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CHIMERIC RSV, IMMUNOGENIC COMPOSITIONS, AND METHODS OF USE

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Provisional Application Number 62/247,962 filed
October 29, 2015 and U.S. Provisional Application Number 62/334,547 filed May 11, 2016. The

entirety of each of these applications is hereby incorporated by reference for all purposes.

INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED AS A TEXT FILE
VIA THE OFFICE ELECTRONIC FILING SYSTEM (EFS-WEB)
The Sequence Listing associated with this application is provided in text format in lieu of
a paper copy, and is hereby incorporated by reference into the specification. The name of the text
file containing the Sequence Listing is 15198PCT _ST25.txt. The text file is 49 KB, was created
on October 26, 2016, and is being submitted electronically via EFS-Web.

BACKGROUND

Human respiratory syncytial virus (RSV) causes respiratory tract infections. It is the major
cause of hospital visits during infancy and childhood. Palivizumab is a humanized monoclonal
antibody (IgG) that binds the RSV fusion protein (RSV F) that is FDA approved for prevention of
serious lower respiratory tract disease caused by RSV in certain high-risk infants. Palivizumab,
as chimeric antibody administered in monthly doses, has limited efficacy and sometimes causes
allergic reactions. Thus, there is a need to identify improved treatment and prevention methods
for RSV.

Vaccines are typically killed (inactivated) or weakened (attenuated) versions of a live viral
strain. Kim et al. report that administration of a formalin-inactivated RSV vaccine was not
sufficiently effective. Am J Epidemiol 89, 422-434 (1969). Attenuated RSV vaccine candidates
face significant safety hurdles, and the development of pediatric RSV live-attenuated vaccine
(LAYV) strains that are sufficiently attenuated and immunogenic have been elusive. See Collins et
al. Progress in understanding and controlling respiratory syncytial virus: still crazy after all these
years. Virus Res 162, 80-99 (2011).

Karron et al. report RSV where most of the open reading frame (ORF) of the RNA

synthesis factor M2-2 was deleted yields an attenuated RSV vaccine with improved antibody
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responses in children. Sci Transl Med 7, 312ral75 (2015). Meng, et al. report attenuation and
immunogenicity of respiratory syncytial virus by targeted codon deoptimization of virulence
genes. MBio 5, e01704-01714 (2014). See also U.S. Published Application number
2016/0030549. Hotard et al. report residues in the human RSV fusion protein that modulate fusion
activity and pathogenesis, 2015, J Virol 89:512-522. Rostad et al. report a recombinant respiratory
syncytial virus vaccine candidate attenuated by a low-fusion F protein is immunogenic and
protective against challenge in cotton rats. J Virol, 2016, 90(16):7508-7518.

References cited herein are not an admission of prior art.

SUMMARY

This disclosure relates to chimeric respiratory syncytial virus (RSV), live attenuated
vaccine and immunogenic compositions, and methods of use. In certain embodiments, the
chimeric RSV has a mutated gene pattern encoding an RSV F protein having M at position 79, R
at position 191, K at position 357, and/or Y at position 371. In certain embodiments, the RSV F
protein has V at position 557 or the F protein is mutated such that position 557 is V.

In certain embodiments, M at position 79, R at position 191, K at position 357, and Y at
position 371 are not in an RSV F protein wherein the naturally occurring RSV F protein has that
particular pattern of amino acids, i.e., the mutant RSV F protein comprises at least one amino acid
substitution such that the mutated RSF F protein has at least one modification at position 79, 191,
357 or 371 when compared to the naturally occurring sequence to provide an RSV F protein pattern
of amino acids having M at position 79, R at position 191, K at position 357, and Y at position
371.

In certain embodiment the RSV F protein that is mutated is derived from an RSV F protein
other than the F protein found in RSV line19 such as an RSV strain of subgroup B, e.g., a “Buenos
Aires” (BAF) strain. In certain embodiments, the RSV F protein does not contain SEQ ID NO: 3
or 4 or does not have substantial identity to SEQ ID NO: 3 or 4. In certain embodiments, the
mutated RSV F has more than 85% or 90% identity to SEQ ID NO: 1 but less than 95%, 96%,
97%, 98%, or 99% identity to SEQ ID NO: 4. In certain embodiments, the mutated RSV F has
more than 85% identity to SEQ ID NO: 1 but less than 99% identity to SEQ ID NO: 4.

In certain embodiments, the RSV F protein that is mutated has (SEQ ID NO: 1)
MELLIHRSSAIFLTLAINALYLTSSQNITEEFYQSTCSAVSRGYLSALRTGWYTSVITIELS
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NIKETKCNGTDTKVKLMKQELDKYKNAVTELQLLMQNTPAANNRARREAPQYMNYTI
NTTKNLNVSISKKRKRRFLGFLLGVGSAIASGIAVSKVLHLEGEVNKIKNALLSTNKAVV
SLSNGVSVLTSRVLDLKNYINNQLLPIVNQQSCRISNIETVIEFQQKNSRLLEITREFSVNA
GVTTPLSTYMLTNSELLSLINDMPITNDQKKLMSSNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPIYGVIDTPCWKLHTSPLCTTNIKEGSNICLTRTDRGWYCDNAGSVSFFPQADKCKVQS
NRVFCDTMYSLTLPSEVSLCNTDIFNSKYDCKIMTSKTDISSSVITSLGAIVSCYGKTKCT
ASNKNRGIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKLEGKNLYVKGEPIINYYDPLV
FPSDEFDASISQVNEKINQSLAFIRRSDELLHNVNTGKSTTNIMITAIIVIIVVLLSLIAIGLL
LYCKAKNTPVTLSKDQLSGINNIAFS, or variants thereof.

In certain embodiments, this disclosure contemplates a chimeric RSV F protein lacking the
transmembrane domain, or having amino acids 1-524, e.g., (SEQ ID NO: 13)
MELLIHRSSAIFLTLAINALYLTSSQNITEEFYQSTCSAVSRGYLSALRTGWYTSVITIELS
NIKETKCNGTDTKVKLMKQELDKYKNAVTELQLLMQNTPAANNRARREAPQYMNYTI
NTTKNLNVSISKKRKRRFLGFLLGVGSAIASGIAVSKVLHLEGEVNKIKNALLSTNKAVV
SLSNGVSVLTSRVLDLKNYINNQLLPIVNQQSCRISNIETVIEFQQKNSRLLEITREFSVNA
GVTTPLSTYMLTNSELLSLINDMPITNDQKKLMSSNVQIVRQQSYSIMSIIKEEVLAYVVQ
LPIYGVIDTPCWKLHTSPLCTTNIKEGSNICLTRTDRGWYCDNAGSVSFFPQADKCKVQS
NRVFCDTMYSLTLPSEVSLCNTDIFNSKYDCKIMTSKTDISSSVITSLGAIVSCYGKTKCT
ASNKNRGIKTFSNGCDYVSNKGVDTVSVGNTLYYVNKLEGKNLYVKGEPIINYYDPLV
FPSDEFDASISQVNEKINQSLAFIRRSDELLHNVNTGKSTTN.

In certain embodiments, the variant has greater than 95%, 98%, or 99% sequence identity
or similarity to SEQ ID NO: 1. In certain embodiments, the variants are one, two, three, or more
amino acid substitutions, deletions, or insertions provided that there are not any substitutions of M
at position 79, R at position 191, K at position 357, or Y at position 371. In certain embodiments,
substitutions are conserved substitutions.

In certain embodiment, an RSV F variant has a V at position 11, has F at position 20, has
an A at position 23, has F at position 45, has a T or V at position 102, has a V at position 103, has
a V at position 119, has an A at position 121, has an R at position 123, has an S at position 104,
has a T at position 129, has an A at position 173, has an R a position 242, has an N at position 276,

has an A as position 518, has a V at position 529, has a T at position 554, or combinations thereof.
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In certain embodiments, the variants of RSV F protein sequences disclosed herein have
one, two, three, or more amino acid substitutions, deletions, or insertions provided that there are
not any substitutions of M at position 79, R at position 191, K at position 357, or Y at position
371. In certain embodiments, substitutions are conserved substitutions.

