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ZIKA VACCINES AND IMMUNOGENIC COMPOSITIONS, AND METHODS OF USING THE SAME
STATEMENT REGARDING FEDERALLY-SPONSORED RESEARCH

{0601} This invention was made with government support under Contract No, HHSO100201600013C
with the Department of Health and Human Services, Office of the Assistant Secretary for Preparedness and
Response, Biomedical Advanced Research and Development Authority. This invention was created in the
performance of a Cooperative Rescarch and Development Agreement with the Centers for Discase Control
and Prevention, an Agency of the Department of Health and Human Services. The Government of the United

States has certain rights in the invention.
FIELD OF THE INVENTION

{0602} The present disclosure relates to Zika virus vaccines and immuno genic compositions having one
or more antigens from a Zika virus {e.g., a Zika virus clonal isolate, a non-human cell adapted Zika virus, efc.)

and methods of manufacture, formulation, testing, and uses thercof.
BACKGROUND

{0003} Zika virus, a flavivirus classified with other mosquito-borne viruses (e.g., vellow fever, dengue,
West Nife, and Japanesc encepbalitis vimuses) within the Flaviviridae family has spread rapidly ina
hemispheric-wide epidermic since the vires was introduced into Brazil in 2013. The virns bas reached the
Central and North Americas, including territorics of the United States, consequently now threatening the
continental US, Tndeed, Zika virus strain PRVABC39 was isolated from serum from a person who had
traveled to Pucrto Rico in 2015, The genone of this strain has been sequenced at least three times (See
Lanciotii et a/. Emerg. Infect. Dis. 2016 May;22(53:933-5 and GenBank Accession Mumber KU501215.1;
GenBank Accession Number KX087101.3; and Yun ¢f &/ Genome Announc. 2016 Aug 18:4(4) and GenBank
Accession Number ANKS7897. 1),

{0004} Initially isclated in 1947 in Uganda, the virus was first linked to human disease in 1952, and has
beean recognized sporadically as a cause of mild, self-limited febrile iloess in Africa and Southecast Asia
(Weaver et al. (2016} Antiviral Res. 130:69-80; Faria er of. (2016} Science. 352(6283):345-349). However, in
2007, an cutbreak appeared in the North Pacific 1sland of Yap, and then dissemnnated from island to island
across the Pactic, leading to an extensive outbreak in 2013-2014 in French Polynesia, spicading then o New
Caledonia, the Cook Islands, and ultimately, to Baster Island. An Asian Hneage virus was subscquently
transferred to the Western Hemisphere by routes that remain undetenmined (Fana ef al. (2016) Science.
352(6283):345-349). The vitus may be transmitted zoonotically by dedes aegypti, A. albopictus, and possibly
bv A. hensilli and A. polynieseinsis (Weaver et al. (2016) Antiviral Res, 130:69-80). Additionally, it is thought
that other vectors for transmifting the viras may exist, and the virus may be transmitted by blood transfusion,

transplacentally, and/or through sexual transnussion.
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LEHIERY In late 2015, a significant increase in fetal abnormalities (e.g., microcephaly) and Guillain-Barre
syndrome {GBS) in arcas of widespread Zika virus infection raised alarm that Zika virus might be much more
virulent than originally thought, prompting the World Health Organization (WHO) to declare a Public Health
Emergency of International Concern (PHELC) (Heymann ef ¢f. (2016) Lancet 387(10020): 719-21). While
Zika viras poses a substantial public health threat, no FDA-approved vaccine or treatment currently exists,

and the only preventative measures for controlling Zika virus involve managing mosquito popuolations.

{6006} In recent efforts to characterize a recombinant Zika virus for the development of a potential
vaccine, a non-human cell adapted Zika virus was identified that harbors a mutation in the viral Envelope
protein at position 330 (Weger-Lucarelli ef o/, (2017 Journal of Virclogy 91(1): 1-10). The authors of this
study found that full-length infectious cDNA clones of Zika virus strain PRVABCSY were genctically
unstable when amplified during cloning, and opted to split the viral genome to address the observed
instabilify, developing and applving a two plasnud system. However, a two plasmid system for the

development of a Zika vaccine 15 less desirable.

BRIFF SUMMARY
{6007} Thus, there is a need to develop vaccines and immunogenic compositions for treating and/or

preventing Zika virus infection that ubilize a genctically stable Zika virus that docs not regaire a two vector
sysiem. To meet the above and other needs, the present disclosure is direcied. at least in part, to a genetically
stable non-homan celf adapted Zika virus hatboring an adaptation in the Non-structural profein { (with a wild-
type Envelope protein), allowing for the use of a single virus/viral genome system for vaccine production. The
present disclosure is alse divected, at least in part, to a Zika virus clonal isolate that 1s genctically homogenous
and/or has been purified away from one or more adventitions agents. Accordingly, the present disclosure
provides vaccines and tmmunogenic compositions useful for treating and/or preventing Zika virns infection
{e.g., in bumans) that include one or more Zika virus antigens (e.g., one or more antigens from a whole
wnactivated Zika virns) from a Zika virus harboring at least one non-human cell adaptation nmtation(e.g, a

mutation in Zika viras Non-structural protein 1) and/or a Zika virus clonal isolate.

{0008} The present disclosure is based, at least in part, on the surprising finding that both high and low
dose vaceines comprising one or more antigens from separately derived clonal virus populations of non-
human cell adapted Zika virus were able to indoce robust immune responses and provide significant
protection from Zika virus infection (See Example 2 below). Clonal isolation of the Zika virus strains also
allowed for: 1) the successful purification of the virus away from contaminating agents (e.g., adventilious
ageuts that may be co-purified with the parental strain), and 2) the production of a genctically homogeneous
viral population. Moreover, the present disclosure is based, at least in part, on the findiog that clonal isolated
Zikaviruses harboring an adaptation mutation in protein NS1 grew well and predictably 1o Vero cells to high
titer, and surprisingly, were genetically stable/genetically homogenous without any detectable mutations to in
the viral envelope protein (See Examples 1 and 2 below). While a similar mutation in Zika vius Non-
structural protein | mav have been observed in the genomic sequencing analysis of 1 out of 3 published

sequences of Zika virus strain PRVABCS59 (Yun ef /. Genome Announc. 2016 Aug 18:4(4)), this reference
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fails to teach or suggest that a mutation in N8I may improve stability of the virus; fails to teach or suggest
that a virgs harboring the mutation may be used in the development of an effective vaceine against Zika virus;
and fails to teach or suggest that such a vaccine may be effective in inducing a robust immniune responsc and
providing significant protection from Zika virus infection when used at both low and high doses. Thus,
without wishing to be bound by theory, the inventors of the present disclosure have determined that the
adaptation mutation in protein NS1 appeared to enhance genctic stability within the Zika virus, resuling in
increased/enbanced replication efficiency. Further, the Zika strain harboring an adaptation mutation in protein
NS1 was able to be passaged mnultiple times without developing further mutations. Such a stable Zika virus
strain is advantageous as a master virus seed (MVS), or sabsequent seeds derived from the MVS, for vaceing
production and manufactaring, as the risk of the master virus seed developing padesirable rutations is
reduced. Morcover, without wishing to be bound by theory, the adaptation mutation in protein NS1 of the
Zika strain of the present disclosure may alse reduce or otherwise inbibit the occurrence of undesicable

mwtations, such as a mutation within the enwvelope protein E (Eav) of the Zika virgs strain,

{6609} Accordingly, certain aspects of the present disclosure relate to a vaccine or immunogenic
composition containing one or more antigen from a Zika virus, where the Zika virus contains at least one non-
human cell adaptation mutation. In some embodiments, the at least one non-human cell adaptation mutation is
in Zika virus Non-structural protein 1 (NS1). In some embodiments, the at least one adaptation mutation
occurs at position 98 of SEQ 1D NG: 1. or at a position corresponding to position 98 of SEQ IDNO: 1. In

some embodiments, the at least one adapiation mutation is a Trp98Ghy mutation.

{6619} In some embodiments thai may be combined with any of the preceding embodiments, the at leasi
one adaptation mutation enhances genetic stability as compared to a Zika virus lacking the at least one

adaptation mutation. In some embodiments that may be combined with any of the preceding embodiments, the
at least one adaptation mutation enhances viral replication as compared to a Zika virus lacking the at least one
adaptation mutation. In some embodiments that may be combined with any of the preceding embodiments, the

Zika viras does not comprise a mutation in Envelope protein E (Env),

{0611} In some embodiments that may be combined with any of the preceding embodiments, the non-
human cell is a mammalian cell. In some embodiments that may be combined with any of the preceding
enbodiments, the non-human cell is a monkey cell. In some embodiments, the monkey cell is from a Vero

cell line. In some embodiments, the Vero cell line is a WHO Vero 10-87 cell line.

{0012} In some embodiments that may be combined with any of the preceding embodiments, the Zika
virus is an African lincage virus or an Asian lineage virus. In some embodiments, the Zika vires is an Asian

lincage vitus. In some embodiments, the Zika virus is from straigc PRVABCS9.

{0013} In some embodiments that may be combined with any of the preceding embodiments, the
ACCine o7 IMMNUNCZENIc composition is a purified antigen vaccine or immunogenic composition, a subuamnit
aCcCine or Immunogenic composition, an inactivated whole virus vaccine or immunogenic composition, or an

attenuated virus vaccine or immunogemc composilion. In some embodiments, the vaceine or imymuno genic

G



WO 2019/090228 PCT/US2018/059219

composition is an inactivated whele virus vaccine or immunogenic composition. In some embodiments, the
Vaccine or immunogenic composition comprises a purified inactivated whole Zika virus. In some
cmbodiments, the vaccine or immunogenic composition comprises a purified inactivated whele Zika virus
comprising a martation at position 98 of SEQ ID NO: 1, or at a position corresponding to position 98 of SEQ
ID NO: 1. In some embodiments, the vaccine or immunogenic composition comprises a purified inactivated
whole Zika virus comprising a Trp98Gly mutation at position 98 of SEQ ID NO: 1, or at a position
corresponding to posiion 98 of SEQ 1D NO: 1. In some cmbodiments, the vaceine or immmimno genic
composition comprises a purified inactivated whole Zika virus comprising a Trp98Gly mutation at position 98
of SEQ ID NO: 1, or at a position corresponding to position 98 of SEQ 1D NO: 1, wherein the Zika vims 18
derived from strain PRVABCS39. In some embodiments, the vaccine or immunogenic composition comprises
a putified mactivated whole Zika virus comprising a Trp98Gly mutation at position 98 of SEQ ID NG: 1, or at
a position corresponding o position 98 of SEQ ID NO: 1, wherein the Zika virus is derived from strain
PRVABCS9 comprising the genomic sequence according to SEQ 1D NO:2. In some embodiments, the
vaccing of uMunogenic composition comprises a purified inactivated whole Zika which differs from straio

PRVABCS39 in a Trp98Gly mutation at position 98 of SEQ 1B NOG: |

{0614} In some embodiments that may be combined with any of the preceding embodiments, the virus
was chemically inactivated. In some crbodiments, the viras was chermcally inactivated with one or morc of a
detergent, formalin, hydrogen peroxide, beta-propiclactone (BPL), binary cthylamine (BET), acetyl
cthylencimine, methylene bloe, and psoralen. In some embodiments, the virnus was chemically inactivated

with formalin.

{0615} In some embodiments that may be combined with any of the preceding embodiments, the
vaccine or immunogenic composition further contains an adjuvant. In some embodiments, the adjuvant is
selected from aluminum salts, toll-like receptor (TLR) agonists, monophosphoryl lipid A (MLA), syathetic
hipid A, lipid A mimetics or analogs, MLA derivatives, cytokines, saponins, nmramyl dipeptide (MDP)
derivatives, CpG oligos, lipopolysaccharide (LPS) of gram-negative bacteria, polyphosphazenes, enmlsions,
virosomes, cochleates, poly(lactide~co-glveolides) (PLG) microparticles, poloxamer particles, microparticles,
liposomes, Complete Frennd’s Adjavant (CFA), and/or Incomplete Freond’s Adjuvant (IFA). In some
cembodiments, the adjuvant 15 an aluminom salt. In some embodiments, the adjuvant is sclected from the group
consisting of alum, alhimimum phosphate, alurmovm hydroxide, potassium ahiminom solfate, and Alhydrogel
85. In some embodiments, at least 75%. at least 85%. at Ieast 90%. at least 95%, at least 96%, at least 97%, at

least 98%, at least 99%, or 100% of the one or more antigens are adsorbed to the adjuvant.

{6616} In some embodiments that may be combined with any of the preceding embodiments, the
vacciie Or Immunogenic composition is a low dose vaceine or immunogenic composition {e.g., containing
from about 1ug to about 3 pg antigen). In some embodiments that may be combined with anv of the preceding
enbodiments, the vaccine or immunogenic composition is a high dose vaccine or immunogenic composition
{e.g.. containing about 10ug antigen). In some embodiments that may be combined with any of the preceding
cembodiments, the vaccine or immunogenic composition contains from about 0.1 pg to about 25 ug of the onc

or more antigens. In certain such embodiments the antigen is a pornified inactivated whele virus, suchas a Zika
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virus with a mutation which is a tryptophan to glyvcine substitution at position 98 of SEQ ID NO:l orata
position corresponding to position 98 of SEQ ID NO: 1 as described herein. In some embodiments, the
Vaccine or immunogenic composition comprises a purified inactivated whole Zika virus comprising a
Trp98Gly mutation at position 98 of SEQ ID NO: 1, or at a position corresponding to position 98 of SEQ 1D
NO:1, wherein the Zika vims 15 derived from strain PRVABCS9. In some embodiments, the vaccine or
immunogenic composition comprises a purified inactivated whole Zika virus comprising a Trp98Gly mutation
at position 98 of SEQ 1D NO: |, or at a position corresponding to positon 98 of SEQ 1D NO:1, wherein the
Zika virus 18 derived from strain PRV ABCS9 comprising the genomic sequence according to SEQ 1D NO:2.
In certain such embodiments the Zika virus 15 a plaque purified clonal Zika virus isolate. In some
cmbodiments that may be combined with any of the preceding embodiments, the vaccine or immunogenic
composition coptaigs from about 0.1 ug Zika virus or Env to about 100 pg Zika virus or Env. In some
crobodiments, the vaccine or immunogenic compasition is unadpvanted. In some embodiments that may be
combined with any of the preceding embodiments, the Zika virus is a clopal 1solate. In some emboduments,
the clonal isolate is substantially free of one or more adventitious agents {e.g., free of one or more

adventitious agents that may be co-punficd with the parental strain),

{0617} Other aspects of the present disclosure relate 1o a vaccine comprising a Zika virus having a
motation at position 98 of SEQ 1D NG: L, or at a position corresponding to posiion 98 of SEQ IDNO: 1. In
some embodiments, the vaccine comprises a purified 1pactivated whole Zika virus comprising a Trp98Gly
mutation at position 98 of SEQ 1D NO: 1, or at a position corresponding to posttion 98 of SEQ 1D NG,
wherein the Zika virus is derived from strain PRVABCS39. In some embodiments, the vaceine omprises a
purified inactivated whole Zika vitus comprising a Trp98Gly mutation at position 98 of SEQ ID NO: 1, orata
position corresponding to posttion 98 of SEQ 1D NO: 1, wherein the Zika virus is derived from strain
PRVABCS9 comprising the genonic sequence according to SEQ 1D NO:2. In certain such embodumnents the

Zika vitus 15 a plaque purified clonal Zika vitus isolate.

{0018} Other aspects of the present disclosure relate 10 a vaccine or immunogenic composition
containing: a) an aluminum salt adjuvant; and bj a puritied inactivated whole Zika virus, where the Zika virus
contains a non-tuman cell adaptation motation, and where the non-hurman cell adaptation mutation is a
Trp98Gly mutation at position 98 of SEGQ ID NQG: 1, or al a position corresponding to position 98 of SEQ ID
NG L

{6619} Other aspects of the present disclosure relate to a method of treating or preventing Zika virus
infection in a subject in need thereof, including administering to the subject a therapeutically effective amount

of any of the vaccines or immuncgenic compositions described herein,

{6629} Other aspects of the present disclosure relate to a method for inducing an immune response ina

subject in need thereof, mncluding administeriog to the subject an imumuonogenic amount of any of the vaccines
or immunogenic compositions described herein. Tn some embodiments that may be combined with any of the
preceding embodiments, the subject is a human. In some embodiments, the subject is pregnant or intends to

become pregnant.

(¥, )
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{6621} In some embodiments that may be combined with any of the preceding embodiments,
administration of the vaccine or immunogenic composition induces a protective immune response in the
subject. In some embodiments, the protective immune response induced in the subject is greater than a
protective immune response induced in a comresponding subject administered a vaccine or Inmunogenic
composition containing one or more antigens from a Zika viras lacking the at least one non-human celi
adaptation mutation. In some embodiments that may be combined with any of the preceding embodiments,
administration of the vaccine or immunogenic cormposttion induces the gencration of ncotralizing antibodies
to Zika virgs in the subject. In some embodiments, the concentration of neulralizing antibodies generated in
the subject is higher than a concentration of neutralizing antibodies generated in a corresponding subject
administered a vaccige o1 inunnOogenic composition comprising ooe or more antigens from a Zika virus

lacking the at least one non-human cell adaptation oiutation.

{6622} In some embodiments that may be combined with any of the preceding embodiments, the
Vaccine or immunogenic composition is admmistered by a route selected from subcutancous administration,
transcutancous adminstration, intradermal administration, subdermal administration, intramuscular
administration, peroral administration, intranasal administration. buccal administration, intraperitoneal
administration, intravaginal administration, anal administration and/or mtracranial admimistration. In some
embodiments that may be combinad with any of the preceding embodiments, the vaccine or immunogenic
composition is adminisiered one or more times. In some embodiments, the vaccing or immunogenic
composition is administered as a first (prirne) and a second (boost) administration. In some embodiments, the

sccond (boost) administration is administered at least 28 days after the first (prime) admimstration.

{6023} Other aspects of the present disclosure relate to a method for inactivating a Zika virus
preparation, including (a) isolating the Zika virus preparation from one or more non-human cells, where the
cells are used to produce the virus preparation, and where the Zika virus contains at least one non-human cell
adaptation mutation; and (b) treating the virus preparation with an effective amount of formalin. In some
cmbodiments, the method forther inchides (¢) neutralizing the formalin-treated viros preparation with sodinm
metabisulfite. In some embodiments, the virus preparation is neutralized at least five, at least seven, at least
mne. at least 11, or at least 14 days afier formalin treatment. In some embodiments, the method fusther
inchudes (d) purifying the neatralized vinus preparation. In some embodiments, the peutralized virus
preparation is purified by a process selected from cross flow filtration (CFF), multimoedal chromatography,

sizg exclusion chromatography, cation exchange chiromatography, and/or amon exchange chromatography.

{6024} Other aspects of the present disclosure relate to a method for inactivating a Zika virus
preparation, including (a) isolating the Zika virus preparation from one or more non-human cells, wherein the
cells are used to produce the virus preparation, and wherein the Zika virus comprises a mutation at position 98
of SEQ D NO: 1, or at a position corresponding to position 98 of SEQ ID NO: 1; and (b) treating the virus
preparation with an ¢ffective amonat of formalin. In some embodiments, the method further includes (¢)
neutralizing the formalin-treated virus preparation with sodium metabisolfite. In some embodiments, the virus
preparation is neutralized at least five, at least seven, at least nine, at feast 11, or at least 14 days afier formalin

treatment. In some embodiments, the method forther includes (d) purifying the nentralized virus preparation.
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In some embodiments, the neutralized virus preparation 15 purified by process selected from cross flow
filtration (CFF), multimodal chromatography, size exclusion chromatography, cation exchange

chromatography, and/or anion exchange chromatography.

{0025} In some embodiments thai may be combined with any of the preceding embodiments, the virus
preparation is mixed with an adjuvant. In some embodiments, the adjuvant is sclected from alnminom salts,
toil-like receptor (TLR) agouists, monophosphoryvl kipid A (MLA), syathetic lipid A, lipid A mimetics or
analogs, MLA derivatives, cytokines, saponins, muramyl dipeptide (MDP) derivatives, Cp(G oligos,
lipopolysaccharide (LPS) of gram-negative bacteria, polyphosphazenes, enmlsions, virosomes, cochleates,
polv(lactide~co-glvcolides) (PLG) microparticles, poloxamer particles, microparticles, liposomes, Complete
Freund’s Adpvant (CFA), and/or Incomplete Freund's Adjuvant (IFA). In some embodiments, the adjuvant is
an aluminum salt. In some embodiments, the adiuvant is selected from alum, aluminum phosphate, alumimim
hvdroxide, potassium alumimum sulfate, and/or Alhydrogel 83. In some embodiments, at least 75%, at least
83%, at least 80%, at least 95%, at least 9694, at least 9794, at least 98%4, at least 99%, or 100% of one or more

antigens in the virgs preparation are adsorbed to the adjuvant.

{6026} In some embodiments thai may be combined with any of the preceding embodiments, the at leasi
one non-human cell adaptation mutation is in Zika viras NS1. In some embodiments, the at least one
adaptation mutation occurs at position 98 of SEQ ID NO: 1, or at a position corresponding to posiion 98 of
SEQ ID NG: 1. In some embodiments, the at least one adaptation mutation is a Trp98Gly mutation. In some
cmbodiments that may be combined with any of the preceding embodiments, the at least one adaptation
mutation enhances genctic stability as compared to a Zika virus lacking the at least one adaptation nurtation.
In some embodiments that may be combined with any of the preceding embodiments, the at least one
adaptation mutation enhances viral replication as compared to a Zika virus lacking the at least one adaptation
mutation. In some embodiments that may be combined with any of the preceding embodiments, the Zika viras

does not comprise a mutation in Envelope protein E (Env).

{66271 Other aspects of the present disclosure relate to a method of purifving Zika virus, including the
steps: (a) inoculating a plurality of cells with an inoculum containing a population of Zika virases, and (b)
obtaining a Zika virus clonal isolate by plague purification from onc or more of the inoculated cells. Tn some
cmbodiments, the cells are non-human cells. In some embodiments, the cells are insect cells. In some
cmbodiments, the cells are mosqguito cells. Tn some embodiments, the cells are mammalian cells. In some
enbodiments, the mamimalian cells are moukey cells. In come embodiments, the monkey cells are from a

Vero cell Hine. In some embodiments, the Vero cell ling is a WHO Vero 10-87 cell line.

{0028} In some embodiments that may be combined with any of the preceding embediments, the
populdation of Zika viruses 1s heterogencous. To some embodiments that may be combined with any of the
preceding embodiments, the population of Zika viruses comprises a Zika virus clinical isolate. 1o seme
cmbodiments, the Zika virus clinical isolate is from strain PRVABCS9. In some embodiments that may be
combined with any of the preceding embodiments, the population of Zika viruses comprises a Zika virus that

has been previously passaged one or more times in cell culture. In some cmbodiments that mav be combined

]
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with any of the preceding embodiments, the inoculum comprises human serum. In some embodiments that
may be combined with any of the preceding embodiments, the inoculum comprises one or more adventitious
agents. In some embodiments, the Zika vimas clonal isolate is substantially free of the one or more

adventitious agents.

{6629} In some embodiments thai may be combined with any of the preceding embodiments, the
methods further include one or more additional plague purifications of the Zika virus clonal isolate. Tn some
cmbodiments, the Zika virus clonal isclate is further plaque purified two or more times. In some embodiments
that may be combined with any of the preceding cmbodiments, the methods further include passaging the Zika
virus clonal isolate one or more times 1n cell culture. In some embodiments, the Zika viras clonal isolate 15

passaged two o1 more tmes.

{6039} In some embodiments that may be combined with any of the preceding embodiments, the
methods forther inclade formulating a vaccine or immunogenic composition comprising onge or more antigens
from the Zika virus clonal isolate. In some cmbodiments, the vaccine or imuignogenic composition is a
purified antigen vaccioe or Umnunogenic composition, a subunit vaccine or IMIUNogenic composition, an
inactivated whele virus vaccine or immunogenic composition, or an attenuated virus vaccine or immunogenic
composition. In some embodiments, the vaceine or Bnmunogenic composition is a purified inactivated whole
Virus vaccine or immunogenic composition. In some embodiments, the Zika virus clonal isolate was
chenyically inactivated. 1n some embodiments, the Zika virus clonal isolate was chemically inactivated with
one or more of a detergent, formalin, hydrogen peroxide, beta-propiolactone (BPL), binary ethylamine (BEI),
acetyl cthylencimine, methvlene bhue, and psoralen. In some embediments, the Zika virus clonal isolate was

chemically inactivated with formalin.

{0031} In some embodiments that may be combined with any of the preceding embodiments, the
methods forther include admixing the vaceine or inmunogenic composition with an adjuvant. In some
enpodiments, the adjuvant is sclected from alumimam salts, toll-like receptor (TLR) agonists,
monophosphoryi lipid A (ML A), synthetic lipid A, lipid A mimetics or analogs, MLA derivatives, cytokines,
saponins, muramyl dipeptide (MDP) dertvatives, CpG oligos, lipopolvsaccharide (L.PS) of gram-negative
bacteria, polyphosphazences, cmulsions, virosomes, cochieates, poly(lactide-co-glycolides) (PLG)
microparticles, poloxamer particles, microparticles, liposomes, Complete Freund's Adjuvant (CFA), and
Incomplete Freund's Adjuvant (IFA). Tn some embodiments, the adjuvant is an aluminum salt. In some
cmbodiments, the adjuvant is selected from alum, aluminum phosphate, aluminum hydroxide, potassium
alnminum sulfate, and Alhvdrogel 85, Tn some embodiments, at feast 75%, at loast 83%, at least 90%, at least
95%, at least 96%. at least 97%, at least 98%, at least 99%, or 100% of the onc or more antigens are adsorbed
to the adjuvant. In some embodiments that may be combined with any of the preceding embodiments, the
Vaccine or immunogenic composition comprises from about 0.1 pg Env to about 100 yg Env. In certain such
enbodiments the Zika virus is a plaque purified clonal Zika virus isolate. In some embodiments, the vaccine

Of Inununo genic composition is unadjuvanted.
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{0632} In some embodiments that may be combined with any of the preceding embodiments, the Zika
virus clonal isolate is a homogenous genetic population. In some embodiments, the Zika virus clonal isolate
does not contain a mutation in Envelope protein E (Env). In some embodiments, the Zika virus clonal isolate
contains at least one nutation. In some embodiments, the at least one mutation is in Zika viras Non-structural
protein 1 (NS1). In some embodiments, the at Icast one mutation occurs at position 98 of SEQ ID NO: 1, orat
4 position corresponding to position 98 of SEQ ID NG: 1. In some embodiments, the at least one mutationis a
Trp98Gly mutation. In some embodiments the at least one mutation is not in Buvelope protein E (Eav). In
some embodiments, the at least one mutation enbances genetic stability as compared to a Zika virus lacking
the at least one mutation. In some embodiments, the at least one murtation enhances viral replication as

compared to a Zika virus Jacking the at least one mutation

{6633} Other aspects of the present disclosure relate 1o a method of purifying Zika virus for the
preparation of a vaccine or immunogenic composition, including one or more (e.g., one or more, two or more,
three or more, four or more, five or more, or all six) steps selected from: {a) passing a sample containing a
Zika viras through a depth filter to produce an eluate, where the eluate contains the Zika virus; (b) buffer
exchanging and/or diluting a sample containing a Zika virus by cross flow filtration (CFF) {o produce a
retentate. where the retentate contains the Zika virus; (¢) binding a sample containing a Zika virus to anion
exchange membrane to produce a bound fraction, where the bound fraction contains the Zika virus, and
chating the bound fraction from the ion exchange membrane; (d) treating a sample containing a Zika vitus
with an effective amount of a chemical mactivator, (¢) neutralizing a sample containing a chemically
inactivated Zika virus with sodiom metabiselfite; and/or (f) purifying a naturalized sample conlaining a
chemically inactivated Zika virus by cross flow filtration (CFF). In some embodiments, the method includes
all of the steps of: (a) passing a sample containing a Zika virus throogh a depth filter to preduoce an ehiate,
where the ¢luaie contains the Zika virus, (b) buffer exchanging and/or dihsting a sample containing a Zika
virus by cross flow filtration (CFF) to produce a retentate, where the retentate contains the Zika virus; (¢)
binding a sample containing a Zika virus to an oo exchange membrase to produce a bound fraction, where
the bound fraction contains the Zika virus, and eluting the bound fraction from the ion exchange membrane;
{d) treating a sample containing a Zika virus with an effective amount of a chemical inactivator; (¢}
neutralizing a sample containing a chemically inactivated Zika virus with sodinm metabisulfite; and/or ()
purifving a naturalized sample containing a cheoically inactivated Zika vims by cross flow filtration (CFF),
in any order. In some embodiments, the method includes the steps of: (3) passing a sample containing a Zika
virus through a first depth filter to produce a first cluate, where the first eluate containing the Zika virus; (b)
buffer exchanging and/or diluting the first cluate by cross flow filtration (CFF) to produce a first retentate,
where the first retentate contains the Zika vimus; (¢} binding the first retentate to an ion exchange membrane to
produce a first bound fraction, where the first bound fraction contains the Zika virus, and ehuting the first
bound fraction from the ion exchange membrane to produce a second eluate, where the second eluate contains
the Zika viras; (d) passing the sccond cluate through a second depth filter fo produce a second retentate, where
the second retentate contains the Zika virus; (¢} treating the second retentate with an effective amount of g
chemical inactivator, () neotralizing the treated second retentate with sodium metabisulfite; and (@) purifying

the neutralized second retentate by cross flow filtration (CFF). In some embodiments that may be combined
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with any of the preceding embodiments, the ion exchange membrane is an anion exchange membrane. In
some embodiments that may be combined with any of the preceding embodiments, the anion exchange

menbrane comprises quaternary ammonium ligands.

