified spike protein at 100-150 g mL-I in 

25 nMsodium phosphate (pH 7,2), 300 mM NaCl, 0.02% (v/v) polysorbate 80 (PS 80). Purified 

S-proteins were evaluated by 4 -12% gradient SDS-PAGE stained with Gel-Code Blue reagent 

(Pierce, Rockford, IL) and purity was determined by scanning densitometry using the OneDscan 

system (BD Biosciences, Rockville, ID).  

[04261 Dfferential Scanning Calorimetry: Samples (BV2426 Lot 01Feb21 and BV2373 Lot 

15Dec20; rS-B.1.351BV2438 and rS-WUI BV2373, respectively) and corresponding buffers were 

heated from 4°C to I20°C at 1°C per minute and the differential heat capacity change was 

measured in a NanoDSC (TA Instruments, New Castle, DE), A separate buffer scan was performed 

to obtain a baseline, which was subtracted from the sample scan to produce a baseline-corrected 

profile. The temperature where the peak apex is located is the transition temperature (Tmax) and 

the area under the peak provides the enthalpy of transition (AHcal).  

104271 Transmission Electron Microscopy anda2D Class Averaging: Electron microscopy was 

perform by Nanolmaging Services (San Diego, CA) with a FEI Tecani T12 electron microscope, 

operated at 120keV equipped with a FEI Eagle 4k x 4k CCD camera. SARS-CoV-2 S proteins 

were diluted to 2.5 pg mL-1 in formulation buffer. The samples (3 pL) were applied to 

nitrocellulose-supported 400-mesh copper grids and stained with uranyl format. Images of each 

grid were acquired at multiple scales to assess the overall distribution of the sample. High
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magnification images were acquired at nominal magnifications of 150,000x (X nm/pixel) and 

92,000x (0.16 nm/pixel). The images were acquired at a nominal defocus of -2.0pm to -1.5pm 

(110,000x) and electron doses of -25 e/A'.  

[04281 For class averaging, particles were identified from 92,000x high magnification images, 

followed by alignment and classification as previously described.  

[04291 Kinetics of SARS-CoV-2 S binding to hACE2 receptor by Bioluminescence Imaging 

(BLI): S-protein receptor binding kinetics was determined by bio-layer interferometry (BLI) using 

an Octet QK384 system (Pall Forte Bio, Fremont, CA). His-tagged human ACE2 (2 pg mL-1) was 

immobilized on nickel-charged Ni-NTA biosensor tips. After baseline, SARS-CoV-2 rS protein 

solutions were 2-fold serially diluted in kinetics buffer over a range of 300 nM to 4.7 nM, allowed 

to associate for 600 sec, followed by dissociation for an additional 600-900 sec. Data was analyzed 

withOctet software HT 10.0 by 1:1 global curve fit.  

[04301 Mouse Study Designs: Female BALB/c mice (7-9 weeks old, 17-22 grams, N =20 per 

group) were immunized by intramuscular (IM) injection with two doses spaced 14 days apart 

(study day 0 and 14) of rS-WUlBV2373 rS-B..351BV2438 with 5 pg saponin-based Matrix

MTM adjuvant (Novavax, AB, Uppsala, SE) either alone, in combination, or as a heterologous 

prime/boost. A placebo group was injected with vaccine formulation buffer as a negative control.  

Serum was collected for analysis on study days -1, 14, 21, and 32 Vaccinated and control animals 

were intranasally challenged with SARS-CoV-2 on study day 46, 

[0431] To assess the cellular response mediated by Matrix-Msaponin adjuvant, groups of 

female BALB/c mice (N:= 8 per group) were immunized IM with the same regimens described 

above, with injections spaced 21 days apart. Spleens were collected 7 days after the second 

immunization (study day 28). A non-vaccinated group (N= 5) served as a control.  

[0432] Baboon Stud) Designs: Nine adult baboons (10-16 years of age at study initiation) were 

randomized into 4 groups of 2-3/group and immunized by IM injection with rS-WU1BV2373 at 

1, 5, or25 g rSwith 50 pg Matrix-Msaponin adjuvant. A separate group was immunized with 25 

pg rS without adjuvant. Animals werevaccinated with 2 doses spaced21 days apart inthis primary 

immunization series. Immunogenicity results after the primary immunization series were 

previously described (15). Approximately one year later (45 weeks), all animals were boostedwith 

one or two 3 pg doses of rS-B.1.351BV2438 with 50 pg Matrix-Msaponin adjuvant. Sera and 
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PBMCswere collected before and after the boost to measure antibody- and cell-mediated inmune 

responses.  

104331 SARS-CoV-2 challenge in mice: Mice were anaesthetized by intraperitoneal injection 

50 pL of a mix of xylazine (0.38 mg/nouse) and ketamine (1.3 mg/mouse) diluted in phosphate 

buffered saline (PBS). Mice were intranasally inoculated with either 7 x 104 pfu of B.1.117 or I 

x 105 pfu of B.1.351 strains of SARS-CoV-2 in 50 L Challenged mice were weighed on day of 

infection and daily for 4 days post infection. At days 2- and 4-days post infection, 5 mice were 

sacrificed from each vaccination and control group, and lungs were harvested to determine viral 

titer by a plaque assay and viral RNA levels by qRT-PCR.  

[04341 S4RS-Cok2PlaqueAssa: SARS-CoV-2 lung titers were quantified by homogenizing 

harvested lungs in PBS (Quality Biological Inc.) using 1.0 mm glass beads (Sigma Aldrich) and a 

Beadruptor (Omini International Inc.). Homogenates were added to Vero E6 near confluent 

cultures and SARS-CoV-2 virus titers determined by counting plaque forming units (pfu) using a 

6-point dilution curve.  

[04351 Anti-SARS-CoV-2 Spike gG by ELSA:An ELISA was used to determine anti-SARS

CoV-2 S Ig titers. Briefly, 96 well microtiter plates (ThernoFischer Scientific., Rochester, NY, 

USA)werecoated with 1.0 pgmL-1 of SARS-CoV-2 spikeprotein. PlateswerewashedwithPBS

T and blocked with TBS Startblock blocking buffer (ThermoFisher, Scientific). Mouse, baboon or 

human serum sarnples were serially diluted (10-2 to 10-8) and added to the blocked plates before 

incubation at room temperature for 2 hours, Following incubation, plates were washed with PBS

T and HRP-conjugated goat anti-nouse IgG or goat anti-human IgG (Southern Biotech, 

Birminghar, AL, USA) added for 1 hour. Plates were washed with PBS-T and 3,3',5,5'

tetramethylbenzidine peroxidase substrate (TMB, T0440-IL, Sigma, St Louis, MO, USA) was 

added. Reactions were stopped with TMB stop solution (ScyTek Laboratories, Inc. Logan, UT).  

Plates were read at OD 450 rinm with a SpectraMax Plus plate reader (Molecular Devices, 

Sunnyvale, CA, USA) and data analyzed with SoftN'lax software. EC50 values were calculated by 

4-parameter fitting using SoftMax Pro 6.5.1 GxP software. Individual animal anti-SARS-CoV-2 

S IgG titers and group geometric mean titers (GMT) and 95% confidence interval (- 95% CI) were 

plotted GraphPad Prism 7.05 software.  

104361 hAC72 receptor blocking antibodies: Human ACE2 receptor blocking antibodies were 

determined by ELISA. Ninety-six well plates were coated with 1.0 pg mL-1 SARS-CoV-2 S 
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protein overnight at 4°C. After washing with PBS-T and blocking with StartingBlock (TBS) 

blocking buffer (ThermoFisher Scientific), serially diluted serum from groups of immunized mice, 

baboons or humans were added to coated wells and incubated for I hour at room temperature.  

After washing, 30 ng rnL-1 of histidine-tagged hACE2 (Sino Biologics, Beijing, CHN) was added 

to wells for 1 hour at room temperature. After washing, HRP-conjugated anti-histidine IgG 

(Southern Biotech, Birmingham, AL, USA) was added, followed bywashing and addition of1TMB 

substrate. Plates were read at OD 450 nm 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 in the SoftMax Pro 

program: 100-[(MeanResults/ControlValue.@PositiveControl)*100].  