In certain embodiments, the variants are one or two more amino acid substitutions,
deletions, or insertions, provided the substitutions are not any substitutions of M at position 79, R
at position 191, K at position 357, Y at position 371, and V at position 557. In certain embodiments,
substitutions are conserved substitutions.

In certain embodiments, the variants are one, two, or three amino acid substitutions,
deletions, or insertions provided the substitutions are not any substitutions of M at position 79, R
at position 191, K at position 357, or Y at position 371. In certain embodiments, substitutions are
conserved substitutions.

In certain embodiments, the variants are one, two, or three amino acid substitutions,
deletions, or insertions, provided the substitutions are not any substitutions of M at position 79, R
at position 191, K at position 357, Y at position 371, and V at position 557. In certain embodiments,
substitutions are conserved substitutions.

In certain embodiments, the variants do not contain more than 4, 5, 6, 7, 8, 9, 10 or 20
amino acid substitutions, deletions, or insertions, provided the substitutions are not any
substitutions of M at position 79, R at position 191, K at position 357, and Y at position 371. In
certain embodiments, substitutions are conserved substitutions.

In certain embodiments, the variants do not contain more than 4, 5, 6, 7, 8, 9, 10 or 20
amino acid substitutions, deletions, or insertions, provided the substitutions are not any
substitutions of M at position 79, R at position 191, K at position 357, Y at position 371, and V at
position 557. In certain embodiments, substitutions are conserved substitutions.

In certain embodiments, the chimeric RSV has genes encoding RSV NSI1, NS2, and G
proteins are codon-deoptimized such that the rate of expression of NS1, NS2, and G is reduced by
more than half in Vero cells compared to the wild type A2 virus.

In certain embodiments, the rate of expression of G in mammalian cells is reduce by more
than one third (1/3), one fourth, (1/4), one fifth (1/5), or one tenth (1/10) in Vero cells compared
to the wild type A2 virus.
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In certain embodiments, the rate of expression of NS1 is reduce by more than one third
(1/3), one fourth, (1/4), one fifth (1/5), or one tenth (1/10) in Vero cells compared to the wild type
line A2 virus.

In certain embodiments, the rate of expression of NS2 is reduce by more than one third
(1/3), one fourth, (1/4), one fifth (1/5), or one tenth (1/10) in Vero cells compared to the wild type
line A2 virus.

In certain embodiments, the gene encoding the SH protein is deleted or altered such that a
truncated protein or no protein is expressed. In certain embodiments, the gene encoding the M2-
2 is deleted or altered such that a truncated protein or no protein is expressed.

In certain embodiments, the gene encoding F protein is mutated such that position 557 is
not V or that I is in position 557.

In certain embodiments, the disclosure contemplates fusion proteins comprising RSV F
proteins disclosed herein, e.g., SEQ ID NO: 1, 13, and variants.

In certain embodiments, this disclosure relates to vaccine and immunogenic compositions
comprising chimeric RSV disclosed herein. In certain embodiments, the compositions further
comprise an adjuvant and/or other pharmaceutically acceptable carrier. In certain embodiments,
the adjuvant is an aluminum gel, aluminum salt, or monophosphoryl lipid A.

In certain embodiments, the adjuvant is an oil-in-water emulsion. In certain embodiments,
the oil-in-water emulsion further comprises a-tocopherol, squalene, and/or a surfactant.

In certain embodiments, the disclosure relates to methods for vaccinating or immunizing a
subject against respiratory syncytial virus, the method comprising administering to the subject an
effective amount of a chimeric RSV disclosed herein or immunogenic composition comprising the
same. In certain embodiments, the effective amount produces a protective immune response in the
subject.

In certain embodiments, the subject is a pregnant mother, a child under 2, 3, or 4 years old.
In certain embodiments, subject has a reduced immune system, is over 60 or 65 years old or is
regularly administered a chemotherapy or immune suppressive medication.

In certain embodiments, the disclosure relates to nucleic acids encoding an RSV F proteins

disclosed herein. In certain embodiments, the nucleic acid comprises
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SEQ ID NO: 14
ATGGAGTTGCTGATCCATAGATCAAGTGCAATCTTCCTAACTCTTGCTATTAA
TGCATTGTACCTCACCTCAAGTCAGAACATAACTGAGGAGTTTTACCAATCGACATG
TAGTGCAGTTAGCAGAGGTTACTTGAGTGCTTTAAGAACAGGTTGGTATACCAGTGT
CATAACAATAGAATTAAGTAATATAAAAGAAACCAAATGCAATGGAACTGACACTA
AAGTAAAACTTATAAAACAAGAATTAGATAAGTATAAGAATGCAGTAACAGAATTA
CAGTTACTTATGCAAAACACACCAGCTGCCAACAACCGGGCCAGAAGAGAAGCACC
ACAGTATATGAACTACACAATCAATACCACTAAAAACCTAAATGTATCAATAAGCA
AGAAGAGGAAACGAAGATTTCTGGGCTTCTTGTTAGGTGTAGGATCTGCAATAGCA
AGTGGTATAGCTGTATCCAAAGTTCTACACCTTGAAGGAGAAGTGAACAAGATCAA
AAATGCTTTGCTGTCTACAAACAAAGCTGTAGTCAGTCTATCAAATGGGGTCAGTGT
TTTAACCAGCAAAGTGTTAGATCTCAAGAATTATATAAACAACCAATTATTACCTAT
AGTAAATCAACAGAGTTGTCGCATTTCCAACATTGAAACAGTTATAGAATTCCAGCA
GAAGAACAGCAGATTGTTGGAAATCACCAGAGAATTTAGTGTCAATGCAGGTGTAA
CGACACCTTTAAGCACTTACATGTTAACAAACAGTGAGTTACTATCATTAATCAATG
ATATGCCTATAACAAATGATCAGAAAAAATTAATGTCAAGCAATGTTCAGATAGTA
AGGCAACAAAGTTATTCTATCATGTCTATAATAAAGGAAGAAGTCCTTGCATATGTT
GTACAGCTACCTATCTATGGTGTAATTGATACACCTTGCTGGAAATTACACACATCA
CCTCTGTGCACCACCAACATCAAAGAAGGATCAAATATTTGTTTAACAAGGACTGAT
AGAGGATGGTACTGTGATAATGCAGGATCAGTATCCTTCTTTCCACAGGCTGACACT
TGTAAAGTACAGTCCAATCGAGTATTTTGTGACACTATGAACAGTTTGACATTACCA
AGTGAAGTCAGCCTTTGTAACACTGACATATTCAATTCCAAGTATGACTGCAAAATT
ATGACATCAAAAACAGACATAAGCAGCTCAGTAATTACTTCTCTAGGAGCTATAGTG
TCATGCTATGGTAAAACTAAATGCACTGCATCCAACAAAAATCGTGGAATTATAAA
GACATTTTCTAATGGTTGTGATTATGTGTCAAACAAAGGAGTAGATACTGTATCAGT
GGGCAACACTTTATACTATGTCAACAAGCTGGAAGGCAAAAACCTTTATGTAAAAG
GGGAACCTATAATAAATTACTATGACCCTCTAGTGTTTCCTTCTGATGAGTTTGATGC
ATCAATATCTCAAGTCAATGAAAAAATTAATCAAAGTTTAGCTTTTATTCGTAGATC
CGATGAATTATTACATAATGTAAATACTGGAAAATCTACTACAAATATTATGATAAC
TGCAATTATTATAGTAATCATTGTAGTATTGTTATCATTAATAGCTATTGGTTTACTG
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TTGTATTGCAAAGCCAAAAACACACCAGTTACACTAAGCAAAGACCAACTAAGTGG
AATCAATAATATTGCATTCAGCAAATAG,

or a variants with greater than 50, 60, 70, 80, 90, 95, 98, or 99% sequence identity.

