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COMBINATION VACCINE FOR RESPIRATORY SYNCYTIAL VIRUS AND

INFLUENZA

CROSS-REFERENCE TO RELATED APPLICATIONS

1801} This application claims priority to U.S Provisional Application Nos. 61/763,309, filed
February 11, 2013, and 61/875,327, filed September 9, 2013, cach of which is incorporated in
its cutirety for all purposes.

{8021 This application incorporates the disclosures of the following applications in their
entirety for all purposes: 13/269,107, filed September 27, 2012, 61/015,440 filed December
20, 2007, 11/582,540, filed October 18, 2006 (U.S Patent Application Publication No.
2007/0184526), 60/727,513, filed October 18, 2005; 60/780,847, filed March 10, 2006,
60/800,006, filed May 15, 2006; 6(0/831,196, filed July 17, 2006; 60/832,116, filed July 21,
2006, 60/845,495, filed September 19, 2006, 10/617,569, filed July 11, 2003 (US Patent
Application Publication No. 2005/06009008), 12/340,186 filed December 19, 2008 (US
Patent Application Publication No. 2010/0129401) and 12/689,826, filed January 19, 2010
(U.S Patent Application Publication No. 2010/6184192).

CROSS REFERENCE TO SEQUENCE LISTING

[663] The contents of the text file subritted electronically herewith are incorporated herein
by reference in their entirety: A computer readable format copy of the Sequence Listing
{filename: NOVV_33 Seq List.txt, date recorded: February 11, 2014; file size: 74 kilobytes).
TECHNICAL FIELD

{804] The present disclosure is generally related to immunogenic compositions, such as

vaccines, for the treatment and/or prevention of infection by RSV and by influenza virus.
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BACKGROUND OF THE INVENTION

{805] Respiratory syncytial virus {RSV) is a merober of the genus Preumovirus of the
farolly Paramyxoviridae. Huoman RSV (HRSV) is the leading cause of severe lower
respiratory tract discase in young children and is responsible for considerable morbidity and
mortality in humans. RSV is also recognized as an important agent of disease in
immunocompromaised adulis and in the clderdy. Duc to incoraplete resistance to RSV in the
infected host after a vataral infection, RSV may nfect multiple times during childhood and
aduit fife.

{#06] This virus has a genome comprised of a single strand negative-sense RNA, which i
tightly associated with viral protein to forma the pucleocapsid.  The viral envelope is
composed of a plasma membrane dertved lipid bilayer that contains virally encoded structural
proteins. A viral polymerase is packaged with the virion and transcribes genomic RNA into
mRNA. The RSV genome encodes three transmernbrane structural proteins, F, G, and 5H,
two matrix proteins, M and M2, three nucleocapsid protens N, P, and L, and two
nonstructural proteins, NST and NS2Z.

{8071 Fusion of HRSV and cell membranes is thought to occur at the cell surface and is a
necessary step for the transfer of viral ribonucicoprotein into the cell cytoplasm during the
early stages of infection. This process is mediated by the fusion (F) protein, which also
promotes fusion of the membrane of infected cells with that of adjacent cells to form a
characteristic syncytia, which is both a prominent cytopathic cffect and an additional
mechanisin of viral spread. Accordingly, neutralization of fusion activity 18 important in host
immantty. Iudeed, monoclonal antibodies developed against the F protein have been shown
to neutralize virus infectivity and inhibit membrane fusion (Calder et af., 2000, Virology 271

122-131).
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{¢08] The F protein of RSV shares structural features and limited, but significant amine acid
sequence identity with F glycoproteins of other paramyxoviruses. It is synthesized as an
inactive precusor of 574 amno acids (FO) that 18 cotranslationally glycosylated ou
asparagines in the endoplasmic reticulum, where it assembles inte homo-oligomers. Before
reaching the cell surface, the FO precursor is cleaved by a protease into F2 from the N
terminus and FI from the C terminus. The F2 and F1 chains reroain covalently linked by one
or more disuifide bonds.

1809 Immuncaffinity purified full-length F proteins have been found to accumulate in the
form of micelles (also characterized as roscties), similar to those observed with other full-
iength virus merobrane glycoproteins (Wrigley er af., 1986, m Electron Microscopy of
Proteins, Yol 5, p. 103-163, Academic Press, London). Under electron microscopy, the
molecules in the roscttes appear either as inverted cone-shaped rods (~70%) or lollipop-
shaped (~30%) structures with their wider ends projecting away frorn the centers of the
rosettes. The rod conformational state is associated with an F glycoprotein in the pre-fusion
inactivate state while the loHipop conformational state is associated with an F glycoprotein in
the post-fusion, active state.

{#18] Electron micrography can be used to distinguish between the prefusion and postfusion
{alternatively designated prefusogenic and fusogenic) conformations, as demonstrated by
Calder er afl, 2000, Vieology 271:122-131. The prefusion conformation can also be
distinguished from the fusogenic {postfusion) conformation by liposome association assays.
Additionally, prefusion and fusogenic conformations can be distinguished using antibodies
{e.g., monoclonal antibodies) that specifically recognize conformation epitopes present on
one or the other of the prefusion or fusogeunic form of the RSV F protein, but not on the other

form. Such conformation epitopes can be due to preferential exposure of an antigenic
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determinant on the surface of the molecule. Alternatively, conformational epitopes can arise
from the juxtaposition of arnino acids that are non-contiguous in the hinear polypeptide.

{313} It has been shown previously that the F precursor is cleaved at two sites {(site 1, after
restdue 109 and site H, after residue 130), both preceded by motifs recognized by furin-like
proteases. Site H is adjacent to a fusion peptide, and cleavage of the F protein at both sites is
needed for membrane fusion (Gonzalez-Reyes er af., 2001, PNAS 98(17): 9859-9864). When
cleavage 1s completed at both sites, it is believed that there 1s a transition from cove-shaped to
lolipop-shaped rods.

SUMMARY OF THE INVENTION

{612} Provided herein are imrounogenic compositions containing an RSV F compounent and
at least one nfluenza component. Together, the RSV F and influenza components may be
used to stimulate an immune response in an animal, such as a human, that protects against
infection by RSV and influenza strains contained in the compositions,

{#13] The combination RSV F and Influenza VLP vaccines are well-tolerated and
immunogenic in mice. Unexpectedly, the combination of components results in a heightened
immune response against the viral antigens in the combination versus separately
administering the components. Without being bound by mechanism, the immunogenicity
data show that influenza antigens {possibly the HA portion) enhanced RSV F responses and
conversely the RSV component increased HA responses, possibly due to the RSV buffer; for
example, the lower pH than the influenza buffer, or the presence of histidine.

BRIEF DESCRIPTION OF THE FIGURES

{814] Figore 1 dlusirates preparing a disclosed combination composttion by combining an

RSV component and influenza component prior to administering the patient.
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{¢18] Figore 2 deoscribes specific antibodies induced against RSV by a disclosed
combination composition compared to the RSV F and mnfluenza components.

{818} Figore 3 describes neutralizing antibodies induced against RSV by a disclosed
combination composition compared to the RSV F and influenza components.

18171 Figure 4 describes Palivizumab-competitive antibodics induced against RSV by a
disclosed combination composition compared to the RSV F and influenza cornponents.

{#18] Figure § illostrates hemagglutination inhibition respounse induced by immunization
against the A-California strain. The data compares the response induced by a combination
RSV/trivalent influenza composition versus the RSV and trivalent influenza composition
alone.

{819} Figure 6 illustrates hemagglutination inhibition response induced by immunization
against the A/Victoria strain. The data compares the response induced by a combination
RSV/trivalent influcnza composition versus the RSV and trivalent influenza composition
alone.

{628] Figure 7 illustrates hemagglutination inhibition response induced by immunization
against the B/Wisconsin strain. The data compares the response induced by a combination
RSV/trivalent influenza composition versus the RSV and trivalent influcnzs coraposition
alone.

{821} Figure 8 illustrates anti-R8V F 1gG response induced by immunization against the
RSV F component. The data compares the response induced by sequential administration of
RSV/TIV {trivalent influenza vaccine) composition components at different RSV antigen
treatment levels in the presence or absence of aluminum phosphate adjuvant.

{622} Figuore 9 illustrates the estimated level of palivizumab-like antibodies as measured by

competitive ELISA. The data compares the response induced by a sequential administration
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of RSV and TIV influenza composition components at different RSV antigen treatment levels
in the prescnce or absence of aluminurn phosphate adjuvant and dersounstrates that the
induced imroune respounse does not suffer from antigen juterference.

{623} Figuore 19 illustrates [g0 binding to antigenic site 1 (Ag site H}. The data compares
the response induced by a sequential co administration of an RSV/TTV influenza composition
at different RSV antigen treatment lovels in the presence or absence of aluminurn phosphate
adpuvant and demonstrates that the compositions induce immune responses that do not suffer
from antigen interference.

{¢24] Figures 11A-B illustrates anti-RSV IgG responses in a mouse study. Figure 11A
illustrates the GMT of anti-RSV IgG response to an RSV-F composition, a quadrivalent
influenza composition, and a combination vaccine containing both the RSV-F and
quadrivalent compositions. Figure 11B provides data in tabular form. Mice (n=10) were
mrmunized on day 0 and 21 with quadnvalent mfluenza VLP (Q-Flu) + RSV F combination
vaceine, RSV F or 3-Flu VLP vaccine alone. Sera were obtained frow all the groups on day
35 to determine RSV F Ig(G response by ELISA as described in the method section 3.2, Data
was analyzed using SoftMax pro software {(Molecular Devices). A 4-paramctric logistics
{PL) curve was fitted to the data and titers were deterrained as the reciprocal value of the
serurn dilution that resulted 1o an ODM450 of 1.0, The geometric mean titer (GMT) for cach
group are represented with the bar graph shown on figure.  *p<(.05 compared with RSV ¥
single vaceine

{625] Figures 12A-B illustrates the Palivizumab-corapetitive antibody (PCA) response it a
mouse study. Figure 12A llustrates the PCA {(pg/ml) of anti-RSV Ig(G response to an RSV-F
composition, a quadrivalent influenza composition, and a combination vaccine containing

both RSV-F and quadrivalent compositions. Figure 12B provides data i tabular form. Mice
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{n=10) werc immunized on day 0 and 21 with quadrivaient influenza VLP {Q-Flu) + RSV F
combination vaccine, RSV F or Q-Flu VLP vaccine alone. Sera were obtained from all the
groups on day 35 to determine palivizursab corapetitive antibody titers (PCA). PCA titers
arc reported as the reciprocal value of serum dilution that resulted in 50% ishibition of
palivizumab monoclonal antibody binding to recombinant RSV F. Where 50% inhibition was
not obtained, a titer of <20 was reported for the saraple. The GMT of PCA in pg/md are
represented for cach group with the bar graph shown on figure. *p<0.01 compared with RSV
F single vaccing, +p<0.05 compared with RSV F single vaccine.

{#26] Figures 13A-B illustrates the RSV neutralizing antibody response in a mouse study.
Figure 13A illustrates the GMT of anti-RSV antibody response to an RSV-F composttion, a
quadrivalent imfluenza composition, and a combination vaccine containing both RSV-F and
quadrivalent compositions. Figure 13B provides data in tabular form. Mice (n=10) were
imrmunized on day 0 and 21 with quadnvalent mfluenza VLP (Q-Flu) + RSV F combination
vaccine, RSV F or 3-Flu VLP vaccine alone. Sera obtained from 35 following the
immunization were used in microneutralization assay described in Examples 10 and 11, RSV
neutralizing titers against RSV A2 providing 100% inhibition of (cytopathic effect) CPE were
determined for cach group with the bar graph shown on figure. The GMT are represented.
*5<0.01 compared with RSV F single vaccine.

18271 Figure 14 shows the reagents used for performing hemagglutination inhibition (HAI)
antibody assays.

{628] Figures ISA-H illustrates anti-HA responses induced following adminmistration of an
RSV-F composition, a quadrivalent wntfluenza composition, and a corobination vaccine
containing both RSV-F and guadrivalent compositions. The quadrivalent compositions

contains VLPs with HA and NA proteins from four strains: A/California/04/09,

~
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A/Victoria/361/11, B/Brisbane/60/08 and B/Massachusetts/2/12. Figurc 15A shows the HAI
analysis of the response to the A/California/04/09 (HIND) influenza strain HA protein. Figure
158 provides the A/California/04/09 influcnza strain HAT data 1o tabular form. Figore 18C
shows the HAIT analysis of the response to the A/Victoria/361/11 (H3N2) influenza strain HA
protein. Figure 18D provides A/Victoria/361/11 influenza strain HAT data in tabular form.
Figure 15K shows the HAT analysis of the response to the B/Brisbane/60/08 influcnza strain
HA protein. Figure 158F provides B/Brisbane/60/08 influenza strain HAT data in tabular form.
Figure 18G shows the HAT analysis of the response to the B/Brisbane/60/08 influenza strain
HA protein. Figure 15H provides B/Brisbane/60/08 influcnza strain HAI data in tabular form.
Mice (n=10) were romunized ov day 0 and 21 with quadnvalent influcnza VLP (Q-Fla) +
RSV F combination vaceine, RSY F or 3-Flu VLP vaccine alone. Day 35 sera were used to
determine HAI titers to A/California, A/Victoria, B/Brisbane and B/Massachusctts. The
geometric rmean (GMT) for cach group s represented.

[029] Figores 16-19 show summary HAI fiter data from Day 35 of a mouse study for
strains: A/California {(Fig. 16), A/Victoria {(Fig. 17) B/Brisbane/60/08 (Fig. 1¥8), and
B/Massachusetts/2/12 (Fig. 19).

1630] Figure 28 shows data for Day 21 RSV IgG titers in a mousce study.

{631} Figure 21 shows data for Day 35 RSV IgQ titers in a mouse study.

{632} Figure 22 shows data for Day 35 Competitive Palivizumab Antibody Titers in a
mouse study.

{633] Figure 23 shows data for Day 35 Microneutralization Titers in a mouse study.

DETAILED DESCRIPTION OF THE INVENTION

Definitions
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{034} As uscd herein, the term “adjuvant” refers to a compound that, when used in
combination with a specific immunogen in a formulation, will augment or otherwise alter or
rodity the resultant immuone response.  Modification of the immuune response includes
intensification or broadening the specificity of either or both antibody and cellular immune
responses.  Modification of the immune response can also mean decreasing or suppressing
certain antigen-specific Immune responses.

[635] As used herein, the term “antigenic formulation” or “antigenic composition” refers to
a preparation which, when administered to a vertebrate, especially a bird or a mammal, will
induce an INUNE TeSPOnse.

1036] As used herein, “about” means plus or minus 10% of the indicated value.

18371 As used herein, the term “avian influenza virus” refers to influenza viruses found
chiefly in birds but that can also infect humans or other animals. In some instances, avian
influenza viruses may be transmitted or spread from one hursan to another.  An avian
influcnza virus that wnfects humans has the poteotial fo cause an influenza pandemic, 1.,
morbidity and/or mortality in bumans. A pandemic occurs when a new strain of influenza
virus {a virus against which humans have no natural immunity) emerges, spreading beyond
mdividual localities, possibly around the globe, and infecting many hurnans at once.

[638] As used herein, an “effective dose” geuerally refers to that amount of a composition
disclosed herein sufficient to induce immunity, to prevent and/or ameliorate an infection or to
reduce at least one symptom of an infection or disease. An effective dose may also be the
amount sufficient to enhance a subject’s {e.g., a human’s) own 1mmune response against a
subsequent exposure fo an infechious agent or disease. Levels of immanity can be monitored,
e.g., by measuring amounts of neutralizing secretory and/or serum antibodies, e.g., by plague

neutralization, complement fixation, enzyme-linked immunosorbent, or microncutralization
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assay, or by measuring ccllular responses, such as, but not limited to cytotoxic T cells,
antigen presenting cells, helper T cells, dendritic eclls and/or other cellular responses. T cell
responses can be monitored, e.g., by measuring, for exaruple, the amount of CD4" and D8’
cells present using specific markers by fluorescent flow cytometry or T cell assays, such as
but not limited to T-cell proliferation assay, T-cell cytotoxic assay, TETRAMER assay,
and/or ELISPOT assay. In the case of a vaccine, an “effective dose” is onc that prevents
discase and/or reduces the severity of syrmptorus.