104371 Serum dilution versus % Inhibition plot was generated and curve fitting was 

performed by 4 parameter logistic (4PL) curve fitting to data. Serum antibody titer at 50% 

inhibition (IC50) of hACE2 to SARS-CoV-2 S protein (BV2373 or BV2438) was determined in 

the Softiax Pro program.  

[04381 SAR-CoV-2 Neutralization Titer by Plaque Reduction Neutralization Titer Assay 

(PRVT): PRNTs were processed as described previously(20). Briefly, serum samples were diluted 

in DIEM (Quality Biological) at an initial 1:40 dilution with 1:2 serial dilutions for a total of II 

dilutions. A no-sera control was included on every plate. SARS-CoV-2 was then added 1:1 to each 

dilution for a target of 50 PFU per plaque assay well and incubated at 37 °C (5,0% C02) for I hr.  

Samples titers where then determined by plaque assay and neutralization titers determined as 

compared to the non-treatment control. A 4-paraimeter logistic curve was fit to these neutralization 

data in PRISM (GraphPad, Sari Diego, CA) and the dilution required to neutralize 50% of the virus 

(PRNT50) was calculated based on that curve fit.  

[0439] Surface and intracellular cytokine staining: For surface staining, murine splenocytes 

were first incubated with art anti-CD16/32 antibody to block the Fe receptor. To characterize T 

follicular helper cells (Tfh), splenocytes were incubated with the following antibodies or dye: 

BV650-conjugated anti-CD3, APC-H7-conjugated anti-CD4, FITC-conugated anti-CD8, Percp

cy5.5-conjugated anti-CXCR5, APC-conjugated anti-PD-1, Alexa Fluor 700-conjugated anti

CD19,PE-conjugatedanti-(D49b (BDBiosciences, San Jose, CA) andtheyellowLIVE/DEAD@ 

dye (Life Technologies, NY). To stain germinal center (GC) B cells, splenocytes were labeled with 

FITC-conjugated anti-CD3, Per(P-Cy5.5-conjugatedanti-B220, APC-conjugated anti-CD19, PE
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cy7-conjugated anti-CD95, and BV421-conjugated anti-GL7 (BD Biosciences) and the yellow 

viability dye (LIVE/DEAD) (Life Technologies, NY).  

104401 For intracellular cytokine staining (ICCS) of murine splenocytes, cells were cultured 

in a 96-well U-bottom plate at 2 x 106 cells per well. The cells were stimulated with rS

WUlBV2373 or rS-B.1.351BV2438 spike protein. The plate was incubated 6 i at 37°C in the 

presence of BD GolgiPlugv and BD GolgiStop"M (BD Biosciences) for the last 4 h of incubation.  

Cells were labeled with murine antibodies against CD3 (BV650), CD4 (APC-H7), CD8 (FITC), 

CD44 (Alexa Fluor 700), and CD62L (PE) (BD Pharmingen, CA) and the yellow LIVE/DEAD® 

dye. After fixation with Cytofix/Cytoperm (BD Biosciences), cells were incubated with PerCP

Cy5.5-conjugated anti-IFN-y, BV421-conjugated anti-IL-2, PE-cy7-conjugated anti-TNF-a, and 

APC-conjugated anti-IL-4 (BD Biosciences). All stained samples were acquired using a LSR

Fortessa or a FACSymphony flow cytometer (Becton Dickinson, San Jose, CA) and the data were 

analyzed with FlowJo software version Xv10 (Tree Star Inc., Ashland, OR).  

[0441] For ICS of baboon PBMCs, PBMCs collected at the timepoints listed in Figure 5A 

were stimulated as described above with rS-WU1BV2373 or rS-B.1.351BV2438. Cells were 

labelled with human/NHIP antibodies BV650-conjugated anti-CD3, APC-H7-conjugated anti

CD4, FITC-conjugated anti-CD8, BV421-conjugated anti-IL-2, PerCP-Cy5.5-conjugated anti

IFN-y, PE-cy7-conjugated anti-TNT-u, APC-conjugated anti-15, BV711-conjugated anti-Hr

13 (BD Biosciences), and the a yellow LVE/DEADeviability dye.  

[0442] Enzyme linked Immunosorbent.Assay ( E LlS): Murine IFN-7 and IL-5 ELISpot assays 

were performed following the manufacturer's procedures for mouse lFN-v and IL-5 ELISpot kits 

(3321-2H and 3321-2A, Mabtech, Cincinnati, OH). Briefly, 4 x 105 splenocytes in a volume of 

200 pgL were stimulated with rS-WU BV2373 orrS-B.1.351BV2438inplates that were pre-coated 

with anti-IFN-y or anti-IL-5 antibodies. Detection secondary antibodies were clone RS-6A2 IFN

y and clone TRFK4. Each stimulation condition was carried out in triplicate. Assay plates were 

incubated 24-48 h at 37 °Cin a 5% C02 incubator and developed using BD ELISpot AEC substrate 

set (BD Biosciences, Sari Diego, CA). Spots were counted and analyzed using an ELISpot reader 

and ImmunoSpot software v6 (Cellular Technology, Ltd., Shaker Heights, OH). The number of 

IFN-y- or IL-5-secreting cellswas obtained by subtracting the background number in the medium 

controls. Data shown in the graph are the average of triplicate wells.  
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104431 Similarly, baboon IFN-y and IL-4 assays were carried out using NHP IFN-y and Human 

IL-4 assay kits from Mabtech. For IFN-y, coating antibody human IFN-v 3420-211 and detection 

antibody clone 7-B6-1 were used. For IL-4, coating antibody human IL-43410-2H (clone 1L4-) 

and detection antibody clone 1L4-I were used. Assayswere performed in triplicate.  

104441 Statistical Analysis: Statistical analyses were performed with GraplPad Prism 8.0 

software (La Jolla, CA). Serum antibody titers were plotted for individual animals and the 

geometric mean titer (GMT) and 95% confidence interval (95% CI) or the means SEM as 

indicated in the figure. Ordinary one-way ANOVA with Tukey's multiple comparisons post-hoc 

test was performed on log10-transformed data to evaluate statistical significance of differences 

among groups. P-values <0.05 were considered as statistically significant.  

104451 Biophysical Properties, Structure, and Function of BV2438 antigen: Purified 

BV2438, when reduced and subjected to SDS-PAGE, migrated with the expected molecular 

weight of approximately 170 kDa (Fig. 524). The thermal stability of BV2438 was compared to 

that of BV2373 by differential scanning calorimetry (DSC); the main peak of the BV2438 showed 

a 4°C increase in thermal transition temperature (Tmax) and 1.3-fold higher enthalpy of transition 

(AHCal) compared to the prototype BV2373 protein, indicating increased stability of BV2438 

(Fig. 52B, Table 7). Transmission electron microscopy (TEM) combined with two rounds of two

dimensional (2D) class averaging of 16,049 particles were used to confirm the ultrastructure of 

BV2438. High magnification (92,000x and 150,000x) TEM images revealed a. ightbulb-shaped 

particle appearance with a 15nm length and an 11nnm width, which was consistent with the 

prefusion form of the SARS-CoV-2 spike trimer (PDB ID 6VXX; Fig. 52C). This is consistent 

with what we have previously observed for the prototype BV2373 protein.  

[0446] To confirm the functional properties of the variant spike protein construct BV2438, 

binding of this rS protein to the hACE2 receptor was determined using bio-layer interferometry 

(BLI) as previously described. BV2438 was found to bind tightly and stably to hACE2, with an 

association constant (Ka) of 3.94 x 104, representing a 3.6-fold greater association to hACE2 

compared to the prototype protein BV2373 (Ka:= 1.08 x 10 ). Dissociation constants of these two 

proteins were essentially identical (1.46 x 10- and 1.56 x 10-" for BV2438 and BV2373, 

respectively). We additionally assessed BV2438 binding to hACE2 with an ELISA as previously 

described. In this assay, BV2438 attained 50% saturation of hACE2 at a slightly lower 

concentration (ECso = 8.0 ng/mL) than the prototype construct BV2373 (ECo = 9.4 ng/mL), 
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confirming that BV2438 exhibited a slightly higher affinity for hACE2 compared to that of 

BV2373 (Table 7).  