In certain embodiments, the disclosure relates to vectors comprising a nucleic acid
encoding an RSV F proteins disclosed herein. In certain embodiments, the vector is selected from
a plasmid or a bacterial artificial chromosome.

In certain embodiments, chimeric RSV comprises SEQ ID NO: 15

ACGCGAAAAAATGCGTACAACAAACTTGCATAAACCAAAAAAATGGGGCAA
ATAAGAATTTGATAAGTACCACTTAAATTTAACTCCCTTGCTTAGCGATGGTGAGCG
AGCTGATTAAGGAGAACATGCACATGAAGCTGTACATGGAGGGCACCGTGAACAAC
CACCACTTCAAGTGCACATCCGAGGGCGAAGGCAAGCCCTACGAGGGCACCCAGAC
CATGAGAATCAAGGCGGTCGAGGGCGGCCCTCTCCCCTTCGCCTTCGACATCCTGGC
TACCAGCTTCATGTACGGCAGCAAAACCTTCATCAACCACACCCAGGGCATCCCCGA
CTTCTTTAAGCAGTCCTTCCCCGAGGGCTTCACATGGGAGAGAGTCACCACATACGA
AGACGGGGGCGTGCTGACCGCTACCCAGGACACCAGCCTCCAGGACGGCTGCCTCA
TCTACAACGTCAAGATCAGAGGGGTGAACTTCCCATCCAACGGCCCTGTGATGCAG
AAGAAAACACTCGGCTGGGAGGCCTCCACCGAGACCCTGTACCCCGCTGACGGCGG
CCTGGAAGGCAGAGCCGACATGGCCCTGAAGCTCGTGGGCGGGGGCCACCTGATCT
GCAACTTGAAGACCACATACAGATCCAAGAAACCCGCTAAGAACCTCAAGATGCCC
GGCGTCTACTATGTGGACAGAAGACTGGAAAGAATCAAGGAGGCCGACAAAGAGA
CCTACGTCGAGCAGCACGAGGTGGCTGTGGCCAGATACTGCGACCTCCCTAGCAAA
CTGGGGCACAGATGAGTATTCAATTATAGTTATTAAAAACTTAACAGAAGACAAAA
ATGGGGCAAATAAGAATTTGATAAGTACCACTTAAATTTAACTCCCTTGCTTAGCGA
TGGGTTCGAATTCGCTATCGATGATAAAAGTACGTCTACAAAATCTATTTGATAATG
ATGAAGTAGCGCTACTAAAAATAACGTGTTATACGGATAAACTAATACATCTAACG
AATGCGCTAGCGAAAGCGGTAATACATACGATAAAACTAAATGGTATAGTATTTGT
ACATGTAATAACGTCGTCGGATATATGTCCGAATAATAATATAGTAGTAAAATCGAA
TTTTACGACGATGCCGGTACTACAAAATGGTGGTTATATATGGGAAATGATGGAACT
AACGCATTGTTCGCAACCGAATGGTCTACTAGATGATAATTGTGAAATAAAATTTTC
GAAAAAACTATCGGATTCGACGATGACGAATTATATGAATCAACTATCGGAACTAC
TAGGTTTTGATCTAAATCCGTAAATTATAATTAATATCAACTAGCAAATCAATGTCA
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CTAACACCATTAGTTAATATAAAACTTAACAGAAGACAAAAATGGGGCAAATAAAT
CAATTCAGCCAACCCAACCATGGATACGACGCATAATGATAATACGCCGCAACGTC
TAATGATAACGGATATGCGTCCGCTATCGCTAGAAACGATAATAACGTCGCTAACGC
GTGATATAATAACGCATAAATTTATATATCTAATAAATCATGAATGTATAGTACGTA
AACTAGATGAACGTCAAGCGACGTTTACGTTTCTAGTAAATTATGAAATGAAACTAC
TACATAAAGTAGGTTCGACGAAATATAAAAAATATACGGAATATAATACGAAATAT
GGTACGTTTCCGATGCCGATATTTATAAATCATGATGGTTTTCTAGAATGTATAGGT
ATAAAACCGACGAAACATACGCCGATAATATATAAATATGATCTAAATCCGTAAAT
TTCAACACAATATTCACACAATCTAAAACAACAACTCTATGCATAACTATACTCCAT
AGTCCAGATGGAGCCTGAAAATTATAGTAATTTAAAATTAAGGAGAGATATAAGAT
AGAAGATGGGGCAAATACAAAGATGGCTCTTAGCAAAGTCAAGTTGAATGATACAC
TCAACAAAGATCAACTTCTGTCATCCAGCAAATACACCATCCAACGGAGCACAGGA
GATAGTATTGATACTCCTAATTATGATGTGCAGAAACACATCAATAAGTTATGTGGC
ATGTTATTAATCACAGAAGATGCTAATCATAAATTCACTGGGTTAATAGGTATGTTA
TATGCGATGTCTAGGTTAGGAAGAGAAGACACCATAAAAATACTCAGAGATGCGGG
ATATCATGTAAAAGCAAATGGAGTAGATGTAACAACACATCGTCAAGACATTAATG
GAAAAGAAATGAAATTTGAAGTGTTAACATTGGCAAGCTTAACAACTGAAATTCAA
ATCAACATTGAGATAGAATCTAGAAAATCCTACAAAAAAATGCTAAAAGAAATGGG
AGAGGTAGCTCCAGAATACAGGCATGACTCTCCTGATTGTGGGATGATAATATTATG
TATAGCAGCATTAGTAATAACTAAATTAGCAGCAGGGGACAGATCTGGTCTTACAG
CCGTGATTAGGAGAGCTAATAATGTCCTAAAAAATGAAATGAAACGTTACAAAGGC
TTACTACCCAAGGACATAGCCAACAGCTTCTATGAAGTGTTTGAAAAACATCCCCAC
TTTATAGATGTTTTTGTTCATTTTGGTATAGCACAATCTTCTACCAGAGGTGGCAGTA
GAGTTGAAGGGATTTTTGCAGGATTGTTTATGAATGCCTATGGTGCAGGGCAAGTGA
TGTTACGGTGGGGAGTCTTAGCAAAATCAGTTAAAAATATTATGTTAGGACATGCTA
GTGTGCAAGCAGAAATGGAACAAGTTGTTGAGGTTTATGAATATGCCCAAAAATTG
GGTGGTGAAGCAGGATTCTACCATATATTGAACAACCCAAAAGCATCATTATTATCT
TTGACTCAATTTCCTCACTTCTCCAGTGTAGTATTAGGCAATGCTGCTGGCCTAGGCA
TAATGGGAGAGTACAGAGGTACACCGAGGAATCAAGATCTATATGATGCAGCAAAG
GCATATGCTGAACAACTCAAAGAAAATGGTGTGATTAACTACAGTGTACTAGACTTG
ACAGCAGAAGAACTAGAGGCTATCAAACATCAGCTTAATCCAAAAGATAATGATGT
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AGAGCTTTGAGTTAATAAAAAATGGGGCAAATAAATCATCATGGAAAAGTTTGCTC
CTGAATTCCATGGAGAAGATGCAAACAACAGGGCTACTAAATTCCTAGAATCAATA
AAGGGCAAATTCACATCACCCAAAGATCCCAAGAAAAAAGATAGTATCATATCTGT
CAACTCAATAGATATAGAAGTAACCAAAGAAAGCCCTATAACATCAAATTCAACTA
TTATCAACCCAACAAATGAGACAGATGATACTGCAGGGAACAAGCCCAATTATCAA
AGAAAACCTCTAGTAAGTTTCAAAGAAGACCCTACACCAAGTGATAATCCCTTTTCT
AAACTATACAAAGAAACCATAGAAACATTTGATAACAATGAAGAAGAATCCAGCTA
TTCATACGAAGAAATAAATGATCAGACAAACGATAATATAACAGCAAGATTAGATA
GGATTGATGAAAAATTAAGTGAAATACTAGGAATGCTTCACACATTAGTAGTGGCA
AGTGCAGGACCTACATCTGCTCGGGATGGTATAAGAGATGCCATGATTGGTTTAAGA