{3391 As used herein, the term “cffective amount” refers to an amount of a composition
disclosed hercin necessary or sufficient to realize a desired biologic effect. An effective
amount of the composition would be the amount that achieves a selected result, and such an
amount could be determined as a matter of routine experimentation by a person skilled in the
art. For cxample, an effective amount for preventing, treating and/or amcliorating an
infection could be that amount necessary to cause activation of the inumune system, resulting
in the development of an antigen specific immune response.  The term 1s also synonymous
with “sufficient amount.”

18481 As used herein, the term “expression” refers to the process by which polynucieic acids
are transcribed into mRNA and franslated into peptides, polypeptides, or proteins. If the
polynucleic acid is derived frora genomic DNA, expression way, if an appropriate cukaryotic
host cell or organism is selected, mclnde splicing of the mRNA. In the context of the present
disclosure, the term also encompasses the yield of RSV F gene mRNA and RSV F proteins
achicved following expression thercof.

{841} As used herein, the term "F protein” or "Fusion protein” or "F protein polypeptide” o
“Fusion protein polypeptide” refers to a polypeptide or protein having all or part of an amino

acid sequence of an RSV Fusion protein polypeptide. Similarly, the term "G protein” or "G
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protein polypeptide” refers o a polypeptide or protein having all or part of an amino acid
sequence of an RSV Attachment protein polypeptide.  Numcrous RSV Fusion and
Attachment proteins have been described and are known to those of skill m the art.
WO/Z2008/114149, which s herein incorporated by reference in s entirety, sets out
exemplary F and G protein variants (for example, naturally occurring variants).

{3421 As used herein, the terms “rmmunogens” or “antigens” refer to substances such as
proteins, pepfides, and nucleic acids that are capable of elicifing an tmumune response. Both
terms alse encompass epitopes, and are used interchangeably.

{#43] As used herein the term “immune stimmlator” refers to a compound that enhances an
immune response vig the body’s own chemical messengers {cytokines). These molecules
comprise various cytokines, lymphokines and chemokines with immunostimulatory,
immunopotentiating, and pro-inflammatory activities, such as interferons (IFN-v),
interleuking {e.g., 1L-1, IL-2, IL-3, 1L-4, TL-12, IL-13); growth factors {e.g.. granulocyte-
rmacrophage (GM)-colony  stimulating  factor (CSF)), and other immunostimulatory
molecules, such as macrophage inflammatory factor, Flt3 ligand, B7.1;, B7.2, etc. The
immune stimulator molecules can be administered in the same formulation as VLPs of the
disclosure, or can be administered scparately.  Either the protein or an cxpression vector
encoding the protein can be adrnistered to produce an immunostimulatory effect.

{844} As used herein, the term “immunogenic formulation” refers to a preparation which,
when administered to a vertebrate, e.g. a mammal, will induce an immune response.

1045] As used herein, the term “infectious agent’” refers to microorganisms that cause an
infection 1y a vertebrate.  Usually, the organisms are viruses, bacteria, parasites, protozoa

and/or fungi.
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{646] As used hercin, the terms “mutated,” “modified,” "mutation,” or “meodification”
indicate any modification of a nuclecic acid and/or polypeptide which results 1n an altered
nucieic acid or polypeptide. Mutations include, for exaruple, point mutations, deletions, or
insertions of single or multiple residues in a polynucieotide, which includes alterations
arising within a protein-encoding region of a gene as well as alterations in regions outside of
a protein-encoding sequence, such as, but not hmited to, regulatory or promoter sequences.
A genetic alteration may be a mutation of any type. For instance, the mutation may constitute
a point mutation, a frame-shift mutation, an insertion, or a deletion of part or all of a gene. In
some cmbodiments, the mutations are naturally-occurring. In other embodiments, the
mutations arc the results of artificial mutation pressure. In still other embodiments, the
mutations in the RSV F proteins are the result of genetic engineering.

{#47] As used herein, the term “multivalent’” refers to compositions which have one or more
antigenic proteins/peptides or immunogens against multiple types or strains of infoctious
agents or discases.

{#48] As used herein, the term “pharmaceutically acceptable vacecine” refers to a
formulation that is in a form that is capable of being administered to a vertebrate and which
induces a protective mmmune response sufficient to induce imamumity to prevent and/or
ameliorate an wnfection or discase, and/or to reduce at least one syroptom of an 1nfection or
discase. Typically, the vaccine comprises a conventional saline or buffered aqueous solution
medinm in which the composition of the present disclosure is suspended or dissolved. In this
forma, the comaposition of the present disclosure can be used conveniently to prevent,
ameliorate, or otherwise treat an mfection. Upon introduction into a host, the vaceme 1s able

to provoke an immune response including, but not limited to, the production of antibodies
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and/or cytokines and/or the activation of cytotoxic T cells, antigen presenting cells, helper T
cells, dendritic cells and/or other cellular responses.

1849] As used herein, the phrase “protective imoroune respouse” or  “protective response”
refers to an immune response mediated by antibodies against an infectious agent or disease,
which is exhibited by a vertebrate {¢.g., 2 human)}, that prevents or ameliorates an infection or
reduces at least one discase symptom thercof. The compositions disclosed herein can
stimulate the production of antibodies that, for example, neutralize infectious agents, blocks
infections agents from entering cells, blocks replication of the infectious agents, and/or
protect host cells from infection and destruction.

1038] As usced herein, the term “vertebrate” or “subject” or “patient” refers to any member
of the subphylum cordata, inchuding, without Hmitation, humans and other primaies,
including non-human primates such as chimpanzees and other apes and monkey species.
Farra animals such as cattle, sheep, pigs, goats and horses; domestic maammals such as dogs
and cats; laboratory animals including rodents such as mice, rats {including cotton rats) and
guinea pigs; birds, including domestic, wild and game birds such as chickens, turkeys and
other gallinaceous birds, ducks, geoese, and the like arc also non-limiting examples. The

3

terms “mammals” and “animals” are included in this definition. Both adult and newbom
individoals are intended to be covered.  In particular, mfants and voung children are
appropriate subjects or patients for immunization against influenza and RSV.

{#51] As used herein, the term “virus-like particle” (VLP) refers to a structure that in at least
one attribute resernbles a virus but which has not been demonstrated to be infectious. Virus-

like particles 1o accordance with the disclosure do not carry genetic inforroation encoding for

the proteins of the virus-like particles. In general, viras-like particles lack a viral genome
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and, therefore, are noninfectious. In addition, virus-like particles can often be produced in
large quantitics by heterologous expression and can be casily puritfied.

18821 As used herein, the ferm “chirseric VLP” refers to VLPs that contain protems, or
portions thereof, from at least two different infectious agents (heterologous proteins).
Usually, one of the proteins is derived from a virus that can drive the formation of VLPs from
host cells. Examples, for illustrative purposcs, are the BRSYV M protein and/or the HRSYV G
or F proteius.

{8831 As used herein, the term “vaccing” refers to a composition confaining one or more
viral antigens used to induce a protective immune response against the virus.
COMPOSITIONS

{384} The combination composttions described herein provide robust immune responses
against RSV and multiple influenza viruses. Providing responses against multiple pathogens
is advantageous i mumerous respects.  For example, it reduces costs associated with
administration vaccines as part of an Unwmundzation prograre and patient compliance 1s
improved because multiple immunizations are achieved via a single mjection.

{8551 The compositions described herein contain an RSV component and one or more
influcnza components. The RSV compounent induces an immune response against RSV, The
influenza components induce respouses against mfluenza sirains.

RSV F COMPONENT

{#56] In an aspect of the disclosure, the RSV F component contains an RSV F protein.
Suitable RSV F proteins and methods for their production are deseribed m US Patent
Application No, 13/269,107.

{657} The RSV F protein may comprise a modified or mutated amino acid sequence as

compared to the wild-type RSV F protein {e.g. as exemplified in SEQ ID NO: 2; GenBank
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Accession No AABS59858}.). In one embodiment, the RSV F protein contains a modification
or mutation at the amino acid corresponding to position P102 of the wild-type RSV F protein
(SEQ I NO: 23 Io another embodiment, the RSV F protein contains a modification or
mutation at the amino acid corresponding to position 1379 of the wild-type RSV F protein
(SEQ 1D NO: 2). In another embodiment, the RSV F protein contains a modification or
mutation at the amino acid corresponding to position M447 of the wild-type RSV F protein
{(SEQ ID NO: 2). In one embodiment, the RSV F protem coutains two or more modifications
or mutations at the amine acids corresponding to the positions described above. In another
embodiment, the RSV F protein contains three modifications or mutations at the aming acids
corresponding to the positions described above,

{358] In onc cmbodiment, the proline at position 102 is replaced with alanine. In another
embodiment, the isoleucine at position 379 is replaced with valine. In yet another
embodiment, the methionine at position 447 1s replaced with valine. In certain embodiments,
the RSV F protein contains two or mwore modifications or mutations at the amino acds
corresponding to the positions described in these specific embodiments.  In certain other
embodiments, the RSV F protein contains three modifications or mutations at the amino acids
corresponding to the positions described in these specific ermbodirnents. In an cxemplary
embodiment, the RSV protein has the amino acid sequence described in SEQ 1D NG: 4,

{859 In one embodiment, the coding sequence of the RSV F protein is further optimized to
enhance its expression in a suitable host cell. In one embodiment, the host cell is an insect
cell. In an exemplary ermbodiment, the mnsect cell 18 an Sf9 cell.

1868] In one embodiment, the coding sequence of the codon optimized RSV F gene 18 SEQ
{3 NO: 3. In another embodiment, the codon optimized RSV F protein has the amino acid

sequence described in SEQ D NG: 4.
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{¢61] In onc embodiment, the RSV F protein further comprises at least one modification in
the cryptic poly(A) site of F2. In another crobodiment, the RSV F protein further comprises
one or more amino acid mutations at the primary cleavage site (CS). In one embodiment, the
RSV F protein contains a modification or mutation at the amino acid corresponding to
position R133 of the wild-type RSV F protein {SEQ ID NOG: 2) or the codon optimized RSV
F protein (SEQ ID NO: 4). In another cmbodiment, the RSV F protein contains 4
maodification or mutation at the amwino acid corresponding to position R135 of the wild-type
RSV F protein (SEQ 1D NO: 2) or the codon optimized RSV F protein (SEQ ID NG: 4). In
vet another embodiment, the RSV F protein contains a modification or mutation at the amino
acid corresponding to posttion R136 of the wild-type RSV F protein (SEQ ID NO: 2) or the
codon optimized RSV F protein (SEQ D NG: 4).

{¢62] In onc cmbodiment, the arginine at position 133 is replaced with ghutamine. In
another crobodiment, the arginine at posttion 135 1s replaced with glutamine. In yet another
embodiment, the arginine at position 136 is replaced with glutarsine. In certain
embodiments, the RSV F protein contains two, three, or more modifications or mutations at
the amino acids corresponding to the positions described in these specific embodiments. In an
exemplary embodiment, the RSV protein has the amino acid sequence described n SEQ ID
NO: 6.

{863} In another embodiment, the RSV F protein further comprises a deletion in the N-
terminal half of the fusion domain corresponding to amino acids 137-146 of SEQ 1D NO: 2,
SEQ ID NO: 4, and SEQ ID NO: 6. In an cxemplary erbodiraent, the RSV F protein has
the arno acid sequence deseribed in SEQ D NO: B, In an alternative erobodivaent, the RSV

F protein has the amino acid sequence described in SEQ 1D NO: 10,
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{¢64] The RSV F protein may be from various human strains, including strain A and strain
B and non-human strains, including but not Hmited to bovine or avian RSV straius.

{868] The RSV F protein may be in a virus-like particle (VLP). In some ermnbodiments, the
VLP further comprises one or more additional proteins. The RSV F component may contain
additional proteins. For example, in one embodiment, the VLP further comprises a matrix
(M) protein. In one embodiment, the M protein is derived from a human strain of RSV, In
another embodiment, the M protein is denved froro a bovine strain of RSV, In other
embodiments, the matrix protein may be an M1 protein from an influenza viras strain. In one
embodiment, the influenza virus strain is an avian influenza virus strain.  In other
embodiments, the M protein may be derived frora a Newcastle Disease Virus (NDV) strain.
{866] In additional embodiments, the VLP further comprises the RSV glycoprotein G, In
another embodiment, the VLP further comprises the RSV glycoprotein SH. In yet another
embodiment, the VLP further coraprises the RSV nucleocapsid N protein.

{8671 The modified or mutated RSV F proteins may be used for the prevention and/or
treatment of RSV infection. Thus, in another aspect, a method for eliciting an immune
response against RSV is disclosed. The method involves administering an imnmunologically
ctfective amount of a composition containing a modified or mutated RSV F protein to a
subject, such as a human or anumal subject.

{868} Isolated nucleic acid sequences encoding RSV-F proteins are also provided. In an
exemplary embodiment, the isolated nucleic acid encoding a modified or mutated RSV F
protein 18 selected from the group consisting of SEQ 1D NO: 3, SEQ 1D NO: 3, SEQ ID NG
7, or SEQ 1D NO: 9. In addition to RSV F, other RSV proteins may be included. For
example, the RSV component may further comprises one ore more additional RSV proteins,

such as M, N, G, and SH.
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INFLUENZA COMPONENT
[#69] As used herein, “mfluenza component” means a wolecnle contaiming at least one
antigen capable of inducing a response against an influenza strain.  In some aspects, the
molecule is a protein or glycoprotein. In other aspects, the molecule is an influenza VLP.
For example, n the tral discussed 1n Example 1, the adrministered vaccine combination
countained three wnfluenza coraponents with each coraponent being a VLP containiog an HA
and NA protein derived from strain A-Perth HIN2 85205, A-Cal HINI, and B-Wisconsin.
Bach of the three VLPs contained an M1 protein derived from the same strain,
A/Indonesia/5/05.
{678 Compositions and methods for preparing and producing suitable influenza
components are found in applications incorporated by reference above. The influenza VLP
may contain one or more of an influenza matrix (M) protein, an HA protein, and an NA
protein. In some aspects, the influenza VLP contains all three proteins. Additional influenza
proteins way also be wcluded. An iofluenza M2 may be included n the VLP; however,
preferably, at least one influenza VLP does not include an influenza M2 protein. More
preferably, none of the influenza VLPS contain an M2 protein.
{071} The influenza proteins may be obtained from any suitable influenza strain. In some
aspects, the influenza proteins may all be from the same strain. In other aspects, each protein
is from a different strain. In yet other aspects, the M1 protein is from one strain and the HA
and NA proteins are from a sccond strain, which s g different strain than the M1 protein
influenza strain. In still other aspects, the M1 protein and either the NA or HA protein, but
not both, are from the same strain. In some aspects, the M1 protein is from ap avian strain. In

other aspects, the M1 protein is from a seasonal strain.

18



WO 2014/124423 PCT/US2014/015725

{#72] Execmplary strains include, but are not limited to, those having the following HA or
NA proteins. The HA protein raay be selected from the group consisting of Hi, H2, H3, Hd4,
H5, H6, H7, HE, HY, H10, H11, HI12, HI3, HI4, H15, and H16. The NA protein may be
selected from the group consisting of N, N2, N3, N4, N5, N6, N7, N8 and N9, In a
particular aspect, the HA and NA proteins are HS and N, respectively. In another aspect, the
HA and NA proteins are H9 and N2, respectively. In yet another aspect, the HA and NA
proteins are H7 and N9, respectively. The HA protein way exhibit bemagglotinio activity.
The NA protein may exhibit neuraminidase activity.

{#73] In some aspects, a quadrivalent influenza composition may be used in the
combination compositions. The quadrivalent influenza composition cornprises four influcnza
VLP types, each containing an HA protein and an NA protein derived from a different
influenza strain.  In some aspects, the VLPs ecach contain an M1 protein derived from the
Allndonesia/5/05 influenza strain.  In some aspects, the HA and NA proteins are derived
from seasonal influenza strains ideuotified by the FDA as useful in preventing influenza
infection. In other aspects, a trivalent composttion containing VLPs relevant for only three
scasonal influenza strains may be used.