{0034} In some embodiments that may be combined with any of the preceding embodiments, the bound
fraction of step (¢) is cluted in muldtiple steps, where cach step inchudes an increasing salt concentration. In
some embodiments that may be combined with any of the preceding embodiments, the salt is sodium chloride.
In some embodiments that may be combined with any of the preceding embodiments, the salt concentration
increases from 230 mM to 730 mM. In some embodiments that may be combined with any of the preceding
cmbodiments, the chemical inactivator is one or more of a detergent, formalin, hvdrogen peroxide, beta-
propiolactone (BPL), binary ethylamine (BED), acetyl ethylencimine, methylene blue, and psoralen. In some
cmbodiments that may be combined with any of the preceding embodiments, the chemical inactivator is
formalin. In some embodiments that mayv be combined with any of the preceding embodiments. the
neutralization occurs for at least five, at least seven, at least nine, at least 11, or at least 14 days. In some
cmbodiments that may be combined with any of the preceding embodiments, the Zika virus is a Zika virus

clonal iselate produced by any of the methods described hercin,

{0035} Orther aspects of the present disclosure relate to a vaccing or immunogenic composition
containing one or more antigens from a plague purified clonal Zika vims isolate. In some embodiments, the
plaque purificd clonal Zika virus isolate was plagque purified from cells contacted with an inoculum
comprising a population of Zika viruses. In some embodiments, the cells are non-human cells. Tn some
cmbodiments, the cells arc insect cells. In some embodiments, the insect celis are mosqguito cells. In some
enbodiments, the cells are mammalian cells. In some embodiments, the mammalian cells are monkey cells. In
some embodiments, the monkey cells are from a Vero cell line. In some embodiments, the Vero cell ineis a

WHO Vero 10-87 cell line.

{0036} In some embodiments thai may be combined with any of the preceding embodiments, the
population of Zika viruses was heterogencons. In some embodiments that may be combined with any of the
preceding embodiments, the population of Zika viruses comprised a Zika virus clinical isolate. In some
cmbodiments, the Zika virus clinical isolate is from strain PRVABCS9. In some embodiments that may be
combined with anv of the preceding embodiments, the population of Zika viruses comprised a Zika virus that
had been previously passaged one or more times in cell eulture. In some embodiments that may be combined
with any of the preceding embodiments, the inoculum comprised hmman serum. In some embodiments that
may be combined with any of the preceding embodiments, the inoculum comprised one or more adventitious
agents. In some ecmbodiments, the plague purified clonal Zika vims isolate is substantially free of the onc or

more adventitious agents.

{6637} In some embodiments thai may be combined with any of the preceding embodiments, the plague
purified clonal Zika virus isolate is modificd as compared to a wild-type Zika virns. In some embodiments
that may be combined with any of the preceding embodiments, the plaque purified clonal Zika virus isolate is

a homogenous genetic population. In some embodiments that may be combined with any of the preceding

10
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cmbodiments, the plague punified clonal Zika virus isolate does not include a mutation in Envelope protein E
(Env). In some embodiments that may be combined with anv of the preceding embodiments, the plagque
purified clonal Zika virus isolate comprises at least one mutation. In some embodiments, the at least one
mutation is in Zika virus Non-structural protein 1 (NS1). In some embodiments, the at least one mutation
occurs at position 98 of SEQ ID NO: 1, or at a position corresponding to position 98 of SEQ IDNOG: 1. In
some embodiments, the at least one mutation is a Trp98Gly mutation. In some embodiments, the at least one
mutation is not in Zika virus Envelope protein E (Env). In some embodiments, the at keast one mtation
enhances genctic stability as compared 1o a Zika virus lacking the at least one mtation. In some
cmbodiments, the at least one muotation enhances viral replication as compared to a Zika virus lacking the at
feast one mudation. In some embodiments that may be combined with any of the preceding embodiments, the
plague purified clonal Zika vitus isolate is an Afacan lincage vieus or an Asian lineage viros. In seme

crobodiments, the plaque purified clonal Zika virus isolate is an Asian lineage virus.

{6638} In some embodiments that may be combined with any of the preceding embodiments, the
Vaccine or immunogenic composition is a purified antigen vaccing or Immunogenic composition, a subunit
vacciic Or IMmMunogenic composition, an inactivated whole virus vaceine or immmunogenic composition, or an
attenvated virus vaccine or immunogenic composition. In some embodiments, the vaccine or immunogenic
composition {s an inactivated whole virgs vaccine or immunogenic composition. In some embodiments that
may be combined with any of the preceding embodiments, the plaguoe purified clonal Zika virus isolate was
chemically inactivated. In some embodiments, the plaque purified Zika virus was chemically tnactivated with
oue or more of a detergent, formahin, hydrogen peroxide, beta-propiolactone (BPL), binary ethylamine (BEI),
acetyl ethylencimine, othylene blue, and pseralen. In some embeodiments, the plaque purified clonal Zika

virus isolate was chemically inactivated with formalin

{6639} In some embodiments that may be combined with any of the preceding embodiments, the
vaccine or immunogenic composition further comprises an adjuvant. In some embodiments, the adjuvant is
selected from aluminum salts, toll-like receptor (TLR) agonists, monophosphoryl lipid A (MLA), syathetic
hipid A, lipid A mimetics or analogs, MLA derivatives, cytokines, saponins, nmramyl dipeptide (MDP)
derivatives, CpG oligos, lipopolysaccharide (LPS) of gram-ncgative bacteria, polyphosphazenes, ernnlsions,
virosomes, cochleates, poly(lactide-co-ghveohides) (FLG) microparticies, poloxamer particles, microparticles,
liposomes, Complete Freund’s Adjavant (CFA), and Incomplete Freund’s Adjuvant (IFA). In some
embodiments, the adjuvant 1s an aluminum salt. In some embodiments, the adpivant is selected from alum,
aluminmum phosphate, alurmmim hydroxide, potasshum aluminum solfate. and Alhydrogel 85, In some
embodiments, at least 73%, at least 83%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%,
at least 99%, or 100% of the one or more antigens are adsorbed to the adjuvant. In some embodiments that
may be combined with any of the preceding embediments. the vaccine or immunogenic composition contains
from about 0.1 pg Env to about 100 pg Enwv. [n certain such embodiments the Zika vitus 1s a plague purified

clonal Zika viras isolate. In some embodiments, the vaccing or immunogenic composition is unadivvanied.

{0040} It is {0 be understood that one, some, or all of the properties of the various embodiments

described above and herein may be combined to form other embodiments of the present discloswre. These and

11
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other aspects of the present disclosure will become apparent to one of skill in the art. These and other

cmbodiments of the prosent disclosare are further deseribed by the detailed description that follows,

BRIEF DESCRIPTION OF THE DRAWINGS

{0041} FIG. 1 shows bright field microscopy images of Vero cell monolavers mock tnfected (lop) or

infected with ZIKAYV strain PRVABCS9 (bottom).

{0042} FIG. 2 shows growth kinetics of ZIKAV PRVABCS59 P1 on Vero cell monolayers, as
determined by TCIDsq.

{0043} FIG. 3 shows potency assay testing (TCIDs) of Zika virus PRVABCSS PS5 clones a-f.

{0644} FIG. 4 shows brighi-field microscopy images depicting the cytopathic effect (CPE) of growth of

Zika virns PRVABCS9 P6 clones a-f on Vero cell monolayers.
{0045} FIG. 5 shows potency assay testing (TCIDso) of Zika virus PRVABCS9 P6 clones a-f

{0046} FIG. 6 shows an amine acid sequence alignment comparing the envelope glycoprotein sequence
of Zika virus near residue 330 from Zika virus strains PRVABCS59 Poe (SEQ 1D NO: 8) and PRVABCS9
(SEQ ID NO: 9) with several other flaviviruses (WNV (SEQ ID NG: 16); JEV (SEQID NO: 11); SLEV
(SEQ ID NO- 12); YFV (SEQ ID NO: 13): DENV 1 16007 (SEQ ID NO: 14); DENV 2 16651 (SEQ ID NO:
13), DENV 3 16362 (SEQ IDNO: 16): and DENV 4 1036 (SEQ ID NO: 17)).

{00471 FIG. 7 shows an amine acid sequence alignment comparing the NS1 protein sequence of Zika
virus near residuc 98 from Zika virus strains PRVABCS9 Poe (SEQ ID NO: 18) and PRYVABCS9 (SEQ [D
NO: 19) with several other flavivirases (WNV (SEQ ID NG: 20); JEV (SEQ ID NG: 21); SLEV (SEQ ID
NO: 22y YEV (SEQ ID NO: 23), DENV 1 16067 (SEQ ID NG: 24); DENV 2 16681 (SEQ 1D NO: 25);
DENV 3 16562 (SEQ IDNO: 26); and DENV 4 1036 (SEQ ID NO: 27)).

{06481 FIG. 8 shows the plague phenotype of ZIKAV PRVABCS9 P6 virus clones a-f compared 1o
ZIKAV PRVABCS9 P1 virus.

{0049} FIG. 9 shows the mean plaque size of ZIKAV PRVABCSY P6 virus clones compared to ZIKAV
PRVABCSY PI vizus,

{6050] FIG. 10 shows the growth kinetics of ZIKAV PRYABCS9 P6 clones a-f in Vero celis under

scrum-free growth conditions.

{0651} FIG. 11 shows a schematic of the steps taken to prepare PRVABCS9 P6b and Poe formulated

drag product for the immunization experiments.

12
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{6052} FIG. 124 shows the schedule of dosing of CD-1 mice with vaccine formulations derived from

the ZIKAV PRVABCS9 P6b and Poe clones. PBS was used as placebo.

{0053} FIG. 12B shows the scrum ZIKAV neutralizing antibody titers of CD-1 mice immunized as
described in FIG. 124 wsing vaccine formulations derived from ZIKAV PRVABCS9 Pob and Poe clones.
ZIK AV noutralizing antibody titers were determined by Reporter Virs Particle (RVP) neutralization assay.
Solid lines represent the geometric mean of a group. The limit of detection (1.93 logy) is represented by a

dashed line.

{0054} FIG. 13A shows the schedule of dosing of AG129 mice with vaccine fornmiations derived from

the ZIKAV PRVABCS9 P6b and P6e clones. PBS was used as a placebo.

{0055} FiG. 13B shows the serum ZIKAV neutralizing antibody titers of AG129 mice immunized as
described in FIG. 13 A using vaccine formulations derived from ZIKAYV PRVABCS9 P6b and P6e clones.
Solid lines represent the geometric mean of a group. The himit of detection (1.30 logio) 1s represented by a

dashed hine. Animals with no detectable titer (<1.30) were assigned a titer of 6.5,

{0656} FIG, 14 shows the mean weight of AG129 test groups post-challenge, represented as a

percentage of starting weight. Error bars ropresent standard deviation.

{0687} FIG. 15 shows the serum viremia of individoal AGI29 mice two days post-challenge, xeported
as PFU/mL. Solid lines represent the mean of a group. The Hmit of detection (2.0 logi) is represented by a

dashed line.
[0058] FIG. 16 shows the survival analysis of AG129 test groups post-challenge.

{0059} FIG. 17 shows the pre-challenge serum circnlating ZIK AV neutralizing antibody (Nab) titers

following passive transfer of pooled sera from vaccinated and challenged AG129 mice.

{0060} FIG, 18 shows the mean body weight of passive transfer and control mice challenged with Zika

VITus.

{0061} FIG. 19 shows the sorum viremia of individual AG129 mice three days post-challenge, reporied
as PEU/mL.

{0662} FIG, 28 shows the survival analysis of passive transfer and control mice challenged with Zika
Virgs.
{0063} FIG. 21 shows the correlation between ZIKAV neutralizing aotibody titers and viremia

observed in passive transfer mice.

{6064} FIG. 22 shows the survival analysis of AG129 mice after infoction with Zika virus preMVS

stocks of Poa and Poe using a Kaplan Meier survival curve.
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{0665} FIG. 23 shows the mean body weight as expressed in percentage of starting weight at time of
invention after infection with Zika virus preM VS stocks of Pba and Poe. The dashed line represents 100% of

starting weight for reference.

{0066} FIG. 24 shows the serum viremia of individual AG129 mice three days post-infection with Zika
virus preM VS stocks of P6a and Poe, reported as PFU/mE.. The dashed line reprosents the limit of detection of

the assay.
{0067} Fig. 25 shows a summary of the Clinical Study Design for Example 4,

{0068} FIG. 26 shows the Geometric Mean Titers (GMTs) determined using PRNT of the Subjects in
Example 4

{0669} FIG. 27 shows the percentage of subjects achieving scroconversion determined nsing PRNT at

Dav 29 (day 28 after prime dose) and Day 57 (28 days after boost dosc) of the study described in Example 4.

{0670} FIG. 28 shows the plot of the percentage of subjects achieving a particular Geometric Mean

Titer (determined ustng PRNT) on day 29 (day 28 after prime dose} of the study deseribed in Example 4.

{6671} FIG. 29 shows the plot of the percentage of subjects achieving a particular Geometric Mean

i

Titer (determined using PRNT) on day 57 (day 56 after prime dose) of the study deseribed in Example 4.

DETAILED DESCRIPTION
General Technigues

{8072} The techniques and procedures described or referenced berein are generally well vuderstood and
commonly employved using conventional methodology by those skitled in the art, such as, for example, the
widely utilized methodologies described 1 Sambrook et al.. Molecular Cloning: A Laboratory Manmal 34
edition (2001) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y .. Current Protocols in
Molecular Biology (F.M. Ausubel, et al. eds., (2003}, the series Methods in Enzymology (Academic Press,
Incy: PCR 2: A Practical Approach (M.J, MacPherson, B.D». Hames and G.R. Taylor eds. (1993)), Antibodies,
A Laboratory Marual (Haddow and Lane, eds. (1988), and Animal Cell Culture (R, Freshney, ed. (19871,
ligonucieotide Synthesis (M1, Gatt, ed., 1984}, Methods in Molecular Biclogy (1. M. Walker, ed. Humana
Press (1983)); Cell Biology: A Laboratory Notebook (J E. Celis, ¢d., Academic Press (1998)) Academic Press;
Animal Cell Culture (R.1. Freshoey), ed., 1987Y, Introduction to Cell and Tissue Culture (JP. Mather and PE.
Roberts, eds. Plenum Press (1998)); Cell and Tissue Culture: Laboratory Procedures (A. Doyle, I B.
Griffiths, and D.G. Newell, eds., J. Wilev and Sons (1993-8)), Handbook of Fxperimental Immunologv (DM,
Weir and C.C. Blackwell, eds.); Gene Transfer Vectors for Mammalian Cells (M. Miller and M.P. Calos,
eds., Cold Spring Harbor Laboratory (1987));, PCR: The Polvmerase Chain Reaction, (Mullis et al., eds.,
Springer (1994)); Current Protocols in Inmunology (1LE. Coligan et al., eds., Wilev (1991)); Short Protfocals

Antibodies (P. Finch, 1997); dAntibodies: A Practical Approach (D, Catty., ed., IRL Press, (1988-1989));
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Monoclonal Antibodies: A Practical Approach {P. Shepherd and C. Dean, eds., Oxford University Press,
(2000, Using Antibodies: A Laboratory Manual (E. Harlow and D. Lane (Cold Spring Harbor Laboratory
Press, (1999, and The Antibodies (M. Zanetti and 1. D. Capra. eds.. Harwood Academic Publishers, (1995)).

Zika viras

[0673]

1solate, a Zika virs purified by the methods described herein. a Zika virus comprising one or more nop-

Certain aspects of the present disclosure relate 1o at feast onge Zika vires {e.g., a Zika virus clonat

human cell adaptation mutations, efc.) that may be useful in vaccines and/or imymunogenic compositions
cloding, withowt Limitation, purified viruses, inactivated virases, atienuated viruses, recombinant vinises, or

purified and/or recombinant viral proteins for subunit vaccines.

{0074}

the Zika Forest in Uganda in 1947, Since that time, isolations have been made from humans in both Afnca

Zika virus (Z1KV) is a mosquito-bome flavivirus first isolated from a sentinel rhesus monkey in

and Asia, and more recently, the Americas. ZIKV is found in two (possibly three) ineages: an African lincage
{possibly scparate East and West African lincages) and an Asian lineage. Accordingly, examples of suitable
Zika viruses of the present disclosure include, without linutation, viruses from the African and/or Asian
lincages. In some embodiments, the Zika viros is an African hneage virss. In some embodiments, the Zika
virns is an Asian lineage virus. Additionally, multiple strains within the African and Asian lneages of Zika
virns have been previously identified. Any one or more suitable strains of Zika virus known in the art may be
used in the present disclosore, incloding, for examples, strains Mr 766, At 41519, IbH 30656, P6-740, EC
Yap, FES13025, ArD 7117, Arl> 9957, ArD 30101, ArD 30136, Arl3 30332, HD 78788, ArD 127707, ArD
127710, AxD 127984, ArDr 127988, ArDD 127994, ArD 128000, ArD> 132912, 132915, AD 141170, ArD
142623, AxD 149917, ArDx 149810, ArDs 149938, AfD 137995, AdD> 158084, Arid 163522, Arl3 165531, ArA
1465, ArA 27101, ArA 27290, ArA 27106, ArA 27096, ArA 27407, ArA 27433, ArA 506/96, ArA 975-99,
Ara 982-99, ArA 986-99, ArA 2718, ArB 1362, Nigena68, Malaysiate, Kedougoud4, Suriname, MR1429,
PRVABC39, ECMN2007, DakArd 1524, H/PF/2013, R103431, 103344, 83735, IMRB-185, ZIKV/H,
sapiens/Brazil/Natal/2015, SPH2015, ZIKV/Hw/Chiba/S36/20 16, and/or Cuba2017. In some embodiments,

strain PRVABCS9 is used in the present disclosure.

{0075}
NGO: 2:

1 gttgttgatce

In some embodiments, an example of a Zika virus genome sequence is set forth below as SEQ 1D
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10 some embodiments, the Zika virus may comprise the genome sequence of GenBank

Accession number KUS01215.1. In some embodiments, the Zika virus 1s from strain PRVABC39, Insonme

crobodiments the genome sequence of GenBank Accession number KUS01215.1 comprises the seguence of
SEQ 1D NG 2. In some embodiments, the Zika virus may comprise a genomic sequence that has at least

T0%, at least 71%, at least 72%, at least 73%, at Ieast 74%,at least 75%, at least 76%, at least 77%, at Ieast

78%, at lcast 79%, at lcast 80%, at lcast 81%, at least 82%, at least 83%, at least 84%,at least 85%, at Icast
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86%, at least 87%, at least 88%, at least 8994, at least 90%4, at least 9194, at least 92%, at least 93%, at least
Q4% .at least 95%, at least 96%, at least 97%, at feast 98%, at least 99%, or 100% scquence identity with the

sequence of SEQ 1D NO: 2.

{66771 In some embodiments, the Zika virus may comprise ai least one polypeptide encoded by the
sequence of SEQ 1D NO: 2. In some cmbodiments, the Zika virus may compuse at least one polypeptide
having an amino acid sequence that has at feast 85%, at lcast 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at lcast 94%.at least 95%, at least 96%, at least 97%, at
Jeast 98%, at least 99%, or 100% sequence identity with an amine acid sequence encoded by the sequence of

SEQ ID NO: 2.

{0078} Accordingly, in some embodiments, Zika viruses of the present disclosure may be used inany of
the vaccines and/or immunogenic compositions disclosed herein. For example, Zika vicuses of the present
disclosure may be used to provide one or more antigens useful for treating or preventing Zika virns infection
10 a subject 1 peed thereof and/or for inducing an imunune response, such as a protective immune response,

against Zika virus in a subject in need thereof.
Viral Antigens

{8079] In some ermbodiments, the present disclosure relates to one or more antigens from any Zika virus
described herein usefil in vaccines and/or immunogenic compositions including, without limitation, purified
viruses, inactivated viruses, attenuated viruses, recombinant viruses, or purified and/or recombinant viral
proteins for subunit vaccines, In some embodiments, the vaceines and/or immunogenic compositions inchude
purified inactivated whole viruses. In some embodiments the virus 15 a plague purified clonal Zika virus

isolate.

{0686} Antigens of the present disclosure may be any substance capable of eliciting an immune
response. Examples of suitable antigens include, but are not limited to, whole vims, attenuated virus,
inactivated virus, proteins, polvpeptides (including active proteins and individual polypeptide epitopes within
proteins), glvcopolypeptides, lipopolypeptides, peptides, polvsaccharides, polvsaccharide conjugates, peptide

and non~peptide mimics of polysaccharides and other molecules, small molecules, lipids. glycolipids, and

carbohvdrates.
{0081} Antigens of the present disclosure may be from any Zika vinus (e.g., a Zika virus clonal isolate)

produced from one or more cells in cell culture (e.g., via plague purification). Any suitable cells koowa in the
art for producing Zika vires may be used, inchuding, for example, 1nsect cells {¢.g., mosguito cells such as
CCL-125 cells, Aag-2 cells, RML-12 cells, C6/36 cells, C7-10 cells, AP-61 cells, At GRIP-1 celis, At
GRIP-2 cells, At GRIP-3 cells, UM-AVET celis, Mos. 55 cells, SualB cells, 4a-3B cells, Mos.42 cells,
MS(G43 cells, LSB-AA695BB cells, NIID-CTR cells, TRA-171, celis, and additional cells or cell lines from
mosquito specics such as dedes aegypti, Aedes albopictus, Aedes pseudoscuteliaris, Aedes friseriatus, Aedes
vexans, Anopheles gambiae, Anopheles stephensi, Anopheles aibimus, Culex quinquefasciatus, Culex theileri,

Culex tritaenioriyynchus, Culex bitaeniorfiynchus, and/or Toxorhynchites amboinensis), and manmalian celis
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{e.g.. VERO cells (from monkey kidneys), LLC-MK2 cells (from monkey kidnevs), MDEK cells. MDCK
cells, ATCC CCL34 MDCK (NBL2) cells, MDCK 33016 (deposit mumber DSM ACC 2219 as described in
W(97/37001) cells, BHK21-F celis, HKCC cells, or Chinese hamster ovary cells (CHO cells). In some
cmbodiments, antigens of the present disclosure are from a Zika virus (e.g., a Zika virus clonal isolate)
produced from a non-human cell {e.g,, via plagque purification). In some embodiments, antigens of the present
disclosure are from a Zika virus (e.g., a Zika virus clonal 1solate) produced from an insect cell {e.g., via plaque
purification). In some embodiments, antigens of the present disclosure are from a Zika vires (e.g, a Zika viros
clonal isolate) prodoced from a mosquito cell {e.g., via plague purification). In some cmbodiments, antigens
of the present disclosore are from a Zika virus (e.g., a Zika virus clonal isolate) produced from a mammalian
cell {e.g., via plaque punfication). In some cmbodiments, antigens of the present disclosure are from a Zika
virus {e.g., a Zika virus clonal isolate) produced from a VERO cell {e.g., via plague purification). Methods of
purifying a virus by performiog plaque purification are known to one of ordinary skill in the art (See e.g.,

Example | below).

{6082} Amntigens of the present disclosure may include at least one non-human cell adaptation mmation.
Adaptation mutations mayv be generated by adapting a viras to growth in a particular cell line. For example, a
cell may be transfected or electroporated with a virus, RNA transcribed from a virus {e.g., an infectious virus,
or infectious clone), and/or RNA purified from a whole virus and passaged such that the vires and/or viral
RNA replicates and its nocleic acid matates. Nucleic acid motations may be point rnutations, insertion
mutations, or deletion mutations. Nucleic acid rmutations may lead to amine acid changes within viral proteins
that facilitate growth of the virus in a non-human cell. Adapiation mutations may facilitate phenotypic
changes in the virus, including altered plague size, growth kinetics, temperature seasitivity, drug resistance,
virtence, and virus yvield in cell culture. These adaptive mutations may be useful 1o vaccine manofacture by
increasing the speed, vield, and consistency of virus cultured in a cell ine. Adaptive mutations may chaoge
{e.g., enhance or decrease) immunogenicity of viral antigens by altering the structure of tmmunogenic
epitopes. In addition, adaptive mutations may also increase the geoetic stabiity of the vims and/or reduce or
otherwise inhibit the development of undesirable mutations in the virus through multiple (e.g., at least five, at
least six, at Jeast seven, at least cight, at least nine, at least 10, at least 11, at least 12, at feast 13, at least 14, at

Ieast 15, at least 16, at least 17, at least 18, at least 19, at least 20, or more) passages.

{0083} Accordingly, in certain embodiments, antigens of the present disclosure inchude at least one non-
buman cell adaptation mutation. In certain embodiments, the adaptation mutation 1s a mutation of a viral
antigen to a non-human cell. In some embodiments, the non-human cell is 2 mammalian cell. Any suitable
mammalian cell known in the art may be used, inchuding, without Emitation, VERO cells (from monkey
kidneysy, LLC-ME2 cells (from monkey kidneys), MDBK cells, MDCK cells, ATCC CCL34 MDCK (NBL2)
cells, MK 33016 (deposit mumber DSM ACC 2219 as described in WO97/37001) cells, BHK21-F cells,
HEKCC cells, or Chinese hamster ovary cells {CHO celis). In some embodinents, the non-human cellis a
monkey cell. 1o some embodiments, the monkey cell is from a Vero cell line. Any suitable Vero cell line
known in the art may be used, including, without Hmitation, WHO Vero 10-87, ATCC CCL-81, Vero 76
(ATCC Accession No. CRL-1387), or Vero C1008 (ATCC Accession No. CRL-15%6). Tn some embodiments,
the Vero cell fine is WHO Vero 10-87.
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{0684} Zika viruses possess a positive sense, single-stranded RNA genome encoding both structural and
nonstructural polyvpeptides. The genome also contains non~coding sequences at both the 37~ and 3°- terminal
regions that play a rele in virus replication. Structural polypeptides encoded by these viruses inclhude, without
himitation, capsid (C), precursor membrane (prd), and envelope (E). Non-structural (NS) polypeptides

encoded by these viruses include, without limitation, NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5,

{0085] In certain embodiments, antigens of the present disclosure may contain at least one {(e.g., at least
one, at least two, at least three, at least four, at least five, at least six, at Icast seven, at least ¢ight, at least nine,
at least 10, at least 11, atleast 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least
19, at least 20, efc.) non-hmman cell adaptation mutations within one or more {e.g., one or More, tWo Or more,
three or more, four or more, five or more, SiX or MOFE, seven of more, eight or more, mne or more, or all ten)
viral antigens/polypeptides, inchiding, without imitation, C, prM, E, NST, NS2A, NS2B, NS3, NS4A, NS4B,
and NS5, In some embodiments, antigens of the present disclosure include at least one non~hmman cell
adaptation mutation in Zika virus Non-structural protein 1 (NS1). In some embodiments, antigens of the
present disclosure include whole, inactivated virus that may contain at least one {e.g., at least one, at least two,
at least three, at teast four, at least five, at least six, at least seven, at least eight, at least nine, at least 10, efc.)
pon-homan cell adaptation mutations. In some embodiments, antigens of the present disclosure inclade whole,
inactivated viras that may contain at feast one non-human cell adaptation mutation in Zika vires Non-
structural protein 1 (NS1). In some cmbodiments, antigens of the present disclosure inclode whole, mactivated
viruses that may contain a TrpP8Gly mutation at position 98 of SEQ 1B NO: 1, or at a posttion corresponding
to position 98 of SEQ [D NO:1.