GAAGAAATGATAGAAAAAATCAGAACTGAAGCATTAATGACCAATGACAGATTAGA
AGCTATGGCAAGACTCAGGAATGAGGAAAGTGAAAAGATGGCAAAAGACACATCA
GATGAAGTGTCTCTCAATCCAACATCAGAGAAATTGAACAACCTATTGGAAGGGAA
TGATAGTGACAATGATCTATCACTTGAAGATTTCTGATTAGTTACCACTCTTCACATC
AACACACAATACCAACAGAAGACCAACAAACTAACCAACCCAATCATCCAACCAAA
CATCCATCCGCCAATCAGCCAAACAGCCAACAAAACAACCAGCCAATCCAAAACTA
ACCACCCGGAAAAAATCTATAATATAGTTACAAAAAAAGGAAAGGGTGGGGCAAAT
ATGGAAACATACGTGAACAAGCTTCACGAAGGCTCCACATACACAGCTGCTGTTCA
ATACAATGTCTTAGAAAAAGACGATGACCCTGCATCACTTACAATATGGGTGCCCAT
GTTCCAATCATCTATGCCAGCAGATTTACTTATAAAAGAACTAGCTAATGTCAACAT
ACTAGTGAAACAAATATCCACACCCAAGGGACCTTCACTAAGAGTCATGATAAACT
CAAGAAGTGCAGTGCTAGCACAAATGCCCAGCAAATTTACCATATGCGCTAATGTGT
CCTTGGATGAAAGAAGCAAACTAGCATATGATGTAACCACACCCTGTGAAATCAAG
GCATGTAGTCTAACATGCCTAAAATCAAAAAATATGTTGACTACAGTTAAAGATCTC
ACTATGAAGACACTCAACCCTACACATGATATTATTGCTTTATGTGAATTTGAAAAC
ATAGTAACATCAAAAAAAGTCATAATACCAACATACCTAAGATCCATCAGTGTCAG
AAATAAAGATCTGAACACACTTGAAAATATAACAACCACTGAATTCAAAAATGCTA
TCACAAATGCAAAAATCATCCCTTACTCAGGATTACTATTAGTCATCACAGTGACTG
ACAACAAAGGAGCATTCAAATACATAAAGCCACAAAGTCAATTCATAGTAGATCTT
GGAGCTTACCTAGAAAAAGAAAGTATATATTATGTTACCACAAATTGGAAGCACAC
AGCTACACGATTTGCAATCAAACCCATGGAAGATTAACCTTTTTCCTCTACATCAGT
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GTGTTAATTCATACAAACTTTCTACCTACATTCTTCACTTCACCATCACAATCACAAA
CACTCTGTGGTTCAACCAATCAAACAAAACTTATCTGAAGTCCCAGATCATCCCAAG
TCATTGTTTATCAGATCTAGTACTCAAATAAGTTAATAAAAAATATACACATGGACG
TCCATGGGGCAAATGCAAACATGTCCAAAAACAAGGACCAACGCACCGCTAAGACA
TTAGAAAGGACCTGGGACACTCTCAATCATTTATTATTCATATCATCGTGCTTATATA
AGTTAAATCTTAAATCTGTAGCACAAATCACATTATCCATTCTGGCAATGATAATCT
CAACTTCACTTATAATTGCAGCCATCATATTCATAGCCTCGGCAAACCACAAAGTCA
CACCAACAACTGCAATCATACAAGATGCAACAAGCCAGATCAAGAACACAACCCCA
ACATACCTCACCCAGAATCCTCAGCTTGGAATCAGTCCCTCTAATCCGTCTGAAATT
ACATCACAAATCACCACCATACTAGCTTCAACAACACCAGGAGTCAAGTCAACCCT
GCAATCCACAACAGTCAAGACCAAAAACACAACAACAACTCAAACACAACCCAGC
AAGCCCACCACAAAACAACGCCAAAACAAACCACCAAGCAAACCCAATAATGATTT
TCACTTTGAAGTGTTCAACTTTGTACCCTGCAGCATATGCAGCAACAATCCAACCTG
CTGGGCTATCTGCAAAAGAATACCAAACAAAAAACCAGGAAAGAAAACCACTACC
AAGCCCACAAAAAAACCAACCCTCAAGACAACCAAAAAAGATCCCAAACCTCAAA
CCACTAAATCAAAGGAAGTACCCACCACCAAGCCCACAGAAGAGCCAACCATCAAC
ACCACCAAAACAAACATCATAACTACACTACTCACCTCCAACACCACAGGAAATCC
AGAACTCACAAGTCAAATGGAAACCTTCCACTCAACTTCCTCCGAAGGCAATCCAA
GCCCTTCTCAAGTCTCTACAACATCCGAGTACCCATCACAACCTTCATCTCCACCCA
ACACACCACGCCAGTAGTTACTTAAAAACATATTATCACAAAAGGCCTTGACCAAC
CGCGGAGAATCAAAATAAACTCTGGGGCAAATAACAATGGAGTTGCTGATCCATAG
ATCAAGTGCAATCTTCCTAACTCTTGCTATTAATGCATTGTACCTCACCTCAAGTCAG
AACATAACTGAGGAGTTTTACCAATCGACATGTAGTGCAGTTAGCAGAGGTTACTTG
AGTGCTTTAAGAACAGGTTGGTATACCAGTGTCATAACAATAGAATTAAGTAATATA
AAAGAAACCAAATGCAATGGAACTGACACTAAAGTAAAACTTATAAAACAAGAATT
AGATAAGTATAAGAATGCAGTAACAGAATTACAGTTACTTATGCAAAACACACCAG
CTGCCAACAACCGGGCCAGAAGAGAAGCACCACAGTATATGAACTACACAATCAAT
ACCACTAAAAACCTAAATGTATCAATAAGCAAGAAGAGGAAACGAAGATTTCTGGG
CTTCTTGTTAGGTGTAGGATCTGCAATAGCAAGTGGTATAGCTGTATCCAAAGTTCT
ACACCTTGAAGGAGAAGTGAACAAGATCAAAAATGCTTTGCTGTCTACAAACAAAG
CTGTAGTCAGTCTATCAAATGGGGTCAGTGTTTTAACCAGCAAAGTGTTAGATCTCA
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AGAATTATATAAACAACCAATTATTACCTATAGTAAATCAACAGAGTTGTCGCATTT
CCAACATTGAAACAGTTATAGAATTCCAGCAGAAGAACAGCAGATTGTTGGAAATC
ACCAGAGAATTTAGTGTCAATGCAGGTGTAACGACACCTTTAAGCACTTACATGTTA
ACAAACAGTGAGTTACTATCATTAATCAATGATATGCCTATAACAAATGATCAGAAA
AAATTAATGTCAAGCAATGTTCAGATAGTAAGGCAACAAAGTTATTCTATCATGTCT
ATAATAAAGGAAGAAGTCCTTGCATATGTTGTACAGCTACCTATCTATGGTGTAATT
GATACACCTTGCTGGAAATTACACACATCACCTCTGTGCACCACCAACATCAAAGAA
GGATCAAATATTTGTTTAACAAGGACTGATAGAGGATGGTACTGTGATAATGCAGG
ATCAGTATCCTTCTTTCCACAGGCTGACACTTGTAAAGTACAGTCCAATCGAGTATTT
TGTGACACTATGAACAGTTTGACATTACCAAGTGAAGTCAGCCTTTGTAACACTGAC
ATATTCAATTCCAAGTATGACTGCAAAATTATGACATCAAAAACAGACATAAGCAG
CTCAGTAATTACTTCTCTAGGAGCTATAGTGTCATGCTATGGTAAAACTAAATGCAC
TGCATCCAACAAAAATCGTGGAATTATAAAGACATTTTCTAATGGTTGTGATTATGT
GTCAAACAAAGGAGTAGATACTGTATCAGTGGGCAACACTTTATACTATGTCAACA
AGCTGGAAGGCAAAAACCTTTATGTAAAAGGGGAACCTATAATAAATTACTATGAC
CCTCTAGTGTTTCCTTCTGATGAGTTTGATGCATCAATATCTCAAGTCAATGAAAAA
ATTAATCAAAGTTTAGCTTTTATTCGTAGATCCGATGAATTATTACATAATGTAAATA
CTGGAAAATCTACTACAAATATTATGATAACTGCAATTATTATAGTAATCATTGTAG
TATTGTTATCATTAATAGCTATTGGTTTACTGTTGTATTGCAAAGCCAAAAACACACC