DOSAGES

{674} The disclosed compositions may be administered 1o to provide au cffective dose. For
example, the upper range of each influenza component delivered may be about: 1 ug, 2 pg, 3
ug, 4 ug, 5 ug, 6 pg, 7 ug, 8 ug, 9 ug, 10 ug, 15 pg, or 20 ng. The lower range of cach
influenza component dehivered may be about: 0.5 ug 1 ug, 2 ug, 3 pg, 4 ug, 5 pg, 6 ug, 7 ug,
8 ug, 9 ug, 10 ug, or 15 pg. In some aspects the influenza component dose ranges from

about 1 pg to about 3 ng. In other aspects, the influenza componcent dose ranges frorn about
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3 ug to about 9 pg. The upper range of the RSV component delivered may be about: 1 pg, 2
ug, 3 ug 4 ug S ug 6 ug, 7 oug 8 pg, 9 pg, 10 ug, 15 ug, or 20 ug. The lower range of the
RSV F component delivered may be about: T ug, 2 ug, 3 ug, 4 ug, 5 ug, 6 ug, 7 ug, 8 ug, 9
ug, 10 pg, 15 pg, or 20 ug. In some aspects the RSV component dose ranges from about 1
ug to about 3 ug. In other aspects, the RSV coroponent dose ranges from about 3 ug to about
9 ug.

{075]  In other aspects, cach influenza component roay be present in a higher amount. For
example, the upper range may be about: 50 ug, 51 ug, 52 ug, 53 ug, 54 ug, 55 ug, 56 ug, 57
uz, 58 ug, 59 ug, 60 ug, 61 ug, 62 ug, 63 ug, 64 ug, 65 ug, 66 ug, 67 ug, 68 ug, 69 ug, 70

Pt
Ji
i

ug, 71 ug, 72 ug, 73 ug, 74 ug, 75 ug, 76 ug, 77 ug, 78 ug, 79 ug, 80 ug, 81 ug, 82 pg, 83
ug, 84 pg, 83 ug, 86 ug, 87 ug, 88 ug, 89 ug, 90 ug, 91 ug, 92 ug, 93 ug, 94 ug, 95 ug, 96
u, 97 pug, 98 ug, 99 ug, 100 ue, 101 pg, 102 pue, 103 ug, 104 pg, 105 ug, 106 pg, 107 ug,
108 pg, 109 pg, 110 pg, V1 ug, 112 pg, 113 pg, 114 pg, 115 ug, 116 pg, 117 ug, 118 pg,
119 pg, 120 pg, 121 ug, 122 pe, 123 ug, 124 ug, 125 ug, 126 ug, 127 ug, 128 ug, 129 ug,
P30pg 131ug, 132ug, 133ug, 134pg, 135ng, 136ug, 137ug, 138ug, 13%ug, 140ug, 14lug,
142ug, 143ug, 144ug, 145ug, 146ug, 147ug, 148ug, 14%ug, or 150ug. The lower range for
cach influenza component may be about: 20 ug, 2lug, 22ug, 23ng, 24ug, 25ug, 26ug, 27ug,
28ug, 20ug, 30ug, 3lug, 32ug, 33ug, 34ug, 35ug, 36ug, 37ug, 38ug, 3%ug, 40ug, 4ing, 42,

o (=2

43ug, 44ug, 45ug, 46ug, 47ug, 48ug, 4%ug, 50ug, Slug, S2ug, S3ug, S4ug, SSug, Séug,

L

~
II

kg, S8ug, S9ug, or Blug.
{676] In other crobodiments, such as 1o admunistration to humans, the upper range of the

RSV component delivered may be about: 30 ug, 5T ug, 52 ug, 53 pg, 54 ug, 55 ug, 56 ug, 57
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ug, 58 ug, 59 ug, 60 ug, 61 ug, 62 ug, 63 ug, 64 ug, 65 ug, 66 ug, 67 ug, 68 ug, 69 ug, 70
wg, 71 ug, 72 ug, 73 ug, 74 ug, 75 ug, 70 ug, 77 pg, 78 ug, 79 ug, 80 ug, 81 ug, 82 ug, 83
ug, 84 ug, 85 ug, 86 ug, 87 ug, 88 ug, 89 ug, 90 pg, 91 ug, 92 ug, 93 ug, 94 pg, 95 ug, 96
ug, 97 pg, 98 ng, 99 pg, 100 ug, 101 pe, 102 ug, 103 ug, 104 ug, 105 pg, 106 ug, 107 ug,
108 pg, 109 pg, 110 pg, 11l ug, 112 pg, 113 pg, 114 ug, 115 ng, 116 ug, 117 ug, 118 ug,
119 g, 120 pp, 121 pg, 122 pp, 123 pg, 124 ug, 125 ug, 126 ug, 127 ug, 128 ug, 129 ug,
130pg 3ipg, 132ug, 133ug, 134pg, 135ug, 136ug, 137ug, 138ug, 139%ug, 140ug, 4lug,
142ug, 143ug, 144pg, 145ug, 146ug, 147ug, 148ug, 14%ug, or 150ug. In some
embodiments, such as in administration to humans, the lower range of the RSV F component
debivered may be about: 20 ug, 2ipg, 22ug, 23ug, 24pg, 25ug, 26ug, 27ug, 28ug, 26ug,
30ug, 3lug, 32ug, 33ug, 34ug, 35ug, 36ug, 37ug, 38ug, 3%ug, 40ug, 41ug, 42, 43ug, 44ug,
45ug, 46ng, 47ug, 48ug, 49ug, S0ug, Slug, 52ug, 53ug, S4ug, 55ug, S6ug, 37ug, 58ug,
3%ug, or 60pg. Iu some aspects, the RSV component dose ranges from about 40 ug to about
120 pg. In other aspects, the RSV component dose ranges from about 60 pg to about 90 ng.
Adjavants

19771 As also well known in the art, the immunogenicity of a particular corposition can be
enhanced by the use of nou-specific stiraulators of the immune response, koown as adjuvants.
Adjuvants have been used experimentally to promote a generalized increase in ummunity
against unknown antigens {e.g., U.5. Pat. No. 4,877,611). Immunization protocols have used
adpuvants to stimulate responses for many years, and as such, adjuvants are well known to
one of ordinary skill in the art. Sovoe adjovants affect the way m which antigens are
presented.  For example, the immune response is increased when protein antigens are

precipitated by alum. Emulsification of antigens also prolongs the duration of antigen
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presentation. The inclusion of any adjpuvant described in Vogel e all, “A Compendium of
Vaceine Adjuvants and Excipicnts (2™ Edition),” herein incorporated by reference in its
cutirety for all purposes, is envisioned within the scope of this disclosure.

{#78] The compositions disclosed herein may be combined with a pharmaceutically
acceptable adjuvant. Pharmaceutically acceptable adjuvants include but are not limited to
aluminum based adjuvants, mineral salt adjuvants, tensoactive advjuvants, bacteria~derived
adjuvants, cmulsion adjuvants, liposome adjuvauts, cytokine adjuvants, carbobydrate
adjuvants, and DNA and RNA oligo adjuvanis among others {see Petrovsky and Aguilar
2004, immunology and Cell bislogy 82,488-496).

1679} Execroplary adjuvants include complete Freund's adjuvant (a non-specific stimulator of
the tmmune response containing killed Mycobacterium tuberculosisy, and incomplete
Freund's adjuvants. Other adjuvants comprise GMCSP, BCG, MDP compounds, such as thur-
MDP and nor-MDP, CGP (MTP-PE), lipid A, and monophosphoryl lipid A (MPL), MF-59,
RIBI, which contaius three coraponents extracted from bacteria, MPL, trehalose dimaycolate
{TDM), cell wall skeleton {CWS} in a 2% squalene/Tween® R0 emulsion, ASG1, ASQ3
{squalene/tocopherel emulsion), AS04, AF3 {(squalene o/w emulsion), glucopyranosyl lipid
adjuvant-stable emulsion (GLA-SE), CoVaccine, Flagellin, and IC31 {(dL:dC — TLR ago).
{688 In some embodiments, the aluminum based adjuvants (Alumy) may be alumnum
phosphate or aluminum hydroxide. In certain aspects, 2% Albydrogel (A{OH): is used. In
some embodiments, the upper range of alum adjuvant that is administered is 200 pg, 300 ng,
400 ug, 500 ug, 600 ng, 700 g, 800 ug, 900 png, 1000 pg, 1100 pg, 1200 pg, 1300 ug, 1400
ug, 1300 pg, 1600 ug, 1760 ug, 1806 ug, 1900 ug, 2000 ug. In some embodiments, the lower

range of alum adjuvant that is administered 18 10 pg, 20 ng, 30 pg, 40 ug, 50 ug, 100 ng, 200
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ug. In some embodiments, the amount of alum adjuvant administered ranges between about
200 ng to about 00 pg.

{881} Preferred adjuvants include saponin-based adjuvants, particularly combinations of
particular saponin fractions in ISCOM or Matrix format. In ISCOM format, the antigen is
incorporated into the adjuvant cage-like structure. In Matrix format, the adjuvant 18 prepared
first then combined with the antigenic compeositions described herein to provide a desived
formulation.  Particularly suitable Matrix adjuvants include Matrix-M™ {AbISCO®R-100,
Isconova AB, Uppsala, Sweden), a mixture of Matrix-A™ and —~C™ at the ratio of about
85:15. Brictly, Matrix~-A™ and Matrix-C™ ar¢ prepared from separately purified fractions
of Quillaja saponaria subsequently formulated with cholesterol and phospholipid into Matrix
particles, then combined with antigen. See Reimer et al, “Matrix-M™ Adjuvant Induces
Local Recruitment, Activation and Maturation of Central Immune Cells in Absence of
Antigen,” PLoS ONE 7(7) 41451, dou16.1371/journal.pouc 0041451, See also U.S.
Application Publication No. 2006/0121065. Other ratios of these fractions may also be used;
for example, the ratio of Matrix-A to Matrix-C in the Matrix adjuvant composition may be
about: 86:14, §7:13, 88:12, 89:11, 90:10, 91:9, 92:8, 93.7, 94:6, 955, or 96:4. Typically, the
range 18 about 85-95 Mairix A to about 15-5 Matrix €. In some aspects, saponin fractions
(35-7 and (Q5-21 may be used instead of Matrix A and Matrix C fractions. Exenplary Q8-7
and 8-21 fractions 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 §,173,141.

[682] In one ewbodiment of the disclosure the adjuvant s a paucilamellar lipid vesicle
having about two to ten bilayers arranged in the form of substantially spherical shells
separated by aqueous layers surrounding a large amorphous central cavity free of lipid

bilaycrs. Paucilaracliar lipid vesicles may act to stimulate the immune response several
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ways, as non-specific stimulators, as carriers for the antigen, as carriers of additional
adpuvants, and combinations thereof. Pauctlamellar hipid vesicles act as non-specific immune
stimulators wheuo, for example, a vaccine is prepared by ntermaixing the antigen with the
preformed vesicles such that the antigen remains extracellular to the vesicles. By
encapsulating an antigen within the central cavity of the vesicle, the vesicle acts both as an
immunc stiraulator and a carrier for the antigen. In another erabodiraent, the vesicles are
primarily made of nonphospholiptd vesicles.  In other embodiments, the wvesicles are
Novasomes®. Novasomes” are paucilamellar nonphospholipid vesicles ranging from about
100 nm to about 500 nm. They comprise Brii 72, cholesterol, oleic acid and squalene.
Novasomes have been shown to be an effective adjuvant for influenza antigens (see, U.S.
Patents 5,629,021, 6,387,373, and 4,911,928, hercin incorporated by reference in their
entiretics for all purposes).

Tmmune Stimuliators

{083] The composttions of the disclosure can also be formulated with “imwmune

b

stimulators.”  These are the body’s own chemical messengers {cytokines} to increase the
immune systemy’s response.  Immune stimulators inchade, but are unot limited to, various
cytokines, lymphokines and cherookines with imynunestimulatory, immmunopotentiating, and
pro-inflammatory activities, such as mterleukins {e.g., 1L-1, IL-2, 1L-3, 1L-4, 1L.-12, IL-13);
growth factors (e.g., granulocyte-macrophage (GM)-colony stimulating factor (CSF)); and
other immunostimulatory molecules, such as macrophage inflammatory factor, Fit3 ligand,
B7.1; B7.2, cte. The immunostimulatory molecules can be administered in the saroe
formulation as the compositions of the disclosure, or can be administered separately. Etther

the protein or an expression vector encoding the protein can be administered to produce an
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immunostimulatory effect. Thus in one embodiment, the disclosure comprises antigentic and
vaceine formulations comprising an adjuvant and/or an immune stimulator,

IMMUNE RESPONSES

{#84] In addition to the compositions, the disclosure provides methods of inducing immune
responses against RSY and multiple influenza strains. Compositions disclosed herein can
induce substantial mmunity in a vertebrate {e.g. a humeany when admnistered to the
veriebrate.  Thus, m one embodiment, the disclosure provides a method of inducing
substantial tmmunity to RSV virus infection and to influenza infection, or at least one
symptom of cach discase in a subject, comprising administering at lcast one effective dose of
an RSV componcnt and an influenza component.  In another embodimucnt, the disclosure
provides a rocthod of vaccinating a mammal agaiost RSV comprising administering to the
mammal a protection-inducing amount of a modified or mutated RSV F protein, an RSV F
micelle comprising a modified or mutated RSV F protein, or an RSV VLP comprising a
rodified or mutated RSV F protein, in combination with one or more influcnza VLPs and/or
one or wore isolated nfluconza proteins.

{8858] In some aspects, the immune response comprises nentralizing antibodies, The titer of
neutralizing antibodics may have an upper limit of shout: 80, 90, 100, 125, 150, 175, 200,
225, or 250. The titer of neutralizing antibodies roay have a lower limit of about: 78, 80, 90,
160, 125, 150, 175, 200, or 225. In some aspects, the range of titers is about 80 to about 250,
about 100 to about 200, or about 150 to about 225, Neutralizing antibody titer may be
measured by ELISA assay.

[886] When multiple antigens are administered, the immune response to one or more can be
reduced. This phesomenon is referred to as antigen interference.  Preferably, the

compositions disclosed herein induce an immune response that is not significantly different

25



WO 2014/124423 PCT/US2014/015725

than that obtained when cach antigen 18 administered separately . Thus, in preferred aspects,
the compositions do not induce antigen mterference.  In other aspects, the combination
composifion immune response to cach antigen 1s at least about 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 38% or 99% of the immune response obtained using each antigen alone.
1887} Advantageously, combination compositions disclosed herein can enhance attributes of
the urunc response to RSV, compared to adrinistration of the RSV component alone. For
exaraple, the immune respouse may compuise an anti-IgG response, a neutralizing avti-RSV
response, and a palivizumab-competitive antibody response.  In some aspects, the anti-IgG
response 18 enhanced about 1.1-fold, 1.4-fold, about 1.6-fold, about 1.¥-fold, about 2.0-fold,
agbout 2.2-fold, about 2.4-fold, gbout 2.6-fold, about 2.8-fold, about 3.0-fold, about 3.2-fold,
about 3.4-fold, about 3.6-fold, about 3.8-fold, about 4.0-fold, about 4.5-fold, or about 5.0-
fold. In certain aspects, the fold increase in anti-RSVY IpG response 1s about 2.0 to about 3.0.
In other aspects, the fold increase in anti-RSV IgQ response 18 about 1.4 to about 2.8, In
some aspects, the enhanced response is measured 21 days after admunistration; in other
aspects, the enhanced response is measured 35 days after administration.

{688} The neutralizing anti-RSV  response may also be cnhanced compared to
administration of the RSV component slone. In some aspects, the neutralizing anti-RSV
response is enhanced about 1.1-fold, 1.4-fold, about 1.6-fold, about 1 .R-fold, about 2.0-fold,
about 2.2-fold, about 2 4-fold, about 2.6-fold, about 2.8-fold, about 3.0-fold, about 3 2-fold,
about 3.4-fold, about 3.6-fold, about 3.8-told, about 4.0-fold, about 4.5-fold, or about 5.0-
fold. In certain aspects, the fold inerease in neutralizing anti-RSV response 1s 1.1 to about
2.0, In other aspects, the fold increase in neutralizing anti-RSV response is about 2.3 to about
2.8. In some aspects, the enhanced response is measured 21 days after administration; in

other aspects, the enhanced response 18 measured 35 days after administration.
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{#89] The palivizumab-competitive antibody response may also be enhanced compared to
admunistration of the RSV component alone. In some aspects, the palivizumab-corapetitive
antibody response is enhanced about 2.0-fold, about 2.2-fold, about 2.4-fold, about 2.6-fold,
about 2 R-fold, about 3.0-fold, about 3 2-fold, about 3.4-fold, about 3.6-fold, about 3. 8-fold,
about 4.0-fold, about 4.5-fold, or about 5.0-fold. In certain aspects, the fold increase in
palivizumab-competitive antibody response 1s about 2.0 to about 3.0, In other aspects, the
fold 1ucrease in palivizuroab-competitive antibody respounse is about 2.3 fo about 2.8, In
some aspects, the enhanced response is measured 21 days after administration; in other
aspects, the enhanced response is measured 35 days after administration.
IDENTIFICATION AND CLONING OF PROTEINS AND VARIANTS

{396] The disclosure also encompasses variants of the proteins expressed on or in the VLPs.
The variants may contain alterations in the amino acid sequences of the constituent proteins.
The term “variant” with respect to a protein refers to an aming acid sequence that s altered
by one or more amino acids with respect to a reference sequence. The variant can have
“conservative” changes, wherein a substituted amino acid has similar structural or chemical
properties, e.g., replacement of leucine with isolcucine.  Alternatively, a variant can have
“nonconscrvative” changes, e.g., replacerment of a glycine with a tryptophan.  Analogous
minor variations can also include amino acid deletion or insertion, or both, Guidance in
determining which amino acid residues can be substituted, inserted, or deleted without
climinating biological or immunological activity can be found using computer programs well
known in the art, for example, DNASTAR software.