{6086} In some embodiments, the at least one non-human cell adaptation mutation is within the NS1
polvpeptide. The amino acid sequence of a wild-type, non-cell adapted NS1 polypeptide from an exemplary
Zika virgs strain is set forth as:
DVGCSVDFSKKETROGTGVFVYNDVEAWRDRYKYHPDSPRRUAAAVKQAWEDGICGISSVSRMEN]
MWESVEGELNAILEENGVOQLTVVVGSVENPMWRGPORLPVPYNELPFHGWK AWGKSYFVRAAKTN
NSFVYVDGDTLEECPLKHRAWNSFLVEDHGRFGVFHTSVWLKVREDYSLECDPAVIGTAVEGKEAVHS
DLGYWIESEKNDTWRLKRAHUIEMKTCEWPKSHTLWTDGIEESDLIIPKSLAGPLSHHNTREGYRTQ
MEGPWHSEELEIRFEECPGTKVHVEETCGTRGPSLRSTTASGRVIEEW CCRECTMPPLSFRAK DGCW
YGMEIRPRKEPESNLVREMVT (SEQ ID NO: 1),

{0087} In some embodiments, the amino acid sequence of the NS polypeptide has at least 80%, at Jeast
#1%, at lcast 82%, at least #3%, at lcast 84%,at least 85%, at least 86%, at least 87%, at least 8%, at least
#9%, at lcast 90%, at least 91%, at lcast 92%, at least 93%, at least 94%,at least 93%, at least 96%, at least
7%, at least 98%, at least 99%, or 100% sequence identity with the sequence of SEQ ID NO: 1. Insome
cmbodiments, the amino acid sequence of the NS1 polypeptide may be from the amine acid sequence encoded
by the sequence of GenBank Accession mumber KUS01215.1 (SEQ ID NO: 2). In some embodiments, the
amino acid sequence of the NS1 polypeptide may be amino acid positions 795 to 1145 of the amino acid
sequence encoded by the sequence of GenBank Accession number KUS01215.1. In some embodiments, the

amino acid sequence of the NS1 polypeptide may be from Zika virus strain PRVABCS9.
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{0685} “Sequence Identity”, “% sequence identity”, “% identity”, “% identical” or “sequence
alignment” means a comparison of a first amino acid sequence to a second amino acid sequence, or a
comparison of a first nucleic acid sequence to a second nucleic acid sequence and is calculated as a percentage
based on the comparison. The result of this calculation can be described as “percent identical” or “percent
[IDAS

{6089} Generally, a sequence alignment can be used fo calculate the sequence identity by one of two
different approaches. In the first approach, both mismatches at a single position and gaps at a single position
are counted as non-identical positions in final sequence identity calculation. In the second approach,
mismatches at a single position are counted as non~-identical positions in final sequence identity calculation;
however, gaps at a single position are not counted (ignored) as non-identical positions in final sequence
identity calculation. In other words, in the second approach gaps are ignored in final sequence identity
calculation. The difference between these two approaches, 1.¢. counting gaps as non-identical positions vs
ignoring gaps, at a single position can lead to variability in the sequence identity value between two

SCGUETICES.

{6099} A sequence identity is determined by a program, which produces an alignment, and calculates
identity counting both mismatches at a single position and gaps at a single position as non~-identical positions
in final sequence identity calculation. For example program Needic (EMBOS), which has implemented the
algorithm of Needleman and Wunsch (Needleman and Wunsch, 1970, J. Mol. Biol. 48: 443-453), and which
calculates sequence identity per default settings by first producing an alignment between a first sequence and
a second sequence, then counting the number of identical positions over the length of the alignment, then
dividing the number of identical residues by the length of an alignment, then multiplying this number by 100
to generate the % sequence identity [% sequence identity = (# of Identical residucs / length of alignment) x
100)].

{6091} A sequence identity can be caleulated from a pairwise alignment showing both sequences over
the full length, so showing the first sequence and the second sequence in their full length (“Global sequence
identity ™). For example, program MNeedle (EMBOSS) produces such alignments; %6 sequence identity = (# of

identical residucs / length of alignment) x 100)]

{0092} A sequence identity can be calculated from a painwise alignment showing only a Jocal region of
the first sequence or the second sequence ("Local Identity™). For example, program Blast (NCBE) produces

such alignments; Y sequence identity = (# of ldentical residues / length of alignment) x 100)].

10693} The sequence alignment is preferably generated by using the algorithm of Needleman and
Wunsch (J. Mol Biol. (1979) 48, p. 443-453). Preferably, the program “NEEDLE” (The Ewropean Molecular
Biology Open Software Suoite (EMBOSS)Y) 1s used with the programs default parameter (gap oper=10.0, gap
extend=0.5 and matrix=EBLOSUMSG? for proteins and matnx=EDNAFULL for nucleotides). Then, a

sequence identity can be calcolated from the alignment showing both sequences over the full length, s0
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showing the first sequence and the second sequence in their full length (“Global sequernce identity ™). For

example: % sequence identity = (# of identical residucs / length of alignment) x 100)}.

{6094} In some embodiments, the at least one non-human cell adaptation mutation occurs at one or
more amino acid positions within the NS1 polypeptide. In some embodiments, the mutation occurs at position
98 of SEQ ID NO: 1, or at a position corresponding to position 98 of SEQ 1D NO: | wheo aligned to SEQ ID
NO: 1 using a patrwise alignment algorithm. In some embodiments, the nwtation at position 98 is a

trvptophan to glvcine substitution,

{0095] In some embodiments, the Zika virus comprises a routation at position 98 of SEQ 1D NO: 1, or
at a position corresponding (o position 98 of SEQ 1D NO: 1. A position corresponding 1o position 98 of SEQ
1D NO: 1 can be determined by aligoing the amioo acid sequence of an NS-1 protein to SEQ 1D NO: | using a
pairwise alignment algorithm. Amino acid residuces in viruses other than Zika virus which correspond to the
tryptophan residue at position 98 of SEQ TD NO: 1 are shown io Figure 7 of the preseat application where
these residues are boxed. In some embodirments, the muotation at position 9% 1s a tryptopban to glycine
substitution. In some embodiments, the ntation at position 98 is a teyptophan to glycine substitution at
position 98 of SEQ ID NO: 1.

{0096} In some embodiments, antigens of the present disclosure contain at least one non-human cell
adaptation mutation within the NS1 protein, and contain at least one mnitation (e.g., at keast one adaptation
mutation) within one or more of the C, prd, E, NS, NS2A, NS2B, NS3, NS4A, NS4B, and NS5 viral
proteins. In some embodiments, antigens of the present disclosore contain one or more non-human cell
adaptation mutations within the NS 1 protein, and do not contain at least one mutation {e.g., at least one non-
human cell adaptation aytation) within one or more of the C, prM, E, NS1, NS2A, NS2B, N53, NS4A,
N&4B, and NS5 viral protens. In some embodiments, antigens of the present disclosure contain at least one
non-human cell adaptation mutation withie the NS1 protein and do not contain at least one andation (e.g., at
least one non-human cell adaptation mutation) within the envelope protein E. In some embodiments, antigens
of the present disclosure inchide whole, inactivated vins that contains at Ieast one non-human cell adaptation
mutation in Zika viras Non-structural protein 1 (NS1), and do not include a mutation in Zika virus envelope
protein B (Env). In some cobodiments, antigens of the present disclosure contain a mutation at position 98 of
SEQ ID NO: 1, or at 2 position corresponding to position 98 of SEQ 1D NO: 1 and do not contain any
mutation within the envelope protein E. In some embodiments, antigens of the present disclosure include
whele, inactivated virus that containg a mutation at position 98 of SEQ ID NO: 1, or at a position
corresponding to position 98 of SEQ ID NO: 1 and do not include a mwitation in Zika virus envelope protein E
(Env). In some embodiments, whole, inactivated virus contains at least one mutation in Zika viras Non-~
structural protein 1 (NS1) and the sequence encoding the envelope protein is the same as the corresponding
sequence in SEQ ID No. 2. In some embodiments, the Zika virus contains a mutation at position 98 of SEQ
1D NO: 1, or at a position corresponding fo position 98 of SEQ ID NO: 1 and the sequence encoding the
envelope protein is the same as the corresponding sequence in SEQ ID No. 2. In some embodiments, whole,

inactivated Zika virus containg a mutation at position 98 of SEGQ ID NO: L, or at a position ¢omresponding to
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position 98 of SEQ ID NO: 1 and the sequence encoding the envelope protein is the same as the

corresponding sequence in SEQ 1D No. 2.

{66971 In some embodiments, antigens of the present disclosure, such as Zika virus, contain at least one
non-human cell adaptation mutation that enhances genctic stability as compared 1o a Zika viros lacking the at
lcast ong adaptation mutation. In some embodiments, antigens of the present disclosure, such as Zika virs,
confain at least one non-human ccll adaptation mutation that eshances viral replication as compared to a Zika
virus lacking the at least one adaptation mutation. In some embodiments, antigens of the present disclosure,
such as Zika virus, contain at least one non-human cell adaptation mutation reduces or otherwise inhibits the

occurrence of undesirable mutations, such as within the envelope protein E (Env) of the Zika virus.

{0098} In the above embodiments of the present disclosure, an exemplary pairwise alignment algorithm
1s the Needleman-Wunsch global alignment algorithm, vsing default parameters (e.g. with Gap opening
penalty=10.0, and with Gap extension pepalty=0.5, using the EBLOSUUMS62 scoring matrix). This algorithm is

conventently implemented in the needle tool 10 the EMBOSS package.

{0099 In some embodiments, antigens of the present disclosure from a Zika virus may be used in any
of the vaccines and immunogenic compositions of the present disclosure. For example, the antigens of the
presenit disclosure may be useful for treating or preventing Zika virus infection in a subject in need thereof
and/or inducing an tmmune response, such as a protective iipnine response, against Zika vires ina sabject in

need thereof.
Production of Vaccines and immunogenic Compositions

{06100]  Other aspects of the present disclosure relate 1o Zika virus vaccines and immunogenic
compositions contaiging one or more antigens of the preseat disclosure from at least one Zika virgs in
particular in the form of a purified inactivated whole virus, such as a Zika virus with a mutation whichis a
tryptophan to glycine substitution at position 98 of SEQ ID NO:1 or at a position conresponding to position 98
of SEQ ID NO:1 as deseribed herein. In some embodiments, the vaccine or immunogenic composition
conprises a purified inactivated whole Zika vitus comprising a Trp98Gly mutation at position 98 of SEQ ID
NG: 1, or at a position corresponding to position 98 of SEQ I NO: 1, wherein the Zika virus is derived from
strain PRVABCS9. In some cmbodiments, the vaccine or immunogenic composition comprises a purified
inactivated whole Zika virus comprising a Trp98Gly mutation at position 98 of SEQID NO: 1, orat a
position corresponding to position 98 of SEQ D NOG: 1, wherein the Zika virus is derived from strain
PRVABCS9 comprising the genonuc sequence according to SEQ 1D NO:2. In one embodiment, the vaccines
and immunogenic compositions contain a plague purified clonal Zika virus isolate. Such vaccines and
immunogenic compositions may be useful, for example, for treating or preventing Zika virus infection ina
subject in need thereof and/or inducing an immune response, such as a protective IMmMune response, against
Zika viras in a subject in need thereof. Vaccines and/or immmmnogenic compositions of the present disclosure
may inchude, without imitation, purified viruses, tnactivated viruses, attenuated viruses, recombinant vinises,

purified and/or recombinant viral proteins for subumit vaccines. Vaccines and/or immanogemc compositions
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of the present disclosure may further inciude a purified antigen vaceine or irmimino genic cComposition, a
subunit vaccine or INMUNOLenic composition, an inactivated whole virus vaccine or immunogenic

composition, or an attenuated vins vaccine or IMmunogenic composition.

{60181]  Production of vaccines and/or immunogenic compositions of the present disclosure includes
srowth of Zika viras, with aotigens being prepared from the grown virus. Growth 1o cell colture is a method
for preparing vaccines and/or immunogenic compositions of the present disclosure. Cells for viral growth may

be cultured in suspension or in adherent conditions.

[00102]  Cell lines suitable for growth of the at least one virus of the present disclosure are preferably of
mammalian origin. and include, but are not limited to: 10sect cells {e.g., mosquito cells as described herein,
VERO cells (from monkey kidoevs), horse, cow (e.g. MDBK cells), sheep, dog (c.g. MDCK cells from dog
kidneys, ATCC CCL34 MDCK (NBL2) or MDCK 33016, deposit number DSM ACC 2219 as described in
WO97/37001), cat, and rodent {¢.g. hamster cells such as BHK21-F, HKCC cells, or Chinese hamster ovary
cells (CHO cells)), and may be obtained from a wide vanety of developmental stages, inchuding for example,
adult, neonatal, fetal, and embryo. In certain embodiments, the cells are immeortalized (¢.g. PERC.6 cells, as
described in WO 01/38362 and WO 02/40665, and as deposited under ECACC deposit pumber 96022940). In
preferred embeodiments, manmmmalian cells are utilized, and may be selected from and/or derived from one or
more of the following ron-linviting cell types: fibroblast cells (e.g. dermal, lung), endothelial cells {e.g. aortic,
coronary, pulmonary, vascular, dermal microvascular, nmbilical), hepatocvies, keratinocvies, immune cells
(e.g. T cell, B cell, macrophage, NK., dendritic), mammary cells (e.g. epithelial), smooth muscie celis (e.g.
vascular, aortic, coronary, arterial, uterine, bronchial, cervical, retinal pericytes), melanocyvies, neural cells
{e.g. astrocytes), prostate cells (e.g epithelial, smooth mmscle), renal cells (2. g epithelial, mesangial, proximal
tubule), skeletal cells (e.g. chondrocyie, osteoclast, osteoblast), muscle cells (e.g. myoblast, skeletal, smooth,
bronchial), fiver cells, retinoblasts, and stromal cells. WO97/37000 and W(97/37001 descnibe production of
animal cells and cell fines that are capable of growth in suspension and in serum free media and are useful in

the production and replication of viruses.

[60183]  Culture conditions for the above cell types are known and described in a variety of publications.
Alternatively culture medinm, supplements, and conditions may be purchased commercially, such as for

example, described in the catalog and additional fiterature of Cambrex Bioproducts (East Rutherford, N.J).

{00104]  In certain embodiments, the cells used in the methods described herein are culiured in serum free
and/or protein free media. A medium is referred to as a senum-free medium 1n the context of the present
disclosure in which there are no additives from serum of human or animal origin. Profein-free is understood to
mean cultures in which multiplication of the cells cocurs with exclusion of proteins, growth factors, other
protein additives and non-serum proteins, but can optionally include proteins such as trypsin or other
proteases that may be necessary for viral growth, The cells growing in such cultures vaturally contain proteins

themselves.
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[06105]  Koown serum-free media include Iscove's medium, Ultra-CHO medinm (BioWhittaken) or EX-
CELL (JRH Bioscience). Ordinary serum-containing media include Eagle's Basal Mediom (BME) or
Minnmum Essential Medium (MEM) (Eagle, Science, 130, 432 (1959)) or Dulbeceo's Modificd Eagle
Medium (DMEM or EDM), which are ordinarily used with up to 10% fetal calf serum or similar additives.
Optionally, Minimum Essential Medium (MEM) (Eagle, Science, 130, 432 (1959)) or Dulbecco's Modified
Eagle Medium (DMEM or EDM}) may be used withoul any serum containing sopplement. Protein-free media
like PF-CHO (JHR Bioscience), chemically-defined media like ProCHO 4CDM (BioWhittaker) or SMIF 7
{Gibeo/BRL Life Technologies) and mitogenic peptides like Primactone, Pepticase or HyPep. TM. (all from
Craest International) or lactalbumin hydrolysate (Gibeo and other mamifacturers) are also adequately known in
the prior art. The media additives based on plant hydrolysates have the special advantage that contamination

with viruses, mycoplasma or vaknown infectious agents can be ruled out.

[06106]  Cell culture conditions (temperature, celf density, pH value, etc.) are variable over a very wide
range owing to the suitability of the cell line emploved according to the present disclosure and can be adapted

to the requirements of particular viral strains.

[001807]  The method for propagating virus in cultured cells generally includes the steps of inoculating the
cultured cells with the strain to be cultured, enltivating the infected cells for a desired time period for virus
propagation, such as for exampie as determined by virus titer or antigen expression {e.g. between 24 and 168
hours after inoculation) and collecting the propagated virus. In some embodiments, the virus is collected via
plaque purification. The cultwred cells are inoculated with a viras (measured by PFU or TCIDS8) to cell ratio
of 1:500 1o 1:1, preferably 1:100 to 1.5, The virus is added to a suspension of the cells or is applied to a
monolaver of the cells, and the virus is absorbed on the cells for at least 10 minutes, at least 20 mimutes, at
least 30 minutes, atf least 40 minutes, at least 50 minutes, at least 60 minutes but usuvally less than 300 minutes
at 25°C to 40°C, preferablv 28°C to 38°C. The infected cell culture (e.g. monolayvers) mav be removed either
by freeze~thawing or by enzymatic action to increase the viral content of the harvested culture supernatants.
The harvested fhuids arc then cither inactivated or stored frozen. Caltured cells may be infected at a
multiplicity of infection ("MOI") of abowt 0.0001 to 10, preferably 0.002 (o 5, more preferably o 0.001 1o 2.
Still more preferably, the cells are infected at an MOI of about 0.01. The supernatant of the infected cells may
be harvested from 30 o 60 howrs post infection, or 3 to 1€ days post infection. In certain preferred
cembodiments, the sopernatant of the infected cells is harvested 3 to 7 days post infecton. More preferably, the
supernatant of the infected cells 15 harvested 3 to 5 days post infection. In some embodiments, proteases {e.g.,
trypsing may be added during cell culture to allow viral release. and the proteases may be added at any
suitable stage during the culture. Allernatively, in certain embodiments, the supernatant of infected celf

cultures may be harvested and the virus may be isolated or otherwise purified from the superpatant.

{00108]  The viral inoculum and the viral culture are preferably free from (e, will have been tested for
and given a negative result for contamination by} herpes simplex virus, respiratory syncytial vires,
parainflocnza viras 3. SARS coronavirus, adenovirus, rhinoviros, reovirases, polyomaviruses, birnavinises,

-

circoviruses, and/or parvovirases [WO2006/027698]1,
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{60109]  Where viras has been grown on a cell tine then it is standard practice to ninimize the amount of
residual cell line DNA in the final vaccine, in order to minimize any oncogenic activity of the host cell DNA.
Contanunating DNA can be removed during vaccine preparation using standard purification procedures e.g.
chromatography, efc. Removal of residual host cell DNA can be enhanced by nuclease treatment e.g. by using
a DNase. A convement method for reducing host cell DNA contamination disclosed in references (Lundblad
{2001) Bictechnology and Applied Biochemistry 34:193-197, Guidonce jor Industrv: Bioanalytical Method
Validation. U.S. Department of Health and Human Services Food and Prrug Administration Center for Drug
Evaluation and Research (CDER) Center for Veterinary Medicine (CVM). May 2001)) involves a two-step
treatment, first using a DNase (e.g. Benzonase), which may be used during viral growth, and then a cationic
detergent (e.g. CTAB). which may be used during virion disruption. Removal by B-propiolactone treatment
can also be used. In one embodiment, the contaminating DNA is cemoved by benzonase treatment of the

culture supernatant.
Production of Antigens

{00118]  Antigens of the present disclosure for use in vaccines and/or immunogenic compositions
including, without limitation, purified viruses, inactivated viruses, attenuated virases, recombinant viruses, or
purified and/or recombinant viral proteins for subunit vaccines to treat and/or prevent Zika viras infection
and/or induce an immune response, such as a protective immune response, against Zika virus, may be
produced and/or purificd or otherwise isolated by any suitable method known in the art. Antigens of the
present disclosure may include, without limitation, wheole vims, attenuated virus, inactivated virus, proteins,
polvpeptides (including active proteins and individual polvpeptide epitopes within proteing),
glycopolypeptides, lipopolypeptides, peptides, polvsaccharides, polysaccharide conjugates, peptide and non-
peptide mimics of polysaccharides and other molecules, small molecules, lipids, glycolipids, and
carbohydrates produced, derived, purified, and/or otherwise isolated from a Zika virus. For example, suitable
antigens may inclhide, without imitation, structural polvpeptides such as C, prM, and/or E. and non-structural
polvpeptides, such as NST, NS2A, NS2B, NS3, N84 A, NS4B, and/or NS5 from Zika virus. Inone

enbodiment, the antigen of the present disclosure is a purified inactivated whole Zika virus.

{00111]  Antigen of the present disclosure may be synthesized chemically or envymatically, produced
recombinantly, isclated from a natural source, or a combination of the foregoing. In certain embodiments,
antigens of the present disclosure are produced, purified, isolated, and/or derived from at least one Zika virus
of the present disclosure. Antigens of the prosent disclosure may be purified, partially purified, or a crude
extract. In some cmbodiments, antigens of the present disclosure are viruses, such as inactivated viruses,
produced as described in the above section entitled “Production of Vaccines and Tommunogenic

Compositions.”

{00112]  Incerain embodiments, one or more antigens of the present disclosure may be produced by
culturing a non-hmman cell. Cell lines suitable for production of the one or more antigens of the present
disclosure may include insect cells {e.g., any of the mosguitc cells described herein). Cell lines suitable for

production of the one or more antigens of the present disclosure may also be cells of mammalian origin, and

28



WO 2019/090228 PCT/US2018/059219

include, but are not Hinted to: VERO cells (from monkey kidneys). horse, cow (c.g. MDBK cells), sheep, dog
{c.g. MDCK cells from dog kidneys, ATCC CCL34 MDCK (NBL2) or MDCE 33016, deposit number DSM
ACC 2219 as described i W(97/37001), cat, and rodent (e.g. hamster cells such as BHK21-F, HKCC cells,
or Chinese hamster ovary cells (CHO cells)), and may be obtained from a wide variety of developmental
stages, including for example, adult, neonatal, fetal, and embrvo. In certain embodiments, the cells are
immertalized (¢.g. PERC.6 cells, as desenbed in WO01/38362 and W(O02/40665, and as deposited under
ECACC deposit mumber 96022940). In preferred embodiments, mammalian cells are utilized, and may be
selected from and/or derived from one or more of the following non-limiting cell types: fibroblast cells {e.g.
dermal, hung), endothehal cells {e.g. aortic, coronary, pulmonary, vascular, dermal microvascular, umbilical),
hepatocyies, keratinocvies, immune cells {e.g. T cell, B cell, macrophage, NE, dendritic), mammary cells (e.g.
cpithelial), smooth muscle cells (e.g vascular, aortic, coronary, arerial, uterine, bronchial, cervical, retinal
pericytes), melanccytes, neural cells {e.g. astrocytes), prostate cells (e.g. epithelial, smwoth muscle), renal
cells {e.o. epithehal, mesangial, proximal tubule), skeletal cells (e.g. chondrocyte, osteoclast, osteoblast),
muscle cells {e.g. myoblast, skeletal, smooth, bronchial), Hiver cells, retinoblasts, and stromal cells.
WO97/37000 and WO97/37001 describe production of animal cells and cell fines that capable of growth in
suspension and in serum free media and are vseful in the production of viral astigens. In certain embodunents,

the non-human cell is cultured 18 serum-free media.

[00113]  Polvpeptide antigens may be isolated from natural sources using standard methods of protein
purification known in the art, including,. but not limited to, Bauid chromatography {e. g, high performance
hiquid chromatography, fast protein hiquid chromatography, efe.), size exclusion chromatography, gel
clectrophoresis (ncluding one~dimensional gel electrophoresis, two-dimensional gel clectrophoresis), affinity
chromatography, or other purification technique. In maay ewbodiments, the astigen is a punfied antigen, e.g..
from about 30% 0 about 75% pure, from about 75% to about 83% pure, from about 83% to about 90% pure,
from about 90% 0 about 95% pure, from about 95% to about 98% pure, from about 98% to about 99% pure,

or greater than 99% pure.

[006114]  One may employ solid phase peptide synthesis techniques, where such technigues are known to
those of skifl in the art. See Jones, The Chemical Synthesis of Peptides (Clarendon Press, Oxford) (1994).
Generally, in such methods a peptide 1s produced through the sequential addition of activated monomenc

urits to a sohid phase boond growing peptide chain,

[00115]  Well-established recombinant DNA technigues can be emploved for production of polypeptides,
where, e.g., an cxpression construct comprising a nucleotide sequence encoding a polypeptide is introduced
into an appropriate host cel {e.g., a eukaryotic host cell grown as a unicelhular entity m /n vitro cell culture,

D0

e.g., ayeast cell, an insect cell, a mammmalian cell, erc.) or a prokarvotic cell {e.g.. grown in in vitro cell

culture), generating a genctically modified host cell; under appropriate cultare conditions, the protein is

produced by the genetically modified host cell.

{60116]  Besides killed and attenuated virns imoumnogenic compositions, one can use a subunit

immunogenic composition or other type of immunogenic composition which presents to the animal the
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antigenic components of Zika virus. The antigenic component may be a protein, glycoprotein, lipid-
conjugated protein or glycoprotein, a modified lipid meiety, or other viral compenent which, when injected
into a human, stimulates an immune response in the human such that the human develops protective immunity
against Zika virus. For a subunit immunogenic composition, the viras can be cultured on mammalian cells, as
described above. The cell culture can be homogenized and an immunogenic composition can be isolated by
passage of the cell culture homogenate over the appropriate colunm or through the appropriate pore size filter

or via centrifugation of the cell culture homogenate.

{06117}  If the antigenic component is a protein, then one can isolate the pucleic acid which encodes that
protein and generate an immmunogenic composition that contains that isolated nucleic acid. The nucleic acid
encoding the antigenic component can be placed on a plasmid downstream of a signal sequence of a
cukarvotic promoter. That plasmid can contain one or more selectable markers and be transfected into an
attenvated prokarvotic organism, such as Salmonelia spp.. Shigella spp., or other suitable bacteria. The
bacteria can then be administered to the human so that the human can generate a protective immune response
to the antigenic component. Alternatively, the nucleic acid encoding the antigenic component can be placed
downstream of a prokaryotic promoter, have one or more selectable markers, and be transfected into an
attenvated prokarvotic organism such as Salmonella spp., Shigella spp., or other suitable bacteria. The
bacteria can then be adminisiered to the eukarvotic subject for which immune response to the antigen of

interest 15 desired. Sce, for example, U.S. Pat. No. 6,500,419,

{00113]  Fora subunit imoumogenic composition, the nucleic acid encoding a proteinaceous antigenic
component of a Zika virus can be cloned into a plasmid such as those described in International Patent
Application Publication Number WO 00/32047 (Galen) and International Patent Application Publication
Number WO 02/083890 (Galen). Then the plasmid can be transfected into bacteria and the bacteria can
produce the desired antigenic protein. One can isolate and purify the desired antigenic protein by a variety of

methods described in both patent applications.
Virus Inactivation

{08119]  Certain aspects of the present disclosure relate to Zika virus vaceines and inmunogenic
compositions containing one or more antigens from a Zika virus. Vaccines and/or immunogenic composilions
of the present discloswre may inchide a prified virus, a whole virus, a recombinant virns, 3 live attenvated
whole virus or, preferably, an inactivated whole viras, or subunits, polypeptides, and/or antigens from an
mactivated virus. As such, certain embodiments of the present disclosure relate to Zika virus vaccines and/or
IO EenIC COMPositions containing onc or more artigens from at least one inactivated Zika virus. Certain
embodiments of the present disclosure relate to Zika virus vaccines and/or HNMONOgesic Compositions
containing a purified inactivated Zika virugs. The torm "inactivated Zika viras” as used herein is intended to
comprise a Zika virns which bas been treated with an inactivating method such as treatment with ag effective
amount of formalin. In particular, the 1pactivated Zika virus is obtainable/obtained from a method wherein the
Zika vires is treated with formaldehyde in an amount of about 0.02% w/iv for 14 days at a temperature of

22°C. The inactivated Zika virus is no longer able to infect host cells which can be infected with a Zika virus
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which has not been inactivated. In one embodiment, the inactivated Zika virus is no longer able to infect
VERO cells and exert a cytopathic effect on the VERO cells. The term "purified Zika virus" means that the
Zika viras has been subjected to a purification process as described below. The purified Zika virus has a lower
content of host cell proteins such as Vero cell proteins and host cell DNA such as Vero cell DNA than a non-
purified Zika virus. The purity of the purified Zika virus can be determined by size exclusion chromatography.
The main peak of the purified Zika virus in the size exchision chromatography may be more than 85% of the
total area under the curve in the size exclusion chromatography. or more than 90% of the total area nader the
curve in the size exclusion chromatography, or more than 95% of the total arca under the curve in the size
exchusion chromatography. Such results are considered as “purified” Zika virus. The term “punfied
inactivated whole Zika virus” thas refers to a Zika virus obtainable/obtained from a method wherein the Zika
virus 1s treated with formalin in an amouat that ranges from about 0.02% w/v for days at a temperatare of
22°C and provides a main peak of at least 85% of the total area under the curve in the size exclusion
chromatography. In certain embediments the purified nactivated whole Zika virus is a clonal isolate

obtained/obtainable by plague purification.