AGTTACACTAAGCAAAGACCAACTAAGTGGAATCAATAATATTGCATTCAGCAAAT
AGATAAAAATAGCACCTAATCATGTTCTTACAATGGTTTACTATCTGCTCATAGACA
ACCCATCTATCATTGGATTTTCTTAAAATCTGAACTTCATCGAAACTCTTATCTATAA
ACCATCTCACTTACACTATTTAAGTAGATTCCTAGTTTATAGTTATATAAAACACAAT
TGAATGCCAGTCGACCTTACCATCTGTAAAAATGAAAACTGGGGCAAATATGTCAC
GAAGGAATCCTTGCAAATTTGAAATTCGAGGTCATTGCTTAAATGGTAAGAGGTGTC
ATTTTAGTCATAATTATTTTGAATGGCCACCCCATGCACTGCTTGTAAGACAAAACTT
TATGTTAAACAGAATACTTAAGTCTATGGATAAAAGTATAGATACCTTATCAGAAAT
AAGTGGAGCTGCAGAGTTGGACAGAACAGAAGAGTATGCTCTTGGTGTAGTTGGAG
TGCTAGAGAGTTATATAGGATCAATAAACAATATAACTAAACAATCAGCATGTGTTG
CCATGAGCAAACTCCTCACTGAACTCAATAGTGATGATATCAAAAAGCTGAGGGAC
AATGAAGAGCTAAATTCACCCAAGATAAGAGTGTACAATACTGTCATATCATATATT
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GAAAGCAACAGGAAAAACAATAAACAAACTATCCATCTGTTAAAAAGATTGCCAGC
AGACGTATTGAAGAAAACCATCAAAAACACATTGGATATCCATAAGAGCATAACCA
TCAACAACCCAAAAGAATCAACTGTTAGTGATACAAATGACCATGCCAAAAATAAT
GATACTACCTGACAAATATCCTTGTAGTATAACTTCCATACTAATAACAAGTAGATG
TAGAGTTACTATGTATAATCAAAAGAACACACTATATTTCAATCAAAACAACCCAAA
TAACCATATGTACTCACCGAATCAAACATTCAATGAAATCCATTGGACCTCTCAAGA
ATTGATTGACACAATTCAAAATTTTCTACAACATCTAGGTATTATTGAGGATATATA
TACAATATATATATTAGTGTCATAACACTCAATTCTAACACTCACCACATCGTTACAT
TATTAATTCAAACAATTCAAGTTGTGGGACAAAATGGATCCCATTATTAATGGAAAT
TCTGCTAATGTTTATCTAACCGATAGTTATTTAAAAGGTGTTATCTCTTTCTCAGAGT
GTAATGCTTTAGGAAGTTACATATTCAATGGTCCTTATCTCAAAAATGATTATACCA
ACTTAATTAGTAGACAAAATCCATTAATAGAACACATGAATCTAAAGAAACTAAAT
ATAACACAGTCCTTAATATCTAAGTATCATAAAGGTGAAATAAAATTAGAAGAACC
TACTTATTTTCAGTCATTACTTATGACATACAAGAGTATGACCTCGTCAGAACAGAT
TGCTACCACTAATTTACTTAAAAAGATAATAAGAAGAGCTATAGAAATAAGTGATG
TCAAAGTCTATGCTATATTGAATAAACTAGGGCTTAAAGAAAAGGACAAGATTAAA
TCCAACAATGGACAAGATGAAGACAACTCAGTTATTACGACCATAATCAAAGATGA
TATACTTTCAGCTGTTAAAGATAATCAATCTCATCTTAAAGCAGACAAAAATCACTC
TACAAAACAAAAAGACACAATCAAAACAACACTCTTGAAGAAATTGATGTGTTCAA
TGCAACATCCTCCATCATGGTTAATACATTGGTTTAACTTATACACAAAATTAAACA
ACATATTAACACAGTATCGATCAAATGAGGTAAAAAACCATGGGTTTACATTGATA
GATAATCAAACTCTTAGTGGATTTCAATTTATTTTGAACCAATATGGTTGTATAGTTT
ATCATAAGGAACTCAAAAGAATTACTGTGACAACCTATAATCAATTCTTGACATGGA
AAGATATTAGCCTTAGTAGATTAAATGTTTGTTTAATTACATGGATTAGTAACTGCTT
GAACACATTAAATAAAAGCTTAGGCTTAAGATGCGGATTCAATAATGTTATCTTGAC
ACAACTATTCCTTTATGGAGATTGTATACTAAAGCTATTTCACAATGAGGGGTTCTA
CATAATAAAAGAGGTAGAGGGATTTATTATGTCTCTAATTTTAAATATAACAGAAGA
AGATCAATTCAGAAAACGATTTTATAATAGTATGCTCAACAACATCACAGATGCTGC
TAATAAAGCTCAGAAAAATCTGCTATCAAGAGTATGTCATACATTATTAGATAAGAC
AGTGTCCGATAATATAATAAATGGCAGATGGATAATTCTATTAAGTAAGTTCCTTAA
ATTAATTAAGCTTGCAGGTGACAATAACCTTAACAATCTGAGTGAACTATATTTTTT
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GTTCAGAATATTTGGACACCCAATGGTAGATGAAAGACAAGCCATGGATGCTGTTA
AAATTAATTGCAATGAGACCAAATTTTACTTGTTAAGCAGTCTGAGTATGTTAAGAG
GTGCCTTTATATATAGAATTATAAAAGGGTTTGTAAATAATTACAACAGATGGCCTA
CTTTAAGAAATGCTATTGTTTTACCCTTAAGATGGTTAACTTACTATAAACTAAACAC
TTATCCTTCTTTGTTGGAACTTACAGAAAGAGATTTGATTGTGTTATCAGGACTACGT
TTCTATCGTGAGTTTCGGTTGCCTAAAAAAGTGGATCTTGAAATGATTATAAATGAT
AAAGCTATATCACCTCCTAAAAATTTGATATGGACTAGTTTCCCTAGAAATTACATG
CCATCACACATACAAAACTATATAGAACATGAAAAATTAAAATTTTCCGAGAGTGA
TAAATCAAGAAGAGTATTAGAGTATTATTTAAGAGATAACAAATTCAATGAATGTG
ATTTATACAACTGTGTAGTTAATCAAAGTTATCTCAACAACCCTAATCATGTGGTAT
CATTGACAGGCAAAGAAAGAGAACTCAGTGTAGGTAGAATGTTTGCAATGCAACCG
GGAATGTTCAGACAGGTTCAAATATTGGCAGAGAAAATGATAGCTGAAAACATTTT
ACAATTCTTTCCTGAAAGTCTTACAAGATATGGTGATCTAGAACTACAAAAAATATT
AGAATTGAAAGCAGGAATAAGTAACAAATCAAATCGCTACAATGATAATTACAACA
ATTACATTAGTAAGTGCTCTATCATCACAGATCTCAGCAAATTCAATCAAGCATTTC
GATATGAAACGTCATGTATTTGTAGTGATGTGCTGGATGAACTGCATGGTGTACAAT
CTCTATTTTCCTGGTTACATTTAACTATTCCTCATGTCACAATAATATGCACATATAG
GCATGCACCCCCCTATATAGGAGATCATATTGTAGATCTTAACAATGTAGATGAACA
AAGTGGATTATATAGATATCACATGGGTGGCATCGAAGGGTGGTGTCAAAAACTGT
GGACCATAGAAGCTATATCACTATTGGATCTAATATCTCTCAAAGGGAAATTCTCAA
TTACTGCTTTAATTAATGGTGACAATCAATCAATAGATATAAGCAAACCAATCAGAC
TCATGGAAGGTCAAACTCATGCTCAAGCAGATTATTTGCTAGCATTAAATAGCCTTA
AATTACTGTATAAAGAGTATGCAGGCATAGGCCACAAATTAAAAGGAACTGAGACT
TATATATCACGAGATATGCAATTTATGAGTAAAACAATTCAACATAACGGTGTATAT
TACCCAGCTAGTATAAAGAAAGTCCTAAGAGTGGGACCGTGGATAAACACTATACT
TGATGATTTCAAAGTGAGTCTAGAATCTATAGGTAGTTTGACACAAGAATTAGAATA
TAGAGGTGAAAGTCTATTATGCAGTTTAATATTTAGAAATGTATGGTTATATAATCA