Table 7: Thermostability and hACE2 binding of SARS-CoV-2 recombinant spike proteins 

Differential Scanning hACE2 binding 
Calorimetry (DSC) 

SA RS-CoV-2 C tACE2 Binding Kinetics by Bio- hACE2 FLISA 
rS proteins Tmax (OC) Aleal (kJ moO) layer Interferometry (ECso, ng/mL) 

Ka (1M) Ks(1/s) 

BV2438 67.24 725A 3.94 x 104 1.46 / 10-7 8.0 
BV2373 63.21 5460 1.08 x 104 1.56 x 10-7 9.4 

Tmax,nelting temperature; Ka, binding constant; Kas, dissociation constant; EC5 0 , half-maximal 

binding.  

[04471 BV2438Immunogenicity in Mice: We assessed the antibody- and cell-mediated 

imrnunogenicity of BV2438 and BV2373 formulated with saponin adjuvant. To assess antibody

mediated imiunogenicity, groups of mice (n = 20) were immunized with either BV2373 or 

BV2438 as both prime and boost, with BV2373 as the prime and BV2438 as the boost, or with 

both vaccines combined in a bivalent formulation for the prime and boost vaccination. A placebo 

group received vaccine formulation buffer as a negative control. In monovalent immunization 

groups, I g of rS and 5 pg of saponin adjuvant was intramuscularly injected at Days 0 and 14.  

For bivalent immunization, I pg of each rS construct was administered at each immunization, for 

a total of 2 pg rS, with 5 g of saponin adjuvant. The study design is shown in Fig. 53. Mice 

immunized with either of the 4 vaccine regimens displayed elevated antibody titers against both 

the B.2 Spike and B.1.351 Spike by ELISA at day 21 postvaccination.Monovalentvaccination 

witheitherBV2373 orBV2438 produced significantly lower anti-S (WU1) IgG titers than bivalent 

vaccination or heterologous vaccination, although neither reduced IgG titers more than 2-fold (Fig.  

54A, Fig. 54B). Conversely, immunization with BV2373 alone resulted in significantly lower 

titers against B.1.351 Spike compared to all other immunization regimens; immunization with 

monovalent BV2438 or bivalent rS resulted in anti-B.1.351 spike IgG titers that were the highest 

among regimens tested, with no significant difference between these regimens (Fig. 54A, Fig.  

54B). Animals inthe placebo group exhibited undetectable anti-B.2 Spike and anti-B.1.351 spike 

Ig titers as expected.  

[0448] The ability of serum from mice to inhibit Spike to hACE2 binding was also assessed.  

All immunization regimens resulted in the production of antibodies that blocked hACE2 binding 

to a CoV Spike polypeptide with no significant difference between any groups at Day 21 (Fig.  
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54C, Fig. 54D). Yet immunization with BV2373 alone resulted in significantly lower serum titers 

capable of disrupting binding between B.1.351 spike and hACE2; titers in the BV2373 alone 

immunization group were 4.6-fold lower than titers in the BV2438 alone immunization group (p 

< 0.0001) and 3.1-fold lower than titers in the group that received bivalent rS (p < 0.0001).  

104491 We next assessed neutralizing antibody titers among the different vaccination 

regimens. Sera collected from vaccinated animals at day 32 post vaccination were assessed using 

SARS-CoV-2/WA1, SARS-CoV-2/B.1.1.7 and SARS-CoV-2/B.1.351 strains in a plaque 

reduction neutralizing titer assay (PRNTso). Sera from the monovalent BV2373 group displayed 

similar neutralizing antibody titers to each of the 3 virus strains. Sera from mice immunized with 

monovalent BV2438 produced elevated neutralizing antibody titers to the B.1.351 and the B.1.1.7 

strain compared to the B.2 strain (Fig. 54E). The heterologous vaccine group produced similar 

elevated neutralizing antibody titers to theB.1.351 andthe B.1.17strain compared totheB.2strain, 

as did the bivalent BV2373/BV2438 vaccination regimen.  

[0450] BV2438 Protection against SARS-CoV-2 in BALB/c mice: Mice vaccinated as 

described in Fig. 53 were evaluated for their ability to produce protective immunity against 

challenge with eitherB.1.1.7 orB.1.351 Whilethe SARS-CoV-2/Wuhan 1 (B.2) strain does not 

replicate in wild type mice, the B.1.1.7 and B.1.351 strains have a 501Y mutation in the Spike 

ORF allowing for Spike protein to bind to mouse ACE2 and enter cells, At day 46 post 

vaccination, mice were intranasally inoculated with either 7 x 104 PFU of B.1. 17 (n = 10 mice per 

group) or I x 105 PFU of B.1.351 (n = 10 mice per group). Mice were weighed daily throughout 

the post-challenge period, and at 2 and 4 days post infection (Study Days 48 and 50), 5 mice per 

group were euthanized by isoflurane inhalation. Lungs of each nouse were then assessed for viral 

load by plaque formation assay and viral RNA by RT-PCR. Placebo BALB/c mice infected with 

B.1.1.7 did not lose weight and there was no observed weight loss in any vaccinated group that 

was infected with this SARS-CoV-2 strain, For B..351 infected mice, 20% weight loss was 

observed in the placebo vaccination group by day 4 post infection with B.1.351 (Fig. 55A, Fig.  

55B). All mice vaccinated with either regimen were protected from weight loss after infection 

withB.1.351, demonstrating a clinical correlate of protection inthis model.  

[04511 At day2 post infection, B.1.1.7 infected mice in the placebo group exhibited 4 x 104 

pfu/g lungwhich dropped to undetectable levels by day 4 post infection in the placebo vaccinated 

group. Upon immunization with any BV2373 or BV2438 regimen, there was no detectable live 
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virus at day 2 or day 4 post infection, demonstrating a greater than 5-log reduction in viral load 

and protection from infection following vaccination (Fig. 55C, Fig. 55D). At day 2 post infection, 

B.I.351 infected mice in the sham vaccinated group exhibited 8 x 108 pfu/glung, which dropped 

to 2 x 1 W pfu/g lung by day 4 post infection. Upon immunization with any rS regimen, there was 

no detectable live virus at day 2 or day 4 post infection in the B.1.351 infected mice. This 

demonstrates a dramatic reduction in virus titer, with > 5 log reduction in viral load by day 2 post 

infection from the sham vaccinated mice (Fig.55C, Fig. 55D). Lung RNAvas also assayed for 

subgenomic (sgRNA) SARS-CoV-2 mRNA production after challenge. Relative to levels in the 

respective Placebo groups, we found >99% reduction in lung sgRNA levels in immunized mice at 

day 2 and day 4 after infection with both strains (Fig. 55E, Fig. 55F).  

[04521 These results confirm that BV2373 and BV2438 formulated with saponin adjuvant and 

administered as monovalent, bivalent, or heterologous regimens confer protection against both 

strains of SARS-CoV-2, B. , 1.7 and B.1.351, in mice. Together with the reduction in weight loss, 

high neutralizing antibody titers, and elimination of viral replication in the lungs of mice, we 

demonstrate a highly protective vaccine response by the variant Spike targeted vaccine.  

[0453] Cell-mediated immunogenicity of BV2438 in Mice: Groups of BALB/c mice (n= 

8/group) were immunized with the same BV2373 or BV2438 regimens mentioned above, but at 

a21-day interval (Fig. 56A). A negative control group (n= 4) was injected with vaccine 

formulation buffer. Spleens were harvested on study day 28, 7 days after the boost immunization.  