{80120] Moethods of inactivating or killing viruses to destroy their ability to infect mammalian cells. but
do not destroy the secondary, tertiary or quaternary structure and immunogenic epitopes of the virus are
known in the art. Such methods inclade both chemical and physical means. Suitable means for inactivating a
virus inchade, without limitation, treatiment with an effective amount of one or more agents selected from
detergents, formalin (also referred to herein as “formaldebyde”™), hydrogen peroxide. beta-propiclactone
(BPL), binary cthyvlamine (BED), acetyl ethylencimine, heat, electromagnetic radiation, x-ray radiation,
gamima radiation, ultraviolet radiation (UV radiation), UV-A radiation, UV-B radiation, UV-C radiation,

methylene blue, psoralen, carboxyfullerene (C60), hydrogen peroxide and any combination of any thereof.

{60121]  In certain cmbodiments of the present disclosure the at least one virus is chemically inactivated.
Agents for chemical inactivation and methods of chemical inactivation are well-known in the art and
described herein. In some embodiments, the at least one virus is chemically inactivated with one or more of
BPL, hydrogen peroxide, formalin, or BEL In certain embodiments where the at least one virus is chemically
inactivated with BPL, the virus may contain one or more modifications. In some embodiments, the one or
more modifications may include a modified nocleic acid. In some embodiments, the modified nucleic acid is
an alkylated nocleic acid. In other embodiments, the one or more modifications may inchude a modified
polypeptide. In some embodiments, the modified polypeptide contains a modifiad amino acid residue
including one or more of a modified ¢ysteine, methiomne, histidine, aspartic acid, ghutamic acid, tyrosine,

ysing, serine, and threonine.

{60122]  In certain embodiments where the at least one virus is chemically inactivated with formalin, the
inactivated virus may contain one or more modifications. In some embodiments, the one or more
modifications may include a modified polypeptide. In some embodiments, the one or more modifications may
include a cross-linked polypeptide. In some embodiments where the at least one virus is chemically
inactivated with formalin, the vaccine or immunogenic composition further includes formalin. In certain

embodiments where the al least one virus is chemically inactivated with BEL the virus may contain oge or
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more modifications. In some embodiments, the one or more modifications may inchide a modified nucleic

acid. In some embodiments, the modified nucleic acid is an alkvlated nucleic acid.

[00123]  Insome enbodiments where the at least one virus is chemically imactivated with formalin, any
residual worcacted formalin may be neutralized with sodium metabisulfite, may be dialyzed out, and/or may
be buffer exchanged to remove the residual unrcacted formalin, Tn some erbodiments, the sodium
metabisuifite is added in excess. In some embodiments, the solutions may be mixed using a mixer, such as an

in~line static mixer, and subscquently filtered or further purified {¢.g., using a cross flow filtrations system),

{00124]  Certain cmbodiments of the present disclosure relate to a method for inactivating a Zika virus
preparation. In some embodiments, the method involves {a) isolating the Zika vinas preparation from one or
more non-buman cells that are vsed to produce the virus proparation and (b) treating the viras preparation with
an effective amount of formalin. In certain embodiments, treating with an effective amount of formalin
1ocludes, without limitation, treating with formalin in an amount that ranges from about 0.001% v/v to about
3.0%v/v. For example, treating with an effective amount of formalin may include treating with formalin inan
amount that ranges from about 0.0061% to about 3.0% v/v, about 8.005% to abowt 2.0% v/v, orabout 0.01% to
about 1.0% v/v, or in an amount of about 0.001%, about 0.0025%, about 0.003%, about 0.0075%, about
0.01%, gbout 0.02%, about 0.03%, about 0.04%, about 0.05%, about 0.06%, about 0.07%, about 0.08%, about
0.09%, about 0.1%, about 0.2%, aboui 00.3%, about 0.4%, about 0.5%, about 0.6%, about 0.7%, about 0.8%,
about 0.9%, about 1.0%, about 1.25%, about 1.5%, about 1.75%, about 2.0%, about 2.23%, about 2.3%, about

2.75%, or about 3.0% v/v.

{00125]  Incertain embodiments of the method, the Zika virus preparation is treated with formalin at a
temperature that ranges from about 2°C to about 42°C. For example, the Zika virus preparation may be treated
with formalin at a temperature that ranges from about 2°C to about 42°C, about 2°C to about 8°C, about 15°C
1o about 37°C, about 17°C to about 27°C, about 20°C to abowt 25°C, or at a tomperature of about 2°C, about
4°C, about 8°C, about 10°C, about 15°C, about 17°C, about 18°C, about 19°C, about 26°C, about 21°C, about
22°C, about 23°C, about 24°C, about 23°C, about 26°C, about 27°C, about 28°C, about 29°C, about 30°C,
about 37°C, or about 42°C. In sone embodiments, the Zika virus preparation is treated with formalin at room

temperature.

{08126]  Insome embodiments, the Zika virus preparation is treated with formalin for at feast about 1
day. For example, the Zika virus preparation may be treated with formalin for at least about 1 day. at least
about 2 days, at lcast about 3 days, at least abowt 4 days, at least abowut 5 days, at least about 6 days, at least
about 7 days, at lcast about 8 days, at least about 9 das. at keast about 10 davs, at least about 11 days, at least
about 12 days, at least about 13 days, at least about 14 days, at least about 15 days, at least about 16 days, at
least about 17 days, at least about 18 days, at least about 19 days, at least about 20 days, at least about 21
davs, at least about 22 days, at least about 23 days, at keast about 24 days, at least about 25 davs, at least about
26 davs, at least about 27 days, at least about 28 davs, at least about 29 days, at least about 30 days, or more.
In some embodiments, the Zika virus preparation is treated with formalin for at least about 9 days. In sone

cmbodiments, the Zika virus preparation is treated with formalin for at least about 11 days. In some
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cmbodiments, the Zika virus preparation is treated with formalin for at least about 14 days. In some
cmbodiments, the Zika virus preparation is treated with formalin for at least about 20 days. In some

enbodiments, the Zika virus preparation is treated with formalin for at least about 30 days.

{6G127]  Aninactivated whole Zika virus preparation is considered to be obtainable/obtained from a
method wherein the Zika virus is treated with formaldehvde in an amount of about 0.02% w/v for 14 daysata

terperature of 22°C,

{00128]  1nsome embodiments, the method further involves neotralizing voreacted formalin with an
effective amount of sodivm metabisutfite. In some embodiments, the effective amount of sodium
metabisulfite ranges from about 0.01 mM 1o about 160 b For example, the sodium metabisulfitc may be
added at an effective concentration of frorn about 0.01 M to about 100 mM, from about 0.1 mM to about 30
mM, from about .5 ;maM to about 20mM, or from about 1 mM to about 16 M, or at a concentration of about
0.01mM, about 6.05mM, about 0. 1mM, about 0.25mM, about 0.3mM, about 0.75mM, about 1M, about
2mM, about 3mM, about 4mM, about SaM, about 6mM, about 7mM, about 8mM, about SmM, about 10mM,
about 20mM, about 30mM about 40mM, about 50mM, about 75mM or about 100mM. In some embodiments,

the formalin is neutralized with about 2mM sodiuny metabisutfite.

[00129]  Income embodiments, the the Zika viros preparation is treated with hyvdrogen peroxide. In some
embodiments, the the Zika virus preparation is treated with hyvdrogen peroxide at concentrations ranging from
0.1 to 3%, preferably 0.1 to 1%6 at any temperature from 20°C to 30°C for 5 to 120 minates. some
embodiments, the the Zika virus preparation is treated with hyvdrogen peroxide at a final concentration of

0.01% for 60 minutes or less.

[00130]  Income embodiments, the method involves (a) isolating the Zika viros preparation from one or
more non-human cells that are used to produce the virus preparation; (b) treating the virus preparation with an
effective amount of formalin; () neutralizing the virus preparation with an effective amount of sodium
metabisulfite; and (d) purifying the neutralized virus preparation. Any method of purifying a virns preparation
known in the art may be emploved, including, without imitation, using cross flow {iltration (CFF),
multimodal chromatography, size exclusion chromatography, cation exchange chromatography, and/or anion
exchange chromatography. 1o some cmbodiments, the neutralized virus preparation 1s purificd by cross flow
filtration (CFF). In some embodiments, the virus preparation is purified to a high degree in an amoont that is
about 70%. about 75%, about 80%, about 85%, about 90%, about 91%, about 92%, about 93%, about 94%,

about 95% about 96%, about 97%, about 98%. about 99%, or more.

{08131]  The vaccines and/or immunogenic compositions of the present disclosure containing one or
more antigens from at least one inactivated Zika virus may be useful for treating or preventing Zika virus
nfection in a subject tn need thereof and/or inducing an immune response, such as a prolective immone

response, against Zika vires in a subject in need thereof.

Adjuvants
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{60132]  Other aspects of the present disclosure relate to Zika virus vaccines and/or immunogenic
compositions containing one or more antigens from at feast one Zika virus described herein in combination
with one or more adjuvants. In some embodiments, the vaccines and/or immunogenic compositions contain a
puritied inactivated whole Zika virus such as a Zika virus with a mutation which is a tryptophan to glvcine
substitution at position 98 of SEQ 1D NO:1 or at a position corresponding to position 98 of SEQ 1D NO:1 as
described herein in combination with one or more adivvants.. In some embodiments, the vaceine or
immunogenic composition comprises a pwrified inactivated whole Zika virus comprising a Trp98Gly mudation
at position 98 of SEQ 1D NO: |, or at a position corresponding to positon 98 of SEQ 1D NO:1, wherein the
Zika viras 1 derived from strain PRVABCS39 in combination with one or more adjuvants. In some
crobodiments, the vaccine or immunogenic composition comprises a purified inactivated whole Zika virus
comprising a Trp98Gly mutation at position 98 of SEQ 1D NG |, or at a position corresponding to position
98 of SEQ 1D NGO 1, wherein the Zika virus 15 derived from strain PRVABCS9 comprising the genomic
sequence according to SEQ 1D NG:2 in combination with one or more adjuvasts. In one embodiment, the
vaccines and immunogenic compositions contaia a plague purified clonal Zika virus isolate in combination
with one or more adjuvasts. Such adjuvanted vaccines and/or imamnogenic compositions of the present
disclesure may be usefid for treating or preventing Zika virus infection in 3 subject in need thereof and/or
inducing an mumune response, such as a protective immune response, against Zika virus in a subject in need

thereof.

[06133] ‘arious methods of achieving an adjuvant effect for vaccines are known and may be used in
conpunction with the Zika virus vaccines and/or immunogenic corapositions disclosed herein. General
principles and methods are detailed in "The Theory and Practical Application of Adjuvants”, 1995, Duncag E.
S. Stewart-Tull (ed.). John Wiley & Sons Lid, ISBN 0-471-95170-6, and also in "Vaccines: New Generation

Imoanological Adjuvants”, 1995, Gregoriadis G et al. (eds.), Plenom Press, New York, ISBN 6-366-43283-9.

[006134]  Insome embodiments, a Zika virus vaccine or immonogenic composition inciudes the antigens
and an adjuvant. Antigens may be in a mixture with at least one adjuvant, at a weight-based ratio of from
about 10:1 to about 10°%:1 antigen:adiuvant, e.g., from about §0:1 to abowt 100:1, from about 100:1 to about
10°:1, from about 10%:1 to about 10*:1, from about 10%:1 to about 10°:1, from about 1071 to about 10°%1, from
about 10%1 o about 107:1, from about 107:1 t about 10%:1, from about 10%:1 o about 10”1, or from about
10%:1 to about 10'%:1 antigen:adjuvant. One of skill in the art can readily determine the appropriate ratio

through information regarding the adjuvant and rowling experimentation to determine optimal ratios.

{06135} Exenplary adjuvants may include, bat are not limited to, ahmninuin saits, calcium phosphate,
tofi-like receptor (TLR) agonists, monophosphoryl lipid A (MLA), MLA derivatives, synthetic lipid A, lipid
A mimetics or analogs, cytokines, saponins, muramyl dipeptide (MDP) denivatives, Cp(s oligos,
lipopolysaccharide (LPS) of gram-negative bacteria, polyphosphazencs, emulsions (oil emulsions), chitosan,
vitamin D, stearyl or octadecyl tyrosing, virosomes, cochleates, poly(lactide-co-glycolides) (BLG)
microparticles, poloxamer particles, microparticles, liposomes, Complete Freund’s Adjuvant (CFA), and

Incomplete Frevnd’s Adjuvant (IFA). In some embodiments, the adjovant is an alumioum sall.
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{06136]  Insome embodiments, the adjuvant imcludes at least one of alum, aluminum phosphate,
aluninum hydroxide, potassium aluminum sulfate, and Alhydrogel 85. In some embodiments, aluminum salt
adjuvants of the present disclosure have been found to increase adsorption of the antigens of the Zika virus
vaccines and/or immunogenic compositions of the present disclosure. Accordingly, in some embodiments, at
least about 75%, at least about 80%, at least about 85%, at least about 90%;, at least about 91%, at lcast about
92%, at least abowt 93%, at least about 94%, at keast abowt 95%, at least about 96%, at least about 97%, at

least about 98%, at feast about 99%, or about 100% of the antigen is adsorbed to the alominum salt adjuvant.

{60137]  1nsome embodiments, the vaccine or immunogenic composition includes an ahmminum salt
adjuvant (c.g., alum) from about 1 ug to about 500 pg, about 5 pug to about 500 g, about 10 ug to about 300
pg, about 15 pg to about 300 pg, about 25 ug to about 300 ug, about 50 ug to about 500 ug, about 75 ugte
about 300 pg, about 100 ug to about 500 pg, about 125 ug to about 500 pg, about 150 pg to about 500 pg,
about 175 pg to about 300 ug. about 200 pg to about 500 ug, about 2235 pug to abowut 300 pg, about 250 ugto
about 500 pg, about 275 ug to about 500 pg, about 300 pg to about 500 pg, about 325 pg to about 500 pg,
about 350 pg to about 300 ug. about 375 pg to about 500 ug, about 460 pg to about 5300 pg, about 425 ugto
about 500 pg, about 450 pg to about 500 ug, about 475 ug to about 500 pg, about 1 pg to about 475 ug, about
5 ug to abowt 475 ug, about 10 ug to abowt 475 ug. about 15 pg to about 475 pg, abowt 25 pg to about 4735
pg, aboul 50 pg to about 475 ug, about 75 pg to about 475 ug, about 100 pug to abowt 475 pg, about 125 pugto
about 475 pg, about 150 pg to about 475 ug, abouot 175 ug to about 475 pg, about 200 pg to about 475 pg,
about 225 pg to about 475 ug, about 230 ug to about 475 ug, about 275 ug to abowt 475 pg, about 300 ug to
about 475 pg, about 325 pg to about 475 pg, abouot 350 ug to about 475 pg, about 375 pg to about 475 pg,
about 400 pg to abowt 475 ug, about 425 ug to about 475 ug, about 450 pgto about 475 pg, abowt 1 pgto
about 450 pg, about 5 pg to about 450 ug, about 10 pgto about 450 yg, about 15 pgto about 450 pg, about
25 ugz 1o about 450 ug, about 50 ug to about 450 ug, about 75 ug o about 450 pg, about 100 pg to about 450
pg, about 125 ug to about 450 ug, about 150 ug to about 450 pg, about 175 ug to about 450 ug, about 200 ug
to about 450 ug, about 225 ug 1o about 450 ug, about 250 pg to abowt 456 ug, about 275 ug to about 450 ug,
about 300 pg to about 430 pg. about 325 ug to about 450 pg, about 350 pg to abowt 450 pg, about 375 ugto
about 450 pg, about 400 ug to about 4530 ug, about 425 ug to about 450 pg, about 1 pg to about 425 ug, about
5 pgto about 425 ug, about 10 ugto about 425 ug, about 15 ugto about 425 pg, about 25 pg to about 425
pg, about 50 pgto about 425 pg, about 75 pg to about 425 ug, about 100 pg to about 425 pg, about 125 pugto
about 425 pg, about 130 ug to about 425 pg, about 175 ugto about 425 pg, about 200 pug to about 425 ug,
about 225 pgto about 425 ng, about 230 ug to about 425 ug. about 275 pgto about 425 pg, about 300 ugto
about 425 pg, about 325 ug to about 425 pg, about 350 ugto about 425 pg, about 375 ug to about 425 ug,
about 400 pg to about 425 ug, about 1 ug to about 400 pg, about 5 pg o about 400 ug, about 10 pg to about
400 pg, about 15 pg to about 400 pg, about 25 pg to about 400 pg, about 50 ug to about 400 ug, about 75 ug
to about 400 ug, about 100 ug to about 400 ug, about 125 pg to about 400 ug, about 150 ug to abowt 400 ug,
about 175 pg to about 400 nug, about 200 ug to about 400 pg, about 225 pg to about 400 pg, about 250 ug to
about 400 pg, about 275 ug to about 400 pg, about 300 ug to about 400 pg, about 325 pg to about 400 ug,
about 350 pg to about 400 ug, abowt 375 pg to about 400 pg, about 1 pg to about 375 ug. abouvt 5 ug to about

375 ug, about 10 ug to about 375 pg, about 15 pg to about 375 pg. about 25 ug to about 375 pg, about 50 ug

(¥
L



WO 2019/090228 PCT/US2018/059219

to about 375 ug, about 75 pg to about 375 ug. about 100 ug to about 375 pg, about 125 pugto abowt 375 pg,
about 150 pg to about 375 ug. about 175 pg to about 375 ug, about 260 pug to about 375 pg, about 225 ugto
about 375 pg, about 250 ug to about 375 pg, about 275 ug to about 375 pg, about 300 pg to about 375 g,
about 325 pg to about 375 ug. about 350 pg to about 375 ug, about 1 ug to about 350ug, about 3 ug to about
350ug, about 10 pg to about 350ug, about 15 pg to about 350ug, about 25 pg to about 350ug, about 50 ug to
about 350ug, about 75 pg to about 350ug, about 100 ug to about 350ug, about 125 pg to about 350pg, about
156 pg to about 350ug, about 175 ug to about 350ug. about 200 ug to about 350ug, about 225 ug to aboot
350ug, abowt 250 pg to about 356ug, about 275 pg to about 350ug. about 306 ug to about 350pg, about 325
pg to about 350ug, about 1 pg to about 325 pg, about 5 pg to about 325 ug, about 10 pg to about 325 ug,
about 15 ug to abont 325 ug, about 25 ug to about 325 g, about 50 ug to about 325 pg. about 75 ug to about
325 pg, about 100 ug to about 325 pg, about 125 pgto about 325 ug, about 150 ug to about 325 ug, about
175 pgto about 325 ug, about 200 ug to about 323 ug, about 225 pgto abowt 325 ug. about 230 ug 1o about
325 pg, about 275 ug to about 325 pg, about 300 ug to about 325 pg, about 1 pgto abowt 300 ug, about 5 ug
to about 300 ug, about 10 pg to about 300 ug, about 15 pgto about 300 pg, about 25 pg to about 300 ug,
about 50 pg {o about 300 ug, about 73 pg o about 300 pg, about 100 ug to about 300 pg, about 125 pg to
about 300 pg, about 130 pyg to about 300 ug, about 175 ug to about 300 pg, about 200 pg to about 300 ug,
about 225 pgto abowt 300 ug, about 230 ug to about 300 ug, about 275 pgto about 300 pg, abowt 1 pgto
about 275 ug, about 5 ug to about 275 pg, about 10 ug to about 275 pg, about 15 pgto about 275 pg, abowt
25 ugto about 275 ug, about 50 ugto about 275 pg, about 75 ug to about 275 ug, about 100 pg to about

7
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275 ug, about 125 ugto about 275 ug, about 150 pgto about 275 pug, about 17:
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5 ug to about 275 ug. about
75

~
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200 pe to about 275 ug, about 225 pgto about 275 ug, about 250 pgto about 275 ug, about 1 pg to about
250 pg, about 5 pug to about 250 pg, about 10 pg to about 250 ug, about 15 ug to about 250 pg, about 25 ug
to about 250 ug, about 30 pg to about 250 pg, about 75 ug to about 250 pg, about 100 ug to about 250 ug,
about 125 pg to about 250 ng, about 150 ug to about 250 pg, about 175 pg to about 250 pg, about 200 ug to
about 250 pg, about 225 ug to about 250 pg, about 1 ug to about 225 g, about 5 pug to about 225 ug, about
10 pg to about 225 pg, about 15 ug to about 225 pg, about 25 ug to about 225 pg, about 50 pg to about 225
pg, about 75 pg to about 225 ug, about 100 ug to about 225 pug, about 125 pg to about 225 ug. about 130 pug
to about 225 pg, about 175 pg to about 225 ug, about 200 g to about 225 ug, about 1 ug to about 200 pg,
about 5 pg to about 200 ug, about 10 pg to about 200 ug, about 15 pg to about 200 ug, about 25 ug to about
200 pg, about 50 ug to about 200 pg, about 75 pg to about 200 ug. abouot 100 pg to about 260 ug, about 125
ig to about 200 pg, about 150 pg to about 200 ug, about 175 ug to about 200 ug, about 1 pg to about 175 ug,
about 5 pg to about 175 ug, about 16 pg to about 175 ug. abouot 15 pgto about 175 ug, about 25 ug to about
175 pg, about S0 ug to about 175 pg, abouvt 75 pg to about 175 ug. about 100 pg to about 175 ug, about 125
ug to about 175 pg, about 150 pg to about 175 ug, about { ug to about 150 ug, about 5 pg to abouot 150 ug,
about 10 pg to about 150 pg, about 15 ug to about 150 pg, about 25 g to abowt 150 pg, abowt 50 ug to about
15G pg, about 75 ug to about 150 ug, about 100 pg to about 150 pg, about 125 ug to about 150 pg, about | ug
1o about 125 pg, abowt 5 ug to about 125 pg, about 10 ug to about 125 pg, about 15 ug to about 125 g, about
25 ugto about 125 pg, about 30 ug to about 125 pg, about 75 ug to about 125 pg, abowt 106 ug to about 125
ug about 1 ugto about 100 ug, about 5 pgto about 100 ug, about 10 ugto about 100 ug about 15 ugto
about 100 pg, about 25 pg to about 100 pg, about 50 pg to about 100 pg, about 75 pg to abowt 100 ug,
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about 1 pug to about 75 pg, about 5 pg to about 75 pg, about 10 ug to about 75 ug, about 15 pg to about 75 g,
about 25 ug to about 75 ug, about 50 pg to about 75 pg, about 1 pugto about 50 pg. about 5 ug to about 50 pg,
about 10 ug to about 50 ug, about 15 pg to about 50 pg, about 25 ug to about 50 ug, about 1 yug to about 23
pg, about 5 ug to about 25 ug, about 10 pug to about 25 ug, about 15 pg to about 25 g, about 1 pg to about 15
pg, about 5 ug to about 15 ug, about 10 pgto about 15 pg, about 1 ug to about 10 pg, about 5 ug to about 10
pg, or about 1 ug to about 5 pg per dose. In some embodiments, the vaccine or innmunogenic composition
includes an aluminom salt adjuvamt (e.g., alum) at about 1 pg, about 5 pg, about 10 ug, about 15 ug, aboot 25
pg, aboul 50 pg, abowt 75 ug, about 100 ug, about 125 ug, about 150 ug, about 175 pg, about 200 ug. about
225 pg, about 250 pg, about 275 pg, abont 300 g, about 323 pg, abowt 350 pg, about 375 pg, about 400 ug,

about 425 pg, about 450 pg, about 475 pug. or about 500 ug per dose.

{06138]  Certain embodiments of the present disclosure inchude a method for preparing an adjuvanted
Zika virus vaccine or immunogenic composition, which involves (a) mixing the vaccine or immunogemnic
composition with an aluminum salt adjuvant, with the vaceine or immunogenic composition including one or
more antigens from at least one Zika virus described herein and (b) incubating the mixture under suitable
conditions for a period of time that ranges from about 1 hour to about 24 howrs (¢.g., about 16 howrs to about
24 hours), with at least about 75%, at feast about 80%, at least about 85%, at least about 90%, at least about
91%, at least abowt 92%, at least about 93%, at keast abowt 94%, at least about 93%, at least about 96%, at
least about 97%, at feast about 98%, at least about 99%, or about 100% of the antigen adsorbed to the
aburmioum salt adjuvant. In certain embodiments of the micthod, the at least one Zika virus is a Zika viros
comprising a non-human cell adaptation motation {(¢.g., a non-human cell adaptation mutation in protein NS1
such as a Trp98Gly mwtation). In some embodiments, the at least one Zika virus is a punfied inactivated
whole Zika virus comprising a Trp98Gly mratation at position 98 of SEQ ID NO: 1, or at a position
corresponding to position 98 of SEQ ID NO: 1, wherein the Zika virus is denived from strain PRVABCSO. In
some embodiments, the Zika viras is a purified inactivated whole Zika virus comprising a Trp28Gly mutation
at position 98 of SEQ ID NO: |, or at a position corresponding to position 98 of SEQ ID NO: 1, wherein the

Zika vitus 1s derived from strain PRYABC39 comprising the genomic sequence according to SEQ 1D NO:2.

{80139] 1o some cmbodiments of the method, the mixture is incubated at a temperature that ranges from
abowt 2°C to about 8°C. In some embodiments of the method, the mixture is incubated ynder constant mixing
psing any suitable mixer koown in the art. In some embodiments of the method, the mixtare is incobated at
pH that ranges in vatue from about 6.5 to about 8.5, from about 6.5 to about 8, from about 6.8 to about 7.8,
from about 6.9 o about 7.6, from about 7 to about 7.5, from about 6.8 (o about 8.3, from about 6.9 to about
8.5, or from abowt 7 to about 8.5, In certain picferred embodiments, the mixture 1s incubated at a newtral pH.
In some cmbodiments of the method, the alominum salt adjuvant 1 selected from alum, aluminum phosphate,

alumioum hydroxide, potassiun aluminum solfate, and Alhydrogel 85.

[00140]  Monophosphoryl Lipid A (MLA). a non-toxic derivative of lipid A from Salmonelia, is a potent
TLR-4 agomst that has been developed as a vaceine adjuvant (Evans et al. (2003) Expert Rev. Vaccines 2(2):
219-229). In pre-chnical murine studies intranasal ML A has been shown to enbance secretory, as well as
systemic, humoral responses (Baldndge et al. (2000) Vaccine 18(22): 2416-2423; Yang ¢t al. (2002} Infect.

37



WO 2019/090228 PCT/US2018/059219

Immun. 70(7): 3557-3565). 1t has also been proven to be safe and cifective as a vaccine adjovant in clinical
studics of greater than 120,000 patients (Baldnck et al. (2002) Regul. Toxicol. Pharmacol. 35(3): 398-413;
Baldrick et al. (2004) J. Appl. Toxicol. 24(4): 261-268). MLA stimulates the induction of mnate immunity
through the TLR-4 receptor and is thus capable of eliciting nonspecific immune responses against a wide
range of infectious pathogens, inchiding both gram negative and gram positive bacteria, viruses, and parasites
(Baldrick et al. (2004} ]. Appl. Toxicel. 24(4): 261-268; Persing ¢t al. (2002) Trends Microbiol. 10(10 Sappl):
S532-37). Inchusion of MLA in intranasal formulations should provide rapid induction of innate respounses,
cliciting nonspecific immane responses from viral challenge while enhancing the specific responses gencrated

by the antigenic compogents of the vaccine.