1091} Natural variants can occur due to mutations wn the proteins. These mutations may
lead to antigenic variability within individual groups of infectious agents, for example

influenza, Thus, a person infected with, for example, an influenza strain develops antibody
27



WO 2014/124423 PCT/US2014/015725

against that virus, as newer virus strains appear, the antibodies against the older strains no
longer recognize the newer virus and re-infection can occur. The disclosure cncompasses all
antigenic and genetic variability of proteins from infectious agents for making VLPs.

{6921 General texts which describe molecular biological techniques, which are applicable to
the present disclosure, such as cloning, mutation, cell culture and the like, include Berger and
Kimmel, Guide to Molecular Cloning Technigues, Methods in Enzymology volume 152
Academic Press, foc., San Diego, Calif. (Berger);, Sarobrook er ¢/, Molecular Clomng--A
Laboratory Manual (3rd Ed.}, Vel 1.3, Cold Spring Harbor Laboratory, Cold Spring Harbor,
N.Y., 2000 (“Sambrook”) and Current Protocols in Molecular Bislogy, F. M. Ausubel ef @,
eds., Current Protocols, a joint venture between Greene Publishing Associates, Inc. and John
Wiley & Sons, Inc., {("Ausubel”). These texts describe mutagenesis, the use of vectors,
promoters and many other relevant topics related to, e.g., the cloning and mutating F and/or
G molecules of RSV, ete. Thus, the disclosure also encornpasses using known methods of
protein engineering and recombinant DNA techuology to improve or alter the characteristics
of the proteins expressed on or in the VLPs of the disclosure. Various types of mutagenesis
can be used to produce and/or isolate variant mucleic acids that encode for protein moelecules
and/or to further modify/routate the proteins in or on the VLPs of the disclosure. They
include but are not limited to site-directed, random point wutagenesis, homologous
recombination (DNA  shuffling), wutagenesis using  uracil  containing  teraplates,
oligonucleotide-directed  mutagenesis, phosphorothicate-modified DNA  mutagenests,
mutagencsis using gapped duplex DNA or the ke, Additional suitable methods include
point mismatch repair, moutagenesis using repair-deficient host straius, restriction-selection
and restriction-purification, deletion mutagenesis, mutagenesis by total gene synthests,

double-strand break repair, and the like. Mutagenesis, e.g., involving chimeric constructs, is
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also included in the present disclosure. In one embodiment, mutagenesis can be guided by
known mformation of the naturally occurring molecule or altered or mutated naturally
occurring wolecule, e.g., sequence, sequence covaparisons, physical properties, crystal
structure or the like.

1893} The disclosure further comprises protein variants which show substantial biological
activity, e.g., able to elicit an cffective antibody response when expressed on or in VEPs of
the disclosure.  Such vartants include deletions, insertions, inversions, repeats, and
substitutions selected according to general rules known in the art so as have little effect on
activity.

{094} Methods of cloning the proteins are known in the art. For example, the gene encoding
a specific RSV protein can be isolated by RT-PCR from polyadenylated mRNA extracted
from cells which had been infected with a RSV virus. The resulting product gene can be
cloned as a DNA insert into a vector. The terra “vector” refers to the means by which a
nucieic acid can be propagated and/or transferred between organisms, cells, or cellular
componenis. Vectors include plasmids, viruses, bacteriophages, pro-viruses, phagemids,
transposons, artificial chromosomes, and the like, that replicate autonomously or can
mtegrate into a chromosorne of a host cell. A vector can alse be a naked RNA
polynucleotide, a naked DNA polynucleotide, a polynucleotide coraposed of both DNA and
RNA within the same strand, a poly-lysine-conjugated DNA or RNA, a peptide~-conjugated
DNA or RNA, a liposome-conjugated DBNA, or the like, that is not autonomously replicating.
In many, but not all, common embodiments, the vectors of the present disclosure are
plasmoids or bacmuds.

{695] Thus, the disclosure comprises nucleotides that encede proteins, including chimeric

molecules, cloned into an expression vector that can be expressed in a cell that induces the
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formation of VLPs of the disclosure. An “expression vector” is a vector, such as a plasnud
that 1s capable of promoting expression, as well as replication of a nucleic acid incorporated
therein. Typically, the nucleic acid to be expressed is “operably linked” to a promoter and/or
enhancer, and is subject to transcription regulatory control by the promoter and/or enhancer.
in one cmbodiment, the nuclcotides encode for a modified or mutated RSV F protein {as
discussed above). In another embodiment, the vector further coraprises nucleotides that
encode the M and/or G RSV proteins. In another emabodiroent, the vector further comprises
nucieotides that encode the M and/or N RSV proteins.  In another embodiment, the vector
further comprises nucleotides that encode the M, G and/or N RSV proteins.  In another
embodiment, the vector further coraprises nucleotides that encode a BRSY M protein and/or
N RSV proteins.  In another embodiment, the vector further comprises nucleotides that
encode a BRSY M and/or G protein, or influenza HA and/or NA protein.  In another
embodiment, the nucleotides encode a modificd or mutated RSV F and/or RSV G protein
with an influenza HA and/or NA protein. In another erobodiment, the expression vector is a
baculovirus vector.

18961 In addition, the nucleotides can be sequenced to ensure that the correct coding regions
were cloned and do not contain any unwanted mutations. The nucleotides can be subcloned
into aun expression vector {e.g. baculovirus) for expression in any cell. The above s only one
example of how the RSV viral proteins can be cloned. A person with skill in the art
understands that additional methods are available and are possible.

1097 The disclosure also provides for constructs and/or vectors that comprise RSV
nucleotides that encode for RSV structaral genes, mcluding F, M, G, N, SH, or portions
thereof, and/or any chimeric molecule described above. The vector may be, for example, a

phage, plasmid, viral, or retroviral vector. The constructs and/or vectors that comprise RSV
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structural genes, including F, M, G, N, SH, or portions thereof, and/or any chimeric molecule
described above, should be operatively linked to an appropriate promoter, such as the
AcMNPVY polyhedrin promoter {or other baculovirus), phage larobda PL promoter, the £, coli
lac, phoA and tac promoters, the SV40 early and late promoters, and promoters of retroviral
LTRs are non-limiting examples. Other suitable promoters will be known to the skilled
artisan depending on the host cell and/or the rate of expression desired.  The expression
constructs will further contain sites for transcription intiation, termination, and, in the
transcribed region, a ribosome-binding site for translation. The coding portion of the
transcripts expressed by the constructs will preferably include a translation initiating codon at
the begioning and a termination codon appropriately positioned at the end of the polypeptide
to be translated.

{#98] Expression vectors will preferably include at least one selectable marker. Such
markers include dihydrofolate reductase, G418 or necornycin resistance for eukaryotic cell
cultare and tetracycline, kanamycin or ampicithin resistance geones for culturing m £, coli and
other bacteria. Among vectors preferred are virus vectors, such as baculovirus, poxvirus
{e.g., vaccinia virus, avipox virus, canarypox virus, fowlpox virus, raccoonpox virus,
SWInepox virus, ¢tc. ), adenovirus {e.g., canine adenovirus), herpesvirus, and retrovirus., Other
vectors that can be used with the disclosure comprise vectors for use in bacteria, which
comprise pQE70, pRQE6C and pQE-9, pBluescript vectors, Phagescript vectors, pNHSBA,
piNH16a, pNHIBA, pNH46A, ptre9%a, pKKZ23-3, pKK233-3, pDR5340, pRITS. Among
preferred cukaryotic vectors are pFastBacl pWINEQ, pSV2CAT, pOG44, pXT1 and pSG,
pPSVK3, pBPV, pMSG, and pSVL. Other suitable vectors will be readily apparent to the

skilied artisan. In one embodiment, the vector that comprises nucleotides encoding for RSV
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genes, inchuding modified or mutated RSV F genes, as weil as genes for M, G, N, SH or
portions thereof, and/or any chimeric molecule described above, s pFastBac.

{6897 The recombinant constructs mentioned above could be used to transfect, infect, or
transform and can express RSV proteins, including a modified or mutated RSV F protein and
at least one immunogen. In one embodiment, the recombinant construct comprises a
modificd or mutated RSV F, M, G, N, SH, or portions thercof, and/or any molecule described
above, into eukaryotic cells and/or prokaryotic cells. Thus, the disclosure provides for host
cells which comprise a vector {or vectors} that contain nucleic acids which code for RSV
structural genes, including a modified or mutated RSV F; and at least onc immunogen such as
but not limited to RSV G, N, and SH, or portions thereof, and/or any molecule described

above, and permit the expression of genes, including RSV F, G, N, M, or SH or portions
thereof, and/or any molecule described above in the host cell under conditions which allow
the formation of VLPs,

[31686¢] Among cukaryotic host cells are yeast, insect, avian, plant, C. elegans {or nematode)
and mammalian host cells. Non himiting exampiles of insect cells are, Spodopiera frugiperda
(S1) cells, eg. SI9, S£21, Trichoplusia ni cells, e.g. High Five cells, and Drosophila 82 cells.
Examples of fungt (including yeast) host cells are 5. cerevisiae, Kiuyveromyees lactis (K.
lactisy, species of Candida cluding C. albicans and O, glabrata, Aspergillus widilans,
Schizosaccharomyces pombe (8. pombe}, Pichia pastoris, and Yarrowia lipolytica. ¥Examples
of mammalian cells are COS cells, baby hamster kidney cells, mouse L cells, ENCaP cells,
Chinese hamster ovary {CHO) cells, human erobryonic kiduey (HEK) cells, and African
grecn maonkey cells, CV1 cells, Helaa cells, MBCK cells, Vero and Hep-2 cells. Xenopus

laevis oocytes, or other cells of amphibian origin, may also be used. Examples of prokaryotic
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host ceils include bacterial cells, for example, £ coli, 8. subtilis, Salmonella typhi and
mycobacteria.

{3181} Vectors, eg., vectors comprising polynucicotides of encoding proteins described
herein can be transfected into host cells according to methods well known in the art.  For
example, introducing nucleic acids into cukaryotic cells can be by calctum phosphate co-
precipitation, electroporation, micromnjection, hpofection, and transfection employing
polyamine transfection reagents. In one embodiment, the vector s a recombivant
baculovirus. In another embodiment, the recombinant baculovirus is transfected Into a
cukaryotic cell. In a preferred embodiment, the cell is an insect cell. In another embodiment,
the nsect cell is a S9 cell.

{$162] This disclosure also provides for constructs and methods that will increase the
efficiency of VLP production. For example, the addition of leader sequences to a protein can
improve the efficiency of protein transporting within the cell. For exaraple, s heterologous
signal sequence such as those derived from an insect cell gene can be fused to a protein. In
an embodiment, the signal peptide is the chitinase signal sequence, which works efficiently in
baculovirus expression systems.

13103} Another method to increase ctficiency of VLP production 18 to codon optimnize the
nucleotides that encode RSV proteins. For examples of codon optimizing nucleic acids for
expression in Sf9 cell see SEQ 1D Nos: 3, 5,7, 9, 13, 17, 19, and 25.

{#184] The disclosure also provides for methods of producing VLPs. In some aspects, the
methods comprising expressing RSV genes including a roodified or mutated RSV F protein,
and at least one additional protein, inclading but not limited to RSV M, (G, N, SH, or portions
thereot, and/or any chimeric or heterologous molecunles described above under conditions that

allow VLP formation. In other aspects methods for producing influenza VLPs are provided.
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Additional disclosure regarding influenza VLPs are found in U.S Patent Application
Publication Nos. 2005/0009008, 2010/0129401 and 2010/0184192, which arc imcorporated
herewn for all purposes. Depending on the expression system and host cell selected, the VLPs
are produced by growing host cells transformed by an expression vector under conditions
whereby the recombinant proteins are expressed and VEPs are formed. In one embodiment,
the disclosure comaprises a racthod of producing a VLP, comprising transfocting vectors
encoding at least one modified or mutated RSV F protein into a suitable host cell and
expressing the modified or mutated RSV F protein under conditions that allow VLP
formation. In another embodiment, the cukaryotic cell is selected from the group consisting
of, yeast, insect, amphibian, avian or mammalian ceils. The sclection of the appropriate
growth conditions is within the skill or a person with skill of one of ordinary skill in the art.

{#185] Methods to grow cells engineered to produce VLPs of the disclosure include, but are
not limited to, batch, batch-fed, continuous and perfusion cell culture techniques.  Cell
cultare means the growth and propagation of cells 1u 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 biorcactor. A bioreactor is a chamber used to culture cclls in
which environmental conditions such as temperature, atroosphere, agitation and/or pH can be
monitored.  In one cmbodiment, the bioreactor is a stainiess steel chamber. In another
embodiment, the bioreactor is a pre-sterilized plastic bag (e.g. Cellbag”™, Wave Biotech,
Bridgewater, NJ}. In other embodiment, the pre-sterilized plastic bags are about 50 L to 10600

. bags.
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{#186] The VLPs are then isolated using methods that preserve the integrity therecof, such as
by gradicnt centrifugation, e.g., cosiurn chloride, sucrose and iodixanol, as well as standard
purification techniques including, e.g., 100 exchange and gel filtration chromatography.
(#1867} The following is an example of how VLPs of the disclosure can be made, isolated and
purified. Usually VLPs are produced from recombinant cell lines engineered to create VLPs
when the cells are grown in cell culture {sce above). A person of skill i the art would
understand that there are additional methods that can be utibized fo make and puorify VLPs of
the disclosure, thus the disclosure is not limited to the methoed described.

{#168] Production of VLPs of the disclosure can start by seeding Sf9 cells (non-infected) into
shaker flasks, aHowing the celis to expand and scaling up as the cells grow and multiply (for
example from a 125-ml flask to a 50 L. Wave bag). The medium used to grow the cell s
fornwlated for the appropriate cell line (preferably serum free media, eg. inscct medium
ExCell-420, JRH). Next, the cells are infected with recombinant baculovirus at the most
etficient multiplicity of infection {e.g. from about 1 to about 3 plague forming units per cell).
Unce infection has occurred, the modified or mutated RSV F protein, M, G, N, SH, or
portions thereof, and/or any chimeric or heterologous molecule described above, are
expressed from the virus genome, self assemble into VLPs and are scereted from the cells
approximately 24 to 72 hours post nfection.  Usaally, infection 1s most efficient when the
cells are in mid-log phase of growth (4-8 x 10° cells/ml) and are at least about 90% viable.
{#169] VLPs of the disclosure can be harvested approximately 48 to 96 hours post infection,
when the levels of VLPs in the ccll culture medium arc near the maximum but before
extensive cell lysis. The S5 cell density and viability at the time of harvest can be about
0.5% 10° cells/m! to about 1.5 = 10° cells/mi with at least 20% viability, as shown by dye

exclusion assay. Next, the medium is removed and clarified. NaCl can be added to the
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medium to a concentration of about 0.4 to about 1.0 M, preferably to about 0.5 M, to avoid
VLP aggregation. The removal of ccll and cellular debris from the cell culture medium
containing VLPs of the disclosure can be accomplished by tangential flow filtration (TFF)
with a single use, pre-sterilized hollow fiber 8.5 or 1.00 pm filter cartridge or a similar
device.

{3110} Next, VLPs 1n the clarified culture medium can be concentrated by ulira-filtration
using a disposable, pre-sterilized 500,000 molecular weight cut off hollow fiber cartridge.
The concentrated VLPs can be diafiltrated against 14 volumes pH 7.0 to 8.0 phosphate-
buffered saline (PBS) containing 0.5 M NaCl to remove residual medium components.