GATTGCTCTACAATTAAAAAATCATGCATTATGTAACAATAAACTATATTTGGACAT
ATTAAAGGTTCTGAAACACTTAAAAACCTTTTTTAATCTTGATAATATTGATACAGC
ATTAACATTGTATATGAATTTACCCATGTTATTTGGTGGTGGTGATCCCAACTTGTTA
TATCGAAGTTTCTATAGAAGAACTCCTGACTTCCTCACAGAGGCTATAGTTCACTCT
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GTGTTCATACTTAGTTATTATACAAACCATGACTTAAAAGATAAACTTCAAGATCTG
TCAGATGATAGATTGAATAAGTTCTTAACATGCATAATCACGTTTGACAAAAACCCT
AATGCTGAATTCGTAACATTGATGAGAGATCCTCAAGCTTTAGGGTCTGAGAGACAA
GCTAAAATTACTAGCGAAATCAATAGACTGGCAGTTACAGAGGTTTTGAGTACAGCT
CCAAACAAAATATTCTCCAAAAGTGCACAACATTATACTACTACAGAGATAGATCTA
AATGATATTATGCAAAATATAGAACCTACATATCCTCATGGGCTAAGAGTTGTTTAT
GAAAGTTTACCCTTTTATAAAGCAGAGAAAATAGTAAATCTTATATCAGGTACAAAA
TCTATAACTAACATACTGGAAAAAACTTCTGCCATAGACTTAACAGATATTGATAGA
GCCACTGAGATGATGAGGAAAAACATAACTTTGCTTATAAGGATACTTCCATTGGAT
TGTAACAGAGATAAAAGAGAGATATTGAGTATGGAAAACCTAAGTATTACTGAATT
AAGCAAATATGTTAGGGAAAGATCTTGGTCTTTATCCAATATAGTTGGTGTTACATC
ACCCAGTATCATGTATACAATGGACATCAAATATACTACAAGCACTATATCTAGTGG
CATAATTATAGAGAAATATAATGTTAACAGTTTAACACGTGGTGAGAGAGGACCCA
CTAAACCATGGGTTGGTTCATCTACACAAGAGAAAAAAACAATGCCAGTTTATAAT
AGACAAGTCTTAACCAAAAAACAGAGAGATCAAATAGATCTATTAGCAAAATTGGA
TTGGGTGTATGCATCTATAGATAACAAGGATGAATTCATGGAAGAACTCAGCATAG
GAACCCTTGGGTTAACATATGAAAAGGCCAAGAAATTATTTCCACAATATTTAAGTG
TCAATTATTTGCATCGCCTTACAGTCAGTAGTAGACCATGTGAATTCCCTGCATCAAT
ACCAGCTTATAGAACAACAAATTATCACTTTGACACTAGCCCTATTAATCGCATATT
AACAGAAAAGTATGGTGATGAAGATATTGACATAGTATTCCAAAACTGTATAAGCT
TTGGCCTTAGTTTAATGTCAGTAGTAGAACAATTTACTAATGTATGTCCTAACAGAA
TTATTCTCATACCTAAGCTTAATGAGATACATTTGATGAAACCTCCCATATTCACAG
GTGATGTTGATATTCACAAGTTAAAACAAGTGATACAAAAACAGCATATGTTTTTAC
CAGACAAAATAAGTTTGACTCAATATGTGGAATTATTCTTAAGTAATAAAACACTCA
AATCTGGATCTCATGTTAATTCTAATTTAATATTGGCACATAAAATATCTGACTATTT
TCATAATACTTACATTTTAAGTACTAATTTAGCTGGACATTGGATTCTGATTATACAA
CTTATGAAAGATTCTAAAGGTATTTTTGAAAAAGATTGGGGAGAGGGATATATAACT
GATCATATGTTTATTAATTTGAAAGTTTTCTTCAATGCTTATAAGACCTATCTCTTGT
GTTTTCATAAAGGTTATGGCAAAGCAAAGCTGGAGTGTGATATGAACACTTCAGATC
TTCTATGTGTATTGGAATTAATAGACAGTAGTTATTGGAAGTCTATGTCTAAGGTATT
TTTAGAACAAAAAGTTATCAAATACATTCTTAGCCAAGATGCAAGTTTACATAGAGT
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AAAAGGATGTCATAGCTTCAAATTATGGTTTCTTAAACGTCTTAATGTAGCAGAATT
CACAGTTTGCCCTTGGGTTGTTAACATAGATTATCATCCAACACATATGAAAGCAAT
ATTAACTTATATAGATCTTGTTAGAATGGGATTGATAAATATAGATAGAATACACAT
TAAAAATAAACACAAATTCAATGATGAATTTTATACTTCTAATCTCTTCTACATTAAT
TATAACTTCTCAGATAATACTCATCTATTAACTAAACATATAAGGATTGCTAATTCTG
AATTAGAAAATAATTACAACAAATTATATCATCCTACACCAGAAACCCTAGAGAAT
ATACTAGCCAATCCGATTAAAAGTAATGACAAAAAGACACTGAATGACTATTGTAT
AGGTAAAAATGTTGACTCAATAATGTTACCATTGTTATCTAATAAGAAGCTTATTAA
ATCGTCTGCAATGATTAGAACCAATTACAGCAAACAAGATTTGTATAATTTATTCCC
TATGGTTGTGATTGATAGAATTATAGATCATTCAGGCAATACAGCCAAATCCAACCA
ACTTTACACTACTACTTCCCACCAAATATCTTTAGTGCACAATAGCACATCACTTTAC
TGCATGCTTCCTTGGCATCATATTAATAGATTCAATTTTGTATTTAGTTCTACAGGTT
GTAAAATTAGTATAGAGTATATTTTAAAAGATCTTAAAATTAAAGATCCCAATTGTA
TAGCATTCATAGGTGAAGGAGCAGGGAATTTATTATTGCGTACAGTAGTGGAACTTC
ATCCTGACATAAGATATATTTACAGAAGTCTGAAAGATTGCAATGATCATAGTTTAC
CTATTGAGTTTTTAAGGCTGTACAATGGACATATCAACATTGATTATGGTGAAAATT
TGACCATTCCTGCTACAGATGCAACCAACAACATTCATTGGTCTTATTTACATATAA
AGTTTGCTGAACCTATCAGTCTTTTTGTCTGTGATGCCGAATTGTCTGTAACAGTCAA
CTGGAGTAAAATTATAATAGAATGGAGCAAGCATGTAAGAAAGTGCAAGTACTGTT
CCTCAGTTAATAAATGTATGTTAATAGTAAAATATCATGCTCAAGATGATATTGATT
TCAAATTAGACAATATAACTATATTAAAAACTTATGTATGCTTAGGCAGTAAGTTAA
AGGGATCGGAGGTTTACTTAGTCCTTACAATAGGTCCTGCGAATATATTCCCAGTAT
TTAATGTAGTACAAAATGCTAAATTGATACTATCAAGAACCAAAAATTTCATCATGC
CTAAGAAAGCTGATAAAGAGTCTATTGATGCAAATATTAAAAGTTTGATACCCTTTC
TTTGTTACCCTATAACAAAAAAAGGAATTAATACTGCATTGTCAAAACTAAAGAGTG
TTGTTAGTGGAGATATACTATCATATTCTATAGCTGGACGTAATGAAGTTTTCAGCA
ATAAACTTATAAATCATAAGCATATGAACATCTTAAAATGGTTCAATCATGTTTTAA
ATTTCAGATCAACAGAACTAAACTATAACCATTTATATATGGTAGAATCTACATATC
CTTACCTAAGTGAATTGTTAAACAGCTTGACAACCAATGAACTTAAAAAACTGATTA
AAATCACAGGTAGTCTGTTATACAACTTTCATAATGAATAATGAATAAAGATCTTAT
AATAAAAATTCCCATAGCTATACACTAACACTGTATTCAATTATAGTTATTAAAAAT
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TAAAAATCGTACGATTTTTTAAATAACTTTTAGTGAACTAATCCTAAAGTTATCATTT
TAATCTTGGAGGAATAAATTTAAACCCTAATCTAATTGGTTTATATGTGTATTAACTA
AATTACGAGATATTAGTTTTTGACACTTTTTTTCTCGT