{06141}  Accordingly, in one embodiment, the present disclosure provides a composition comprising
monophosphoryl lipid A (MLA), 3 De-O-acylated monophosphorvl lipid A 3D-MLA), or a derivative thereof
as an enhancer of adaptive and innate immunity. Chemically 3D-MLA is a mixture of 3 De-O-acylated
monophosphoryl lipid A with 4, 5 or 6 acylated chains. A preferred form of 3 De-O-acylated monophosphoryl
fipid A is disclosed in European Patent 0 689 454 Bl (SnuthKline Beecham Biologicals SA). In another
enbodiment, the present disclosure provides a composition comprising synthetic lipid A, fipid A mimetics or

analogs, such as BioMira’s PET Lipid A, or synthetic denivatives designed fo function like TLR-4 agomnists.

[00142]  Additional exemplary adjuvants include, without limitation, polypeptide adjuvants that may be
readily added to the antigens described herein by co~expression with the polypeptide components or fusion
with the polypeptide components to produce chimeric polvpeptides. Bacterial flagellin, the major protein
constituent of flagella, is an adjuvant which has received increasing attention as an adjuvant protein because
of its recognition by the innate immune systein by the toll-like receptor TLRS. Flagellin signaling through
TLRS has effects on both innate and adaptive immmne functions by inducing DC matoration and migration as
well as activation of macrophages, neutrophils, and intestinal epithelial cells resulting in production of pro-

inflammatory mediators.

[00143]  TLRS recognizes a conserved structure within flageltin monomers that is unigque to this protein
and is required for flagellar function, prechuding its mutation in response to immunological pressure. The
receptor s sensitive to a 100 M concentration but does not recognize intact filaments. Flagellar disassembly

into monomers is required for binding and stinwlation.

[00144]  As an adjuvaat, flagellin has potent activity for induction of protective responses for
heterologous antigens administered either parenterally or mntranasally and adjuvant effects for DNA vaccines
have also been reporied. A Th2 bias is observed when flagellin is employed which would be appropriate fora
respiratory vires such as influenza but no evidence for IgE induction ip mice or monkeys has been observed.
In addition, no local or systemic inflammmatory respounses have been reported following intranasal or systemic
admipistration in mookeys. The Th2 character of responses elictted following use of flagellin is somewhat
surprising since flageHin signals through TLRS in a MyD88-dependent manner and all other MyD88-
dependent signals through TLRs have been shown to result in a Thi bias. Importantly. pre-existing antibodies

to flagellin have no appreciable offect on adjuvant efficacy making it attractive as a multi-use adjuvant.
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[06145] A common theme in many recent intranasal vaccine trials is the use of adjuvants and/or delivery
systenis fo improve vaccine efficacy. In one such study an influenza H3 vaccine confaining a genetically
detoxified E. coli heat-labile enterotoxin adjovant (LT R192G) resulted in heterosubtypic protection against
HS5 challenge but only following intranasal delivery. Protection was based on the induction of cross
neutralizing antibodies and demonstrated important implications for the intranasal route in development of

DeW vaccines.

[08146]  Cytokines, colony-stimulating factors (e.g., GM-CSF, CSF, and the like); tumor necrosis factor;
interleukin-2, -7, -12, interferons and other like growth factors, may also be used as adjuvants as they may be
readily inchuded in the Zika vims vaccines or immunogenic composttions by admixing or fusion with the

polvpeptide component.

{60147]  Insome cobodiments, the Zika vims vaccine and/or imnwnogenic compositions disclosed
herein may include other adjuvants that act through a Toll-like receptor such as a nucleic acid TLRY ligand
comprising a 5-TCG-3" sequence; an imdazoquinoline TLR7 ligand; a substituted guanine TLR7/8 ligand;

-
7
I

other TLR7 ligands such as Loxoribine, 7-deazadeoxyguanosine, 7-thia~-8-oxodeoxyguanosine, Imiquimod

(R-~837), and Resiquimod (R-848).

{00148]  Cerwain adjuvants facilitate uptake of the vaccine molecules by APCs, such as dendritic cells,
and activate these. Non-limiting examples are selected from the group consisting of an immume targeting
adjuvant; an immune modoalating adjovant sach as a toxin, a cytokine, and a mycobacterial dertvative; an oil
formrdation; a polymer: a micelle forming adjuvant; a saponig; an imoumostimudating complex matrix
(SCOM matnix); a particle; DDA; aluminum adjuvants; DNA adjovants: MLA; and ao encapsuolating

adjuvant,

{00149]  Additional examples of adjuvants include agents such as ahuminom salts such as hydroxide or
phosphate (alum), commonty used as 0.05 to §.1 percent solution in budfered saline (see, e.g., Nicklas {1992)
Res. Immumnol. 143:489-493), admixtare with synthetic polymers of sugars (¢.g. Carbopol®) used as 0.25
percent solption, aggregation of the protein in the vaccine by heat treatment with temperatores ranging
between 70° to 101°C for 30 second to 2 minute periods respectively and also aggregation by means of crosg-
linking agenis are possible. Aggregation by reactivation with pepsin treated antibodies (Fab fragments) to
albumin, mixture with bacterial cells such as C. parvam or endotoxins or lipopolysaccharnide components of
gram-pegative bacteaa, emulsion in physiologically acceptable oif vebicles such as mannide moopo-oleate
{Aracel A) or emulsion with 20 percent solution of a perfluorocarbon (Fluosol-DA) used as a block substitute

may also be emploved. Admixture with ods soch as squalene and IFA may also be used.

[00150] DDA (dimethyldioctadecylammonium bromide) is an interesting candidate for an adjovant, but
also Freund's complete and incormplete adjovants as well as quillaja saponins such as QuilA and OS21 arc
mteresting. Further possibitities inchide poly{di(carboxylatophenoxyiphosphazene (PCPP) derivatives of
lipopolysaccharides such as monophosphory! ipid A (MLA), mwramy! dipeptide (MDP) and threony

muramyl dipeptide (MDP). The lipopolysaccharide based adjuvants may also be used for producing a
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predominantly Thi-type response including, for example, a combination of monophosphory! lipid A, such as

3-de-0-acyiated monophosphoryl lipid A, together with an aluminum salt.

[60151]  Liposome formulations are also known to confer adjuvant effects, and therefore liposome

adjuvants may be used in conjunction with the Zika viros vaccines and/or imrmunogenic compositions.

[00152]  [mmunostimulating complex matrix tvpe (ISCOM® matrix) adjuvants may also be used with the
Zika viros vaccine antigens and immunogemc compositions, especially since it has been shown that this type
of adjuvants are capable of up-regulating MHC Class H expression by APCs. An ISCOM matnix consists of
{optionally fractionated) sapomins (triterpeneids) from Quillaja saponaria, cholesterol, and phospholipid.
When admixed with the immusogenic protein such as the Zika vims vaccing oF DUnNOZCnic composition
antigens. the resuliing particulate formulation s what is known as an ISCOM patticle where the saponin may
constitute 60-70% w/w, the cholesterol and phospholipid 10-15% w/w, and the proicin 10-15% w/w. Details
relating to composition and use of Ummnoostimolating complexes can for example be found in the above-
meuntioned text-books dealing with adjuvants, but also Morein B et al. (1993) Clin. Tmownother. 3: 461-475 as
well as Bare 1 G and Mitchell G F (1996) Immunol. and Cell Biol. 74: 8-23 provide useful 1nstructions for the

preparation of complete imnmnostinmiating complexes.

{08153]  The sapouins, whether or not in the form of iscoms, that may be used in the adjuvant

combinations with the Zika virus vaccines and immunogenic compositions disclosed herein include those

derived from the bark of Cuillaja Saponaria Molina, termed Quil A, and fractions thereof, described i U.S.

Pat. No. 5,057 540 and "Saponins as vaccine adjuvants”, Kensil, C. R (1996) Cnt Rev Ther Drug Carrier Syst
2 (1-2%1-35, and EP 0 362 279 BY. Excemplary fractions of Quil A are QR21, QS7, and QS17.

{06154}  p-Escin is another hemolytic saponins for use in the adjuvant compositions of the Zika virus
vaccines and/or immunogenic compositions. Escin is described in the Merck index (12thed: entry 3737) as a
mixture of saponins occurring in the seed of the horse chestnut tree, Lat: Aesculus hippocastanum. Its
isolation is described by chromatography and purification (Fiedler, Arzneimittel-Forsch. 4, 213 (1953)), and
by ion-exchange resins (Erbring ot al., U.S. Pat. No. 3,238,190}, Fractions of escin have been purified and
shown to be biologically active (Yoshikawa M, et al. (Chem Pharm Bull (Tokyo) 1996 Aungust; 44¢8):1454-

1464)). P~escin is also known as acscin,

{08155]  Another hemolytic saponin for use in the Zika virus vaccines and/or immunogenic compositions
18 Digitonin. Digitonin is described in the Merck index (12th Edition, entry 3204} as a saponin, being derived
from the seeds of Digitalis purpurca and punfied according to the procedure described Gisvold et al. (1934)

J.Am Pharm. Assoc. 23: 664; and Rubenstroth-Bauer (1955)Physiol. Chem., 301, 621, Its usc 1s described as

being a clinical reagent for cholesterol determination.

[00156]  Ancther interesting possibility of achieving adjuvant effect is to employ the technigue described
in Gosselin et al., 1992, In brief, the presentation of a relevant antigen such as an antigen in a Zika virgs

vaccine and/or inmunogenic composition of the present disclosure can be enbanced by conjugating the
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antigen to antibodies (or antigen binding antibody fragments) against the FC receptors on
monocyies/macrophages. Especially conjugates between antigen and anti-FCRI have been demonstrated to
enhance immunogenicity for the purposes of vaceination. The antibody may be conjugated to the Zika virus
Vaccine or immunogenic composition antigens after generation or as a part of the generation including by
cxpressing as a fusion to any one of the polypeptide components of the Zika virus vaccine and/or
immunogenic composition antigens. Other possibilities involve the use of the targeting and immune
modulating substances (e.g., cytokines). In addition, synthetic inducers of cytokines such as poly L:C may also

be used.

{06157}  Suitable mycobacterial derivatives may be selected from the group consisting of muranmyl
dipeptide, complete Freund's adjuvant, RIBI, (Ribi ImmunoChem Rescarch Inc., Hamilton, Mont.) and a
diester of trehalose such as TDM and TDE.

[00158]  Examples of suitable inunuoe targeting adjuvants include CD40 ligand and CD40 antibodies or

specifically binding fragmeunts thereof (¢f. the discussion above), mannose, a Fab fragment, and CTLA-4,

[0015%]  Examples of suitable polymer adjuvants include a carbohydrate such as dextran, PEG, starch,

mannan, and mannose; a plastic polymer; and latex such as fatex beads.

{00160} Vet another interesting way of modulating an irnmune response is to include the immunogen
(optionally together with adjuvants and pharmaceutically acceptable carriers and vehicles) in a “virtual lvmph
node™ (VLN) (a proprictary medical device developed by ImmunoTherapy, Inc., 360 Lexington Avenue, New
York, N.Y. 10017-6501). The VLN (a thin tubular device) mimics the structure and function of a lymph node.
Insertion of a VLN under the skin creates a site of sterile inflammation with an upsurge of cytokines and
chemolines. T~ and B-cells as well as APCs rapidly respond to the danger signals, home to the inflamed site
and accummulate inside the porous matrix of the VLN, 1t has boen shown that the necessary antigen dose
required to mooat an imanne response o an antigen is reduced when using the VLN, and that tmmune
protection conferred by vaccination using a VLN surpassed conventional immunization using Ribi as an
adjuvant. The technology is described briefly in Gelber C et al., 1998, "Elicitation of Robust Cellular and
Hamoral Immune Responses to Small Amounts of Immunogens Using a Novel Medical Device Designated
the Virtual Lymph Node®, in: "From the Laboratory to the Clinic, Book of Abstracts, Oct. 12-15, 1998,

Seascape Resort, Aptos, Calift”

{08161] Oligonucleotides may be used as adjuvants in conjunction with the Zika virus vaccine and/or
immunogenic composition antigens and may contain two or more dinucleotide CpG motifs separated by at
least three or more or even at least six or more nucleotides. CpG-containing oligonucleotides (in which the
Cp(s dinucieotide 1s unmethylated) induce a predominantly Thi response. Such eligomicicotides are well
known and are described, for example, 1n WO 96/025535, WO 99/33488 and U S. Pat. Nos. 6,008,200 and

5,856,462,
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[06162]  Such oligonucleotide adjuvants may be deoxynucleotides. In certain embodiments, the
nucleotide backbone in the oligonucicotide is phosphorodithioate, or a phosphorothioate bond, although
phosphodiester and other nucleotide backbones such as PNA inchuding oligonucieotides with mixed backbone
linkages may also be used. Methods for producing phosphorothioate oligonucleotides or phosphorodithioate
are described in U.S. Pat. No. 5,606,153, ULS. Pat. No. 5,278,302 and WO 95/26204,

{00163] Excoplary oligonucleotides have the following sequences. The sequences may contain

phosphorothioate modified nucleotide backbones:

[00164] (SEQIDNO:3)OLIGO 1: TCC ATG ACG TTC CTG ACG TT (CpG 1826);

{06165] (SEQID NO: 4) OLIGO 2: TCT CCC AGC GTG CGC CAT (CpG 1758);

[00166] (SEQID NO: 5 OLIGO 3: ACC GAT GAC GTC GCC GGT GAC GGC ACC ACG:
[006167]  (SEQ IDNO: 6y OLIGO 4: TCG TCG TTT TGT CGT TTT GTC GFT (CpG 2006); and
[06168] (SEQIDNO: 7y OLIGO 5: TCC ATG ACG TTC CTG ATG CT (CpG 1668)

[0016%9]  Alternative CpG oligonucleotides include the above sequences with inconsequential deletions or
additions thereto. The CpG oligonucleotides as adjuvants may be synthesized by any method known in the art
(e.g.. EP 468520). For example, such oligonucleotides may be synthesized utilizing an antomated synthesizer.
Such oligonucleotide adjuvants may be between 10-50 bases in length. Another adjovant system 1nvolves the
combination of a CpG-containing oligomucleotide and a saponin derivative particularly the combination of

Cp( and Q521 is disclosed in WO 00/09159,

[00170]  Many single or multiphase emulsion systers have been described. One of skill in the art may
readity adapt such emuolsion systerns for use with a Zika vires vaccine and/or mpnunogenic composition
antigens so that the emuolsion does not disrupt the antigen’s structure. Oil in water emulsion adjuvants per se
have been suggested to be vsefid as adjovant compositions (EP 399 843B), also combinations of oil in water
eowlsions and other active agents bave been described as adjuvants for vaccines (WO 95/17210, WO
98/56414; WO 99/12565, W 99/1124 1), Other oil ermulsion adjuvants have been described, such as water in
oil emulsions (U.S. Pat. No. 5,422,109; EP 0 480 982 B2) and water in oif in water emulsions (U5, Pat. No.
5,424,067, EP 0 480 981 B),

{08171]  The ol emolsion adjuvants for use with the Zika virus vaccines and/or immunogenic
conpositions described herein may be natural or synthetic, and may be mineral or organic. Examples of

ruperal and organic oils will be readily apparent to one skilled in the art.

{08172]  Inorder for any oil in water composition to be suitable for human administration, the oif phase
of the emulsion system may include a metabolizable oil. The meaning of the term metabolizable oil is well

known in the art. Metabolizable can be defined as "being capable of being transformed by metabolism”
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(Dorland's Hiustrated Medical Dictionary, W.B. Sanders Company, 25th edition (1974)). The oil may be any
vegetable oil, fish oil, amimal o1l or synthetic oil, which is not toxic to the recipient and is capable of being
transformed by metabolism. Nuts {such as peanut oil), sceds, and grains are common sources of vegetable
oils. Synthetic oils may also be used and can include commercially available oils such as NEOBEE® and
others. Squalenc (2,6,10,15,19.23-Hexamethyl-2,6,10,14, 18,22 tetracosahexaene) is an unsaturated oif which
is found in large quantitics in shark-liver oil, and in lower guantities in olive oil, wheat germ oil, rice bran oil,
and yeast, and may be used with the Zika vires vaccine and/or immunogenic compositions. Squalenc is a
metabolizable oil virtue of the fact that it is an intermediate in the biosynthesis of cholesterol (Merck index,

10th Edition, entry 10.8619).

{60173]  Excmplary oil enmisions are ol in water emulsions, and in particular squalene in water

enlsions.

{00174]  Inaddition, the oil emulsion adjuvants for use with the Zika virus vaccine and/or immunogenic

compositions may wclude an antioxidant, such as the oil a-tocopherol (vitamin E, EP ¢ 382 271 BI).

{00175 WO 95/17210 and WO 99/11241 disclose emulsion adjuvants based on squalene, a-tocopherel,
and TWEEN 80 (TM), optionally formulated with the tmmunostimulants 35821 and/or 3D-MLA. WO
99/12565 discloses an improvement to these squalene emulsions with the addition of a sterol into the ol
phase. Additionally, a triglyceride, such as tricaprylin (C27HS006), may be added to the il phase in order to

stabilize the emuision (WO 95/56414).

{08176]  The size of the oil droplets found within the stable oil in water emulsion may be less than 1
micron, may be in the range of substantially 30-600 nm, substantially around 30-500 nm in diameter, or
substantially 150-500 om in diameter, and in particular about 150 nm in diameter as measured by photon
corrclation spectroscopy. In this regard, 80% of the oil droplets by number may be within these ranges. morce
than 90% or more than 95% of the oil droplets by mumber are within the defined size ranges. The amoonls of
the components presemt in ol emmisions are conventionally in the range of from 2 to 10% oil. such as
squalene; and when present, from 2 to 10% alpha tocopherol; and from €.3 to 3% surfactant, such as
polyoxyethylene sorbitan moncoleate. The ratic of oil: alpha tocopherol may be equal or less than 1 as this
provides a more stable emuplsion. SPAN 85 (TM) may also be present at a level of about 1%. [n some cases it
may be advantageous that the Zika virus vaccines and/or immunogenic compositions disclosed herern will

further contain a stabilizer.

{08177]  The method of producing oil in water emulsions is well known to one skilled in the art.
Commonly, the method includes the step of mixing the oil phase with a surfactant such as a PBS/TWEENSO®
solution, followed by homogenization using a homogenizer, it would be clear to one skilled in the art that a
method comprising passing the mixtore twice throvgh a syringe needie would be suitable for homogenizing
small vohumes of liquid. Equally, the emuolsification process in microfluidizer (M1 105 mucrofhndics machine,
maximum of 50 passcs, for a period of 2 minotes at maximum pressure input of 6 bar (output pressure of

about 850 bar)) could be adapted by one skilled in the art to produce smaller or larger volumes of emulsion.
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This adaptation could be achieved by routine expenmentation comprising the measurement of the resultant

enulsion until a preparation was achicved with oil droplets of the required diameter.

[60178]  Alternatively the Zika virus vaccines and/or imnmmogenic compositions may be combined with
vaccine vehicles composed of chitosan {as described above) or other polycationic polymers, polylactide and
polylactide~-coglycolide partticles, poly-N-acetyl ghicosamine-based polymer matrix, particles composed of
polvsaccharides or chenncally moedified polysaccharides, liposomes and lipid-based particles, particles
composed of glveerol monoesters, ctc. The saponins may also be formmulated in the presence of cholesterol to
form particulate structures such as liposomes or ISCOMs. Furthermore, the saponins may be formulated
together with a polvoxyethylene ether or ester, in either a non-particulate solution or suspension, orin a

particulate structure such as a pauncilamelar iposome or ISCOM.

{00179]  Additional illustrative adjuvanis for use in the Zika viros vaccines and/or bnmunogenic
compositions as described herein inchude SAF (Chiron, Calif, United States), ME-39 (Chiron, see. 2.8,
Granoff ot al. (1997) Infect Tmimmun, 65 (5):1710-1715), the SBAS series of adjuvants (¢.g., SB-AR2 (an oil-1n-
water emnision containing ML A and QS21); SBAS-4 (adjuvant system containing alum and MLA), available
from SmithKline Beecham, Rixensart, Belgium), Detox (Enhanzyn®) (GlaxoSmithKline), RC-512, RC-522,
RC-527, RC-529, RC-344, and RC-560 (GlaxeSmithKline) and other aminoalkyl glucosaminide 4-phosphates
(AGPs), such as those described in pending U.S. patent application Scr. Nos, 08/833,826 and 09/074,720.

{00180]  Other cxamples of adjuvants include. but are not Hmited o, Hunter's TiterMax® adjuvants
{CytRa Corp.. Norcross, Ga.j; Gerbu adjuvants (Gerbu Biotechnik GrobH, Gaiberg, Germany); nitrocelhilose
{(Nilsson and Larsson {1992) Res. Immunol. 143:553-557); alom (¢.z., alumioum hydroxide, aluminum
phospbate) emulsion based formulations including mineral odl. non-mineral oil, water-in-oil or oil-in-water
cowmlsions, such as the Seppic ISA series of Montamide adjuvants (¢.g., ISA-51, ISA-57, I5A-720, ISA-151,
otc., Seppic, Paris, France), and PROVAX® (IDEC Pharmaceuticals), OM-174 (a glucesamine disaccharide
related to lipid A);. Leishmania elongation factor; non-ionic block copolymers that form micelles such as CRL
1065; and Syntex Adjuvant Formulation. See, ¢.g., O'Hagan et al. (2001) Biomol Eng. 18(3):69-85; and

"Vaccine Adjuvants: Preparation Methods and Rescarch Protoceols” D, O'Hagan, ed. (2000) Humana Press.
{00181}  Other exemplary adjuvants include adjuvant molecules of the general fornula:

HO(CH ;CH:Om-A-R, (D)

where, nis 1-50, A is a bond or --C{Q}--, R is C1-50 alkyl or Phenyl C1-50 alkyl

[06182]  One embodiment consists of a vaceine formulation comprising a polvoxyethylene ether of
general formula (1), where n is between 1 and 50, 4-24, or 9; the R component is C1-30, C4-C20 alkyl, or C12
altkyl, and A is a bond. The concentration of the polvoxyethylence ethers should be in the range 0.1-20%, from
0.1-10%, or in the range 0.1-1%. Exemplary polvoxyethylene ethers are selected from the following group:
polvoxyvethylene-9-lavryl ether, polyoxyvethylene-S-steoryl ether, polyoxyethylene-8-steoryl ether,

polvoxyvethylene-4-lavryl ether, polyoxyvethylene-33-lauryl ether, and polvoxyethylene-23-lauryt ether.
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Polyoxyethyiene ethers such as polvoxyethylene lauryl ether are described in the Merck index (12th edition:

entry 7717). These adjuvant molecules are described in WO 99/52549.

{00183]  The polvoxyethylene ether according to the general formula (1) above may, if desired, be
combined with anotber adjuvant. For example, an adiuvant combination oy include the CpG as described

above.

[00184]  Further examples of suitable pharmacentically acceptable excipients for use with the Zika virus
-accines and/or imnnnogenic compositions disclosed berein inclode water, phosphate buffered saline,

isotonic buffer solutions.

{00185]  Vims purification

[00186] TFurther aspects of the present disclosure relate to methods of purifying Zika virus, In some
crobodiments, the method includes noculating a plocality of cells with an isoculum containing a population of
Zika viruses, and obtaining from one or more of the inoculated cells a Zika virus clonal isolate by plague
purification. In some embodiments, the cells are non-human cells (e.g., insect cells, mammalian cells, etc). In
some embodiments, the cells are insect cells (such as any of the mosquito cells/cell lines described herein). In
some embodiments, the cells are mammalian cells (such as any of the mammalian cells/cell lines described

herein). In some embodiments, the mammalian cells are monkey cells,

[00187] 1o some ernbodiments, the population of Zika viras is beterogensous (e.g., comprising two or
more genotypes). In some embodiments, the population of Zika viruses comprises a Zika virus clinical isolate
{e.z., from strain PRVABCS9) and/or one or more Zika viruses that have been previously passaged in cell
culture. 1o some crmbodiments, plaque purification (e.g., as described hercin) allows for the substantial and/or
complete separation of a (genetically homogenous) clonal isolate from a heterogencons viral population. In
some embodiments, the monkey cells are from a VERO cell hine (¢.g., VERO 10-87 cells). In some
cmbodiments, the inoculun comprises human serun. In some embodiments, the inoculuim comprises one or
more adventitious agents {¢.g., one Of more contaniination viruses). In some embodiments, plaque purification
{e.g., as described herein) allows for the substantial and/or complete purification of a {genetically

homogenous) clonal isolate away from one or more adventitious agents.

[00188]  In some erobodiments, the methods described for isolating and/or purifying a Zika virus clonal
includes one or more (¢.£., onc or more, two or more, three or more, four or more, five or more, ¢fc.)
additional plague purifications of the Zika virus clonal 1solate. In some embodiments, the methods described
for isolating and/or purifying a Zika viros clonal isolate includes passaging the Zika virus clonal isolate onc or
more {¢.g.. one or more, two or motre, three or more, four or more, five or more, otc.) times in cell culture

(e.g., in insect cells such as a mosquito cell ine and/or in mammalian cells such as a VERO cell lineg).

[00189]  Further aspects of the present disclosure relate to methods of purifying Zika virus for the
preparation of a vaccine or immunogenic composition. In some embodiments, the methods 1nclude one or

more {¢.g., onc or mote, two or more, three or more, four or more, five or more, or six) sieps of (in any order,
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including the following order): performing depth filtration of a sample or preparation containing a Zika virus;
buffer exchanging and/or difuting a sample containing a Zika virus (e.g.. by cross flow filtration (CFF)) to
produce a retentate; binding a sample comprising a Zika virgs to an ion exchange membrane (¢.g., an anion
exchange membrane, a cation exchange membrane) to produce a bound fraction, where the bound fraction
comprises the Zika virus, and chuting the bound fraction from the ion exchange membrane; freating a sample
containing a Zika virus with an effective amount of any of the chemical inactivators described hereing
neutralizing a sample conlaining a chemically tnactivated Zika virus with sodivm metabisutfite; and/or
purifying a neutralized sample comprising a chemically inactivated Zika viras (e.g., by cross flow {iltraticn
(CFFY). In some embodiments, the method inclodes the steps of (a) passing a sample containing a Zika viras
through a first depth filter to produce a first ehuate, where the first cluate contains the Zika virus: (b) buffer
exchanging and/or dihuting the first ehuate by cross flow filtration (CFF) to produce a first retentate, where the
first retontate contains the Zika virus; (¢) binding the first retentate to an ion exchange membrane to produce a
first bound fraction, where the first bound fraction contains the Zika virus, and cluting the first bound fraction
from the ton exchange membrane to produce a second cluate, where the second elnate contains the Zika viros;
(c) passing the second chuate through a second depth filter to produce a second retentate, wherein the second
retentate contains the Zika viros, (o) treating the second retentate with an effective amount of a3 chemical
inactivator; (f) neutralizing the treated sccond retentate with sodium metabisulfite; and (g) purdying the

neutratized second retentate by cross flow filtration (CFF).

[00190]  Depth filters may be applied in a cartridge or capsule format, such as with the SUPRACAPT™
series of depth filter capsules (Pall Corporation) using a Bio 20 SEITZ® depth {ilter sheet. Other suitable
depth filtration techniques and apparatoses are known in the art and include Sartorius PP3 filters. Insome
crobodiments, the depth filter has a pore size of between about 0. 2pm and about 3um. In some embodiments,
the pore size of the depth filter is less than about any of the following pore sizes (in pmy: 3, 2.8, 2.6, 2.4, 2.2,
20,18 16, 14,12, 10,08, 0.6, and 0.4, In some embodiments, the pore size of the depth filter 15 greater
than aboui any of the following pore sizes (o po): 0.2, 0.4, 06,08, 10,12, 14,16, 18,20,22,24,26,0r
2.8. That is, the pore size of the depth filter can be any of a range of pore sizes (in wm) having an upper Himit
0f 3,2826,24,22.20,18,1.6,14, 12 1.0,08,0.6, and 0.4 and an independently selected lower limit
0f0.2,04,06,08, 10,12 14, 16,18,2.0,22,24,726, or 2.8, whercin the lower linnit is less than the

upper lmit.

[00191]  As described herein, cation exchange and anion exchange chromatography may be used in the
methods of the present disclosure to purify a Zika vinus harvested from a cell supernatant of the present

disclosure. For example, clanfied viral harvest may be basified, loaded onto an anion exchange membrane,
chiled by sall or pH, fillered, and inactivated. This is only an exemplary scheme, and one of skill in the ant

may readily contermplate variants thereof with substituted, deleted, inserted, or recrdered steps.