{¢111] The concentrated, diafiltered VIPs can be furthered purified on a 20% to 60%
discontinuous sucrose gradient in pH 7.2 PBS buffer with .5 M NaCl by centrifugation at
6,500 x g for 18 hours at about 4° C to about 16° €. Usually VLPs will form a distinctive
visible band between about 30% to about 40% sucrose or at the interface (in a 20% and 60%
step gradient) that can be collected from the gradient and stored. This product can be diluted
to comprise 200 mM of NaCl in preparation for the next step in the purification process. This
product contains VLPs and may contain intact baculovirus particles.

{#112] Further purification of VLPs can be achieved by anion exchange chromatography, or
44% isopycnic sucrose cushion cenirifugation. In anion exchange chromatography, the
sample from the sucrose gradient (see above) is loaded into column containing a medium
with an anion {e.g. Matrix Fractogel EMD TMAE) and eluded via a salt gradient (from about
0.2 M to about 1.0 M of NaCl) that can separate the VLP from other contamunates {e.g.
baculovirus and DNA/BNA).  In the sucrose cushion mcthod, the sample comprising the
VLPs is added to a 44% sucrose cushion and centrifuged for about IR hours at 30,000 g.

VELPs form a band at the top of 44% sucrose, while baculovirus precipitates at the bottom and

~
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other contaminating proteins stay in the 0% sucrose layer at the top. The VLP peak or band
is collected.

{3113} The intact baculovirus can be inactivated, if desired. Inactivation can be
accomplished by chemical methods, for example, formalin or B-propislactone (BPL).
Removal and/or mactivation of intact baculovirus can also be largely accomphished by using
selective precipitation and chroroatographic methods knowu in the art, as exemplified above.
Methods of inactivation comprise incubating the sample countaining the VLPs in 0.2% of BPL
for 3 hours at about 25°C to about 27°C. The baculovirus can also be inactivated by
incubating the sample containing the VLPs at 8.05% BPL at 4°C for 3 days, then at 37 °C for
one hour.

{8114} After the mactivation/removal step, the product comprising VLPs can be run through
another diafiltration step to remove any reagent from the inactivation step and/or any residual
sucrose, and to place the VLPs into the desired buffer {e.g. PBS). The solution comprising
VLPs cau be sterilized by methods known in the art {e.g. stenile filtration) and stored in the
refrigerator or freczer.

{8115} The above techniques can be practiced across a varicty of scales. For example, T-
flasks, shake-flasks, spinner bottles, up to ndustrial sized bioreactors. The bioreactors can
comprise either a stainless steel tank or a pre-sterifized plastic bag {for example, the system
sold by Wave Biotech, Bridgewater, NJ). A person with skill in the art will know what is
most desirable for their purposcs.

{#116] Expansion and production of baculovirus expression vectors and infection of cells
with recombinant baculovirus to produce recombinant VEPs can be accomplished in insect
cells, for example S19 insect cells as previously described. In one embodiment, the cells are

SF9 infected with recombinant baculovirus engineered to produce VLPs.
37



WO 2014/124423 PCT/US2014/015725

Pharmaceutical or Vacecine Formulations and Administration

{0117} The pharmaccutical compositions uscful herein contain a pharmaceutically acceptable
carrier, including any suitable diluent or excaiptent. As used herein, the term
“pharmaceutically acceptable” means being approved by a regulatory agency of the Federal
or a state government or listed in the U.S. Pharmacopia, European Pharmacopia or other
gencrally recognized pharmacopia for use in maramals, and more particularly in humans.
These compositions can be uscful as a vaccine and/or antigenic composttions for inducing a
protective immune response in a vertebrate. The compositions contain an RSV component
and at least one influenza component.

{6118} The disclosure cncompasses a pharroaceutically acceptable vaccine composition
comprising VLPs comprising an RSV F protein, and at least one additional protein, including
but not limited to RSV M, G, N, SH, or portions thereof, and/or any chimeric or heterologous
molecules described above, in combination with at least one influenza antigen. In one
cmbodiment, the pharmaccutically acceptable vaccine composition comprises VLPs
comprising at least one RSV F protewn and at lcast one additional immouvogen.  In another
embodiment, the pharmaceutically acceptable vaccine composition comprises VLPs
comprising at least one RSV F protein and at lcast one RSV M protein.  In another
embodiment, the pharmaceutically acceptable vaccine cowposifion comprises VLPs
comprising at least one RSV F protein and at least one BRSV M protein.  In another
embodiment, the pharmaceutically acceptable vaccine composition comprises VLPs
comprising at lcast one RSV F protein and at least onc influcnza M1 protein.  In another
cmbodiment, the pharmaceutically acceptable vaccine compeosition comprises VLPs
comprising at least one modified or mutated RSV F protein and at least one avian influenza

VLP.
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{¢#119] In another cmbodiment, the pharmaceutically acceptable vaccine composition
compriscs VLPs further comprising an RSV G protein, including but not liratted to a HRSV,
BRSY or avian RSV G protein.  lo another embodiment, the pharmaceutically acceptable
vaccine composition comprises VLPs further comprising RSV N protein, inchiding but not
limited to a HRSVY, BRSV or avian RSV N protein.  In another embodiment, the
pharruaceutically acceptable vaccine composition compriscs VLPs further comprising RSV
SH protein, including but not himited fo a HRSV, BRSV or avian RSV SH protewn.

{3128} In another embodiment, the disclosure encompasses a pharmaceutically acceptable
vaccing composition comprising chimeric VLPs such as VLPs comprising BRSY M and a
maodified or mutated RSV F protein and/or G, H, or SH protein from a RSV and optionally
HA or NA protein derived from an influenza virus, wherein the HA or NA protein is a fused
to the transmembrane domain and cytoplasmic tail of RSV F and/or G protein.

10121} The disclosure also encompasses a pharmaceutically acceptable vaccine composition
comprising modified or mutated RSV F protein, an RSV F micelle comprising a modified or
mutated RSV F protein, or a VLP comprising a modified or mutated RSV F protein as
described above.

14122} In one crobodimaent, the pharmaceutically acceptable vaccine composition comprises
VLPs comprising a modified or mutated RSV F protein and at least one additional protein. In
another embodiment, the pharmaceutically acceptable vaccine composition comprises VLPs
further comprising RSV M protein, such as but not limited to 2 BRSY M protein. In another
embodiment, the pharmaccutically acceptable vaccine coraposition comprises VLPs further
comprising RSV G protein, inclading but not limited to a HRSY G protein.  In another
embodiment, the pharmaceutically acceptable vaccine composition comprises VLPs further

comprising RSV N protein, including but not limited to a HRSV, BRSV or avian RSV N
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protein.  In another embodiment, the pharmaceutically acceptable vaccine composition
compriscs VLPs further comprising RSV 5H protein, including but not limited to 4 HRSVY,
BRSY or avian RSV SH protein.  In another embodiment, the pharmaceutically acceptable
vaccine composition comprises VLPs comprising BRSV M protein and F and/or G protein
from HRSV group A. In another cmbodiment, the pharmaceutically acceptable vaccine
composition comprises VLPs comprising BRSV M protein and F and/or G protein from
HRSY group B. In another embodiment, the disclosure encompasses a pharmaceutically
acceptable vaccine composition comprising chimeric VEPs such as VLPs comprising
chimeric M protein from a BRSY and optionally HA protein derived from an influenza virus,
whercin the M protein is fused to the influcnza HA protein.  In another embodiment, the
disclosure encompasses a pharmaceutically acceptable vaccine composition comprising
chimeric VLPs such as VLPs comprising BRSV M, and a chimeric F and/or G protein from a
RSV and optionally HA protein derived from an influcnza virus, wherein the chimeric
influenza HA protein 1s fused to the transmembrane dowain and cyioplasmic tail of RSV F
and/or G protein. In another embodiment, the disclosure encompasses a pharmaceutically
acceptable vaccine composition comprising chimeric VLPs such as VLPs comprising BRSY
M and a chimeric F and/or G protein from a RSV and optionally HA or NA protein derived
from an nfluenza virus, wherein the HA or NA protein 1s a fused to the transmembrane
domatn and cytoplasmic tail of RSV F and/or G protein.

{#123] The disclosure also encompasses a pharmaccutically acceptable vaccine composition
comprising a chimeric VLP that compriscs at least one RSV protein. In one embodiment, the
pharroaceutically acceptable vaccine composttion corprises VLPs comprising a modified or
mutated RSV F protein and at east one immunogen from a heterologous infectious agent or

discased cell. In another embodiment, the inumunogen from a heterologous infections agent
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is a viral protein. In another embodiment, the viral protein from a heterologous infectious
agent 18 an cnvelope associated protein.  In another embodiment, the viral protein from a
heterologous mfectious agent is expressed on the surface of VLPs. In another embodiment,
the protetn from an infectious agent comprises an epitope that will generate a protective
nmune response in a vertebrate,

{#124] The disclosure also encompasses a kit for immunizing a vertcbrate, such as g human
subject, comprising VLPs that comprise at least one RSV protein. In one embodiment, the kit
comprises VLPs comprising a modified or mutated RSV F protein. In one embodiment, the
kit further comprises a RSV M protein such as a BRSV M protein. In another embodiment,
the kit further comprises a RSV G protein. In another embodiment, the disclosure
encompasses a kit comprising VLPs which comprises a chimeric M protein from a BRSV and
optionally HA protein derived from an influenza virus, wherein the M protein is fused to the
BRSV M. In another embodiment, the disclosure encompasses a kit comprising VLPs which
comprises a chimeric M protein frorn a BRSY, a RSV F and/or G protein and an imnmunogen
from a heterologous infectious agent. In another embodiment, the disclosure encompasses a
kit comprising VLPs which comprises a M protein from a BRSY, a chimeric RSV F and/or G
protein and optionally HA protein derived from an influcnza virus, wherein the HA protein is
fused to the travsmerobrane doveain and cytoplasmic tail of RSV F or G protein. fo another
embodiment, the disclosure encompasses a kit comprising VLPs which comprises M protein
from a BRSV, a chimeric RSV F and/or G protein and optionally HA or NA protein derived
from an influenza virus, wherein the HA protein is fused to the transmembrane domain and
cytoplasmic tail of RSV F and/or G protem.

{#125] In one embodiment, the disclosure comprises an immunogenic formulation

comprising at least one effective dose of a modified or mutated RSV F protein. In another
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embodiment, the disclosure comprises an immunogenic formulation comprising at least one
effective dosc of an RSV F micelle comprising a modified or rmutated RSV F protein. Tn yeot
avother erobodiroent, the disclosure comprises an immunogenic formulation comprising at
least one effective dose of a VLP comprising a modified or mutated RSV F protein as
described above.

18126} The compositions disclosed herein may be combined with pharmaceutically
acceptable carrier or excipient.  Pharroaceutically acceptable carviers include but are not
limited to saline, buffered saline, dextrose, water, glycerol, sterile isotonic aqueous buffer,
and combinations thereof. A thorough discussion of pharmaceutically acceptable carriers,
diluents, and other exciplents i1s presented in Remiogton’s Pharmaceutical Sciences (Mack
Pub. Co. N.J. current edition). The formulation should suit the mode of administration. Ina
preferred embodiment, the formulation is suitable for administration to humans, preferably is
sterile, non-particulate and/or non-pyrogenic.

{#127] The composition, if desived, can also contain munor amounts of wetting or
ermlsifying agents, or pH buffering agents. The composition can be a solid form, such as a
lvophilized powder suitable for reconstitution, a hiquid solution, suspension, emulsion, tablet,
pill, capsule, sustained release formulation, or powder. Oral formulation can include standard
carriers such as pharmaceutical grades of mannitol, lactose, starch, magoesium stearaie,
sodium saccharine, cellulose, magnesium carbonate, erc.

{#128] The disclosure also provides for a pharmaceutical pack or kit comprising one or more
containers filled with one or more of the ngredients of the vaccine formulations. In 2
preferved erobodimaent, the kit comprises two countainers, one countaining a wodified or
mutated RSV F protein in nanoparticle form, an RSV F micelle comprising a modified or

mutated RSV F protein, or a VLP comprising a modified or mutated RSV F protein, as an
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RSV component, and the other containing an influenza component, such as an influcnza
VLP. Each component may be formulated with an adpavant or may be formulated with a
different buffer.  Associated with such container{s) can be a notice in the form prescribed by
a governmental agency regulating the manufacture, use or sale of pharmaceuticals or
biological products, which notice reflects approval by the agency of manufacture, use or sale
for hurnan admunistration.

[G12%9] In some aspects, the compositions are provided in separate countainer, such as vials,
and combined in a single container immediately before administration. In other aspects the
compositions arc prepared separately, combined, and then stored in the same container prior
1o use.

{313¢] The disclosure also provides that the formulation be packaged in a hermetically sealed
container such as an ampoule or sachette indicating the quantity of composition. In one
embodiment, the composition is supplied as a liquid, in another cmbodiment, as a dry
sterilized lvophilized powder or water free concentrate in a hermetically sealed coutainer and
can be reconstituted, e.g., with water or saline to the appropriate concentration for
administration to a subject.

#4131} In an aliernative cmbodiment, the composition is supplied in hgud form m a
hermetically sealed countainer indicating the quantity and conceutration of the coroposition.
Preferably, the hquid form of the composition is supplied in a hermetically sealed container
at least about 50 pg/ml, more preferably at least about 100 pg/ml, at least about 200 pg/ml, at
icast 300 ug/rol, or at least T mg/ol.

13132} As an example, chimeric RSV VLPs comprising a wodified or mutated RSV F protein
of the disclosure are administered in an effective amount or quantity {as defined above)

sufficient to stinmlate an impune response, cach a response against one or more strains of
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RSV. Administration of the modified or mutated RSV F protein, an RSV F micelle
comprising a modified or mutated RSV F protein, or VLP of the disclosure elicits iramunity
against RSV, Typically, the dose can be adjusted within this range based on, e.g., age,
physical condition, body weight, sex, diet, time of administration, and other clinical factors.
The prophylactic vaccine formulation is systemically administered, e.g., by subcutancous or
mtramuscular injection using a needle and syringe, or a needle-less injection device.
Alternatively, the vaccine formulation s administered intranasally, either by drops, large
particle acrosol (greater than about 10 microns), or spray into the upper respiratory tract.
While any of the above routes of delivery results in an imumune response, intranasal
admundstration confers the added benefit of eliciting mucosal immunty at the site of entry of
many viruses, including RSV and influenza.

{#133] Thus, the disclosure also comprises a method of formulating a vaccine or antigenic
composttion that induces immunity to an infection or at least one discase symptom thereof to
a mammal, comprising adding to the formulation an effective dose of a medified or routated
RSV F protein, an RSV F micelle comprising a modified or mutated RSV F protein, ora VLP
comprising a modified or mutated RSV F protein. In one embodiment, the infection is an
RSV mfection.

{#134] While stimulation of tmmunity with a single dose is possible, additional dosages can
be administered, by the same or different route, to achieve the desired effect. Iun neonates and
infants, for example, multiple administrations may be required to clicit sufficient levels of
immunity.  Administration can continue at intervals throughout childhood, as necessary to
roaintain sufficient fevels of protection against infections, e.g. RSV infection.  Sumilarly,
adults who are particularly susceptible to repeated or serious infections, such as, for example,

health care workers, day care workers, family members of young children, the elderly, and
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individuals  with compromised cardiopulmonary function may require nultiple
imrmunizations to establish and/or maintain protective iramune responses. Levels of induced
immuanty can be monitored, for example, by weasuning amounts of veutralizing secretory
and serum antibodies, and dosages adjusted or vaccinations repeated as necessary to elicit and

maintain desired levels of protection,

ADMINISTERING THE COMPOSITIONS

18135] Methods of administering the combination compositions disclosed herein inchude, but
are not limited to, parenteral administration {e.g., intradermal, infrarnuscular, intravenous and
subcutancous), epidural, and mucosal {e.g., intranasal and oral or pulmonary routes or by
suppositories). Administration is preferably intramuscular.  The compositions may be
administered by any convenient route, for example by infusion or bolus mjection, by
absorption through cpithelial or mucocutancous limings {e.g., oral mucous, colon,
conjunctiva, nasopharynx, orvopharynx, vagina, urethra, urinary bladder and intestinal
mucosa, efc.} and may be administered together with other biologically active agents. In
some embodiments, intranasal or other mucosal routes of administration of a composition of
the disclosure may induce an antibody or other immune response that is substantially higher
than other routes of administration. Administration may be systemic or local.