or variants having greater than 50, 60, 70, 80, 90, 95, 98, or 99% sequence identity.

In certain embodiments, the chimeric RSV includes those which are infectious to a human
subject and those which are not infectious to a human subject.

In certain embodiments, the disclosure relates to a particle, RSV particle, or virus like
particle comprising a mutated RSV F protein disclosed herein. In certain embodiments, the
particle comprises a live and infectious attenuated RSV genome or antigenome. In certain
embodiments, the particle comprises and inactivated RSV genome or antigenome, e.g., without
nucleic acids or with nucleic acids that are not capable of expressing one, two, three or more or
any of the RSV proteins. In certain embodiments, the particles are killed using a method such as
heat or formaldehyde. In certain embodiments, the particles are reconstituted by expression of viral

structural proteins and the mutated RSV F proteins disclosed herein.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 illustrates an RSV sequence comparison of an F protein having a I557 V mutation
(Query) (SEQ ID NO: 3) and the typical wild type RSV strain line 19 sequence (Sbjct) (SEQ ID
NO: 4).

Figure 2 illustrates the RSV vaccine candidate OE4. RSV with codon-deoptimized NS1
and NS2 (ANS1/dNS2) is genetically stable and attenuates RSV while retaining immunogenicity
like wild type virus A2. OE4 also has codon-deoptimization of the G protein, deletion of the SH
protein, and expresses RSV line 19 F protein.

Figure 3 shows westerns of Vero cell lysates indicating reduced protein expression for the
codon-deoptimized RSV G, NS1, NS2 genes when the RSVs infect Vero cells.

Figure 4 shows data indicating chimeric, RSV, expressing, Line19 F (A2 Line19F) exhibits
a pre-fusion F bias compared to RSV F of strain A2.

Figure 5A illustrates the sequence of an F protein with substitution of M at position 79, R
at position 191, K at position 357, and Y at position 371 designated as DB1 QUAD (Query) (SEQ
ID NO: 1) when compared to a consensus sequence (Sbjct) (SEQ ID NO: 2) for a low-fusion RSV
subgroup B strain of the Buenos Aires clade (BAF).
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Figure 5B illustrates a comparison of the amino acid sequences of the DB1 QUAD F
protein (Query) (SEQ ID NO: 1) and the typical wild type RSV strain line 19 sequence (Sbjct)
(SEQ ID NO: 4). There is an identity of 519/573 (91%) and similarity of 548/573 (95%).

Figure 6A shows data on the thermostability of certain RSV constructs after 7 days
including DB1 which contains the consensus F protein of SEQ ID NO: 2.

Figure 6B shows data on thermostability of certain RSV constructs after 7 days including
a DB1 construct containing F protein amino acids that correspond to certain positions found in the
F protein of line19. The DB1 QUAD refers to the F protein having SEQ ID NO: 1 including an
amino acid pattern of M at position 79, R at position 191, K at position 357, and Y at position 371,
and V at position 557.

Figure 6C shows data indicating the ratio of pre-fusion F to total F (pre-fusion and post-
fusion F) of certain vaccine candidates.

Figure 7A shows data on the attenuation of vaccine constructs in BALB/c mice indicating
that DB1 QUAD was more attenuated when compared to the A2-Line19F.

Figure 7B shows data on the immunogenicity of vaccine constructs in BALB/c mice

against different RSV strains indicating DB1 QUAD increased immunogenicity against RSV B.

DETAILED DESCRIPTION

Before the present disclosure is described in greater detail, it is to be understood that this
disclosure is not limited to particular embodiments described, and as such may, of course, vary. It
is also to be understood that the terminology used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting, since the scope of the present disclosure will
be limited only by the appended claims.

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

All publications and patents cited in this specification are herein incorporated by reference
as if each individual publication or patent were specifically and individually indicated to be

incorporated by reference and are incorporated herein by reference to disclose and describe the
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methods and/or materials in connection with which the publications are cited. The citation of any
publication is for its disclosure prior to the filing date and should not be construed as an admission
that the present disclosure is not entitled to antedate such publication by virtue of prior disclosure.
Further, the dates of publication provided could be different from the actual publication dates that
may need to be independently confirmed.

As will be apparent to those of skill in the art upon reading this disclosure, each of the
individual embodiments described and illustrated herein has discrete components and features
which may be readily separated from or combined with the features of any of the other several
embodiments without departing from the scope or spirit of the present disclosure. Any recited
method can be carried out in the order of events recited or in any other order that is logically
possible.

Embodiments of the present disclosure will employ, unless otherwise indicated, techniques
of immunology, medicine, organic chemistry, biochemistry, molecular biology, pharmacology,
physiology, and the like, which are within the skill of the art. Such techniques are explained fully
in the literature.

It must be noted that, as used in the specification and the appended claims, the singular

29 CC

forms “a,” “an,” and “the” include plural referents unless the context clearly dictates otherwise. In
this specification and in the claims that follow, reference will be made to a number of terms that
shall be defined to have the following meanings unless a contrary intention is apparent.

Prior to describing the various embodiments, the following definitions are provided and
should be used unless otherwise indicated.

The terms "protein" and "polypeptide" refer to compounds comprising amino acids joined
via peptide bonds and are used interchangeably.

The term "portion" when used in reference to a protein (as in "a portion of a given protein")
refers to fragments of that protein. The fragments may range in size from four amino acid residues
to the entire amino sequence minus one amino acid.

The terms “chimeric respiratory syncytial virus” or “chimeric RSV” refer to a nucleic acid
that contains sufficient RSV genes to allow the genome or antigenome to replicate in host cells
(e.g. Vero cells) and the sequence nucleic acid is altered to include at least one nucleic acid

segment that is not structurally the same a natural RSV strain, i.e., as the RSV strain occurs

naturally over the whole RSV genome. A chimeric respiratory syncytial virus includes an RSV
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gene wherein the codons are altered to be different from those naturally occurring even though the
RSV produces a polypeptide with an identical amino acid sequence to those naturally expressed.
Different strains of RSV will have different nucleotide sequences and express proteins with
different amino acid sequences that have similar functions. Thus, a chimeric RSV includes an
RSV gene wherein one or more genes from one strain are replaced from genes in alternative or
second strain such that the nucleic acid sequence of the entire RSV genome is not identical to an
RSV found in nature. In certain embodiments, the chimeric RSV includes those strains where
nucleic acids are deleted after a codon for starting translation in order to truncate the proteins
expression, provided such truncation pattern for the genome is not found in naturally occurring
RSV. In certain embodiments, the chimeric RSV includes those which are infectious and can
replicate in a human subject.