Splenocytes were collected and subjected to ELISpot and intracellular cytokine staining (ICS) to 

examine cytokine secretion upon stimulation with BV2373 or BV2438. Enzyme linked 

imiunosorbent assay (ELISA) showed greater numbers of IFN-7 producing cells compared to the 

number of IL-producing cells upon all vaccination regimens, signifying a Thl-skewed response 

(Figs. 56B-D). Upon stimulation with either rS, strong Th1 responses were observed by ICS as 

measured by the presence of CD4+ T cells expressing IFN-, IL-2, or TNF-a, and multifunctional 

CD4+ T cells expressing all 3 cytokines (Fig. 56E, Figs. 57A-E). CD4+ T cells that expressed the 

Th2 cytokine IL-4 but were negative for IL-2 and TNF- were also present, but at a lower 

proportion than that observed for Th1 cytokines (Figs. 57A-E). No significant differences in 

cytokine-positive cell number were observed among vaccination groups for any cytokine tested 

upon stimulation with either BV2373 or BV2438.  
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104541 T follicular helper cells (CSCR5+--PD-l+CD4+) tended to represent a greater 

percentage of CD4- T cells, though no statistically significant elevation was observed in 

vaccinated animals compared to placebo animals (Fig. 56F). Similarly, germinal center formation 

was evaluated by determining the percentage of GL7+CD95+ cells among CD19- B cells using 

flow cytometry, and though a tendency toward higher percentage of germinal center B cells was 

observed in vaccinated groups compared to the placebo group, only animals immunized with the 

monovalent BV2438 regimen showed a significantly higher proportion (p = 0.049 compared to 

placebo; Fig. 56G).  

104551 Anamnestic response induced by boosting with BV2373 one year after primary 

immunization with BV2373 in baboons: A small cohort of baboons (n = 9 total) were subjected 

to a primary immunization series with BV2373 (either I pg, 5 pg, or 25 pg rS with 50 pg saponin 

adjuvant, or unadjuvanted 25 pg rS). Approximately one year later, all animals were boosted with 

one or two doses of 3 pg BV2438 with 50 pg saponin adjuvant to examine the resulting immune 

responses (Fig. 58A). Seven days afterthe firstBV2438 boost, animals thathad originally received 

adjuvanted BV2373 exhibited a strong anamnestic response as exhibited by levels of anti-S (WU) 

IgG titers higher than that originally observed at peak immune response during the primary 

immunization series (Fig. 58B). This response did not seem to be further bolstered by a second 

booster dose of BV2438, though the smallsample sizes utilized in this study prohibit a meaningful 

quantitative analysis. Animals that received unadjuvanted BV2373 during the primary 

innunization series exhibited a weaker response to boosting with BV2438, though still exhibited 

elevated anti-S (WUi) IgG response. The BV2438 boost elicited comparable antibody titers 

against BV2373 and BV2438, with animals that originally received unadjuvanted BV2373 

exhibiting a weaker response (Fig. 58C, Fig. 58D).  

[0456] Serum antibody titers capable of disrupting the interaction between the wild-type CoV 

S protein (SEQ ID NO: 2) or B,1.351 rS and hACE2 were also evaluated at before boost, and 7, 

21, 35, and 89 days after the boost with I or 2 doses of BV2438. Similarly towhat was observed 

for anti-S IgG titers, animals that had received aduvanted vaccine during the primary 

immunization series exhibited a strong hACE2-inhibiting antibody response 7 days after the 

BV2438 boost, despite having undetectable titers before the boost. Titers were slightly higher for 

BV2373-hACE2 blocking antibodies compared to levels of BV2438-hACE2 blocking antibodies, 

though the small sample size prohibits a meaningful quantitative analysis. Animals that had 
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received unadjuvanted vaccine during the primary immunization series exhibited lower hACE2 

blocking titers after the BV2438 boost (Fig. 58E).  

104571 Neutralizing antibody titers were analyzed by live virus microneutralization assays by 

testing sera for the ability to neutralize WA1, B.1.351 and B.1.1.7. Sera collected before the 

BV2438 boost had undetectable neutralizing antibody levels against all these viruses. By 7 days 

post vaccination, high titer antibody that neutralized all 3 strains was detected and this antibody 

response stayed high through 35 days post vaccination. Animals immunized with unadjuvanted 

BV2373 in the primary series displayed significantly lower antibody levels with a much broader 

range of neutralization titers (Fig. 58F). Together, these data demonstrate a robust durable 

antibody response even 1 year after the primary vaccination series.  

104581 Multifunctional T cells expressing 3 Th Icytokines were also observed 7 days after 

the first BV2438 booster dose in baboons, and these responses were maintained at 35 days after 

the first booster dose (Fig. 58G and Figs. 59A-G).  

[0459] Neutralization of SARS-CoV-2 Variants by Sera from BV2373 Vaccinated 

Adults: A vaccine containing BV2373 and saponin adjuvant is currently in clinical trials globally, 

including in locations where B.1.1.7 and B.1.351 are prevalent. We assessed the capacity of sera 

from individuals in these trials to neutralize USA-WA, B.1.1.7 and B.1.351. Microneutralization 

assays were performed with a PRNT50 readout (Fig. 60A, Fig. 60B). Thirty randomly selected 

serumsarmples from clinical trial participants after their second dose of the vaccine were assayed.  

When comparing WA Ivs B. 1.1.7, there was no change in neutralizing activity across the majority 

of the serum samples; only 1 sample had a statistically significant change in neutralizing antibody 

titers against B.1.1.7. The WAI vs B.1.351 neutralization titers showed increased range of 

neutralization titers with five out of 30 samples showing reduced neutralization 1 standard 

deviation away from the mean in the PRNT5 0 assay. This data demonstrates a reduced 

neutralization of B.1.351 in a small percentage of vaccinees receiving BV2373 and saponin 

adjuvant compared to B.1.1.7.  

[04601 Discussion: We have shown that a full-length, stabilized prefusion SARS-CoV-2 spike 

glycoprotein vaccine using the B.1.351 Spike variant adjuvanted by saponin adjuvant can induce 

high levels of functional immunity and protects mice against both B.1.1.7 and B.i.351 SARS

CoV-2 strains. Immunizing mice or non-human primates with BV2438 induced anti-S antibodies, 

hACE2-receptor inhibiting antibodies, and SARS-CoV-2 neutralizing antibodies. In addition, the 
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BV2438 vaccine induced CD4* Tcell responses, induced germinal center formation and provided 

protection against B.1.351 and B.1.1.7 challenge.  

104611 In mice, the antibodies produced after vaccination with the B.1.351 variant-directed 

vaccine were able to inhibit binding between hACE2 and variant spike or ancestral spike to the 

same degree, indicating that this variant-directed vaccine could efficiently protect "backward" 

against ancestral SARS-CoV-2 strains.  

104621 Analysis of human vaccine sera from our trials demonstrates a robust antibody response 

and minimal loss of neutralization. We observed that B.1.351 virus does not significantly reduce 

neutralization compared to B.1.1.7 and WA1, even though there is evidence of breakthrough 

infections in the WAI trial participants in South Africa. All breakthrough infections were B.1.351.  

Booster vaccinations containing a single or multiple variant rS vaccines will thus increase 

antibody levels as well as broaden coverage to variants as shown in this work.  

Example 11 

BV2373 and Saponin Adjuvant induce Protective Immune responses against heterogeneous 

SARS-CoV-2 Strains after a Single Boost Dose 

[04631 Participants: Healthy male and female participants > IS to 84 years of age were 

recruited for enrollment in this study. Participants were eligible if they had a body mass index of 

17 to 35 kg/m2, were abletoprovideinformed consent prior to enrollment, and (for female 

participants) agreed to remain heterosexually inactive or use approved forms of contraception.  

Participants with a history of severe acute respiratory syndrome (SARS) or a confirmed diagnosis 

of COVID-19, serious chronic medical conditions (e.g, diabetes mellitus, congestive heart failure, 

autoinimune conditions, malignancy), or that were currently being assessed for an undiagnosed 

illness which inay lead to a new diagnosis, were excluded from the study. Pregnant or 

breastfeeding females were also excluded.  

104641 Randomization: Patients were randomly assigned to five groups. Of the five treatment 

groups, one was a placebo control (Group A) and two were active vaccine groups that were 

considered for additional vaccination with a booster (Group B and Group C). After approximately 

6 months, consenting participants who had been randomized to receive a primary vaccination 

series of either two doses of BV2373 (5 g) and saponin adjuvant (50 pg) on Day 0 and Day 21 

(Group B) or one dose of BV2373 (5 pg) and saponin adjuvant (50 pg) on Day 0 and placebo on 
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Day 21 (Group C) were re-randomized 1:1 to receive either a single booster dose of BV2373 and 

saponin adjuvant at the same dose level (Groups B2 and C2) or placebo (Groups BI or CI) at 

Day 189. Group B participants are the main focus of this Example.  