18136} In some embodiments, the compositions may be administered simultancously via the
same necdle (i.c co-administered) wherein the RSV F and influenza components have been
mixed together. In other embodimeunts, the iofluenza and RSV F components may
administered sequentially (t.e., via separate administrations of each component over a short
period of time; for example, the components may be administered about 1 minute apart, about

2 nunutes apart, or about 5 munutes apart. In some embodiments the administrations roay be
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spaced throughout the day. In some embodiments, the RSV and influenza components can be
administered to the same arca. In some embodiments, the RSV F and influenza components
can be administered sequentially on different body parts; for example, the compouneuts may
be administered sequentially on oppostie arms, an arm and buttock, or different buttock
cheeks.

{#137} In yet another embodiment, the vaccine and/or mmmunogenic formulation 18
admundstered in such a wanner as to target roucosal tissues 1o order o elicit an iromune
response at the site of immunization. For example, mucosal tissues such as gut associated
iymphoid tissue {GALT) can be targeted for immmunization by using oral administration of
compositions  which countain  adpuvants with particular mwucosal  targeting  properties.
Additional mucosal tissues can also be targeted, such as nasopharyngeal lymphoid tissue
{NALT) and bronchial-associated lymphoid tissue (BALT).

{0138} Vaceines and/or mrounogenic  formulations of the disclosure may also be
administered on a dosage schedule, for example, an inibal admunistration of the vaccine
composition with subsequent booster administrations. In particular embodiments, a second
dose of the composition is administered anywhere from two weeks to one year, preferably
from about 1, about 2, about 3, about 4, about 5 to about & months, after the initial
admundstration.  Additionally, a third dose may be administered after the secound dose and
from about three months to about two years, or even longer, preferably about 4, about 5, or
about 6 months, or about 7 months to about one year after the initial administration. The
third dosc may be optionally admunistered when no or low levels of specific
immunpogiobulins are detected in the serum and/or urine or mucosal secretions of the subject
after the second dose. In a preferred embodiment, a second dose is administered about one

month after the first administration and a third dose is administered about six months after the
46



WO 2014/124423 PCT/US2014/015725

first administration. In another cmbodiment, the sccond dose is administered about six
months after the first administration.  In another embodiment, the compositions of the
disclosure can be admimistered as part of a combination therapy. For example, compositions
of the disclosure can be formulated with other immunogenic compositions, antivirals and/or
antibiotics.

13139} The dosage of the pharmaceutical composition can be determined readily by the
skilled artisan, for example, by first identifying doses effective to clicit a prophylactic or
therapeutic immune response, e.g., by measuring the serum tifer of virus specific
immunoglobuling or by measuring the inhibitory ratio of antibodies in scrum samples, or
urine samples, or mucosal sceretions. The dosages can be determined from animal studies.
A non-Himiting bist of animals used to study the efficacy of vaccines include the guinea pig,
hamster, ferrets, chinchilla, mouse and cotion rat. Most animals are not natural hosts to
infectious agents but can still serve in studies of various aspects of the discase. For example,
any of the above ammals can be dosed with a vaccine candidate, e.g. modified or routated
RSV F proteins, an RSV F micelle comprising a8 modified or mutated RSV F protein, or
VEiPs of the disclosure, to partially characterize the immmne response induced, and/or t©
determine if any neutralizing antibodies have been produced. For cxample, many studics
have been conducted in the mouse model because mice are small size and their low cost
allows researchers to conduct studies on a larger scale.

(#1490} In addition, human chlinical studies can be performed to determine the preferred
effective dose for humans by a skilled artisan. Such clinical studies are routine and well
knowu iu the art.  The precise dose to be employed will also depend oun the route of
administration. Effective doses may be extrapolated from dose-response curves derived from

in vitro or animal test systems.
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{#141] In somc aspects, the RSV and influenza compositions may be administered to
children, young adults, women of child bearing age, and the clderly. In some embodiments,
the elderly patients may be 50, 55, 60, 63, 70, 75, RQ, 85, 90, 95, 100, or 105 years old. In
some cmbodiments, the elderly patients are between 50 and 1060 vears old. In some

embodiments, the elderly patients are between about 65 to about 85 years old.

Methods of Stimulating an Immune Response

18142} The modified or mutated RSV F proteins, the RSV F micelles comprising a modified
or rautated RSV F protein, and the RSV and influenza VLPs of the disclosure, are usetul for
preparing composttions that stimulate an immune respouse that confers immuntty or
substantial immunity to infectious agents. Both mucosal and cellular immuunity may
contribute to immunity to infectious agents and discase. Antibodics secreted locally in the
upper respiratory fract arc a major factor in resistance to natural jnfection.  Sccretory
immuapogiobulin A (sIgA) is mmvolved n the protection of the upper respiratory tract and
serum fgG 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. For example, RSV undergoes frequent and unpredictable changes; therefore, afier
natural infection, the effective period of protection provided by the host’s immunity may only
be cffective for a fow years against the new strains of virus circulating in the community.
{3143} Thus, the disclosure cucompasses 8 method of inducing immaunity to infections or at
least one discase symptom thereof in a subject, comprising administering at least one
effective dose of a modified or mutated RSV F protein, an RSV F micelle comprising a
modified or mutated RSV F protein, or a VLP comprising a modified or mutated RSV F

protein.  In one embodiment, the method coraprises administering VLPs comprising a
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modified or mutated RSV F protein and at least one additional protein. In another
embodiment, the method comprises administering VLPs further comprising an RSV M
protein, for example, a BRSYV M protein.  Iu another embodiment, the method comprises
administering VLPs further comprising a RSV N protein.  In another embodiment, the
method comprises administering VLPs further comprising a RSV G protein. In another
cmbodiment, the method comprises administering VLPs further comprising 8 RSV SH
protein. In another embodiment, the method comprises adnunistering VLPs  further
comprising F and/or GG protein from HRSVY group A and/or group B, In another embodiment,
the method comprises administering VEPs comprising M protein from BRSV and a chimeric
RSV F and/or G protein or MMTV envelope protein, for example, HA or NA protein derived
from an influenza virus, wherein the HA and/or NA protein is fused to the transmembrane
domain and cytoplasmic tail of the RSV F and/or G protein or MMTV envelope protein. In
another erobodiment, the method cornprises administering VLIPS cornprising M protein from
BRSV and a chimeric RSV F and/or G protein and optionally HA or NA protein derived from
an infhuenza virus, wherein the HA or NA protein is fused to the transmembrane domain and
cytoplasmic tatl of RSV F and/or G protein.  In another embodiment, the subject is a
mammal. In another embodiment, the mammal 18 a human., In another cmbodiment, RSV
VLPs are formulated with an adjuvant or imroune stimulator.

{3144} In onc embodiment, the disclosure comprises a method to induce immunity to RSY
infection or at least one discase symptom thercof in a subject, comprising administering at
icast one effective dose of a roodificd or mutated RSV F protein. In another embodiment, the
disclosure comprises a method to induce mmounity to RSV jofection or at least one discase
symptom thereot in a subject, comprising administering at least one effective dose of an RSV

F micelle comprising a modified or mutated RSV F protein.  In yet another embodiment, the
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disclosure comprises a method to induce immunity to RSV infection or at least one discase
symptom thercof in a subject, comprising administering at least one effective dose of RSV
VI.Ps, wheremn the VLPs comprise a modified or mutated RSV F protein, M, G, SH, and/or N
proteins. In another embodiment, 2 method of inducing immunity to RSV infection or at
least one symptom thercof in a subject, comprises administering at least one effective dose of
a RSV VLPs, wherein the VLPs consists essentially of BRSYV M {including chimeric M), and
RSV F, G, and/or N proteins. The VLPs may coroprise additional RSV proteins and/or
protein contaminates in negligible concentrations. o another embodiment, a method of
inducing immunity to RSV infection or at least one symptom thereof in a subject, comprises
admunistering at least one cffective dose of a RSV VLPs, wherein the VEPs consists of
BRSY M {including chimeric M), RSV G and/or F. Iun another embodiment, a method of
inducing immunity to RSY infection or at icast one disease symptom in a subject, comprises
admunistering at least one cffective dose of a RSV VLPs comprising RSV proteins, wherein
the RSV proteins consist of BRSV M (inchuding chimeric M), F, G, and/or N proteius,
including chimeric F, G, and/or N proteins. These VLPs contain BRSV M (including
chimeric M), RSV F, G, and/or N proteins and may contain additional cellular constituents
such as ccllular proteins, baculovirus proteins, lipids, carbohydrates etc., but do not contain
additional RSV proteins (other than fragmeots of BRSV M (ncluding chimenc My,
BRSV/RSV F, G, and/or N proteins. In another embodiment, the subject is a vertebrate. In
one cmbodiment the vertcbrate is a mammal. In another embodiment, the mammal is a
human. In another embodiment, the method comprises inducing imormunity to RSV mfection
or at least one disease symptom by adroinistering the formulation in one dose. lun another
embodiment, the method comprises inducing fmmunity to RSV infection or at least one

discase symptom by administering the fornmlation in multiple doses.
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{#145] The disclosure also encompasses inducing immunity to an infoction, or at least one
syrmaptorn thercof, fn a subject caused by an mfectious agent, comprising administering at
fcast one effective dose of a wodified or mutated RSV F protein, an RSV F micelle
comprising a modified or mutated RSV F protein, or a VLP comprising a modified or
mutated RSV F protein. In one embodiment, the method comprises administering VEPs
comprising a modified or mutated RSV F protein and at least onc protein fror a heterologous
infectious agent. To one embodiment, the method coroprises admimstering VLPs comprising
a modified or mutated RSY F protein and at least one protein from the same or a
heterolopgous infectious agent. In another embodiment, the protein from the heterologous
infectious agent is a viral protein. In another embodimucnt, the protein from the infectious
agent 1S an envelope associated protein.  In another embodiment, the protein from the
infectious agent i1s expressed on the surface of VLPs. In another embodiment, the protein
from the infectious agent comprises an epitope that will generate a protective immunc
response in a vertebrate,  In another erobodiment, the protewn from the infectious agent can
associate with RSV M protein such as BRSV M protein, RSV F, G and/or N protein. In
another embodiment, the protein from the infectious agent is fused to a RSV protein such as a
BRSV M protein, RSV F, G and/or N protein.  In another embodiment, only a portion of a
protein from the infectious agent is fused to a RSV protein such as a BRSV M protein, RSV
F, G and/or N protein. In another embodiment, only a portion of a protein from the infectious
agent is fused to a portion of a RSV protein such as a BRSV M protein, RSV F, G and/or N
protein. In another embodiment, the portion of the protein from the infectious ageunt fused to
the RSV protein is expressed on the surface of VLPs. In other embodiment, the RSV protein,
or portion thereof, fused to the protein from the infectious agent associates with the RSV M

protein. In other embodiment, the RSV protein, or portion thereof, is derived from RSV F, G,
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N and/or P. In another embodiment, the chimeric VLPs further comprise N and/or P protein
from RSV. In another embodiment, the chiraeric VLPs comprise more than one protein from
the same and/or a heterologous infectious agent. In another embodiment, the chiraeric VLPs
comprise more than one infectious agent protein, thus creating a multivalent VLP.

18146 Compositions of the disclosure can induce substantial immunity in a vertebrate {e.g. a
human) when admunistered to the vertebrate.  The substantial tmyounity results from an
imrune response against compaosttions of the disclosure that protects or amehiorates mfection
or at least reduces a symptom of infection in the vertebrate. In some instances, if the
vertebrate is infected, the infection will be asymptomatic. The response may not be a fully
protective response.  In this case, if the veriebrate 1s mfected with an infectious agent, the
vertebrate will experience reduced symptoms or a shorter duration of symiptoms compared to
a non-imnwmnized vertebrate.

{¢147] In one cmbodiment, the disclosure coraprises a method of inducing substantial
immantty to RSV viras infection or at least one discase syraptomw iu a subject, comprising
administering at least one effective dose of a modified or mutated RSV F protein, an RSV F
micelle comprising a modified or mutated RSV F protein, or a VLP comprising a modified or
rautated RSV F protein.  In another embodiment, the disclosure comprises a mcthod of
vaccinating a manmal against RSV coroprising administering to the mammal a protection-
inducing amount of a modified or mutated RSV F protein, an RSV F micelle comprising a
modified or mutated RSV F protein, or a VLP comprising a modified or mutated RSV F
protein. In one emboediment, the method comprises admunistering VLPs further comprising
an RSV M protein, such as BRSV M protein.  In another embodiment, the wethod further
comprises administering VLPs comprising RSV G protein, for example a HRSV (G protein.

in another embodiment, the method further comprises administering VLPs comprising the N
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protein from HRSY group A, In another embodiment, the method further comprises
admunistering VEPs comprising the N protein from HRSV group B, In another embodiment,
the method comprises adminisiering VLPs comprising chimeric M protein from BRSV and F
and/or G protein derived from RSV wherein the F and/or G protein is fused to the
transmembrane and cytoplasmic tail of the M protein. In another embodiment, the method
comprises administering VLPs comprising M protein frora BRSY and chimeric RSV F and/or
G proten wherein the F and/or G protein is a fused to the transmersbrane domain and
cytoplasmic tail of influenza HA and/or NA protetn. In another embodiment, the method
comprises administering VLPs comprising M protein from BRSY and chimeric RSV F and/or
G protein and optionally an influenza HA and/or NA protein wherein the F and/or G protein
is a fused to the transmembrane domain and cytoplasmic tail of the HA protein. In another
embodiment, the method comprises administering VLPs comprising M protein from BRSY
and chimeric RSV F and/or G protein, and optionally an influcnza HA and/or NA protein
wherein the HA and/or NA protein 1s fused to the transmembrane domain and cytoplasmic
tail of RSV F and/or G protein.

18148} The disclosure also encompasses a method of inducing substantial immunity to an
infection, or at least one disease symptorn in a subject caused by an infectious agent,
comprising administering at least one effective dose of a modified or mutated RSV F protein,
an RSV F micelle comprising a modified or mutated RSV F protein, or a VLP comprising a
modified or mutated RSV F protein.  In onc embeodiment, the method comprises
admunistering VLPs further comprising a RSV M protein, such as BRSYV M protein, and at
lcast ove protein from another infectious agent. In one ernboditaent, the wethod comprises
administering VLPs further comprising a BRSY M protein and at least one protein from the

same or a heterologous infectious agent.  In another embodiment, the protein from the
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infectious agent 18 a viral protein. In another embodiment, the protein from the infectious
agent is an cnvelope associated protem.  In another embodiment, the protein from the
infectious agent s expressed on the surface of VIPs. In another embodiment, the protein
from the infectious agent comprises an epitope that will generate a protective immune
response in a vertcbrate. In another embodiment, the protein from the infectious agent can
associate with RSV M protein. In another embodiment, the protein from the infectious agent
can associate with BRSV M protein. In another cwbodiment, the protein from the wnfectious
agent is fused to a RSV protein. In another embodiment, only a portion of a protein from the
infectious agent is fused to a RSV protein.  In another embodiment, only a portion of a
protein from the mfectious agent 8 fused to a portion of a RSV protein.  In another
embodiment, the portion of the protein from the infectious agent fused to the RSV protein is
expressed on the surface of VLPs. In other embodiment, the RSV protein, or portion thereof,
fused to the protemn from the infoctious agent associates with the RSV M protein.  In other
embodiment, the RSV protein, or portion thereof, fused to the protem froro the infections
agent associates with the BRSV M protein. In other embodiment, the RSV protein, or portion
thereof, is derived from RSV F, G, N and/or P. In another embodiment, the VLPs further
comprise N and/or P protein from RSV, In another embodiment, the VLPs cormprise more
than one protein from the infectious agent. In another embodiment, the VLPs comprise more
than one infectious agent protein, thus creating a multivalent VLP.

{#149] In another embodiment, the disclosure comprises a method of inducing a protective
antibody response to an infection or at least one symptom thereof in a subject, comprising
administering at least one effective dose of a modified or mutated RSV F protein, an RSV F
micelle comprising a modified or mutated RSV F protein, or a VLP comprising a modified or

mutated RSV F protein as described above.
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{#158] As used herein, an “antibody” is a protein comprising one or more polypeptides
substantially or partially encoded by immunoglobulin genes or fragments of immunoglobulin
genes.  The recognized imrounoglobulin genes include the kappa, lambda, alpha, garoma,
delta, epsilon and mu constant region genes, as well as myriad immunoglobulin variable
region genes. Light chains are classified as cither kappa or lambda. Heavy chains are
classified as garnma, mu, alpha, delta, or epsilon, which in turn define the immunoglobulin
classes, 1gG, 1gM, g, Igh and IgH, respectively. A typical momuvoglobulin (antibody)
structural unit comprises a tetramer.  Each tetramer is composed of two identical pairs of
polypeptide chains, each pair having one “light” {(about 25 kD) and one “heavy” chain {about
50-70 kD). The N-terminus of cach chain defines a variable region of about 100 to 110 or
more amine acids primarily responsible for antigen recognition.  Antibodies exist as intact
immunoglobuling or as a mumber of well-characterized fragments produced by digestion with
various peptidases.