The term "fusion" when used in reference to a polypeptide refers to the expression product
of two or more coding sequences obtained from different sources such that they do not exist
together in a natural environment, that have been cloned together and that, after translation, act as
a single polypeptide sequence. Fusion polypeptides are also referred to as "hybrid" polypeptides.
The coding sequences include those obtained from the same or from different species of organisms.

However, this type of fusion protein is not the same as the RSV fusion protein in the
disclosed vaccines. The RSV fusion protein (F) is a major surface glycoprotein that causes the
virion membrane to fuse to the target cell membrane. The fusion protein exists in a metastable pre-
fusion conformation that subsequently undergoes major refolding into a stable post-fusion form
that approximates virion and target cell membranes and enables fusion. The F protein is highly
conserved among RSV strains and is a potent RSV immunogen. After natural infection in humans,
the majority of anti-RSV neutralizing antibodies are directed against the F protein, specifically
against the pre-fusion conformation of F.

The term "homolog" or "homologous" when used in reference to a polypeptide refers to a
high degree of sequence identity between two polypeptides, or to a high degree of similarity
between the three-dimensional structure or to a high degree of similarity between the active site
and the mechanism of action. In a preferred embodiment, a homolog has a greater than 60%
sequence identity, and more preferably greater than 75% sequence identity, and still more

referably greater than 90% sequence identity, with a reference sequence.
p Vg q y q
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As applied to polypeptides, the term "substantial identity" means that two peptide
sequences, when optimally aligned, such as by the programs GAP or BESTFIT using default gap
weights, share at least 80 percent sequence identity, preferably at least 90 percent sequence
identity, more preferably at least 95 percent sequence identity or more (e.g., 99 percent sequence
identity). Preferably, residue positions which are not identical differ by conservative amino acid
substitutions.

The terms "variant" and "mutant" when used in reference to a polypeptide refer to an amino
acid sequence that differs by one or more amino acids from another, usually related polypeptide.
The variant may have "conservative" changes, wherein a substituted amino acid has similar
structural or chemical properties. One type of conservative amino acid substitutions refers to the
interchangeability of residues having similar side chains. For example, a group of amino acids
having aliphatic side chains is glycine, alanine, valine, leucine, and isoleucine; a group of amino
acids having aliphatic-hydroxyl side chains is serine and threonine; a group of amino acids having
amide-containing side chains is asparagine and glutamine; a group of amino acids having aromatic
side chains is phenylalanine, tyrosine, and tryptophan; a group of amino acids having basic side
chains is lysine, arginine, and histidine; and a group of amino acids having sulfur-containing side
chains is cysteine and methionine. Preferred conservative amino acids substitution groups are:
valine-leucine-isoleucine, phenylalanine-tyrosine, lysine-arginine, alanine-valine, and asparagine-
glutamine. More rarely, a variant may have "non-conservative" changes (e.g., replacement of a
glycine with a tryptophan). Similar minor variations may also include amino acid deletions or
insertions (in other words, additions), or both. Guidance in determining which and how many
amino acid residues may be substituted, inserted or deleted without abolishing biological activity
may be found using computer programs well known in the art, for example, DNAStar software.
Variants can be tested in functional assays. Preferred variants have less than 10%, and preferably
less than 5%, and still more preferably less than 2% changes (whether substitutions, deletions, and
SO on).

The term "gene" refers to a nucleic acid (e.g., DNA or RNA) sequence that comprises
coding sequences necessary for the production of an RNA, or a polypeptide or its precursor (e.g.,
proinsulin). A functional polypeptide can be encoded by a full length coding sequence or by any
portion of the coding sequence as long as the desired activity or functional properties (e.g.,

enzymatic activity, ligand binding, signal transduction, etc.) of the polypeptide are retained. The
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term "portion" when used in reference to a gene refers to fragments of that gene. The fragments
may range in size from a few nucleotides to the entire gene sequence minus one nucleotide. Thus,
"a nucleotide comprising at least a portion of a gene" may comprise fragments of the gene or the
entire gene.

The term "gene" also encompasses the coding regions of a structural gene and includes
sequences located adjacent to the coding region on both the 5' and 3' ends for a distance of about
1 kb on either end such that the gene corresponds to the length of the full-length mRNA. The
sequences which are located 5' of the coding region and which are present on the mRNA are
referred to as 5' non-translated sequences. The sequences which are located 3' or downstream of
the coding region and which are present on the mRNA are referred to as 3' non-translated
sequences. The term "gene" encompasses both cDNA and genomic forms of a gene. A genomic
form or clone of a gene contains the coding region interrupted with non-coding sequences termed
"introns" or "intervening regions" or "intervening sequences." Introns are segments of a gene
which are transcribed into nuclear RNA (mRNA); introns may contain regulatory elements such
as enhancers. Introns are removed or "spliced out" from the nuclear or primary transcript; introns
therefore are absent in the messenger RNA (mRNA) transcript. The mRNA functions during
translation to specify the sequence or order of amino acids in a nascent polypeptide.

In addition to containing introns, genomic forms of a gene may also include sequences
located on both the 5' and 3' end of the sequences which are present on the RNA transcript. These
sequences are referred to as "flanking" sequences or regions (these flanking sequences are located
5" or 3' to the non-translated sequences present on the mRNA transcript). The 5' flanking region
may contain regulatory sequences such as promoters and enhancers which control or influence the
transcription of the gene. The 3' flanking region may contain sequences which direct the
termination of transcription, posttranscriptional cleavage and polyadenylation.

The term "heterologous gene" refers to a gene encoding a factor that is not in its natural
environment (i.e., has been altered by the hand of man). For example, a heterologous gene includes
a gene from one species introduced into another species. A heterologous gene also includes a gene
native to an organism that has been altered in some way (e.g., mutated, added in multiple copies,
linked to a non-native promoter or enhancer sequence, etc.). Heterologous genes are distinguished
from endogenous plant genes in that the heterologous gene sequences are typically joined to

nucleotide sequences comprising regulatory elements such as promoters that are not found
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naturally associated with the gene for the protein encoded by the heterologous gene or with plant
gene sequences in the chromosome, or are associated with portions of the chromosome not found
in nature (e.g., genes expressed in loci where the gene is not normally expressed).

The term "polynucleotide" refers to a molecule comprised of two or more
deoxyribonucleotides or ribonucleotides, preferably more than three, and usually more than ten.
The exact size will depend on many factors, which in turn depends on the ultimate function or use
of the oligonucleotide. The polynucleotide may be generated in any manner, including chemical
synthesis, DNA replication, reverse transcription, or a combination thereof. The term
"oligonucleotide" generally refers to a short length of single-stranded polynucleotide chain usually
less than 30 nucleotides long, although it may also be used interchangeably with the term
"polynucleotide."

The term "nucleic acid" refers to a polymer of nucleotides, or a polynucleotide, as described
above. The term is used to designate a single molecule, or a collection of molecules. Nucleic acids
may be single stranded or double stranded, and may include coding regions and regions of various
control elements, as described below.

The term "a polynucleotide having a nucleotide sequence encoding a gene" or "a
polynucleotide having a nucleotide sequence encoding a gene" or "a nucleic acid sequence
encoding" a specified polypeptide refers to a nucleic acid sequence comprising the coding region
of a gene or in other words the nucleic acid sequence which encodes a gene product. The coding
region may be present in either a cDNA, genomic DNA or RNA form. When present in a DNA
form, the oligonucleotide, polynucleotide, or nucleic acid may be single-stranded (i.e., the sense
strand) or double-stranded. Suitable control elements such as enhancers/promoters, splice
junctions, polyadenylation signals, etc. may be placed in close proximity to the coding region of
the gene if needed to permit proper initiation of transcription and/or correct processing of the
primary RNA transcript. Alternatively, the coding region utilized in the expression vectors of the
present disclosure may contain endogenous enhancers/promoters, splice junctions, intervening
sequences, polyadenylation signals, etc. or a combination of both endogenous and exogenous
control elements.

The term "recombinant" when made in reference to a nucleic acid molecule refers to a
nucleic acid molecule which is comprised of segments of nucleic acid joined together 