[0465 Purpose and Methods: We conducted a phase 2, randomized, observer-blinded, 

placebo-controlled trial in healthy adults aged 18 to 84 who received three intramuscular 5 pg 

doses of BV2373 and 50 pg saponin adjuvant (Fraction A and Fraction C iscorn matrix, also 

referred to as MATRIX-M 4 in this example) or placebo (1:1). The first and second dose were 

administered 21 days apart. The first and second dose are referred to as the "primary vaccination 

series." The third dose ("boost" dose) was administered about 6 months following the primary 

vaccination series. The injectionvolume of all three dosesxwas 0.5 mL Safety and immunogenicity 

parameters were assessed, including assays for IgG, MN:0 , and hACE2 inhibition against the 

ancestral SARS-CoV-2 strain and select variants (B,1.351 [Beta], B.1.1.7 [Alpha], B.1617.2 

[Delta]).  

[0466] Participants utilized an electronic diary to record reactogenicity on the day of 

vaccination and for an additional 6 days thereafter. Blood samples for inmunogenicity analysis 

were collected 28 days after receipt of the booster, with safety follow-up also being performed at 

this time. Measures of immune response included assays for serum immunoglobulin G (gG) 

antibodies, neutralizing antibody activity (microneutralization assay at an inhibitory concentration 

>50% [MNso]), and human angiotensin-converting enzyme 2 (hACE2) receptor binding inhibition.  

Serum IgG antibody levels specific for the SARS-CoV-2 rS protein antigen were detected using a 

qualified IgG enzyme linked imrmunosorbent assay (ELISA). Neutralizing antibodies specific for 

SARS-CoV-2 virus were measured using a qualified wild-type virus MN assay. Serum IgG and 

MINo assay data were collected for both the ancestral and Beta variant SARS-CoV-2 strains. A 

fit-for-purpose functional hACE2 inhibition assay and an anti-rS (anti-recombinant spike) IgG 

activity assay were both used to analyze responses against the ancestral, B.1,351 (Beta), B1.1.7 

(Alpha), and B.1.617.2 (Delta) variant strains of SARS-CoV-2.  

[04671 Safety outcomes included participant-reported reactogenicity events for 7 days 

following the booster, as well as unsolicited adverse events occurring through 28 days post

booster. Booster reactogenicitywas documented separately by solicited local and systemic adverse 

events. Unsolicited adverse events from booster vaccination to 28 days post-booster were 

recorded. Data were also collected onwhether an adverse event was serious, related to vaccination, 
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related to COVID-19, a potentially immune-mediated medical condition (PIMMC), or lead to 

discontinuation or an unscheduled visit to a healthcare practitioner. Participant samples for 

inmunogenicity analyses were collected immediately prior to and 28 days after the booster.  

[04681 Statistics: Analyses included safety and immunogenicity data from participants in 

Group B obtained during and after their primary vaccination series (Day 0, Day 21, Day 35, Day 

105, and Day 189) for comparison with data collected from Group B2 28 days following their 

receipt of theboosterdose(Day217). Results were also analyzed by participant age group: > 18 

to < 84 years of age, > 18 to < 59 years of age, and > 60 to < 84 years of age.  

104691 The safety analysis included all participants who received a single booster injection of 

BV2373 and saponin adjuvant (Group B2) or placebo (Group BI). Safetyanalyses were presented 

as numbers and percentages of participants with solicited local and systemic adverse events 

analyzed through 7 days after each vaccination and unsolicited adverse events through 28 days 

following the booster.  

[0470] Results: A total of 1610 participants were screened. All but three participants 

randomized to Group B (n=257) received both doses of BV2373 and saponin adjuvant in their 

primary vaccination series and were considered for investigation of a single booster dose at the 

same dose level (Fig. 63). Re-randormization of Group B participants took place at Day 189, with 

210 consenting participants assigned 1:1 to receive a single booster of BV2373 and saponin 

adjuvant in Group B2 (n=104) or placebo in Group BI (n=106). In Group B2, all but one 

participant received active vaccine as a booster. All but six participants in Group BI received 

placebo as a booster; of the remaining six participants, four did not receive any booster (of which, 

one was included in Group B Ifor safety due to an ongoing adverse event) and two received active 

vaccine in error as a booster and were assessed for safety in Group B2 All but one participant in 

Group A received placebo for all three doses, with the remaining participant receiving active 

vaccine as a booster dose.  

104711 Demographics and baseline characteristics were generally balanced between the active 

(Group B2) and placebo (Group B1) booster groups (Table 8), except for a higher proportion of 

female participants in Group BI (58%) than Group B2 (45%). Across Groups A, B1, and B2, the 

median age was approximately 57 years and 45% of participants were > 60 to < 84years of age.  

Most participants were White (87%) and not Hispanic or Latino (95%). Baseline SARS-CoV-2 

serostatuswas predominantly negative (98%).  
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104721 Safety reporting of solicited local and systemic reactogenicity events showed an 

increasing trend across all three doses of BV2373 and saponin adjuvant (Figs. 64A-B). Following 

the booster, participants in Group B2 reported an incidence rate for any local reaction (tenderness, 

pain, swelling, and erythema) of 82.5% (13.4%1 > Grade 3) compared to 70.0% (5.2%1 Grade 3) 

following the primary vaccination series. Grade 4 local reactions were rare, with two events (pain 

and tenderness) reported by one participant in Group B2 compared with no participants following 

the primary vaccination series. Following the booster, local reactions were short-lived with a 

median duration of 2.0 days for all events except erythema (2.5 days). Local reactions were also 

short-lived following the primary vaccination series, with median durations of 2.0 days for pain 

and tenderness and 1.0 day for erythema and swelling.  

104731 Systemic reactions showed a similar pattern with an incidence rate for any event 

(fatigue, headache, muscle pain, malaise, joint pain, nausea/vomiting, and fever) of 76.5% (15.3% 

IGrade 3), compared to 52.8% (5.6%:_>Grade 3), following the primary vaccination series. Grade 

4 systemic reactions were rare, with three events reported by one participant in Group B2 

(headache, malaise, and muscle pain) compared with no participants following the primary 

vaccination series. Following the booster, systemic reactions were transient in nature with a 

median duration of 10 day for all events except muscle pain which had a duration of 2.0 days. All 

svstemic reactions were also short-lived following the primary vaccination series, with a median 

duration of 1,0 day for all events.  

[0474] Local and systemic reactogenicity events were less frequent and less severe in older 

adults (> 60 to < 84 years of age) when compared to younger adults ( 18 to < 59 years of age) 

following either the primary vaccination series or booster dose. In the younger cohort, post-booster 

local and systemic reactions were reported in 84.9% (189%> Grade 3) and 84.9% (26.4% ? Grade 

3) of participants, respectively, versus 79.5% (6.8% > Grade 3) and 66.7% (22%>Grade3)of 

participants, respectively, in the older cohort, 

104751 Unsolicited adverse events were summarized across the active-boosted participants 

(Group B2), placebo-boosted participants (Group B), and participants receiving three doses of 

placebo throughout the study (Group A). Through 28 days after the booster, participants who 

initially received active vaccine for their primary vaccination series (Groups B2 and BI) 

experienced a higher incidence of unsolicited adverse events than those who received only placebo 

(Group A), with 12.4%, 12.7%, and 11.0% of participants reporting such events, respectively. A 
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similar trend was seen for unsolicited severe adverse events (5.7%, 3.9%, and 2.4%, respectively).  

Othertypes of AEs reported included medically attended AEs (events requiring a healthcare visit; 

MAAEs), potential immune-mediated medical conditions (PIMMCs), events relevant to COVID 

19, and serious adverse events (SAEs).  

104761 Overall, MAAEs occurred with a slightly higher frequency in active boosted 

participants across the three groups (30.5%, 26.1%, and 23.2% for Groups B2, B1, and A, 

respectively), with related events reported in few participants (1.9%, 0%, and 1.2%, respectively).  

Events considered PIMMCs were rare across the study, with one participant in Group B2 and 

Group A reporting a single event each; both events were assessed as not related to study treatment.  