[06192]  Anion and cation exchange chromatography both rely on the attraction of charged
macromolecules of interest (e.g., a virus) in a mobile phase to a substrate having an oppostte charge. In cation
exchange chromatography, the negatively charged substrate or membrane attracts positively charged

macromoiccules. In amon exchange chromatography, the positively charged substrate or mcrbrane attracts
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negatively charged macromolecules. Once macromolecules are bound or loaded onto the substrate, they may
be eluted in linear or step-wise fashion from the substrate in a manner dependent on their characteristics,
thereby enacting a separation of differently charged molecules. This principle may be used to purify viruses
from other macromelecules. Elution may be effected by varving pH or salt content of the mobile phase
buffer. Elution may be gradient or step~wise. As described herein, elution may be effected using a change in
pH of the mobile phase or by using a change in 1onic strength of the mobile phase (e.g., through additionof a
salty, A varetly of salts arc used for chiton, including withowt hmitation sodinm chloride, potassinm chioride,
sodium sulphate, potassiom solphate, ammontom salphate, sodium acetate, potassinm phosphate, calcium
chioride, and magnesium chlonde. In certatn embodiments. the salt 1s NaCl A variety of suitable buffers are
known in the art and described herein.  Viral purification methods using ion exchange chromatography arc
also generally koowa; sce, e.g., purification of influenza virus available ooline at

www.pall.com/pdfs/Biopharmaceunticals/MustangOXT_ AcroPrep USE2916.pdf

{06193} A variety of devices known in the art are suitable for cation exchange chromatography
{optionally including filtration), such as the Mustang® S system (Pall Corporation), which uses a cation
exchange membrane with a 0.65pm pore size. A variety of functional groups are used for cation exchange
menbranes, including without limitation pendant sulfonic functional groups in a cross-linked, polymeric
coating. A variety of buffers may be vsed to bind an cluate containing a Zika virus of the present disclosure to
4 cation exchange membrane. Exemplary buffers inchude, without limitation, citrate and phosphate buffers
{additional buffers arc described infra). In some embodiments, a baffer used 1o cation exchange
chromatography {e.g., in loading and/or clution) contains polysorbate (e.g., TWEEN®-30 at 0.05%, 6.1%,

0.25%, or 0.5%).

{06194] A variety of devices known in the art are suitable for anion exchange chromatography
{optionally including filtration), such as the Mustang® Q system (Pall Corporation), which uses an anion
exchange membrane with a 0.8um pore size. Another suitable anion exchange membrane is Sartobind(Q
IEXNano. A variety of functional groups are used for anion exchange membranes, including without
limitation pendant quaternary amine functional groups in a cross-linked, polymeric coating. A variety of
buffers may be used to bind an elpate containing a Zika virus of the present disclosure to an anion exchange
membrane. Exemplary buffers include, without hmitation, phosphate buffer (additional buffers are described
infra). In some cmbodiments, a buffer used in amon exchange chromatography (e.g., in loading and/or
chition) contains polysorbate (e.g, TWEEN®-50 at 0.05%, 0.1%, 0.253%, or §.5%). In some embodiments, the

virus is eluted by step elution, e.g. using 230 mM NaCl, 300 maM NaCl and 750 mM NaCL
{60195] Fornmlations of Vaccines and/or inmmunogenic compositions

[00196]  Further aspects of the present disclosure relate to formulations of vaccines and/or immunogenic
compositions of the present disclosure containing one or more antigens from a Zika viras described herein, In
some embodiments, the Zika virus is a purificd inactivated whole Zika virus. In some embodiments, the
purified inactivated whole Zika virus comprises a mutation at position 98 of SEQ ID NO: 1, or at a position

corresponding to position 98 of SEQ ID NO:1. In some embodiments, the purified inactivated whole Zika
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virus comprises a Trp98Gly mutation at position 98 of SEQ 1D NO: 1, or at a position corresponding to
position 98 of SEQ ID NO:1. In some embodiments, the purified inactivated whole Zika virgs comprises a
Trp98Gly mutation at position 98 of SEQ ID NO: 1, or at a position corresponding to position 98 of SEQ 1D
NO:1, wherein the Zika virus 15 derived from strain PRVABC39. 1n some embodiments, the purified
inactivated whole Zika virus comprises a TrpY8Gly mutation at position 98 of SEQ [D NO: 1, or at a position
corresponding to position 98 of SEQ ID NO: 1, wherein the Zika virus is derived from strain PRVABCS9

comprising the genomic sequence according to SEQ ID NG 2.

{60197]  Sechvaccines and/or immunogenic compositions of the present disclosure containing one or
more antigens from a Zika virus described herein may be useful for treating or preventing Zika virus infection
in a subject in need thereof and/or inducing an inmmune response, such as a protective immune response,

against Zika virus in a subject in need thereof.

[00198]  Typically, vaccines and/or imraubegenic compositions of the present disclosure are prepared as
injectables either as liquid solutions or suspensions; solid forms suitable for solution in, or suspension in,
ligud prior to injection may also be prepared. Such preparations may also be cmulsified or produced as a dry
powder. The active immunogenic ingredient is often mixed with excipients which are pharmaceutically
acceptable and compatible with the active ingredicent. Suitable excipients are, for example, water, saling,
dextrose, sucrose, glveerol, cthanol, or the like, and combinations thereof. In addition, if desired, the vaccine
o7 IMmMune genic composition may contain auxiliary substances such as wetting or enmulsifying agents, pH

buffering agents, or adjuvants which enhance the effectivencss of the vaccine or immunogenic composition.

[00199]  Vaccines or inununogenic compositions may be conventionally administered parenterally, by
injection, for example, cither subcutancously, transcutancously, intradermally, subdermally or
intramuscolarly. Additional formulations which are suitable for other modes of administration inchide
suppositories and, 10 sore cases, oral, peroral, intranasal, buccal, sublingual, intraperitoneal, intravaginal,
anal and intracranial formmulations. For suppesitories, traditional biaders and carriers may ioclode, for
cxample, polyalkalene glyeols or triglycerides; such suppositorics may be formed from mixtures containing
the active ingredient in the range of 0.5% to 10%, or cven 1-2%.1n certain embodiments, a low melting wax,
such as a mixture of fatty acid glvcerides or cocoa butter is first melted and the Zika virus vaceine and/or
immunogenic composition described herein is dispersed homogeneously, for example, by stirring. The molten

homogencous mixture is then poured into conveniently sized molds and allowed to cool and to solidify.

[00200]  Formulations suitable for intranasal delivery include Hquids (e.g.. agueous solution for
administration as an acrosol or nasal drops) and dey powders (e.g. for rapid deposition within the nasal
passage}. Formulations include such normally emploved excipionts as, for example, pharmaceutical grades of
mannitol, lactose, sucrose, trehalose, xylitel, and chitosan. Mucosadhesive agents such as chitosan can be used
10 either Bquid or powder formulations to delay owcociliary clearance of intranasally-administered
formulations. Sugars such as mannitol, sorbitol, trehalose, and/or sucrose can be used as stability agents in

higuid formulations and as stability, bulking, or powder flow and size agents in drv powder formulfations. In
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addition, adjuvants such as monophosphoryl ipid A (MLA), or derivatives thereof, or CpG oligonucieotides

can be used in both liquid and drv powder formulations as an immunostimulatory adjuvant.

{60201]  Formulations suitable for oral delivery include Hquids, solids, semi-solids, gels, tablets, capsules,
lozenges, and the like. Formulations suitable for oral delivery include tablets, lozenges. capsules, gels, liquids,
food products, beverages, nutraceuticals, and the like. Foromlations inchude such normally employed
cxcipicnts as, for example, pharmaceutical grades of mannitol, sorbitol, trehalose, sucrose, lactose, starch,
magnesium stearate, sodium saccharine, cellulose, magnesium carbonate, and the like. Other Zika virs
vaccines and immunogenic compositions may take the form of solutions, suspensions, pills, sustained release
formulations or powders and contain 10-95% of active ingredient, or 25-70%. For oral formulations, cholera

toxin is an interesting formulation partner (and also a possible conjugation partner).

{00202]  The Zika vitus vaccines and/or immunogenic compositions when formulated for vaginal
administration may be in the form of pessarics, tampons, creams, gels, pastes, foarms or sprays. Any of the
foregoing formulations may contain agents in addition to Zika viros vaccine and/ot immunogenic

compositions, such as carriers, known in the art to be appropoate.

[00203]  Insome embodiments, the Zika virus vaccines and/or imomnogenic compositions of the present
disclosure may be formudated for systemic or locatized debivery. Such formudations are well known in the art.
Parenteral vehicles include sodivm chioride solution, Ringer's dextrose, dextrose and sodivm chioride,
lactated Ringer's or fixed otls. Intravenous vehicles inclode floid and mutrient replenishers, electrolyte
replenishers (such as those based on Ringer's dextrose). and the like. Systemic and localized routes of

administration include, ¢.g., intradermal, topical application, intravencus, intramuscular, cic.

{08204]  The vaccines and/or immunogenic compositions of the present disclosure may be adninistered
inn a manner compatible with the dosage formulation, and in such amount as will be therapeutically effective
and immunogenic. The vaccine may comprise a purified inactivated whole Zika vires, in the form of a clonal
1solate obtained/cbtainable from plagoe purification, such as a Zika vires with 3 motation whichis a
tryptophan lo glvcine substitution af position 93 of SEQ 1D NO:1 or at a position corresponding to position 9%
of SEQ 1D NO:1 as described herein. In some embodiments, the vaccine or HNMUGOZENIC composiion
comprises a porified inactivated whole Zika viras comprising a Trp93Gly mutation at position 98 of SEQ ID
NO: 1, or at a posttion corresponding to position 98 of SEQ 1D NQ: 1, wherein the Zika virus is derived from
strain PRV ABCS9. In some embodiments, the vaccine or immunegenic composition comprises a purified
mactivated whole Zika virns comprising a Trp38Gly mutation at position 98 of SEQID NO: 1, orata
position corresponding to position 98 of SEQ ID NGO 1, wherein the Zika virus is derived from strain
PRVABC39 comprising the genomic sequence accerding to SEQ 1D NO:2. The guantity to be administered
depends on the sobicct to be treated, including, ¢.g., the capacity of the individual's immune system to mount
an immuee respoense, and the degree of pmiec&ion desired. Suitable dosage ranges may inchude, for exampile,
from about 0.1 ug to about 100 pg, about I ug to about 100 pg, about 2 ug to about 100 ug, about 3 ug to
about 100 pg, about 10 pug to about 100 pg, about 15 pg to about 100 ug, about 20 ug to about 100 pg, about
25 ug to about 100 g, about 30 ug to about 100 ug, about 35 ug to about 100 pg, about 40 pg to about 100
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pg, about 45 pg to about 100 pg, about 30 ug to about 100 ug, about 35 ug to about 100 ug, about 60 ugte
about 100 pg, about 65 ug to about 100 pg, 70 pg to about 100 pg, about 75 ug to about 100 ug, about 80 ug
to about 100 ug, about 85 pg to about 100 ug. about 90 pg to about 100 pg, about 95 ug to about 100 ug,
about 0.1 ug to about 95 ug, about 1 pug to about 95 ug, about 2 ug to about 95 ug, about 3 ug to about 93 pg,
about 10 pg to about 95 ug, about 15 pg to about 95 pg, about 20 pug to about 95 pg, about 25 ug to about 95
pg, about 30 pg to about 95 pg, about 35 ug to about 95 pg, about 40 pg to about 95 pg, about 45 ug to about
95 ug, about 50 pg to about 95 ug, about 55 ug to about 95 ug, aboul 60 pg to about 95 pg, about 65 ug to
about 95 ug, 76 ug to about 95 ug, about 75 ug to aboot 95 ug, about 80 pg to about 95 ug, about 85 pgio
about 95 ug, abouot 90 pg to about 95 pg, abowt 0.1 ug to about 90 ug. about 1 ug to about 90 ug, about 2 ug
to about 90 pg, about 5 ug to about 90 ug. about 10 pg to abowt 90 ug, about 15 ug to about 90 ug, about 20
pg to about 90 ug, about 25 ug to about 90 pg, about 30 ugz to about 90 ug, about 35 pg to about 90 g, about
40 ug to about 90 ug, about 45 ug to about 90 ug, about 50 ug to abowt 90 ug, about 55 ug to about 90 ug,
about 60 pg {o about 90 pg, about 65 ug to about 90 pg, 70 pg to about 90 ug, about 73 ug to about 90 ug,
about 80 pg to about 90 pg, about 85 ug to about 90 pg, about 8.1 pg to about 85 pg, about 1 ug to about 83
ng, about 2 pg to about 85 pg, about 5 pg to about 85 pg, about 10 pg to about 85 ug, about 15 pg to about 83
pg, about 20 pg to about 85 ug, about 25 ug to about 85 ug, about 30 pg to about 85 pg, about 35 ug to about
85 ug, about 40 ug to about 85 pg, about 45 ug to about 85 pg, about 50 pg to about 85 ug, about 35 ugto
about 85 ug, about 60 pg to about 85 pg, abowt 65 ug to about 85 ug, 70 ugto about 85 ug, abowt 75 pgio
about 85 pg, about 80 pg to about 85 ug, about (.1 pg to about 80 pg, about 1 ug to about 80 ug, about 2 ug
to about 80 ug, about 5 g to about 80 pug, about 10 ug to about 80 ug, about 13 ug to about 80 ug, about 20
pg to about 80 ug, about 25 ug to about 80 pg, about 30 ugto about 80 ug, about 35 pg to about 80 g, about
40 pg to about 80 ug, about 45 pg to about 80 pg, about 50 ug to about 80 pg, about 55 ug to about 80 ug,
about 60 ug to about 80 ug, about 65 pg to about 80 ug, 70 ug to about 80 ug, about 75 ug to about 80 ug,
about 0.1 ug to about 75 ug, about 1 ug to about 75 pg, about 2 ug to about 75 pg, about 5 ug to about 75 ug,
about 10 ug to about 75 ug, about 15 pg to about 75 pg, about 20 pug to about 75 pg, about 25 ng to about 75
pg, about 30 pg to about 75 pg, about 35 ug to about 75 pg, about 40 pg to about 75 pg, about 45 ug to about
75 ug, about 50 ug to about 75 ug, about 55 pg to about 75 pg, about 60 pug to about 75 pug, about 65 ugto
about 75 ug, 70 pg to about 75 pg, about 0.1 ug to about 70 ug, about 1 ug to about 70 ug, about 2 ug to
about 70 ug, about 5 ug to about 70 pg, about 10 pg to about 70 ug, about 15 pug to about 70 pg, about 20 pug
to about 70 pg, about 25 ug to abowt 70 g, about 30 ug to about 70 ug, about 35 ug to abouot 70 ug, about 40
ug to about 70 ug, about 45 pug to about 70 pg. abowt 50 pg to about 70 ug, about 55 pg to about 70 g, about
60 pg to about 70 ug, about 65 pg to about 70 pg, aboul 0.1 ug to about 65 ug, about I ug to about 65 pg,
about 2 pg to about 65 pg, about 5 pg to about 65 pg, abont 10 pug to about 65 ug, about 15 ug to about 65 pg,
about 20 pg to about 65 ug, about 25 pg to about 65 pg, abowt 30 ug to aboot 65 pg, about 35 ug to about 65
g, about 40 pg to about 65 pg, about 45 ug to about 65 pg, about 50 pg to about 65 pg, about 55 ug to about
65 ug, about 60 ug to about 63 ug, about 0.1 ug to about 60 ug, about 1 ug to about 60 ug, about 2 ug to
about 60 pg, about 5 ug to about 60 ug, about 10 pg to about 60 pg, about 15 ug to about 60 pg, about 20 ug
1o about ¢0 ug, about 25 ug to about 60 ug, about 30 pg to about 60 ug, about 35 ug to about 60 ug, about 40
ug to about 60 ug, about 45 g to about 60 pg. about 50 pug to about 60 ug, about 55 pg to about 60 g, about

0.1 ug to about 55 pg, about 1 pg to about 55 ug, about 2 ug to abowt 55 ug, about 3 ug to about 55 ug, about
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10 ug to about 55 ug. about 15 ug to about 35 pg, about 20 ug to about 55 ug, about 25 ugto about 55 ug,
about 30 pg to about 55 pg, about 35 pg to about 35 pg, about 40 pg o about 55 pg, about 45 ug to about 55
pg, about 50 pg to about 35 pg, about 0.1 ugto about 30 ug, about 1 ug to about 30 pg, about 2 ug to about
50 ug, about 5 pg to about 50 ug, about 10 pg to about 50 pg, about 15 ug to about 50 ug, about 20 ugte
about 30 pg, about 25 pg to about 50 pg, about 30 ug to about 30 pg, about 35 pg to about 50 pg, about 40 g
to about 30 pg, about 45 pg to about 50 pg, about 0.1 pg to about 45 pg, about 1 pg to about 45 pg, about 2
pg to about 45 ug, about 5 ug to about 45 pg. about 10 pg to about 45 ug, about 15 pg to about 45 pg, about
20 g to about 45 pug, about 25 ug to about 45 pg, about 30 ug to about 45 ug, about 35 ug to about 45 ug,
about 40 ug to abont 43 pg. about 0.1 ug to about 40 ug, about 1 pg to about 40 pg, about 2 pg to about 40
pg, aboul 5 pg to about 40 ug, about 16 ug to about 40 pg, about 15 ug to abowt 40 ug, abowt 20 g to abouot
40 pg, about 25 pgto about 40 ug, about 30 pg to about 40 ug, about 35 pg to about 40 ug, about 0.1 pgto
about 35 ug, about 1 ugto about 35 pg about 2 ugio about 35 ug, about 5 yug to about 35 pg about 10 ug
to about 35 ug, about 15 pgto about 35 pg, about 20 ug to about 35 ug, about 25 ugto about 35 ug, about
30 ugto about 35 pg, about 0.1 ug to about 30 pg, about 1 pg to about 30 ug, about 2 ug to about 30 ug,
about 5 pg to about 30 pg, about 10 pug to about 30 ug, about 135 ugto about 30 pg, about 20 pg to about 30
pg, about 25 pgto about 36 pg, about 6.1 ugto about 25 ug, about 1 ug to about 25 ug, about 2 ug to about
25 ug, about 5 pz to about 25 ug, about 10 ug to about 25 pg, about 15 pg to about 25 ug, about 20 pg to
about 25 ug, about 0.1 ug to about 20 pg, about 1 ug o abowt 20 pg, about 2 pg to about 20 ug, about 3 pgto
about 20 pg, about 10 pg to about 20 pg, about 15 pug to about 20 pg, about 0.1 ugto about 15 pg, about 1 pug
to about 15 ug, about 2 ugto about 15 pg, about 5 pgto about 15 pg, about 10 ug to abonut 15 pg, about 0.1
pg to about 10 ug, about 1 pgto about 10 pg, about 2 pgto about 10 pg, about 5 pg to about 10 pg, about
0.1 pg to about 5 pg, about 1 pg to about 5 g, about 2 ug to about 5 pg, about 0.1 ug to about 2 pg, about 1
pg to about 2 pg, or about 0.1 pgto about 1 ug per dose. 1n certain embodiments, the dosage can be about 0.1
pg, about 0.2 g, about 0.3 pg, about 0.4 ug. about 0.5 ug, about 0.6 pg, about 0.7 pg, about 0.8 ug, about 0.9
pg, about 1 ug, about 1.1 pg, about 1.2 ug, about 1.3 ug. about 1.4 pg, about 1.5 ug, about 1.6 ug, about 1.7
pg, about 1.8 ug, about 1.9 pg, about 2 ug, about 2.1 ug, about 2.2 pg, about 2.3 ug, about 2.4 ug, about 2.5
pg, about 2.6 g, about 2.7 pg, about 2.8 ug. about 2.9 pg, about 3 pg, about 4 pg, about 5 pg, about 6 ug,
about 7 pg, about 8 ug, about 9 ug, about 10 pg, about 11 pg, about 12 pg, about 13 ug, about 14 pg, about
15 pg, about 16 pg, about 17 ug, about 18 ug, about 19 pg, about 20 ug, about 21 pg, about 22 pg, about 23
g, about 24 pg, about 25 ug, about 26 pg, about 27 pg, about 28 ug. about 29 pg, about 30 ug, about 31 pg,
about 32 pg, about 33 pg, about 34 pg, aboul 35 pg, about 36 ug, about 37 ug, about 38 ug. about 39 ug,
about 40 pg, about 41 pg, about 42 pg, aboul 43 pg, about 44 ug, about 45 ug, about 46 ug. about 47 ug,
about 48 pg, about 49 pg, about 50 pg, aboul 51 pg, about 52 ug, about 53 ug, about 54 pug. about 55 ug,
about 56 pg, about 57 pg, about 58 pg, aboul 59 g, about 60 ug, about 61 ug, about 62 g, about 63 ug,
about 64 pg, about 65 pg, about 66 pg, aboul 67 pg, about 68 ug, about 69 ug, about 70 ug, about 71 ug,
about 72 ug, about 73 pg, about 74 pg, about 75 ug, about 76 ug, about 77 ug, about 78 ug, about 79 ug,
about 80 ug, about 81 pg, about 82 pg, about 83 pg, about 84 ug. about 85 ug, about 86 ug, about 87 ug,
about 88 ug, about 8% pg, about 90 pg, about 91 pg, about 92 ug,. about 93 ug, about 94 ug, about 95 ug,
about 96 ug, about 97 pg, about 98 pg, about 99 pg, or about 100 pg per dose. The amount of the purified

inactivated Zika virus caa be determined by a Bradford assay (Bradford et al. (1976) Anal. Biocher. 72: 248-
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254) using defined amounts of recombinant Zika cnvelope protein to establish the standard curve. Thus the
dosage of the antigen may thus also be referred to as micrograms (pug) of Zika Envelope protein E (ug Env).
pg Antigen as mentioned above in this paragraph and pg Env as mentioned in the paragraph below thus mean

the same within the meaning of this disclosure.

[00205]  Insome enbodiments, the dosage may be measured in micrograms {(ug) of Zika Envelope
protein E (Env). Accordingly, in some embodiments, the dosage ranges may include, for example, from about
0.1 pg Env to about 100 pg Env, about 1 pg Env to about 100 pg Env, about 2 pug Env to about 100 pg Enw,
about 5 pug Env to about 100 pg Env, about 10 pg Env to about 100 pg Env, about 15 pg Eov to about 100 ug
Env, about 20 ug Env to about 100 ug Env, about 25 pg Env to about 100 pg Env, about 30 ug Env to about
100 pg Env, about 35 pg Env to about 100 ug Env, about 40 pg BEnv to about 100 pg Env, about 45 ug Env to
about 100 pg Env, about 50 pg Env to about 100 pg Env, about 55 pug Env to about 100 pg Env, about 60 ug
Env to about 100 pg Env, about 63 pg Env to about 100 pg Env, 70 pg Env to about 100 pg Env, about 75 pg
Env to about 100 pg Env, about 80 pg Env to about 100 pg Env, about 85 pg Env to about 100 pg Env, about
90 ug Env to about 100 pg Env, about 95 pug Env to about 100 pg Env, about 0.1 pg Env to about 95 ug Env,
about 1 pug Env to about 95 ug Env, about 2 ug Env to about 95 ug Env, about 5 ug Bav to about 95 ug Env,
about 10 pug Env to about 95 ug Env, about 15 pg Env to about 95 yg Env, about 20 ug Env to about 95 ug
Env, about 25 ug Env to about 95 pg Fov, abowt 30 pg Env to abowt 95 pg Env, about 35 ug Exv to aboot 95
pg Env, about 40 pug Env to about 95 ug Env, about 45 pg Eov to about 95 ug Env, about 50 pg Eny to about
95 ug Buv, about 55 pg Fav (o about 95 ug Env, about 60 pg Env to about 95 ug Eav, about 65 pg Env to
abowt 95 pug Env, 70 ug Fov to about 95 pg Env, about 75 pg Env to about 95 ug Fov, about 80 pg Env ©
about 95 ug Env, about 85 pg Env 1o about 95 pug Env, about 90 ug Env to about 95 ug Env, about 0.1 yg Eny
to about 90 pg Faov, about § ug Env to about 90 pg Eov, about 2 pg Env to about 9¢ ug Eov, about 5 pg Env
to about 90 ug Eov, about 10 ug Env to about 90 ug Env, about 15 ug Env to about 90 ug Env, about 20 ug
Env to about 90 ug Env, about 25 ug Fov to about 90 pg Env, about 30 pug Env to about 90 ug Env, about 35
ug Env to about 90 pg Env, about 4¢ pg Env to about 90 pg Env, about 45 ug Env to about 90 pg Env, about
50 ug Puv to about 90 pg Eov, about 55 ug Env to about 90 yug Env, about 60 ug Fav to about 90 pg Env,
about 65 pug Env to about 90 pg Eav, 70 pg Env to about 90 pg Env, about 75 pug Eov to about 90 pg Env,
about 80 pug Env to about 90 ug Env, about 85 pg Env to about 90 ug Env, about 0.1 ug Env 1o about 85 ug
Env, about 1 pg Eov to about 85 ug Env, about 2 pg Env to about 85 ug Env, about 5 ug Env to about 85 pug
Env, about 10 pg Env to about 85 ug Eav, about 15 ug Env to about 85 pug Env, about 20 ug Env to about 85
ig Env, about 25 ug Env to about 85 pg Env, about 30 pg Eov to about 83 ug Env, about 35 pug Env to about
85 ug Env, about 40 ug Eov to about 85 pug Env, about 45 pg Env to about 85 ug Env, about 50 pg Env to
about 85 pug Env, about 55 pg Eov to about 85 pg Env, about 60 ug Env to about 85 ug Env, about 65 pug Eov
to about 85 ug Env, 70 ug Env to about 85 pg Env, about 75 pg Env to about 85 pg Env, about 80 ug Env to
about 85 pug Env, about 0.1 pg Env to about 80 ug Bav, about 1 ug Env to about 80 ug Env, about 2 pg Env
to about 80 pg Env, about 5 pg Env to about 80 ug Env, about 10 pg Env 1o about 80 yug Env, about 15 ug
Env to about 80 ug Env, about 20 ug Env to about 80 pg Env, about 25 ug Env to about 80 ug Env, about 30
pg Env to about 80 pg Env, about 35 ug Env to about 80 ug Env, about 40 ug Env to about 80 ug Env, about