{31581} In onc ewbodiment, the disclosure comprises a wethod of jnducing a profective
cellular response to RSV infection and to influenza infection, or at least one symptom of cach
discase in a subject, comprising administering at least one effective dose of a modified or
rautated RSV F protein and an influenza compounent. In another embodiment, the disclosure
comprises a method of mducing a protective cellular respouse to RSV infection or at least
one disease symptom in a subject, comprising administering at least one effective dose an
RSV F micelle comprising a modified or mutated RSV F protein.  In yet another
embodiment, the disclosure comprises a method of inducing a protective celular response to
RSV infection or at least one disease syrptoro in a subject, comprising administering at least
one effective dose a VLP, wherein the VLP comprises a modified or mutated RSV F protein

as described above. Cell-mediated immmnity also plays a role in recovery from RSV
55



WO 2014/124423 PCT/US2014/015725

infection and may prevent RSV-associated complications. RSV-specific  cellular
ivmphocyies have been detected n the blood and the lower respiratory fract secretions of
infected subjects. Cytolysis of RSV-infected cells 1s mediated by CTLs in concert with RSV-
specific antibodies and complement. The primary cytotoxic response is detectable in blood
after 614 days and disappears by day 21 in infected or vaccinated individuals (Ennis er g/,
1981). Cell-mediated imrounity may also play a role in recovery from RSV infection and
may prevent RSV-associated complications. RSV-specific cellular lymphocytes have been
detected in the blood and the lower respiratory tract secretions of infected subjects.

{#152] As mentioned above, the immunogenic compositions of the disclosure prevent or
reduce at least one syraptormn of RSV infection in a subject. Symptoms of RSV are well
known in the art. They inchide rhinorrhea, sore throat, headache, hoarseness, cough, sputum,
fever, rales, wheezing, and dyspnea. Thus, the method of the disclosure comprises the
prevention or reduction of at least one symptorn associated with RSV infection. A reduction
in a symptorn may be determined subjectively or objectively, e.g., self asscasment by a
subject, by a clinician’s assessment or by conducting an appropriate assay or measurcment
{e.g. body temperature), inchuding, e.g., a guality of life assessment, a slowed progression of
a RSV infection or additional symptorns, a reduced severity of a RSV symptoms or a suitable
assays {e.g. antibody tier and/or T-cell activation assay). The objective assessmeuot
comprises both animal and man assessments.

{#153] This disclosure is further iltlustrated by the following cxamples that should not be
construcd as limiting.  The contents of all references, patents and published patent
apphications cited throughout this application, as well as the Figures and the Sequence

Listing, are incorporated herein by reference for all purposes.
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EXAMPLES
EXAMPLE ©: MICE STUDY
{#154] R0 Balb/c mice age 6-8 weeks old were injected with candidate vaceines according to

the protocol described in Table 1.

Table I: Study Design for Mice Trial with Trivalent Flu Component and RSV F componcent

T Pl | oY iumiza
Group | Antigen Mice(N) Dose ( A H Antigen S;n?mza OB Animal No.
e8| Boce (ne) %
Trivalent R - 12-0123-01 1o
’ Flut RSV | : : 0,21 120123-08
Trivalent . 12-0123-09 to
,? )
2 Fla+ RSV | ¥ ? 0,21 12-0123-16
Flu + Buffer | ) 12-0123-17 {0
3 N 5 3 {
3 | (Flu) ¥ 3 » 21 12-0123-24
, Flu + Buffer - . 12012325 o
4 I (Flu) 8 O 6, 21 12.0123-32
RS‘VY + 1% P
5 Buffer 218 | e 3 0,21 25 ggf ;g to
(RSV) iedT
RS‘VY + o) s B 3
6 Buffer  2[8 | e 9 0,21 g;ggf ii 0
(RSV) R
. Flo+ Buffer | | 12-0123-49 1o
’ 2@y | : 0.2 12012356
g 1{?1}1 + Buff@r % 9 01 i 2~G}23—S7 {0
2(RSV) ’ 12-0123-64
RSV + e
9 Buffer 118 | e 3 0,21 12-0123-65 1o
v 12-0123-72
{Fhi)
RSV + o
; 4 12-0123-73 o
1 Buffc S [ G 2 e
A R ? 02 12-0123-80
{Fhi)

{¢185] Buffer 1 “Flu Buffer” contained 25 mM sodium phosphate buffer, pH 7.2, 500 mM

sodium chloride, 0.3 mM CaCl2 and 0.01% w/v PSRG. Buffer 2 “RSV Buffer” contained 25

mM phosphate, 0.15 M NaCl, 0.01% (W/V) PS80, (w/v) Histidine pH 6.2
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{#156] A trivalent composition containing three influenza components was used to stimulate
an anti-influenza response. The frivalent composition contained three VLPs of the following
strains: A-Perth H3N2Z 8205 (Victoria), A-Cal HINI, and B~-Wisconsin. Each VLP contains
both the HA and NA proteins from the recited strain. The M1 protein for all three strains was
derived from Al/indonesia/5/(5. The lot numbers Lot Number: 75511013, 75511008A,
5511009, The influcnzs component 18 0.25% BPL treated, 0.2 um filtered Single Radial
Immuno diffusion (SRID). The respective HA levels were: 354, 626, 280 pg HA/ml. The
component was stored in Buffer: 25mM Phosphate, pH 7.2/0.5M NaCl/4.01% PS-80/300uM
CalCl, at temp: 2-8°C. The RSV F component (SEQ ID NO:B; prepared and purified as
described in UK. Serial No. 13/269,107; Lot Number: 683.15p) was stored in buffer: 25mM
Sodium Phosphate, §.15M NaCl, 8.01% (W/V) PS-80, 1% (W/V} Histidine pH 6.2 at temp:
2-8°C.

10157} The RSV and trivalent influenza components were cach admunistered in Butfer 1
“Flu” Buffer and Buffer 2, the “RSV” buffer. Buffer 1 contained 25 oM sodium phosphate
buffer, pH 7.2, 500 oM sodium chloride, 0.3 mM CaCl2 and 0.61% w/v PSR, Buffer 2
“RSV Buffer” contained 25 mM phosphate, 0.15 M NaCl, 0.01% (W/V) PS80, (w/v)
Histidine pH 6.2, The muce were mjected at Days 0 and 21, Blood samples were taken from
the wtce at Days O, 21, and 35. For Groups 1 and 2 in Table 1, the RSV and trivaleot

influenza components were combined prior to injection.

EXAMPLE 2: CHARACTERIZATION OF RSV F ANTIBODIES
{31588} Mice were administered combination compaositions as described in Exarople 1. Figure
2 shows the anti-RSV F response obtained as measured by HLISA assay. Day 0 titers were

<100 (not shown). As expected the flu component alone did not induce an anti-RSV F
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response. Administering the RSV component alone resulted in a robust anti-RSV F response.
Robust responscs were obtained with Buffer 1 and Buffer 2 and at doses of 3 pg and 9 pg
both at Day 35 (1335} and Day 21 (D21). Day 35 titers were higher. Remarkably, when the
trivalent influenza component was combined with the RSV component, an clevated anti-RSV
F response was achieved.

{3159] Sivnilar data were achieved when the immune response was assessed to determine
production of nentralizing antibodies. Figure 3 shows neutralizing antibodies obtained in the
trial described in Example 1. Neutralizing antibodies were measured at 35 days for cach
sample. Day O serum sample titers were <20 {not shown). Neutralizing anti-RSV response

ranged from 95-226.

EXAMPLE 3: CHARACTERIZATION OF RSV F PALIVIZUMAB-COMPETITIVE
ANTIBODIES

{3166} Palivizumab {Synagis™) is a monoclonal antibody that binds and neutralizes RSV
viruses in humanps. Palivizumab binds to an epitope on RSV F (SEQ ID NG:35).
Advantageously, the RSV component stimulates an imimune response against the same
epttope.  Figure 4 15 a palivizumoab-competitive ELISA which shows that the antibody
response induced by the combination composition binds to the same epitope recognized by
Palivizumab., Day @ scrum titers were <20 (not shown}. At Day 21 and Day 35 robust
responses against the epitope were obtained with Butfer 1 and Buffer 2 and at doses of 3 ug
and 9 ug. A sivodar response was obtained when the three flu components and RSV

component were co-administered.
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EXAMPLE 4: CHARACTERIZATION OF ANTEINFLUENZA RESPONSE

18161} Mice were admimistered the vaccine composttions as described i Example L
Hemagglutination Iuhibition assays were performed to determive hemagglutination inhibition
for cach of the influenza components. As Figures 5-7 demonstrate, substantial inhibition was
achicved for all three strains. Figure 5 shows the A-California strain resuits. Figure 6 shows
the A/Victoria strain results. Figure 7 shows the B/Wisconsin strain results. Day 0 scrum
titers were <20 (not shown). At Day 35 robust hemagglutination inhibition titers were
obtained with Buffer 1 and Buffer 2 and at doses of 3 ug and 9 pug. The combination
composition, containing the trivalent flu composition, {with three mfluenza components in
VLP form) and the RSV component, induced better responses than the trivalent fla

composition alone,

EXAMPLE 5: HUMAN STUDY

{0162} A chinical trial of RSV F sequential administration with mfluenza immunogenic
compositions n elderly buroan population was conducted. For this trial, 220 human subjects
were randomized to receive one dose of 60 or 90 ug of RSV F protein with or without 1200
ug of AIPO, adpavant; or placebo.  All subjects also received influenza vaccine (T1V), to
mitaic sequential administration Ukely to occur in use. Administration was conducted
sequential administrations via distinct intramuscular injections of RSV F and TIV doses to
opposing arms of the same subject. The protocol and study documents were reviewed and
approved by an appropriately constituted mstitutional review board; all subjects gave written
informed consent. The experimental design was randomized, age-siratified, and observer-
blinded. Operators for assays were blinded to subject treatments. A summary of the

expertmental treatments can be seen below:
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{#163] Table 2: Human subject demography and experimental treatments.

Group E A B C D
RSVE { {placebo} 60 ug 60 ug S0 ug 90 ug
AP, No Yes No Yes No
N 60 40 40 44 40
Age (yrs)

Mean 69.1 69.1 67.7 68.0 68.7
Median 68.0 68.0 67.0 68.0 68.0
Yo =78 15 15 15 15 15
Male/female 7/63% 45/55% 40/60% 53/47% 42/58%
Mean BMI 274 28.5 27.7 29.6 27.6

Hemagghitination Inhibition assays were performed to determine hemagglutination inhibition
for cach of the influcnza components. Influenza hemagglutination-inhibition (HAT} assays
were performed at Novavax essentially following the established World Health Organization
method. TIV responses as measured by post-immunization HATL seroconversions and GMTs,

were entirely unaffected by RSV F sequential administration.

EXAMPLE 6: CHARACTERIZATION OF RSV F ANTIBODIES IN HUMAN STUDY
{#164] Human subjects were sequentially administered RSV F and TIV compositions as
described in Exampic 5. Figure ¥ shows the anti-RSV F response obtained as measured by
ELISA assay using protocols described i (Falscy AR, ef af Vaccine 2013;31:524) As
expected the placebo treatment alove did not induce an anti-RSV F response. Administering
the RSV F component resulted in a robust anti-RSV F response. Levels of serum anti-F IgG
rose 3.1 to 5.6 fold, with best responses in recipients of 90ug + Al treatments. Serologic

response rates in the Al-adjuvanted groups were 89-92%,.

EXAMPLE 7: CHARACTERIZATION OF RSV F PALIVIZUMAB-COMPETITIVE

ANTIBODIES IN HUMAN STUDY
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{#165] Palivizumab (Synagis™) is a monoclonal antibody that binds and neutralizes RSV
viruses in humans, Palivizumab binds to an epttope on RSV F (SEQ ID NO:35).
Advantageously, the RSV component stivoulaies an immune vesponse aganst the same
epitope. Figure 9 contains the results of a paltvizumab-competitive ELISA which shows that
the antibody response induced by the sequential administration binds to the same epitope
recognized by Palivizumab. At Day 28 and Day 56 robust respornses against the epitope were
obtained at both the 60ug and 90ug treatruents with and withont Alum.  Antibodies
competing with palivizumab rose from undetectable at day 0 to 85-185mg/mi in experimental

RSV treatments; response rates were 74-78% without Al and 97.4% with adjuvant.

EXAMPLE #: CHARACTERIZATION OF ANTIBODIES AGAINST ANTIGENIC
SITE H IN HUMAN STUDY

10166} Human subjects were sequentially administered RSV F and TIV compositions as
described i Example S. As Figure 10 demonstrates, substantial imrounogenic responses
against auntigenic site 1 were achieved for all non-placebo treatments. Titers of Ig(G reactive
with antigenic site H peptide rose 5.3 to 12.5-fold with the highest titers belonging to the
90ug + Al treatracnt. These results demonstrate that the compositions induce immune

responses that do not suffer from antigen interference..

EXAMPLE 9 KEY SAFETY QUTCOMES OF HUMAN RSV F AND TIV STUDY

10167} Human subjects were sequentially administered RSV F and TIV compositions as
described in Exarople 5. Safety was assessed using reactogenicity diaries, safety laboratory
tests, and open-ended queries concerning changes in health. Mean ages in the treatment

~.

groups were 07.7 to 69.1 years; 15% were > 75 y.0. The majority of subjects were Caucasian
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and men comprised 43% overall; 99% of subjects provided data through Day 56, Among

placcbo recipients 70% reported at least 1 adverse event (AE), comparcd with 58-73% of

active vaccinges i various groups. Transient injection siie pain was 15-20% more frequent in

active vaccines, but otherwise the vaccine safety profile differed little from placebo; the 1

seripus AE occurred in the placebo group. A summary of the results is presented below:

Table 3: Human trial, key safety outcore data.

Group E A B C B
RSV F O {placebo} 60 ug 60 ug 90 ug 30 ug
AlPQy No Yes No Yes No
N 60 46 40 40 40
Completed D56 59 44 39 40 4¢
Adverse Events™®
Any 42 (70%) 30 (75%) | 25(63%) | 27 (68%) 23 {58%)
Solicited AEs 28 (47%) 22(55%) § 12(30%) | 21 (53%) 19 (48%)
Local Sol. AEs 14 (23%) 17 (43%) | 9(23%) 17 (43%) 15 {38%)
Systemic Sol. AEs 22 (37%:) 12 30%) | 6(15%) 16 (40%) 10 (25%}
Severe Sol. AHs 1 (2% 1{(3%) 0 O 0
Unsolicited AEs 31(52%) I8 {45%) | 19(48%) | 16 {40%) 16 (40%)
Severe & related AEs 2 (3% O 0 0 0
Serious AEs 1 (2% O 0 O 0

{8168} These results demonstrate that the RSV F vaccine 1s compatible with TIV sequential

administration, well-tolerated by elders, and elicits ncreases in antibodies with potentially

protective specificities.

phosphate adjuvant experimental treatments.

Increased immunogenic responses were seen in all Aluminum

EXAMPLE 18: MOUSE STUDY FOR QUADRIVALENT INFLUENZA (Q-Flu) AND

RSV F COMBINATION VACCINE
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{#169] A total of 90 fomale BALB/c mice (10 per group), 6-8 weeks old, were used in this
study. All animals received two IM vaccinations on day 0 and 21 with a 6.0, 1.5 or 0.5ug
dose of RSV F or quadrivalent seasonal influenza VLP vaccine, or the combined RSV F and
influenza VEP vaccine as described in Table 1. Quadrivalent influenza vaccine contained
1.5, 0.375 or 0.125 pg per strain (25% of cach strain).

{4178} Blood sampling occurred on days 0, 21, 35 for imynunogenicity asscssments.