No participant reported an as adverse event related to COVID-19.  

[04771 SAEs were also infrequent across the study, occurring in 5.7%, 3.3%, and 1.6% of 

participants in Groups B2, B1, and A, respectively, with all events assessed as not related tostudy 

treatment.  

[0478] Evaluation of SAEs for Group B2 and B Iparticipants did not show a relationship of 

with active boosting, as SAEs occurred in 0%, 4.8%, and 1.0% of participants in Group B2 and 

0%, 2.0%, and 2.0% of participants in Group B1 following Dose 1, Dose 2, and the booster, 

respectively.  

[0479] Declines in Group B IgG and MN50 geometric mean titers (GMTs) were observed 

following the primary vaccination series (Day 35) through Day 189 (43,905 ELISA units [EU] to 

6,064 EU for IgG and 1,470 to 63 for MN50, respectively). Twenty-eight days following the 

booster (Day217), IgG and MN50 titers increased robustly compared to both the pre-booster titers 

and to the Day 35 titers produced by the primary series (Fig. 65, Fig. 66).  

[0480] For the ancestral SARS-CoV-2 strain, serum IgG GMTs increased ~4.7-fold from 

43,905 EU following the primary vaccination series (Day 35) to 204367 EU following the booster 

(Day 217). Higher fold increases after boosting were seen in older adults (5.1-fold) compared to 

younger adults (4.1-fold). Similarly, MN50 assay GMTs specific to the ancestral SARS-CoV-2 

strain increased -4.1-fold from 1,470 to 6,023 over the same respective rime poins with increases 

in older and younger adults of 4.0-fold and 3.8-fold, respectively.  

[04811 For the Beta variant, IgG GMTs increased from 4,317 EU at Day 189 pre-booster to 

175,190 EU at Day 217 reflecting a post-booster increase of ~40.6-fold. These titers were 4-fold 

higher than those observed at Day 35 for the ancestral strain (GMT 175,190 EU vs 43,905 EU).  
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Beta variant MN50 assay data showed a similar fold increase in titers from pre-booster (Day 189) 

to post-booster (Day 217) of-~50.1-fold (GMT 13 vs 661), though titers were lower than those 

seenfor the ancestral strain atDay 35 (GMT661 vs 1,470). (Table 9, Table 10).  

[04821 Two assays were developed to assess immune responses against additional SARS

CoV-2 variants using participant sera from Day 35 (Group B) and Day 217 (Group B2). A 

functional hACE2 inhibition assaywas utilized to compare activity against the ancestral strain (a 

SARS-CoV-2 virus comprising a CoV S polypeptide with a D614G mutation compared to SEQ 

ID NO: 1) and the Delta, Beta, and Alpha variants of SARS-CoV-2. In respective order, 6-fold, 

6.6-fold, 10.8-fold, 8.1 fold, and 19.9-fold increases in hACE2 inhibition titers were observed 

(Table 12A, Table 12B, Figs. 62A-B). A second assay comparing anti-rS IgG activity across the 

same strains of SARS-CoV-2 found that 5.4-fold (Ancestral), 11.1-fold (Delta), 6.5-fold (Beta), 

9.7-fold (Alpha) higher titers were observed after the booster (Table IIA, Table 11B, Figs. 6IA

B).  

[0483] Results: Administration of a single booster dose of the vaccine approximately 6 months 

following the primary two-doseseries resulted in an incremental increase in reactogenicity events 

along with significantly enhanced immunogenicity.  

[04841 Prior to boosting at Day 189, anti-SARS-CoV-2 antibody titers in immunized 

participants were markedly lower when compared with samples taken after the primary 

vaccination series at Day 35 (Group B IgG and M N5o GMTs lowered from 43,905 EU to 6,064 

EU and 1,470 to 63, respectively). The presence of neutralizing antibodies are strongly indicative 

of protection against symptomatic COVID-19.  

[0485] In the present study, antibody responses to the booster were assessed for the ancestral 

vaccine strain as well as for more recent SARS-CoV-2 variants including Alpha, Beta, and Delta.  

For the ancestral strain, IgG titers at Day 217 were approximately 34-fold higher than the pre

booster Day 189 titers while neutralizing antibody titers increased approximately 96-fold after the 

booster. Both IgG and MN titers after the booster were > 4-fold higher than those seen after the 

primary two-dose series at Day 35, which is notable as the Day 35 titers corresponded to high 

levels of clinical efficacy in both a UK phase 3 study (89.7%) as well as in a USA/Mexico phase 

3 study (90.4%).). When broken down by age group, higher fold increases were seen for older 

adults (> 60 to < 84 years of age) compared to younger adults (> 18 to 5 59 years of age). This 

finding suggests that a booster dose may have added benefit in older adults as their antibody 
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responses following the primary two-dose vaccination series were lower than those seen in 

younger adults.  

104861 For the Beta variant, 40- to 50-fold increases in IgG and MN antibody titers were seen 

following the booster and IgG titers were approximately 4-fold higher than those seen for the 

ancestral strain after the primary vaccination series. Unlike the observation with IgG, MN5o GMTs 

for the Beta variant were lower following the booster than those for the ancestral strain following 

the primary vaccination series (GMT 661 vs 1,470) in alignment with the known decreased 

neutralizing responses for this variant.  

104871 For the Delta variant of SARS-CoV-2, 6.6-fold increases in functional hACE2 

inhibition titers were seen when comparing the post-booster Day 217 titers to the Day 35 titers.  

Anti-rS IgG activity compared at these same time points found 9.7-fold (Delta) higher titers 

associated with the booster.  

[04881 The incidence of both local and systemic reactogenicity was higher following the 6

month booster dose compared to the previous doses reflecting the increased immunogenicity seen 

with the third dose. However, the incidence of Grade 3 or higher events remained relatively low 

withonly fatigue (12.2%) being recorded by greater 10% of participants, In total, five Grade 4 

(potentially life threatening) solicited local and systemic adverse events were reported. All five of 

these events (pain, tenderness, headache, malaise, and muscle pain) were reported by the same 

participant in the active booster group concurrently with an adverse event of drug hypersensitivity 

related to the vaccine. The drug hypersensitivity event was assessed as mild in severity. The 

participant did not seek any medical attention for this event, and all the participant's symptoms 

resolved over a period of 6 days.  

[0489] Table 13 shows the geometric mean titer for neutralization of 99 % of a SARS-CoV-2 

virus having a D614G mutation compared to SEQ ID NO: I or the SARS-CoV-2 delta variant.  

Fig. 67 shows the neutralizing antibody 99 (neut99) values for the immunogenic composition 

comprising BV2373 and saponin adjuvant of Example 11 against the SARS-CoV-2 strain 

containing a D614G mutation and the B.1.617,2 (delta variant).  

104901 Overall, a single booster dose of BV2373 and saponin adjuvant administered 

approximately 6 months after the primary series induced a substantial increase in humoral 

antibodies that was:> 4-fold higher than antibody titers associated with high levels of efficacy in 
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two phase 3 studies while also displaying an acceptable safety profile. These findings support use 

of the vaccine in booster programs.  
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INCORPORATION BY REFERENCE 

[04911 All references, articles, publications, patents, patent publications, and patent 

applications cited herein are incorporated by reference in their entireties for all purposes. H however, 

mention of any reference, article, publication, patent, patent publication, and patent application 

cited herein is not, and should not be taken as, an acknowledgment or any form of suggestion that 

they constitute valid prior art or form part of the common general knowledge in any country in the 

world.  
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CLAIMS 

1. A coronavirus (CoV) Spike (S) glycoprotein comprising 

(i) an S Isubunit with an inactivated furin cleavage site, wherein the S subunit comprises 

an N-terminal domain (NTD), a receptor binding domain (RBD), subdomains I and 2 (SDI/2), 

wherein the inactivated furin cleavage site has an amino acid sequence of QQAQ; 

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; 

(b) insertion 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 

5, 67, 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 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 SDI/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 

(ii) an S2 subunit, wherein amino acids 973 and 974 are proline., 

wherein the S2 subunit optionally 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; 

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

703, 846, 875, 937, 969, 1014, 1058, 1105, and 1163 and combinations thereof; and 

(c) deletion of one or more amino acids from the TMCT; 
wherein the amino acids of the CoV S glycoprotein are numbered with respect to a polypeptide 

having the sequence of SEQ ID NO: 2.  
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2. The coronavirus S glycoprotein of claim 1, comprising deletion of amino acids 676-685.  