45 ug Env to about 80 pg Env, about 50 ug Env to about 80 pg Env, about 55 ug Env to about 80 pg Env,
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about 60 pug Env to about 80 ug Env, about 65 pug Exv to about 80 ug Env, 70 ug Env to about 80 pg Env,
about 75 pug Env to about 80 ug Env, about 0.1 ug Env to about 75 pg Env, about 1 ug Env o about 75 pg
Env, about 2 ug Bav to about 75 ug Env, about 3 ug Env to about 75 pg Env, about 10 pg Env to about 75 pg
Env, about 15 ug Env to about 75 pg Env, about 20 ug Env to about 75 pg Env, about 25 g Env to about 75
pg Env, about 30 pug Env to about 75 pug Env, about 35 pg Env to about 75 ug Env, about 40 pg Env to about
75 ug Env, about 45 ug Bav to about 75 ug Env, about 30 pug Env to about 75 ug Env, about 55 pg Env to
abowt 75 pug Env, abowt 60 ug Bnv to about 75 pg Env, about 65 pg Env to about 75 ug Env. 70 pg Env (o
about 75 pug Env, abouti 0.1 pg Env to about 70 pg Env, abowt 1 pug Env to about 70 ug Env, about 2 pg Env
to about 70 ug Bav, aboot 5 ug Env to about 70 ug Eov, about 10 pg Env to about 70 pg Env, about 15 ug
Env to about 70 pg Env, about 20 pg Fov to about 70 pg Env, abowt 25 pg Env to aboul 7¢ pg Bnv, about 30
ug Env to about 70 pg Env, about 35 pg Env to abouot 70 pg Env, about 40 ug Env to about 70 pg Env, about
45 wg Env to about 70 pg Eov, about 50 pg Env to about 70 pg Env, about 55 pg Eov to about 70 pg Env,
about 60 ug Env to about 70 ug Eov, about 65 ug Env to about 70 ug Env, about 0.1 pg Env 1o about 65 ug
Env, about 1 pg Eov to about 65 pg Env, about 2 g Fav to about 65 ug Env, about 5 ug Eov to about 65 pg
Env, about 10 pug Env to about 65 ug Fav, about 15 pg Env to about 65 pg Env, about 20 pg Env to about 65
ug Env, about 25 ug Env to about 65 pg Env, about 30 pg Eov to about 65 ug Env, about 35 pg Env to about
65 wg Env, about 40 ug Eov to about 65 pg Env, about 45 pg Env to about 65 nug Fav, about 50 pg Env to
about 65 ug Env, about 55 pg Env 1o about 65 pg Env, about 60 ug Env to about 65 ug Env, about 0.1 yg Eny
to about 60 ug Env, about 1 ug Env to about 60 ug Env, about 2 ug Env to about 60 pg Eav, about 5 pg Env
to about 60 ug Env, about 10 pg Env to about 60 pg Env, abowt 15 ug Env to about 60 pg Env, about 20 ug
Env to about 60 pug Env, about 25 ug Eov to about 60 pg Env, about 30 pug Env to about 60 ug Env, about 35
pg Env to about 60 pg Env, about 40 ug Env to about 60 ug Env, about 45 ug Env to about 60 ug Env, about
50 pg Env to about 60 pg Env, about 35 pug Env to about 60 pg Env, about 0.1 ug Env to about 35 pg Env,
about I pg Env to about 55 ng Env, about 2 ug Env to about 55 pg Env, about 5 ug Env to about 55 pg Env,
about 10 pug Env to about 55 ug Env, about 15 pg Env to about 335 pug Env, about 20 ug Env to about 35 ug
Env, about 25 ug Env to about 53 pg Env, about 30 pg Env to about 55 pg Env, about 35 pg Env to about 55
pg Env, about 40 ug Bav to about 55 ug Env, about 45 pg Env to about 55 pug Euv, about 50 pg Env to about
35 ug Env, about 0.1 pg Env to about 50 pg Env, about 1 pug Env to about 50 pg Env, about 2 pg Env to
about 50 ug Env, about 3 pg Env to about 50 pg Env, about 10 ug Eov to about 50 pg Env, about 15 pg Eov
to about 50 pg Env, about 20 ug Env to about 50 ug Env, about 25 pg Env to about 50 pg Env, about 30 ug
Env to about 50 pg Env, about 35 pg Env to about 50 pg Buv, about 40 pg Eov to about 56 pg Env, abowt 45
ig Env to about 530 ug Env, about 0.1 pg Bnv to about 45 ug Buv, about | ug Env to about 45 pg Env, about
2 pg Env to about 45 ug Eav, about 5 ug Env to about 45 pig Fav, about 10 pg Env to about 45 pg Env, about
15 pg Env to about 45 pg Env, about 20 ug Euv to about 45 pg Eav, about 25 ug Env to about 45 pig Env,
about 30 pg Env to about 45 ug Env, about 35 pg Env to about 45 ug Fov, about 40 ug Env to abowt 45 pug
Env, about 0.1 ug Env to about 40 ug Env, about | ug Env to about 40 pg Env, about 2 ug Env to about 40
ug Env, about 3 yg Env to abowt 40 pg Baw, about 10 ug Eov io about 40 ugz Env, about 15 ug Eov {0 about
40 pg Env, about 20 pg Env to about 40 pg Env, about 25 pg Env to about 40 pg Env, about 30 pug Env to
about 40 ug Env, about 35 pug Env to about 40 pg Env, about 0.1 pg Env o about 35 pg Env, about 1 pg

Eov to about 35 ug Env, about 2 pg Eav 1o about 35 ug Env, about 5 ug Env 1o about 35 ug Env, about 10



WO 2019/090228 PCT/US2018/059219

pg Env to about 35 g Env, about 15 pug Env to about 35 pg Env, about 20 ug Env to about 35 pg Enw,
about 25 pg Env to about 35 ug Env, about 30 pug Env to about 35 pg Env, about 0.1 pug Env to about 30 pg
Env, about 1 ug Bav to about 30 ug Env, about 2 pg Env to about 30 pg Env, about 5 ug Eav to about 30 pg
Env, about 10 ug Env to about 30 pg Eav, about 15 pg Env to about 30 pg Env, about 20 ug Env to about 30
pg Env, about 25 pug Env fo about 30 pg Env, about 0.1 ug Env to about 25 pg Env, about 1 pg Env to about
25 pug Env, about 2 ug Env to about 25 pg Env, about 5 ug Env to about 25 pg Env, about 10 pg Env to about
25 pug Env, about 15 g Eav to about 25 pg Env, about 20 ug Env to about 25 ug Env, about 0.1 pg Env to
about 20 ug Env, about 1 pg Env to about 20 pg Env. about 2 ug Env to about 20 g Env, about 5 pg Env to
about 20 ug Env, aboul 1¢ pg Bov (o about 20 pg Env, about 15 pug Env to about 20 ug Env, about 0.1 ug Env
to about 15 pg Tav, aboot 1 ug Env to about 15 ug Eov, about 2 ug Env to about 15 ug Fav, abouot 5 ug Env
to about 15 pg Eov, about 10 pg Eov to about 15 pg Env, about 0.1 pg Env to about 10 pg Env, about | pug
Env to about 10 ug Eov, about 2 pug BEnv to about 10 ug Eav, about 5 uz Env to about 10 ug Env, about 6.1
pg Env to about 5 pg Eav, about | ug Env to about 5 ug Env, about 2 ug Eov to about 5 ug Env, about 0.1 pg
Env to about 2 pg Eov, about 1 pz Env to about 2 ug Env, or about 0.1 ug Env to about { pg Env per dose. In
certain embodiments, the dosage can be about 8.1 pg Env, about 0.2 ug Env, about 0.3 pg Env, about 0.4 ug
Env, about 0.5 ug Eav, about 0.6 ug Env, about 0.7 ug Eav, about 0.8 ugz Env, about 0.9 pg Eav, about { ug
Env, about 1.1 ug Eav, about 1.2 ug Env, about 1.3 ug Eov, about 1.4 uz Env, about 1.5 pg Eav, about 1.6 ug
Env, about 1.7 ug Eav, about 1.8 ug Env, about 1.9 ug Eav, about 2 uz Env, about 2.1 pg Env, about 2.2 ug
Env, about 2.3 ug Env, about 2.4 ug Env, about 2.5 pg Env, about 2.6 pz Env, about 2.7 pug Env, about 2.8 ug
Env, about 2.9 ug Env, about 3 pg Env, about 4 pg Env, about 5 ug Eav, about 6 ng Env, about 7 pg Env,
about 8 ug Env, about 9 pg Env, about 10 ug Env, about 11 pg Env, about 12 ug Env, about 13 ug Env, about
14 pg Exv, about 15 pg Env, about 16 pg Env, about 17 ug Env, about 18 pg Env, about 19 pug Env, about 20
pg Env, about 21 ug Env, about 22 ug Env, about 23 pug Env, about 24 pg Env, about 25 pg Env, about 26 ug
about 30 ug Env, about 31 pg Env, about 32 pg

Env, about 27 pg Env, about 28 ug Env, about 29 pg Env,

Env, about 33 ug Env, about 34 ug Env, about 35 pg Env,

Env, about 39 ug Env, about 40 ug Env, about 41 pg Env,
Env, about 45 pg Env, about 46 ug Env, about 47 pg Env,

Env, about 51 pg Env, about 52 ug Env, about 33 pg Env,

Env, about 57 pg Env, about 58 ug Env, about 39 pg Env,
Env, about 63 ug Eav, about 64 ug Env, about 65 pg Env,
Env, about 69 ug Eav, about 70 ug Env, about 71 pg Env,
Env, about 75 ug Eav, about 76 ug Env, about 77 ug Env,
Env, about 81 ug Eav, about 82 ug Env, about 83 pg Env,
Env, about 87 ug Eav, about 58 ug Env, about 89 ug Env,
Env, about 93 ug Eav, about 94 ug Env, about 95 ug Env,

Env, about 99 ug Eav, or about 100 pug Env per dose.

{00206]

about 36 pg Env,
about 42 ug Env,
about 48 ug Env,
about 54 ug Env,
about 60 ug Env,
about 66 ug Env,
about 72 ug Eav.
about 78 ug Eav.
about 84 ug Env,
about 90 gg Fov,

about 96 ug Eov,

about 37 pg Env,
about 43 pg Env,
about 49 pg Env,
about 55 pg Env,
about 61 pg Env,
about 67 pg Env,
about 73 pg Env,
about 79 pg Env,
about 85 pg Env,
about 91 pg Env,
about 97 pg Env,

about 38 ug
about 44 ug
about 50 ug
about 56 ug
about 62 yug
about 68 ug
about 74 ug
about 50 ug
about 56 ug
about 92 ug

about 98 ug

Suitable regimens for initial administration and booster shots are also variable but are typified by

an initial administration followed by subscquent inoculations or other administrations. The manner of

application may be varied widely. Any of the conventional methods for administration of a vaccine or
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immunogenic composition are applicable. These include oral application on a solid phvsiologically acceptable
basc or in a physiologically acceptable dispersion, parenterally, by injection or the like. The dosage of the
vaccine or immunogenic composition will depend on the route of administration and may vary according to
the age of the person to be vaceinated and the fornmlation of the antigen. The vaccine or immunogenic
composition can have a unit dosage volume of more than 0.5mL, of 0.5mL or of less than 0.5mL, as described

herein. For instance, it can be administered at a volume of §.25mb.

{60287]  Delivery agents that improve mucoadhesion can also be used to improve delivery and
immunogenicity especially for intranasal, oral or lung based delivery formulations. One such componnd,
chitosan, the N-deacetylated form of chitin, is used in many pharmaceutical formulations. It 1s an attractive
mucoadhesive agent for intranasal vaccine delivery due to its ability to delay mucociliary clearance and allow
more time for mucosal antigen uptake and processing. 1n addition, it can transiently open tight junctions
which may enhance transepithelial transport of antigen to the NALT. In a recent human trial, a trivalent
inactivated influenza vaccine administered intranasally with chitosan but without any additional adjuvant
yiclded seroconversion and HI titers that were only marginally lower than those obtained following

intramuscular inoculation

{6G208]  Chitosan can also be formulated with adjuvants that function well intranasally such as the
genetically detoxified E. coli beat-labile enterotoxin mutant LTK63. This adds an imnunostinuiatory effect
on top of the delivery and adhesion benefits imparted by chitosan resulting in enhanced nucesal and systemic

IESPoNsCs.

[0020%9]  Finally, it should be noted that chitosan formulations can also be prepared in a dry powder
format that has been shown to improve vaccine stability and resolt in a firther delay in rucociliary clearance
over hquid formmlations, This was seen in a recent human clinical trial involving an intranasal dry powder
diphtheria toxoid vaccine formulated with chitosan in which the intranasal route was as effective as the
traditional intranwascular route with the added benefit of secretory IgA responses. The vaccine was also very
well tolerated. Intranasal drv powdered vaccines for anthrax containing chitosan and MLA, or derivatives
thereof, induce stronger responses in rabbits than inframuscular inoculation and are also protective against

acrosol spore challenge.

[00210]  Intranacal vaccines represent an exemplary formudation as they can affect the upper and lower
respiratory {racts in contrast to parenterally admimstered vaccines which are better at affecting the lower
respiratory {ract. This can be beneficial for inducing tolerance to allergen-based vaccines and indocing

immunity for pathogen-based vaccines.

{00211}  Inaddition to providing protection in both the upper and lower respiratory tracts, intranasal
accines avoid the complications of needle inoculations and provide a means of inducing both mucosal and
sysiemic bumoral and cellular respouses via interaction of particulate and/or scluble antigens with

nasopharyngeal-associated lymphoid tissues (NALT).

W
L
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[06212]  Vaccines and/or immmmogenic compositions of the present disclosure are pharmaceutically
aceeptable. They may include components in addition to the antigen and adjuvant, e.g. they will typically
include one or more pharmaccutical carrier(s) and/or excipient(s). A thorough discussion of such components
is available in Gennaro (2000) Remington: The Science and Practice of Pharmacy. 20th edition, ISBN:

0683306472.

{60213]  To control tonicity, it is preferred to include a physiological salt, such as a sodium salt. Sodium
chloride (NaCl) is preferred, which may be present at botween 1 and 20 mg/ml. Other salts that may be
present include potassinm chloride, potassium dihydrogen phosphate, disodinm phosphate dehydrate,

magnesiam chloride, calcium chioride, etc.

[00214]  Vaccines and/or immunogenic compositions of the present disclosure may include one or more
buffers. Typical buffers include: a phosphate buffer; a Tris buffer: a borate buffer; a succinate buffer; a
histidine buffer (particularly with an aluminom hydroxide adjuvant); or a citrate buffer. Buffors will typically

be inchuded in the 5-20mM range

[00215]  The pH of a vaccine or immunogenic composition will generally be between 5.0 and 8.5 or 5.0
and 8.1, and more typically between 6.0 and 8.5 ¢.g. between 6.0 and 8.0, between 6.5 and 8.0, between 6.5
and 7.5, between 7.0 and 8.5, between 7.0 and 8.0, or between 7.0 and 7.8. A manufacturing process of the

present disclosnre may therefore include a step of adjusting the pH of the bulk vaccine prior to packaging.

{00216}  The vaccine or imnmmogenic composition is preferably sterile. 1t is preferably non pyrogenic,
e.g. containing <1 EU (endotoxin unit, a standard measure) per dose, and preferably <0.1 EU per dose. it is

preferably gluten free.

[00217F  Incertain embodiments, the vaccines and/or immmnogenic compositions of the present
disclosure may inchide a detergent in an effective concentration. In sone embodiments, an effective amount
of detergent may include without limitation, about 0.00005% v/v to about 5% v/v or about 0.0001% viv to
about 1% v/v. In certain embodiments, an effective amount of detergent is about 0.001% v/v, about 0.002%
v/v, about 0.003% v/v, about 0.004% v/v, about 0.005% v/v, about 0.006% v/v, about 0.007% v/v, about
0.008% v/v, about 0.009% v/v, or about 0.01% v/v. Without wishing to be bound by theory, detergents help
maintain the vaccines and/or immunogenic compositions of the present disclosure in solution and help to

prevent the vaccines and/or imnmunogenic compositions from aggregating,

[00218]  Suitable detergents include, for example, polyoxvethylene sorbitan ester surfactant (known as
“Tweens’), octoxynel (such as octoxynol-9 (Taton X 100) or t-octylphenoxypolyethoxyethanol), cetyl
trimethyl ammonium bromide ('CTAB’), and sodium deoxycholate, particularly for a split or surface antigen
vaccine. The detergent may be present only at trace amounts, Other residual components in frace amounts
could be antibiotics {¢.g. noomycin, kanamycin, polymyxin B). In some embodiments, the detorgent containg
polysotbate. In some embodiments, the effective concentration of detergent includes ranges from about

0.000035% viv 10 about 5% v/v.
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[06219]  The vaccines and/or immunogenic compositions are preferably stored at between 2°C and 8°C.
They should ideally be kept out of direct light. The antigen and emulsion will typically be in admixture,
although they may initially be presented in the form of a kit of separate components for extemporancous
admixing. Vaccines and/or immunogenic compositions will gencrally be in agueouns form when administered

to a subject.
Blethods of the Present Disclosure

{00220]  Further aspects of the present disclosure relate to methods for using vaccines and/or or
immunogenic composttions descuibed berein containing one or more aptigens from at least one Zika virs
(e.g.. a clonal Zika virus isolate, a Zika viras comprising a non-buman cell adaptation mutation such as a non-
human cell adaptation nytation in protein NS such as a punficd nactivated whole Zika virus, in the form of
a clonal isolate obtained/obtaigable from plaque purification, such as a Zika virus with a mutation which is a
tryptophan to glycine substitution at position 98 of SEQ I NO:1 or at a position corresponding to position 9%
of SEQ I NGOl as descrbed herein) to treat or prevent Zika virgs in a subject in need thereof and/or to
induce an tmune response to Zika virus in a subject in need thereof, Further aspects of the present disclosure
relate to methods for using vaccines and/or or immunogenic compositions described herein containing a
purified inactivated whole Zika virus with a mutation which is a tryptophan to glvcine substitution at position
98 of SEQ ID NO:1 or at a position corresponding to position 98 of SEQ 1D NO:1 to treat or prevent Zika
virus in a subject in need thereof and/or to induce an immune response to Zika virus in a subject in need
thercof. Further aspects of the present disclosure relate to methods for nsing vaccines and/or or immunogenic
compositions described herein comtaining a purified inactivated whole Zika virus with a mutation which is a
tryptophan to glyeine substitution at position 98 of SEQ D NO:1 or at a position corresponding to position 98
of SEQ [D NO:1, wherein the Zika virus is derived from strain PRVABCS9, 1o treat or prevent Zika virus in a
subject in need thereof and/or to induce an immune response to Zika virus in a subject in need thereof. Further
aspects of the present disclosure relate to methods for using vaccines and/or or iInmmunogenic compositions
described herein containing a purified inactivated whole Zika virus with a mutation which s a tryptophan to
glycine substitution at position 98 of SEQ D NO:1 or at a position corresponding to position 98 of SEQ ID
NG:1, wherein the Zika virus is derived from strain PRVABCS9 comprising the genomic sequence according
to SEQ 1D NG:2 to treat or prevent Zika vires in a sobject in need thereof and/or to induce an imrnune

response to Zika virus in a subject 1o need thereof

[00221]  Insome enbodiments, the present disclosure relates to methods for treating or preventing Zika
virus infection in a subject in need thercof by administering to the subject a therapeutically effective amount
of a vaccine and/or immunogenic composition of the present disclosure containing one or more antigens from
at least one Zika virus (¢.g., a clonal Zika virus isolate, a Zika virus comprising a non-human cell adaptation
mutation such as a non-human cell adaptation mutation in protein NS1, such as a purified inactivated whole
Zika virus, in the form of a clonal isolate obtained/obtainable from plagque purification, such as a Zika virus
with a mutation which is a tryptophan to glvcine substitution at position 98 of SEQ 1D NO:1 or at a position

corresponding to position 98 of SEQ [D NO:1 as described herein).
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[06222]  Insome embodiments, the present disclosure relates to methods for treating or preventing Zika
virus infection in a subiect in need thercof by admmistering to the subject a therapeutically effective amount
of a vaccine and/or immunogenic composition of the present disclosure containing a purified inactivated
whole Zika virus with a mutation which 1s a tryptophan to glycine substitution at position 98 of SEQ D NO:1
or at a position corresponding to position 98 of SEQ 1D NO:1. In some embodiments, the present disclosure
relates to methods for treating or preventing Zika virus wnfection in a subject in need thercof by administering
to the subject a therapeutically effective amount of a vaccine and/or immunogenic composition of the present
disclosure containing a purified inactivated whole Zika virus with a mutation which is a tryptophan to glycige
substitution at position 98 of SEQ 1D NO:1 or at a position corresponding to position 98 of SEQ [D NO:1,
wherein the Zika virus is derived from steain PRVABCS9. In some embediments, the present disclosure
refates to methods for treating or preventing Zika virus iofection 1o a subject 10 need thercof by administering
to the subject a therapeutically effective amount of a vaccine and/or imouinogenic composition of the present
disclosure containing a purified inactivated whole Zika virus with a mutation which is a tryptophan to glvcige
substitution at position 98 of SEQ 1D NO:1 or at a position corresponding to position 98 of SEQ [D NO:1,
wherein the Zika virus is derived from strain PRVARCS9 comprising the genomic sequence according to

SEQ ID NO:2.

{80223]  Insome embodiments, the present disclosure relates to methods for inducing an inmune
response 1o Zika virus in a subject 1o need thereof by administering o the subjoct a therapeutically effective
amount of a vaccine and/or or immunogenic composition of the present disclosure containing one or more
antigens from at least one Zika (e.g.. a clonal Zika virus i1solate, a Zika virus comprising a non-human cell
adaptation motation such as a son-human cell adaptation awtation 1o protein NS1, such as a purified
inactivated whole Zika virus, in the form of a clonal isolate obtained/obtainable from plaque punification, such
as a Zika virus with a motation which s a tryptophan to glycine substitition at position 98 of SEQ ID NO:1 or
at a position corresponding to pesition 98 of SEQ 1D NO: 1 as described herein). In some embodiments, the
present disclosure telates to methods for inducing an immune response to Zika virgs in a subject i need
thercof by administening 1o the subject a therapeutically effective amount of 3 vaccine and/or or ImMmunogeBic
composition of the present disclosure containing a purified inactivated whole Zika virus with a nmtation
which is a tryptophan to glycine substitution at position 98 of SEQ 1D NO:1 or at a position corresponding o
position 98 of SEQ ID NO:1, wherein the Zika virus is derived from strain PRVABCS9. In some
embodiments, the present disclosure relates to methods for inducing an immune response to Zika virus in a
subject in need thereof by administering to the subject a therapeutically effective amonunt of a vaccine and/or
or immunogenic composition of the present disclosure containing a purified inactivated whole Zika virus with
a mutation which is a tryptophan to glvcine substitution at position 98 of SEQ 1D NO:1 or at a position
corresponding to position 98 of SEQ ID NO: 1, wherein the Zika virus is derived from strain PRVABC39

conmprising the genomic sequence according to SEQ D NO:2.

{00224}  Insome embodiments, the administering step induces a protective rmune response against Zika
virus in the subject. Tn some embodiments, the subject is a human. In some embodiments, the subject is

pregrant or intends 1o become pregnant.
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[06225]  The Zika virus vaccines and/or imnmnogenic compositions disclosed herein may be used o
protect or treat a subject (e.g., a mammal such as a human) susceptible to, or suffering from a viral infection,
by means of administering the vaccine by intranasal, peroral, oral, bucecal, sublingual, intramuscular,
intraperitoneal, intradermal, transdermal, subdermal, intravaginal, anal, intracranial, intravenous,
transcutancous, or subcutancous admimstration. Methods of systemic administration of the vaccines and/or
immunogenic compositions of the present disclosure may include conventional syninges and neadles, or
devices designed for ballistic delivery of solid vaccines (WO 99/27961). or necdleless pressore liquad jet
device (U.S. Pat. No. 4,596,556, U.S. Pat. No. 5,993,412), or transdermal patches (WO 97/48440; WO
98/28037), The Zika virgs vaccines and/or Unmuno genic compositions of the present disclosure may alsc be
applied to the skin (transdermal or transcutancous delivery WO 98/20734; WO 98/28037). The Zika virus
vaccines and/or Ummupogenic compositions of the present disclosure therefore may ioclude a delivery device
for systemic adonnistration, pre-filled with the Zika virus vaccine ot imrounogenic compositions. Accordingly
there is provided methods for treating or preventing Zika virus infection and/or for indocing an immune
response 1o a subject (€.g.. a mammal such as a huoman), including the step of administering a vaccine or
immunoegenic composition of the present disclosure and optionally including an adjuvant and/or a carrier, o
the subject, where the vaccine or immunogenic composition 1s admiuistered via the parcateral or systemic

route.

[006226]  The vaccines and/or immunogenic compositions of the present disclosure may be used to protect
or treat a subject {¢.g., a mammal such as a human) susceptible to, or suffering from a vival infection, by
means of administering the vaccine or inununogenic composition via a mucosal route, such as the
oral/alimentary or gasal route. Alternative sicosal routes are intravaginal and intra-rectal. The mucosal route
of administration may be via the nasal route, termed intranasal vaccination. Methods of intravsasal vaccination
arc well known 1o the art, 1ocladiog the administration of a droplet, spray, or diy powdered formofthe
vaccing into the nasopharvax of the individual to be imumunized. Nebulized or acrosclized vaccine
formulations are potential forms of the Zika vims vaccines and/or imananogenic compositions disclosed
herein. Enteric formulations such as gastro resistant capsules and granules for oral administration,
suppositorics for rectal or vaginal administration arc also formmlations of the vaccines and/or immunogenic

compositions of the present disclosure.

[00227]  The Zika virus vaccines and/or immunogenic compositions of the present disclosure may also be
administered via the oral route. In such cases the pharmaceutically acceptable excipient may also include
afkaline buffers, or enteric capsules or microgrannles. The Zika virss vaccines and/or irmmung genic
compositions of the present disclosure may also be administered by the vaginal rowte. In such cases, the
pharmaceutically acceptable excipients may also include emulsifiers, polymers such as CARBOPOL®, and
other known stabilizets of vaginal creams and suppositorics. The Zika virus vaccines and/or immunogenic
compositions may also be administered by the rectal route. In such cases the excipients may also inchde

waxes and polymers known in the art for fonming rectal suppositories.

{80228]  Insome embodiments, the administering step includes one or more administrations.

Administration can be by a single dose scheduole or a muluple dose (prime-boost) schedule. In a multiple dose

59



WO 2019/090228 PCT/US2018/059219

schedule the various doses may be given by the same or different routes ¢.g. a parenteral prime and mucosal
boost, a mucesal prime and parenteral boost, etc. Typically they will be given by the same route. Multiple
doses will typically be administered at least 1 week apart (¢.g. about 2 woeks, about 3 wecks, about 4 weceks,
about 5 weeks, about 6 weeks, about 7 weeks, about 8 wecks, about 9 weeks, about 10 weeks, about 11
weeks, about 12 weeks, about 16 weeks, etc.). Giving two doses separated by from 25-30 days (¢.g. 28 davs)

is particularly useful.

{60229]  The methods of the present disclosure include administration of a therapeutically effective
amount or an immunogenic amount of the Zika virus vaccines and/or immunogenic compositions of the
present disclosure. A therapeutically effective amount or an immunogenic amount may be an amount of the
vaccines and/or immunogenic compositions of the present disclosure that will induce a protective
immunological response in the uninfected, infected or unexposed subject to which it is administered. Such a
response will generally result in the development in the subject of a seeretory, cellular and/or amibody-
mediated immung response to the vaccine. Usually, such a response includes, but is not limited to one or more
of the following effects; the production of antibodies from any of the immunological classes, such as
immunoglobuling A, D, E, G or M; the proliferation of B and T lvmphocytes; the provision of activation,
growth and differentiation signals to immunological cells; expansion of helper T cell, suppressor T cell,

and/or cytotoxic T cell.

[60230]  Insome enbodiments, the protective immunological response induced in the subject after
administration of a vaccine and/or immunogenic composition containing a non~human cell adapted Zika virus
of the present disclosure is greater than the immunclogical response induced in a corresponding subject
administered a vaccine and/or immunogenic composition containing a Zika virus that is not adapted for non-
human cell growth and/or comprises a different non-human cell adaptation mutation. In some embodiments,
the protective immunological response induced in the subject after administration of the vaceine and/or
immunogenic composition containing a non-human cell adapted Zika virus of the present disclosure is at least
about 3%, at keast about 10%, at least about 15%.at least about 20%, at least about 25%, at least about 30%, at
least about 35%, at least about 40%, at least about 45%, at least about 50%;, at least about 55%, at Icast about
60%, at least abowt 65%, at least about 70%, at least about 75%, al least about 86%, at least about 83%, at
feast about 90%, at least about 95%, or at least about 999 greater than the immunological response induced in
a corresponding subject administered a vaccine and/or immunogenic composition containing a Zika virus that
is not adapted for non-human cell growth and/or comprises a different non-hvman cell adaptation motation.
Methods of measuring protective immunclogical responscs are gencrally known to once of ordinary skill in the

art.

{06231]  Insome embodiments, administration of a vaceine and/or immunogenic composition containing
a non-human cell adapted Zika virus of the present disclosure induces generation of neutralizing antibodices to
Zika virgs 1n the subject. In some embodiments, administration of a vaccine and/or imnnogenic composition
containing a non-human cell adapted Zika virus of the present disclosure induces generation of neutralizing
antibodics to Zika vitus 1n the subject in an amoount that is greater than the amount of ncotralizing antibodies

induced in a corresponding subiect administered a vaccine and/or immpnogenic compostiion contaiing a
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Zika viras that 1s not adapted for non-human cell growth and/or comprises a different non-human celf
adaptation mutation. In some embodiments, administration of a vaccine and/or immunogenic composition
containing a non-human cell adapted Zika virus of the present disclosure induces generation of neutralizing
antibodics to Zika virus in the subject in an amount that is at least about 3%, at least about 10%, at least about
15% at least about 20%, at least about 25%, at least about 30%, at least about 35%, at lcast about 40%;, at lcast
about 45%, at least about 50%, at least about 55%, at least about 60%, at least about 65%, at least about 70%,
at least about 753%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, or at Ieast
about 99% greater than the than the amount of neutralizing antibodics induced in a corresponding subject
administered a vaccige and/or immunogenic composition containing a Zika viros that is not adapted for non-
buman cell growth and/or comprises a different non-human cell adaptation mutation. In some embodiments,
adoinisteation of a vaccine and/or immunogenic compesition containing a non-tuman cell adapted Zika virns
of the present disclosure induces generation of neutralizing antibodies to Zika vires in the subject inan
amount that is at least about 1-fold, at Ieast about 2-fold, at least about 3-fold, at feast abowt 4-fold, at least
about S-fold, at least about 6-fold. at least about 7-fold, at least about 8-fold. at least about 9-fold, at least
about 10-fold, at least about 100-fold, or at least about 1006-fold greater than the than the amount of
neutealizing antibodies induced in a corresponding subject administered a vaccine and/or imewmogenic
composition coptaiging a Zika vitus that 1s not adapted for non-buoan cell growth and/or comprises a
differont non-human cell adaptation mutation. Methods of measuring neutralizing antibodies in a subject are

generally known to one of ordinary skill in the art.