Table 4: Study Design

Ouadrivalent
RSV F Antigen Blood
Mice Influenza™ immunization
SYOUp Dose (RSV F 7 ) Draw
(M) YVLP Dose (Total HA {Days})
Content, ug) {Days)
ng
i 10 6.0 e , 21 -1,21, 35
2 10 1.5 o g, 21 -1,21,35
3 10 0.5 o g, 21 -1,21,35
4 10 . 6.0 g, 21 -1,21,35
5 10 e 1.5 0,21 -1,21, 35
6 10 e 0.5 g, 21 -1,21,35
7 10 6.0 6.0 g, 21 -1,21,35
& 10 1.5 1.5 8,21 -1,21,35
9 10 0.5 8.5 8,21 -1,21,35

Table 5. RSV F and Influenza Strains in a Quadrivalent {flu composition.

_ {one.
Drug Substance Source Lot#
{HA pg/ml)
RSV PD B13D001 5385
A/Cal/04/09- HINT PD X1310018 741.0
A/Victoria/361/11- H3N2 PD X13G602 479.1
B/Brisbane/60/08 PD XI3HO03 3505
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B/Mass/2/12 PO XI3HO01 4127

{8171] Group 1, 2, and 3 were prepared in RSV F buffer: 25mM phosphate, pH 6.2, 015 M
NaCl, 0.01% (w/v} Polysorbate 80, 1% (w/v} histidine. Group 4, 5, and 6 were prepared in
influenza buffer: 25mM sodiom phosphate, pH 7.2, 0.3M NaCl, 300puM  CaCl, and 0.01%

r
I
7

{w/v} Polysorbate 80. Group 7, 8, and 9 were prepared n 50% 1ofluenza-50% RSV mixed
buffer.
fmmunological Methods
a) Anti-RSV FigG ELISA

[B172] RSV F specific antibody fiters were evaloated by enzyme linked immunosorbent
assay {(ELISA) in serum samples collected on days 0, 21 and 35. Briefly, NUNC MaxiSorp
microtiter plates were coated with 2ug/ml of RSV F protein and incubated overnight at 2-
8°C. Unrcacted surface was blocked with starting block (Pierce biological) for one hour at
room temperature. Serial dilutions (5 fold, 1:100 to 1:390,625) of mice sera were prepared o
duplicates and added to RSV F protein coated plates, incubated for two-hours at room
teraperature, and washed with phosphate buffered saline containing tween, PBS-T (Quality
Biologicals). Following the addition of horseradish peroxidase conjugated goat anti-mouse-
{gG (Southern Biotech), microtiter plates were incubated for 1-hour, washed three times with
phosphate buffered saline containing ftween, and the peroxidase substrate 3,35,5'-
tetrarncthylbenzidine (Sigma) was added to the plate to detect protein bound anti RSV F
mouse 1gG antibody. The color development was allowed to proceed for approximately 5-6
minutes. After addition of the TMEB Stop Buffer (Scy Tek Laboratories) plates were read at
450nm in SpectraMax plus plate readers (Molecular Devices). Data was analyzed using

SoftMax pro software (Molecular Devices), A 4PL curve was fitted to the data and titers
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were determined as the reciprocal value of the serum dilution that resulted in an QD450 of
1.0, Positive RSV F mouse sera was used as control. Pre-bleed mousce scra with a titer <100
served as the vegative control.
b} Palivizmmab-Competitive ELISA

18173} Competitive binding of the RSV F mouse sera and bistin labeled Palivizumab
{(Medlmmmune LLC) to RSV F antigen was performed i 96 well microtiter plates.
Palivizuroab (10 mg/mlb) was biotinylated with a biotin labeling kit (Pierce} as per
manufacturer’s instructions. Nunce MaxiSorb microtiter plates were coated with 2 ug/ml
RSV-F antigen and incubated overnight at 2-8°C. Unreacted sites were then blocked with 1%
miik at room temperature for onc hour. Two-fold serial dilutions (from 1:20 to 1:1280) of
mice sera were prepared in duplicate and spiked with 120 ng/ml of biotinylated palivizumab.
Plates were incubated for two-hours at room temperature and washed with phosphate
buffered saline containing tween (Quality Biologicals). Following the addition of
streptavidin-conjugated  horseradish  peroxidase, (e¢-Bioscience) microtiter plates  were
incubated for 1-hour temp. After washing three times with phosphate buffered saline
containing tween, the peroxidase substrate 3,37,5,5-Tetramethylbenzidine (Sigma) was added
to the plate to detect antigen bound biotinylated palivizumab. After addition of the TMB Stop
Buffer (Scy Tek Laboratories) plates were read at 450um 1o SpectraMax plas plate readers
{Molecular Devices). Wells containing biotinylated palivizumab in buffer represented the
un-competed and wells containing PBS alone without any biotin labeled palivizumab were
uscd as negative controls in the assay. Positive RSV F mousc sera and pre-inmunune mouse
sera were used as assay controls. Data were analyzed using SoftMax Pro software (Molecular

Devices). The competed binding titers were expressed as the 50% inhibition titers. Percent
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inhibition titers were calculated for cach serum dilution using the following formula:
([ODpa]ivizumab - ODS&mple / ODpa]ivizumab) x100%.
{3174] A 4PL curve was fitted to the data and titers were determined as the reciprocal value
of the serum dilution that resulted in 50% inhibition of biotynilated palivizumab binding. In
cases when the 50% inhibition could not be obtained, a titer of <20 was reported for the
sample and a valuc of 10 used m calculating group GMTs.

¢} Microneutralization
{3178] To determine whether the RSV F particle vaccine can clicit RSV neutralizing
antibodies, sera samples from day 35 were assayed in a RSV-A Long strain neutralization
assay. Two-fold serial dilutions of wice sera, starting at 1:20, were prepared in 96 well
plates. An equal volume {50 pl} of virus (~200 PFU) was added to the diluted serum and
incubated for 1 hr at 36 °C. 100 ul of freshly trypsinized HEp-2 cells (5%10° cells/mi) in
growth rocdium (L-15, 10% fetal bovine serum and 2 mM glutanune) was added to the
virus/serum mixture and incubated for 6-7 days at 36 °C or until positive control (virus only)
wells showed 100% cytopathic effect {(CPE).
18176} Cells were scored for CPE microscopically, before and/or after, fixing and staining
with 0.25% crystal violet in 5% gluteraldehyde. Stained plates were air-dried and evaluated
for CPE using a dissecting microscope. The last dilution that resulted in 100% inhibition of
CPE formation was identified as the endpoint neutralizing antibody titer for that sample. Any
sample resulting in a titer less than 20 was assigned a value of 10. The geometric mean from
cach group was calculated. Sheep RSV F serum with a titer of 6400 was used as positive
control,

d} HAI Antibody Measurement
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(#4177} HAT responses to influenza A/California/04/09, A/Victoria/361/11, B/Brisbane/60/0%
and B/Massachusetis/2/12 was evaluated on serum samples obtained on day 35, Turkey red
blood cells (Lampire Biological Laboratories) were prepared to a 1% suspension wn PBS.
Seruma samples and controls were treated with RDE to inactivate nop-specific inhibitors.
RDE treated sera were serially diluted in PBS (starting at 1:10) on 96-well V bottom plates.
Turkey red blood cells and standardized HA antigens were added to diluted sera and the plate
were incubated at room teraperature for 45-30 rotnutes. Inhibition of hemagglotination was
determined by tilting the plate to detect the tear-shaped streaming of the red blood cells in the
sample wells which flow at the same rate as the red blood cells control wells. The HAI
inhibition titers were recorded as the reciprocal of the highest serum dilution where
hemagglutination inhibiton was observed. The final titer of a serum was reported as the
geometric mean {GMT) of the replicate HAL titers. Any sample resulting in a titer less than
10 was assigned a value of 5. (Sce Fig. 14).
¢} Statistical Methods

{#178] Results are presented using the geometric mean titer (GMT} and corresponding 95%
CL Pairwise comparisons of vaccine groups were analyzed and cstimated by using a two-
tailed student’s t-test. A p-value <0.05 was considered significant for vaccine group

comp arisons.

EXAMPLE 11: RESULTS OF MOUSE STUDY FOR QUADRIVALENT INFLUENZA

{Q-Flu) AND RSV F COMBINATION VACCINE

{#179] Mice were immunized as described in Example 10. RSV F immune responses were

asscssed by anti-F IgG titer determination using cnzyme-hnked immunosorbent assay
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{ELISA), palivizumab competitive ELISA, microncutralization (MN} assay, while influenza
nmune responses were measured by hemagglutination inhibition assay (HATD), also as
described in Example 10.

a) igG Response
16188} All groups of mice immunized with RSV F single vaccine and combination RSV F/
mflucnza VLP vaccine mounted very high and dose dependent serurn IgG responses (Fig.
20). Sigruficant boosting effect was seen with the second tmmunization for all the groups
(p<<(.01) (Figs. 20 and 21). The combination vaccine increased anti-RS8V F Ig(G titers for all
the doses compared to RSV F administered alone, with significant difference achieved for 6
wg and 1.5ug doses with p<0.05 (Figs. 11A, 11B, and 21). Day 35 anti-R5V F GMT range
for RSV F alone was 46,087 to 108,932 whereas the GMT range for the combination vaccine
was 108,178 to 284639 (Fig. 21}, indicating a 2.3 to 2.8 fold rise. (Fig. 11B).

b} Palivizumab-Competitive Antibodies
{3181} The functional ability of the antibodies generated with all the vaccination groups was
determined by competitive ELISA set to indicate the 30% inhibition titers against
palivizumab. Similarly to RSVF IgG responses, palivizumab competitive antibody (PCA)
titers were also significantly higher (p<0.05) tor the group that recetved combination RSV
Ymtluenza VLP vaccine compared to the groups that received RSV F alone (Figs. 124, 128,
and 22). PCA range for RSV F alone was 55 to 95 ug/ml whereas the range for the
combination vaccine was 125 to 268 ug/ml (Fig. 22} indicating a 2.2 to 2.8 fold rise. {Fig.
12B).

¢} RSV-F neuntralizing antibodies
{#182] To determine the ability of the antibodies to neutralize RSV virus, microncutralization

assay was performed. All groups generated high levels of neutralizing titers in a dose
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dependent manner (Figs. 13A and 13B). The combination vaccine increased the titers for all
the groups that received the combination vaccine with significant difference achicved for
8.5ug dose (p<0.01) (Fig. 23).

d} Influenza Specific Responses
18183} To evaluate influcnza specific responses, HAIL titers were determined for all four
mdividual  strains, A/California/04/09 (HIN1) (Sce Figs. 153A, 15B, and 16),
A/Victoria/361/11 (H3N2) (See Figs. 15C, 15D, and 17} and B/Brisbane/60/08 (See Figs.
ISE, 15F, and 18} and B/Massachusetts/2/12 (See Figs. 15G, 15H, and 19). HAIT titers were
high despite the fact that the final Q-Flu preparation contained only 1.5 pg, 0.375 pg, or
0.125 ug of cach strain. In contrast to RSV F responses, HAT responses with Q-Flu vaccine
alone was not significantly different than those with the combination RSV F/influenza VLP
vaccine {Figs 15-19). This result suggested that the immunogenicity of influenza VLP
vaceine was not reduced by the co-administration of RSV F.

e} Fold Rise Comparison
{#184] Tabic 6 below illustrates the potentiating effect of combining both the RSV
component and the Q-flu component on the magnitude and character of the anti-RSV-F
response.  Note that i Study 1D No. 27 the A/Perth strain was used whereas in study 46,

A/Victoria/361/11 strain was used.

RSV Study ID No. 27 RSV Study Id No. 46
Corabo/Simgle Comwbo/Single
Autigen Dose | 5 9.0 0.5 15 6.0
(1g)
RSV FE- 1gG 2.4 2.3 2.3 2.6 2.8
RSV A- Neut 1.1 2.0 2.0 14 1.6
PCA 2.5 2.6 2.3 2.2 2.8
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Table 6: Ratic Combination Composition RSV response to Single Composition RSV

FCRpOonse

ook ok ok
{8185} The foregoing detailed description has been given for clearness of understanding only
and no unnecessary limitations should be understood therefrom as modifications will be
obvious to those skilied 1u the art.
{3186] While the disclosure has been described in connection with specific embodiments
thereof, it will be understooed that it is capable of further modifications and this application 18
intended to cover any variations, uscs, or adaptations of the disclosure following, in general,
the principles of the disclosure and including such departures from the present disclosure as
come within known or customary practice within the art to which the disclosure pertains and
as may be applicd fo the cssential features hereinbefore set forth and as follows in the scope

of the appended claims.

~
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CLAIMS

E“J

6.

An Immunogenic composition comprising a respiratory syncytial virus (RSV) fusion

(I} componeot and an influcnza coraponent.

The composition of claim | wherein the RSV F component comprises an RSV F

protein.

The composition of claim 1 wherein the influenza component comprises an influenza

Virus-Like Particle (VLP).

The composition of claim 3 wherein the influenza VLP comprises an influenza HA

protein, an influenza NA protein, and influenza M1 protein.

The composition of claima 1 further comprising two, three or four influenza VLPs,

wherein each VLP comprises an HA protein from a different strain.

The coraposition of claira 5 wherein cach influenza VLP further comprises an NA

proteio from the same strain as the HA protein.

The composition of claim 5 wherein each influenza VLP comprises an M1 protein

derived from the mfluenza strain A/Indonesia/5/05.

An Immunogenic composition comprising a respiratory syncytial virus (RSV) fusion

(F) component and three influenza components,

77
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9.

10.

it

wherein cach influenza component comprises a VLP,

wherein each VLP comprises an influenza M1 protein, an influcnza NA
protein, and an infloenza HA protein; and

wherein the NA protein and the HA protein in cach VLP are derived from the
same influcnza strain,

wherein the influcnza proteins i the first, second, and third VLPs are derived
from diffcrent straios than each other.

wherein the first, second and third VLPs each comprise an M1 protein derived

from the same strain.

The immunogenic composition of claim 8 further comprising a fourth influenza
component, wherein the fourth influenza component comprises a VLP, wherein the
fourth VLP compriscs an HA protein and an NA protein derived from a different
strain than the strain for the first, second and third VLPs; and wherein the M1 protein

is derived from the same strain as the first, second and third VLPs.

The fmmunogenic composition of claim 8 wherein the M1 protein s derived from an

avian influenza virus.

The immunogenic composition of claim 10 wherein the avian influenza virus is the

A/Indonesia/53/05 influenza virus strain.

The composition of claim 2 wherein the RSV F protein comprises a mutation that

inactivates the primary cleavage site or the secondary cleavage site.
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13.

14.

16.

i7.

18,

The composition of claim 2 wherein the RSV F protein comprises a pritaary cleavage
site wactivated by introducing at least one amine acid substitution at positions
corresponding to arginine 133, arginine 135, and arginine 136 of the wild-type RSV F

protein (SEQ 1D NO: 2).

The composition of claim 2 wherein the RSV F protein comprises a deletion of the
aming acids corresponding to amino acids 137-146 of the wild-type RSV F protein

(SEQ 1D NO: 2).

The composition of claim 2 wherein the RSV F protein comprises SEQ 1D NGK.

A kit comprising 4 respiratory syncytial virus (RSV) fusion (F) cormponent and at

least one influenza coraponent, wherein cach component 18 1 a separate container.

A method of inducing a protective response against RSV and an influenza strain

comprising admunistering the composttion of claim 1.

The method of claim 17 wherein administering comprises steps
{a) storing the RSV component in a container at 2-8 °C,
(b) storing the influenza component in a container at 2-8 °C,
(¢ rmxing RSV component with the wfluenza component to provide a
combination composition; and

(d) injecting the composition into an animal imtramuscnlarly,
4
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19.

20.

]
2

24.

whereby a protective immune response against infection by influenza and by RSV 1s

obtained.

The method of claim 18 wherein the animal is 2 human,

The method of c¢laim 19 wherein the human s an infant.

The method of claim 18 wherein the protective response comprises anti-RSV F

neutralizing antibodies.

The method of claim 18 wherein the protective respouse comprises hemagglutination
inhibition and the hemagghitination inhibition is greater when the RSV component
and influcnza component are co-admimstered compared to administration of cach

component alone,

The method of claim 21 wherein the anti-RSVY F neutralizing antibody response is
greater when the RSV component and imflucnza component are co-administered

compared to administration of cach component alone.

The method of claim 18 wherein the protective response comprises an anti-

palivizumab antibody response.

~1
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25, The method of claim 24 wherein anti-palivizumab antibody response is greater when
the RSV component and influcnza component are co-administered compared to

administration of cach component alone.