3. The coronavirus S glycoprotein of claim 1, comprising deletion of amino acids 702-711.  

4. The coronavirus S glycoprotein of claim 1, comprising a deletion of amino acids 806

815.  

5. The coronavirus S glycoprotein of claim 1, comprising a deletion of amino acids 775

793.  

6. The coronavirus S glycoprotein of claim 1, comprising deletion of amino acids 1-292 of 

the NTD.  

7. The coronavirus S glycoprotein of claim 1, comprising deletion of amino acids 1201

1260 of the transmembrane and cytoplasmic tail (TMCT).  

8. The coronavirus S glycoprotein of claim 1 comprising or consisting of an amino acid 

sequence selected from the group consisting of SEQ ID NOS: 85-89, 105, 106, and 112

115, 164-168.  

9. The coronavirus S glycoprotein of any one of claims 1 to 8 comprising a signal peptide, 

optionally wherein the signal peptide comprises an amino acid sequence of SEQ ID NO: 

5 or SEQ ID NO: 117.  

10. The coronavirus S glycoprotein of any one of claims 1 to 9 comprising a C-terminal 

fusion protein.  

11. The coronavirus S glycoprotein of clai 10, wherein the C-terminal fusion protein is a 

hexahistidine tag.  
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12. The coronavirus S glycoprotein of claim 10, wherein the C-terminal fusion protein is a 

foldon.  

13. The coronavirus S glycoprotein of claim 12, wherein the foldon has an amino acid 

sequence corresponding to SEQ ID NO: 68.  

14. The coronavirus S glycoprotein of any one of claims 1-13,wherein the AHcal is at least 

2-fold greater than the AHcal of the wild-type CoV S glycoprotein (SEQ ID NO: 2).  

15. The coronavirus S glycoprotein of any one of claims 1-14, wherein each of 

the S2 subunit, NTD, RBD, and SDI/2 is 95 % identical to the corresponding subunit or 

domain of the CoV S glycoprotein having an amino acid sequence of SEQ ID NO: 2.  

16. The coronavirus S glycoprotein of any one of claims 1-14, wherein each of 

the S2 subunit, NTD, RBD, and SDI/2 is 97 % identical to the corresponding subunit or 

domain of the CoV S glycoprotein having an amino acid sequence of SEQ ID NO: 2.  

17. The coronavirus S glycoprotein of any one of claims 1-14, wherein each of 

the S2 subunit, NTD, RBD, and SD/2 is 99 % identical to the corresponding subunit or 

domain of the CoV S glycoprotein having an amino acid sequence of SEQ ID NO: 2.  

18. The coronavirus S glycoprotein of any one of claims 1-14, wherein each of 

the S2 subunit, NTD, RBD, and SD1/2 is 99.5 % identical to the corresponding subunit 

or domain of the CoV S glycoprotein having an amino acid sequence of SEQ ID NO: 2.  

19. An isolated nucleic acid encoding the S glycoprotein of any of claims 1-18.  

20. A vector comprising the nucleic acid of claim 19.  

21. A nanoparticle comprising the coronavirus S glycoprotein of any one of claims 1-18.  
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22. The nanoparticle of claim 21, wherein the nanoparticle has a Zavg diameter of between 

about 20 nn and about 35 nm.  

23. The nanoparticle of claim 21, wherein the nanoparticle has a polydispersityindexfrom 

about 0.2 to about 0.45.  

24. A cell expressing the coronavirus S glycoprotein of any of claims 1-18.  

25. A vaccine composition comprising the coronavirus S glycoprotein of any one of claims 

1-18 and a pharmaceutically acceptable buffer.  

6. Thevaccine oniposition of claim 25, comprising an adjuvant.  

27. Thevaccineompositionofclaim 26, wherein the adjuvant comprises at least twoiscom 

particles, wherein: 

the first iscom particle comprises fraction A of Quillaja Saponaria Molina and 

not fraction C of QuillajaSaponaria Molina; and 

the second iscom particle comprises fraction C of QuilajaSpqonaria Molina and 

not fraction A of QuillajaSaponaria Molina.  

28. The vaccine composition of claim 27, wherein fraction A of Quillaa Saponaria Molina.  

and fraction C of Quila/a Saponaria Molina. account for about 85 % by weight and 

about 15 % by weight, respectively, of the sui of weights of fraction A of Quitlja 

Saponaria Molina and fraction C of Quillaja Saponaria Molina in the atuvant.  

29. The vaccine composition of claim 27, wherein fraction A of QuillajaSaponaria Molina 

and fraction C of QuillajaSaponaria Molina account for about 92 % by weight and 

about 8 % by weight, respectively, of the sum of weights of fraction A of Quilla 

Saponaria Molina and fraction C of Qui/a/a Saponaria Molina in the adjuvant.  
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30. The vaccine composition of claim 26, wherein the adjuvant is administered at a dose of 

about 50 g.  

31. A method of stimulating an immune response against SARS-CoV-2 in a subject 

comprising administering the vaccine composition of any one of claims 25-30.  

32. The method of claim 31, wherein the subject is administered a first dose at day 0 and a 

boost dose at day21.  

33. 'The method of claim 31, wherein the subject is administered from about 3 pg to about 25 

pg of coronavirus S glycoprotein.  

34. The method of claim 31, wherein the subject is administered about 5 pg of coronavirus S 

glycoprotein.  

35. The method of any one of claims 31-34, wherein the vaccine composition is administered 

intramuscularly.  

36. The method of any one of claims 31, 33, 34, and 35, wherein a single dose of the vaccine 

composition is administered.  

37. The method of any one of claims 31-35, wherein multiple doses of the vaccine 

composition are administered.  

38. The method of any one of claims 31-37, wherein the vaccine composition is 

coadministered with an influenza glycoprotein.  

39. An immunogenic composition comprising: 

(i) a nanoparticle comprising a coronavirus S (CoV S) glycoprotein of any one of 

claims 1-18, and a non-ionic detergent core; 

(ii) a pharmaceutically acceptable buffer, and 
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(iii) a saponin adjuvant.  

40. The immunogenic composition of claim 39, comprising from about 3 pg to about 25 pg of 

CoV S glycoprotein.  

41 The immunogenic composition of claim 40, comprising about 5 g of CoV S glycoprotein.  

42. The immunogenic composition of claim 39, wherein the saponin adjuvant comprises at 

least two iscom particles, wherein: 

the first iscom particle comprises fraction A of Quillaja Saponaria Molina and not 

fraction C of QuillajaSaponaria Molina; and 

the second iscom particle comprises fraction C of Quillaja Saponaria Molina and 

not fraction A of QuilajaSaponaria Molina.  

43. The immunogenic composition of claim 42, wherein fraction A of Quillaa Saponaria 

Molina accounts for 50-96% by weight and fraction C of Ouilaa Saponaria Molina 

accounts for the remainder, respectively, of the sum of the weights of fraction A of Quillaja 

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

44. The immunogenic composition of claim 42, wherein 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 the weights of fraction A of Quillaja 

Saponaria Molina and fraction C of Quillja Saponaria Molina in the adjuvant.  

45. The immunogenic composition of claim 39, comprising about 50 pg of saponin adjuvant.  

46. The immunogenic composition of claim 39, wherein the non-ionic detergent is selected 

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

60 (PS60), polysorbate-65 (PS65), and polysorbate-SO (PS80).  
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47. A method of stimulating an immune response against SARS-CoV-2 or a heterogeneous 

SARS-CoV-2 strain in a subject comprising administering the immunogenic composition 

of any one of claims 39-46.  

48. The method of claim 47, wherein from about 3 g to about 25 pg of CoV S glycoprotein 

is administered.  

49. The method of claim 47 or 48, wherein about 5 pg of CoV S glycoprotein is administered.  

50. The method of any one of claims 47-49, wherein the saponin adjuvant comprises at least 

two iscom particles, wherein: 

the first iscom particle comprises fraction A of Quillaj Saaponaria Molina and not 

fraction C of Quillaja Saponaria Molina; and 

the second iscom particle comprises fraction C of Quilleja Saponaria Molina and 

not fraction A of Quillaa Saponaria Molina.  

51. The method of claim 50, wherein fraction A of QuillajaSaponaria 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 QuillaSponariaMolina and fraction 

C of Quitlja Saponaria Molina in the adjuvant.  

52. The method of claim 50 or claim 51, wherein fraction A of Quilka Saponaria Molina 

and fraction C of Quillaa Saponaria Molina account for about 85 % by weight and about 15 % 

by weight, respectively, of the sum of the weights of fraction A of QuilljaSaponaria Molina and 

fraction C of Quilha Saponaria Molina in the adjuvant.  

53. The method of any one of claims 47-52, comprising administering about 50 ig of the 

saponin adjuvant.  
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54. The method of any one of claims 47-53, wherein the non-ionic detergent is selected from 

the group consisting of polysorbate-20 (PS20), polysorbate-40 (PS40), polysorbate-60 (PS60), 

polysorbate-65 (PS65), and polysorbate-80 (PS80).  

55. The method of any one of claims 47-54, wherein the subject is administered a first dose at 

day 0 and a boost dose at day 21.  

56. The method of any one of claims 47-55, wherein a single dose of the immunogenic 

composition is administered.  

57. The method of any one of claims 47-56, further comprising administering a second 

immunogenic composition different from the immunogenic composition of claim 47.  

58. The method of claim 57, wherein the second immunogenic composition comprises an 

mRNA encoding a SARS-Cov-2 Spike glycoprotein, a plasmid DNA encoding a SARS

Cov-2 Spike glycoprotein, a viral vector encoding a SARS-Cov-2 Spike glycoprotein, or 

an inactivated SARS-CoV-2 virus.  

59. The method of any one of claims 47-58, wherein the heterogenous SARS-CoV-2 strain is 

selected from the group consisting of a B.1,1.7 SARS-CoV-2 strain, B.1,351 SARS-CoV

2 strain, P.1 SARS-CoV-2 strain, B.1.617.2 SARS-CoV-2 strain, B.1.525 SARS-CoV-2 

strain, B 1.526 SARS-CoV-2 strain, B..617.1 SARS-CoV-2 strain, a C.37 SAR-S-CoV-2 

strain, B.1.621 SARS-CoV-2 strain, and a Cal.20C SARS-CoV-2 strain.  

60. The method of any one of claims 47-59, wherein the efficacy of the iniunogenic 

composition for preventing coronavirus disease-19 (COVID-19) is at least about50 %,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 

%, at least about 96 %,at least about 97 %, at least about 98 %, at least about 99 %or 
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about 100 % for up to about 2 months, ip to about 2.5 months, ip 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 about 7 

months, up to about 7.5 months, up to about 8 months, ip to about 8.5 months, ip 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.  

61. The method of any one of claims 47-60, wherein the efficacy of the immunogenic 

composition for preventing coronavirus disease-19 (COVID-19) is from about 50 % to 

about 99 %, from about 50 % to about 95 %, from 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 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 % to about 65 %, 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, ip to about 4.5 months, up to 

about 5 nionths, 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 nionths, up to about 8,5 months, 

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 I Imonths, up to about 11.5 months, or up to about 12 months after 

administration of the immunogenic composition.  

62. The method of any one of claims 47-61, wherein the COVID-19 is mild COVID-19.  

63. The method of any one of claims 47-61, wherein the COVID-19 is moderate COVID-19.  

64. The method of any one of claims 47-61, wherein the COVID-19 is severe COVID-19.  
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65. A method of inducing a protective immune response against a heterogenous SARS-CoV

2 strain, comprising administering to a subject a nanoparticle comprising a coronavirus S 

(CoV S) glycoprotein having the amino acid sequence of SEQ ID NO: 87, and a non

ionic detergent core, a pharmaceutically acceptable buffer, and (iii) a saponin adjuvant, 

wherein the heterogenous SARS-CoV-2 strain has a SARS-CoV-2 S glycoprotein having 

from about 1 to about 60 modifications compared to a SARS-CoV-2 glycoprotein of SEQ 

ID NO: 1.  

66. The method of claim 65, wherein the heterogeneous SARS-CoV-2 strain has a SARS

CoV-2 S glycoprotein having from about I to about 20 modifications, from about I to 

about 10 modifications, from about 10 to about 20 modifications, from 10 to about 30 

modifications, from about 10 to about 40 modifications, from 10 to about 50 

modifications, from 10 to about 60 modifications, from 20 to about 60 modifications, 

from 20 to about 50 modifications, from about 20 to about 40 modifications, from about 

5 to about 15 modifications, or from about 5 to about 10 modifications compared to a 

SARS-CoV-2 glycoprotein of SEQ ID NO: 1.  
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Fig. 5
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hACE2 Binding to COVID-19 S protein
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Fig. 15
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Fig. 16
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Fig. 17B
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Fig. 17C
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Fig. 26B
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Fig. 26C
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WO

BV2384: CoV-2019/GSAS/K986P/V987P (SEQ ID NO: 109)

Signal

Isoelectric Pt (pl) 5.89

peptide

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGT

GTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYE

SUBSTITUTE

INNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPQ0

FSALEPLVDLPIGINITRFQTLLALHRSYLPGDSSSGWTAGAAAYYVGYLOPRTFLLKYNENGTITDAVDCAL

DPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYS

VLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSN

INLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVV

MLSFELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEIL

TDITPCSFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADOLTPTWRVYSTGSNVFQTRAGCLIGAEHVNN

ESYECDIPIGAGICASYOTQTNSPGSASSVASOSIIAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSM

HTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQ

2ILPDPSKPSKRSFIEDLLFNKVTLADAGFIKOYGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSAL

LAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQD VVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASAN

LAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVEV

GINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCCSC

LKGCCSCGSCCKFDEDDSEPVLKGVKLHYT

Fig. 30



WO

BV2373 (SEQ ID NO: 86)

Signal

Inactive furin

peptide

CoV-2019/QQAQ/K986P/V987P

cleavage site

SUBSTATION

NGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYH

TSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDavdCA

LDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVAD)

SVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFT6

NNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVV

VLSFELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEI

LDITPCSFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVN

NSYECDIPIGAGICASYQTQTNSPQQAQSVASQSIIAYTMSLGAENSVAYSNNSIAIPTNFTI SVTTEILPVS

MTKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFGGFNFS

QILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLLTDEMIAQYTSA

LLAGTITSGWTFGAGAALQIPFAMOMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQ

DVVNQNAQALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASA

NLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVF

ISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWPWYIWLGFIAGLIAIVMVTIMLCCMTSCC

SCLKGCCSCGSCCKFDEDDSEPVLKGVKLHYT

Fig. 31



Fig. 32
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Fig. 33
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Fig. 35A
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Fig. 35B
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Fig. 36A
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Fig. 36B
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Fig. 37A
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Fig. 37B
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Fig. 38A

Anti-CoVSIgG Titer (one dose)

106 105

Day 0

Day 21

10

Day 35

10 ³ 102

III

101

LOD

BV2373:

5 ug

Matrix -M TM.

5 Mg

Placebo

25 Mg

50 Mg



Fig. 38B
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Fig. 38C
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Fig. 38D
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Fig. 38E
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Fig. 39
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Fig. 40B

SARS-CoV-2 Neutralizing Titers by PRNT (EC90 titers)

105

One dose

Two Doses

104 103 102

LOD

101
BV2373

5 ug

5 pg

2.5 pg

5 ug

25 pg

Placebo

25 pg

50 ug

25 pg

50 ug

50 pg

is

Matrix-MTM



Fig. 41
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Fig. 42A
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Fig. 43A
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Fig. 43B
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Fig. 44A
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Fig. 45A
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Fig. 45B
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Fig. 45C
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Fig. 45D
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Fig. 47
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Fig. 57A

CD4+ T cells: IFN-Y
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Fig. 57D
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Fig. 64B
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Fig. 65
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