[00232]  Preferably, the therapeutically effective amount or immunogenic amount is sufficient to bring
abowt treatmentt or prevention of disease symploms. The exact amount necessary will vary depending on the
subject being treated; the age and general condition of the subject o be treated; the capacity of the subject's
immune system to synthesize antibodies; the degree of protection desired; the severity of the condition being
treated; the particular Zika virus antigen sclected and its mode of admunisiration, among other factors. An
appropriate therapeutically cffective amount or immwnogenic amount can be readily determined by one of
skill in the art. A therapeutically effective amount or imumunogemc amownt will fall in a relatively broad range

that can be determined through routine trials.

[006233]  The present disclosure will be more fully understood by reference to the following Examples.

They should not, however, be construed as imiting any aspect or scope of the present disclosore in any way.
EXAMPLES

Example 1: Clonal Zika Virus Strain Generation

{00234]  This example describes the production of Zika virus (ZIKAV) strains with a known rescarch

history.
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Maternials and Methods
Vero Cell Maintenance

[00235]  One vial of WHO Vero 10-87 cells was rapidly thawed in a water bath and directly inoculated
into 19ml pre~-warmed DMEM (Dulbeceo’s modified minimal essential medivuny containing penicillin-
streptomycin, L-glutamine 40mM, and 10% FBS ina T-75cni2 flask at 36°C+/2°C, at 3% CO2. Cells were
allowed to grow to confluency and suboultored using TryplE. This flask was expanded to two T-185cm?
flasks, grown to confluency and subcultured to 31 xT-185cm2 flasks and grown until the cells reached 100%
confloency. Cells were harvested by trvpsinization, centrifoged at 800 < g for 10 mumstes, and resuspended in
DMEM containigg 0% FBS and [0% DMSO at a concentration of 1.9x107 cells/ml. One vial of the Vero
cells was rapidly thawed and resuscitated as described above into a T-75cm?2 flask. These were subcultured
twice to produce a cell baok ia 13 x T-185¢cm?2 flasks. After trypsinization, the cells were centrifuged at 800 x
& and resuspeaded in freezing media (DMEM containiog 10% FBS, and 10% DMS0O) at a concentration of

4.68x105 cells/mb.. This cell bank was aliguoted into cryovials.

[00236]  The Vero cells were grown and maintained in DMEM containing penicillin-streptomycin, L
ghutamine and 10% FBS (cDMEM-10%-FBS). TrypiExpress was used {o maintain and trypsinize cells. Two
days before viral adsorption, 6-well plates were sceded with 4-5 x 105 cells/well 1n 3 mL of ¢cDMEM-10%-
FBS or 7 x 105 cells 10 T-25cm?2 {lasks in 5 mL cDMEM-10%-FBS, or | x 104 cells/well in 96-well plates in
0. 1mb cDMEM-10%-FBS. Incubators were monilored daily to maintain indicated temperatures. The Vero

cell lines were stored tn liguid nitrogen.
Plaque Assay

[00237]  Viral titers were determined by plaque titration in freshly confluent monclayers of Vero cells
grown in &-well plates. Frozen aliquots were thawed and ten-fold didution serics of the aliquois were made in
cDMEM-0%-FBS in 96-well plates. The diduted viruses were maintained onice prior o inoculation of the
Vero cell monclavers. At the time of assay, the growth medium was aspirated from the 6-well plate, and 100
pl. of each virus dilution was added to the wells. Virus was adsorbed for 60 min at 36°C=2°C, at 5% CO2,
with frequent (every 10 min) rocking of the plates to prevent drving of the cell shects. Following viral
adsorption, 4 mL of a first agarosc overlay (1X ¢cDMEM-2%-FBS + 0.8% agarose) maintained at 40-41°C
was added to cach well. The agarose was allowed to solidify for 30 min at room temperature, and the plates
were then incubated upside down for 4-6 days at 36°C+/2°C, at 3% CO2. Two mL of a second agarose
overlay containing 160 pg/ml. of neutral red vital dye was added on day 4. Plagues were visualized on days 5

and 6.
Virus Quantification by TCIDS0 Assay
{80238]  Viral tters were also determined by ttration in freshly confluent monolavers of Vero cells

grown in 96-well plates. Frozen aligquots were thawed and ten-fold dilution series of the aliquots were made in

cDMEM-2%-FBS diloent in 96-well plates. The diluted viruses were maintaiged on ice prior to inoculation of

62



WO 2019/090228

PCT/US2018/059219

the Vere cell moneolavers. At the time of assay, the growth medium was aspirated from the 96~well plate, and

100 ub. of cach virus dilution was added to the wells. The plates were incubated for 5 days at 36°C+2°C, at

5% CO2. The 50% Tissue Culture Infective Dose (TCID50) titer was calculated using the Reed/Muench

calculator.

Test Articles

{00239]

Zika virgs strain PRVABCS9 (one 0.5 mL vial on dry ice) was received from the Centers for

Disease Control and Prevention (CDC) Zika virus identification was confirmed through RT-PCR. The strain

tested negative for Alphavirs and mvcoplasma contamination by PCR. This information is summarized in

Table 1.

Table 1: PRYABCSS sirain information

s Isolation Patient N e -
Strain Information | information Prep info Analyses PEU
= Sequencing by
ion torrent: gene
accession #KUS01215
® PFU by plaque
iijmjij.l Passage: assay TP 67 loa
PRVABC39 ,"Lm ’ None Vero(2)C6/36(1) | = Identity by RT- 108
) travel to : . LA pfw/mL
{Astan} Puctio Rico provided | Prep: 29Jan2016 | PCR
7015 Host: C6/36 | = {-) For
R alphaviruses by PCR
= (-} for
mycoplasma by ATCC
and ABM PCR

Sequencing

[00240]

A QfAampViral RNA Mini Spin kit was vsed to extract RNA from stabilized vius harvests of

cach isolate according to manufacturer protocols. Extracted RNA from cach 1solate was ased to create and

araplify 6 cDNA fragments encompassing the entire Zika viral genome. Amplified ¢cDNA fragments were

analvzed for size and purity on a 1% Agarose/TBE gel and subsequently gel purified using a Qiagen Quick

Gel Extraction Kit. Ag ABI 3130X1. Genetic Analyzer sequencer was vsed to conduct antomatic sequencing

reactions. Lasergene SegMag software was used o analvze sequencing data.

Results

[00241]

A ZIK AV strain with a known research history that was relevant to the current ZIKAV outbreak

in the America’s was sought. For this reason, ZIKAV strain PRVABCS9 was chosen. To generate a weli-

characterized virus adapted for growth i Vero cells, the ZIKAV PRVABCS9S was first amplified in Vero cels

P

63




WO 2019/090228 PCT/US2018/059219

{60242]  Flasks of Vero cells (T-175cm2), 100% confluent, were infected at an MOY of 0.01 in 4L of
cDMEM-0%-FBS. Virus was adsorbed to the monolayer for 60 minutes at 36°C+2°C, at 3% CO2, then 20 mL
of cDMEM-0%4-FBS was applied for viral amplification at 36°C+2°C, at 5% CO2. The cell layer was
monitored daily for cviopathic effect (CPE) following inoculation (FIG. 1). The supernatant was harvested
after 96 hours by collecting the media and clarifying by centrifugation (600 x g, 4°C, 10 min). The harvest
was stabilized by adding tichalose to a final concentration of 18% w/y. The bulk was aligpoted into 0.5mbL

cryovials and stored at -80 °C.

{06243}  The stabilized P1 harvest was analyzed for the presence of infectious virus on Vero cell
monolayvers by a TCID30 assay. Growth kinctics were monitored by taking daily aliguots beginning on hour

0. Peak titer was reached by hour 72 (FIG. 2).

{00244]  P1 material was plagque-purified by titrating the harvest from day 3 on 6-well monolayers of
Vero cells. Plagues were visnalized on dav 6, and 10 plagues to be isclated were identificd by drawing a circle
around a distinct and separate plaque on the bottom of the plastic plate. Plaques were picked by extracting the
phag of agarose using a sterile wide bore pipetic while scraping the botton of the well and rinsing with
cDMEM-10%-FBS. The agarose plug was added to 0.5 mL of cDMEM-10%-FBS, vortexed, labeled as

PRVABC39 P2a-j and placed in an incubator overnight at 36°C+2C, at 5% CO2.

{00245]  Three plaques (PRVABCSY P2a-¢) were carried forward for additional purification. Each isolate
was plated neat in duplicate onto a fresh 6-well monolayer of Vero cells. This P2/P3 transition was plague
purified. and labeled PRVABCSS P3a-.

[00246]  Six plagues (PRVABCS9 P3a-1) were carried forward for a final round of purification. Fach
isolate was plated neat in duplicate onto a fresh 6~well monolayer of Vero cells. This P3/P4 transition was
plague purified, and labeled PRVABCSS Pda-y.

[00247F  Sixplagues (PRVABCS9 P4a-f) from the P4 plaque purification were blind passaged on
monolayers of Vero cells in T-25 cox? flasks. Each plague pick was difuted in 2 mL cDMEM-0%-FBS - 1 mL
was adsorbed for 1 hour at 36°C2C, at 5% CO2; the other 1 mi. was stabilized with trehalose (18% v/iv
final) and stored at <-60°C. Following virus adsorption, cDMEM-0%-FBS was added to cach flask and
allowed to grow at 36°C+2°C, at 5% CO2 for 4 days. Virus supernatants were harvested, clarified by
centrifugation (600 x g, 4C, 10 min), stabilized in 18% trehalose and aliquoted and stored at <-60°C. This P5

seed was tested by TCIDS0 for Zika virus potency (FIG. 3).

{006248]  Confluent mosolayers of T-175cm2 flasks of Vero cells were infected with cach of the six
clones of PRVABCS9 (P5a-f) at an MOI of 0.01 in 4mb. ¢cDMEM-0%-FBS. The virus was allowed to adsoh
for 60 muinutes at 36°C+H2°C, at 5% CO2, after which 20 mL of cDMEM-0%-FBS was added to each flask
and allowed to grow at 36°C+/2¢C, at 5% CO2. Vero cell monolayer health and CPE was monitored daily.
Viras was harvested on days 3 and 5 as indicated (FIG. 4). The P6 strain harvests from davs 3 and 5 were

pooled, stabilized with 18% trehalose, aliquoted and stored <-60°C.
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{06249]  Each of the six clones of PRVABCSY (Péa-f) were tested for Zika virus in vitro potency (FIG.

5). The potency was determined by two different methods, TCIDS0 and plague titration. The TCIDS0 was

calculated by visual inspection of CPE (microscope) and by measuring the difference in absorbance (AS60-

A420) of the wells displaying CPE (yellow in color) compared with red {no CPE). The plates were read on a

plate reader, and applied to the same calculator as the microscopically read-plates (absorbance). The values in

TCID30 between the two scoring techniques are quite similar, while the vahies obtained by plaque titration

arc lower.

A summary of the generation of the PO virus and characterization is shown in Table 2 below.

Table 2: Semmary of virus passage and characierization for the generation of clonal ZIKAY strains

Passage Seed production/purification Characterization
Pi Virus amplification in Vero TCIDS0 titer
/ ify P1 by plg itration; Plague ificati ] o
) Aaplify P1 by plaguoe mr;ﬁ;;gn, Plague purification of plaque purification
Pick and passage plagues from P2 plague assay; SRS
P plague purification of P2 plaque purification
Pick and passage plaques from P3 plague assay; e e
P4 plague purification of P3 plaque purification
PS Amplify P4 plagues (a-f) in Vero cells TCIDA0 titer
TCIDSO titer, plague phenotype,
P6 Anplify P53 (a-h) virus in Vero cells genotype, full genome
sequencing, growth kinetics

[00250]  Anisolated Zika virus clone that closely resembled the envelope glycoprotein sequence of the

original isolate was sought, since the envelope protein of flavivinuses is the dominant immunogenic portion of

the virus. PRVABCS9 clones P6a, Poc, Pod and P6f contained a G—T nuation at nucleotide 990 inthe

cnvelope region (G990T), resuiting in an amino acid owtation of Val—Leu at eavelope residue 330, whereas

the envelope gene of PBRVABCS9 clones Pob and P6e were identical relative to the reference strain (GenBank

ref KU501215.1) (Tabke 3 and F1G. 6).
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Table 3: Sequencing of PRVABCSY P6 clones

Eavelope sequencing {reference gene from PRYVABCSY; accession #KUSH21S)

Strain Nucleotide Amino Acid Rutation Comments
Env-990: Env-330: L
7 A ¢ p Tadf A C 4 raada
PRVABCS9 Pog GoT Val330—Lon Val/Leu Mhatation 1n 3 of 4 reads.
y k Tae Env-1404: — Gt Wild type relative to
PRVABC39 Pob TG silent Wild type Wild type reference.
) . Env-84(): Env-330: L .

3 7 N 3 7 ! P 5 o

PRVABCSS Pac G Val330—Lou Val/Leu Mutation in 3 of 4 reads.
; . Env-990: Env-330: . . ..

PRY G p 7alf , ” -
PRVABCS9 P6d GoT Val330—Lou Val/Leu Mutation in 2 of 2 reads.
PRVABCS9 Pée | Wild type Wild type Wildtype | VHdfype relative to

reference.
, Mutation in 2 of 2 reads.
T 990" Cayv-330-
PRVABCSO Pof Env-990: B30 VallLeu | 190 bp not sequenced (aa
G—T Val330—1ieu 471 - 484)

Full genome sequencing (reference gene from PRYABCS9;accession #KUSG1215)

Strain Nucleotide Amine Acid Mutation Comments
Fry-140: . . . .
Ei?ig_q Wild-type Silent Mutation in 2 of 2 reads
TABCS9 -

PRYABESS R NS1-292 NS1-98 Trp/Gly Mutation in 2 of 2 reads

TG Trp98—Gly LA PR

- e s N§1-292 NS1-98 . o .

PRV > Trp/G Mutati 2 of 2 reads
PRVABCS9 Poée TG Tep98—Gly Frp/Gly Mutation in 2 of 2 reads

[00251]  The two clones lacking mutations in the Zika envelope sequence were then subjected to full

genome sequencing. Sequencing results are summarized in Table 3 above. Sequence analvsis revealed a TG

substitution at nucleotide 292 in the NSI region for both clones, resulting 10 a Trp—Gly mutation at NS1

residue 98, This mntation was also later confirmed through deep sequencing. The NS W9EG mutation is
located in the intertwined loop of the wing domain of ZIKAV NS1, which has been implicated in membrang
association, inleraction with envelope protein and potentially hexameric NS formation. While other
tryptophan residucs (W15, W18}, arc highly conserved across flaviviruses, W98 is not (FIG. 7).
Interestingly. however, 100% conscrvation of the W98 residue is observed across 11 different ZIKAV strains,
including those from the African and Asian lineages. The identified mutations 1o each strain are summarized

in Table 4.
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Table 4: Summary of mutations identified in PRVABCSS P6 clones

Mutations identified in envelope

Clone Nucleotide Aming Acid
Poa Go%0T V330L
P6b T1404G (silent)
Poe G990T V330L
Pod GY90T V330L
Poe none aone
Pof Go%0T V330L

Additional muiations identified in genome

Clone Nucleotide Amine Acid
Psb NS1-T292G NSI-W9BG
Pée NS81-1T292G NS1-WRG

Ref sequence: KUSH1215.1 (PRVABCSS)

{00252]  Phenotvpic analysis of the ZIKAV PRVABCS3Y P6 stocks was conducted to characterize the
ZIKAY clones. As illustrated in FIG. 8 and quantified in FIG. 9, cach clonal isolate consisted of a relatively
homogeneous population of large-sized plagues as compared to the P1 virus which had a mixed population of

large and small plaques. These data suggest the successfl isolation of single ZIK AV clones.

{00253]  Wext, growth kinctics analyses in Vero cells of the ZIKAV PRVABC39 P6 clones were
analyzed. Vero cells were infected with 0.01 TCHSO/cell of cach ZIK AV P6 clones in serum free growth
medium. Viral supernatant samples were taken daily and simultancously assayed for infectious titer by
TCIDS6 assay. For all P6 clones, peak titer occurred between day 3 and 4 (~9.0 logl0 TCIDS/mL). There

was 8o significant difference in growth kinetics of the various P6 clones (FIG. 10).

{08254]  Taken together. the results indicate that a Zika vires seed was successfully generated. This seed
selection required understanding of growth history, kinetics, yield. genotype, and phenotype of the virgs.
Importantly, clonal isolation of the Zika virus strains allowed for the successful purification of the virus away
from contaminating agents (¢.g.. adventitious agents that may be in the parental homan isolate). Interestingly,
three sequential plagque purifications succecded in quickly selecting Vero-cell adapted virus (strains Péa-f),
where these strains were able to replicate well in serum-free Vero cell cultores, with strain Péa. ¢. d. and £
harboring a mmiation in the viral envelope protein, while strains p6b and p6e obtatned a mutation in the viral
NE&1 protein (with no medification fo the viral envelope). Additionally, the Verc-adapted strains enabled
efficient and reproducible growth and manufacture of subsequent viral passages propagated fronm these strains.
Without wishing to be bound by theory, the Eav-V330L mutation observed in straips Péa, ¢, d. and f may
potentially be a result of in vitro adaptation, as a mutation at Env 330 was also observed upon passaging in
Vero cells (Weger-Lucarelli et al. 2017, Journal of Virology). Because the envelope protein is the dominant

immunogenic epitope of Zika virus, strains containing a Vero adaptive nutation in Env may negatively
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impact vaceine immunogenicity. Without wishing to be bound by theory, the adaptation mutation in protein
NS1 appears not only to enhance viral replication, but may also reduce or otherwise inhibit the occurrence of
undesirable mutations, such as in the envelope protein E (Env) of the Zika vimus. In addition, NS1 may be
known to bind to the Envelope protein during the life cycle of the virus. This nmtation (NS1 W98G) may be
implicated in changing the ability of the NS1 to associate, and possibly co~purify, with the virus during
downstream processing. N81 is also known to be immunogenic, and could be implicated in the imnume

response to the vaccine.

Example 2: Preclinical immunegenicity and efficacy of a purified inactivated Zika vives vaccine (PIZV)

derived from the P6b and Pée straing

[00255]  The following example describes the preclinical immunogenicity and efficacy in CD1 and
AG129 mice of an inactivated Zika virus vaccing (PIZV) derived from the Pob and P6e strains. As described
10 Example 1, six clones were generated from the epidemically relevant PRVABCSY strain, and two (P6b and

Poe) were chosen for further preclindcal immusogenicity and efficacy studics.

Materials and Methods

Purification, inactivation and formulation of a Zika virus vaccinie

[00256] A ot of inactivated ZIK AV vaceine, suitable for use in preclinical immunogenicity and efficacy
studics, was gencraled and characterized. Viros was amplified from the Pob and P6e strains by infecting flasks
of confluent Vero cells at a MOL of 0.01. Virus was adsorbed for I hour at 36°C + 20C / 5% CO2. Following
adsorption, 20 mlL of cDMEM-0%-FBS was added to each flask, and incubated at 36°C + 2°C / 5% CO2 for
five days. Cell supernatants were harvested on day 3 apd 5 post-infection, and cell debris was clarified by

centrifugation.

{60257]  Forcachisolate, clarified supernatants were pooled, stabilized in DMEM containing 18%
trehalose and stored at <-60°C. Pooled, clarified virus supernatants were thawed in a 37°C water bath and
treated with benzonase overnight at 4°C. Following benzonase treatment, cach sample was applied to a
Sartorins PP3 depth filter. Following depth filtration, cach sample was applied to a Centricon Plus-70
tangential flow filiration (TFF) device. Retentate was buffer exchanged, dituted, and applied to a Sartorius
Sartobind(3 IEXNano. Each sample was applied to a second Sariorius SartobindQ IEXNano and chited using
a 3 step-elution process with 250 mM, 500 mM, and 750 mM NaCl. Following Mono{ chiromatography and
dilution, cach 250 mM chuate was applied to a Centricon Phis-70 cross flow filtration (CFF) device for buffer

exchange, diluled to 35 mL with PBS, and stored at 2-8°C.

{06258]  For formalin inactivation, freshly prepared 1% formaldehyde was added dropwise to each
purified sample with gentle swirling to obtain a final formaldehvde concentration of 0.02%. Samples were
incubated at room temperature (~22°C) for 14 days with daily inversion. Formaldehyde was neutralized with
sodinm metabisulfite for 157 at room temperature before being applied to a Centricon Plus-70 tangential flow

filtration (TFF) device. Buffer exchange was performed fouar times by the addition of 50 mL Drug Substance
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Buffer (10 mM NaH2PO4 | 50 mM Nall, 6% sucrose, pH 7.4) . Each sample was then diluted to 13 mL with
Drug Substance Buffer, sterilized using a 0.2m syringe filter, aliguoted imto sterile stoppered glass vials (0.5

mL per vial) and frozen at <-60°C.

[00259]  Virus inactivation was confirmed by TCID30 assay and double infectivity assay. Briefly drug
substance saraple was applied to €6/36 cells and allowed to amplidy for 6 days. Supernatant from C6/36 cells
was applied to Vero cells and CPE was monitored for 8 days. For drug product formulation, vials of PIZV
drug substance were thawed, pooled according to sample tvpe, and diluted to 1 ug/mb or 10 ug/mL in PBS
with or without Albydrogel (Brenntag ; 0.5 mg/mL final, 0.050 mg/dose) and incubated overnight at 2-8°C
with gentle agitation. The resulting drug product lots were then aliquoted into sterile stoppered glass vials and

stored at 2-8°C until use. FIG. 11 provides a summary of the steps used to prepare drug product.
Mouse immunization and challenge

{00260]  For the immunogenicity study, six-week old male and female Swiss-ICR (CD-1) mice were
divided into & groups (n= 10/group). On Day 0, mice in groups 1-5 were inoculated with 0.1 mL of vaccine
by the intramuscular (.m.) route (2 x 0.05 mi injections). Mice in group 6 were inocilated with PBS as a
placebo control. Mice were boosted on day 28 and 56 using the same dosage and vaceing type as day 0. Blood

samples were collected on day -1 (pre-imumine), day 27 {(prime), day 42 (boost 1) and day 70 (boost 2).

[00261]  For the immunogenicity and efficacy study, four-week old male and fernale AG129 mice were
divided into 7 groups (n= 5/group). On Day 0, mice in groups 1-6 were inoculated with 0.1 mL of vaccine by
the intramuscular (i.m.) route (2 x 0.05 mi injections). Mice in group 7 were inoculated with PBS asa
placebo control. Mice were boosted on day 28 using the same dosage and vaccine type as on day 0. Blood
samples were collected from the tail vein on day -1 (pre-immmne), day 27 (prime) and day 35 (boost). At the
time of cuthanization, mice were bled via cardiac puncture under decp ancsthesia with isofiuorane (ferminal).
On day 56, mice were infraperitoneally challenged with 104 plague forming units (PFU) of ZIKAV
PRVABC39.

Sepum transfer

{80262]  Secrum was collected from PIZV-vaccinated and challenged AG129 mice, and were frozen after
pooling (groups 1, 2, 4, and 5 of Table 6). The serum pool was thawed, and the test atticles were gencrated by
three-fold dilotions of the serum pool in PBS. A placebo was generated using 3-fold dilutions of AG129

pormal mouse serom in PBS.

00263 The test articles were adminisiered as 0.1 mL intraperitoneal injections into AG12%9 mice (an
{ p i {
equivalent volume of the placebo article was administered to control mice}. Animals were then challenged
intraperitoneally with 104 plague forming units of Zika virus strain PRVABCS9 in 100uL.

[00264]  Allowable blood volume by weight was collected as whole blood by tail bleeding from ten mice

onday -11 {(pre-immunizationy. Whole blood was collected from each mouse on day 1 (primary, circulating
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Nab) and day 4 (viremia) by tail bleeding. Terminal bleeding after lethal challenge was performed by heart
puncture under deep anesthesia for larger volume before cuthanization by cervical dislocation. Blood sanmiples
were collected in microtainer SST serum separation gel tubes and allowed to clot for at least 30 min before

separation of serum by cemrifugation (10,000 x g for 2 min) and frozen at -80°C.
Plague reduction neutralization test

[00265]  Neutralizing antibody titers were determined by a plague reduction neutralization test (PRNT) as

described previovsly (Sec 2.2, Osorio et al. Lancet Infect Dis. 2014 Sep; 14(9):830-8).
Reporter virus parvticle (RVFP) neutralization assay

[00266] Neutralizing antibody titers were analyzed by titration of serum samples with a constant amount
of Zika RVPs in Vero cells grown n 96-well plates. RVPs contaised the prME proteins of Zika (strain
SPH2012) and a Dengue-based Renilla luciferase reporter. Briefly, sera were heat inactivated at 56°C for 30
min, diloted, and then incubated at 37°C with RVPs. The serunvR VP mixture was then mixed with Vero celis
and incubated for 72 hours at 37°C + 2°C/ 5% CO2 before detection with huciferase substrate. Diata was
analyzed using IMP 11 non-linear 4 parameter analysis, normalized to a positive tracking control and effective

dose 30% (EC50) was reported.

{80267]  Usless indicated to the contrary, all additional experimental methods were carried out as

described in Example | above.
Results

[00268]  To assess the immunogenicity of the PIZV candidates in 6 week old male and female CD-1
mice, geovps of CO-1 mice (N=10/group) were imounized by the i.ow route with eithera 0.1 ug (+ alumy), 1.0
ug (+ alom) dose of a vaccine derived from etther ZIK AV PRVABCE9 Pob or Poe virugs strains, To assess the
ced for adjfuvant, a groop of animals was vaccinated with 0.1 pg of vaccine derived from Poe and lacking
alum adjuvant. Vaccioations occurred on days 0, 28, and 36, with group 6 receiviag PBS as a placebe control

(F15. 12A and Table 5).

Tablce 5: PIZY formulations and challenges in CD-1 mice

Group Strain Dose {pg} | Alum {ug) N
1 PGb 0.1 .50 10
2 P6h 1.0 0.50 10
3 PGe 3.1 0.50 16
4 Poe 10 0.50 1G
5 P6e .1 - 16
& Placebo (PBS) - - i0




WO 2019/090228 PCT/US2018/059219

[06269]  Following vaccination, serum samples collected after primary (day 27), secondary (day 40} and
tertiary (day 70) immunizations were tested for ZIK AV-specific neutralizing antibodies by RVF neutralization
assay (F1G. 12B). Twenty-seven days after receiving the first dose, a slight neutralizing antibody response

was observed in mice vaccinated with PIZV derived from either clone containing alum, as compared to the
PBS placebo control group. Importantly, this response increased significantly upon a sccond immunization
{day 40), but was not additionally enhanced upon immumization with a third dose (day 70). No neptralizing

antibody response was observed in mice vaccinated with non-adjuvanted vaccine (FIG. 12B).

[06278]  To assess the immunogenicity and protective efficacy of the PIZV candidates, groups of 4 week
old AG129 mice (n=5/group) were inmmunized by the 1.m. rowte with either a 0.1 ug dose (+ alum), 1.0 ug
dose (+ alum) or 0.1 ug dose (~ alum) of a vaccine derived from either the ZIKAY PRVABCSY P6b or P6e
stocks on days 1 and 28 (FIG. 13A and Table 6).

Table 6: PIZY formulations and challenges in AGI29 mice

Group Sex Strain Dose {ug} | Alum {ug) i
1 F P&h 0.1 0.50 5

F P&h 1.¢ 0.50 5

3 F P&h 0.1 - 5

4 % PGe 0.1 0.50 5

5 1% Pse 1.0 G0.5G 5

6 1% Poe 0.1 - 5

7 M Placebo {PBS) - - 5

[006271]  Following vaccination, vaccinated and control mice were intraperitoneally challenged at day 56
with 104 PFU of ZIKAV PRVABCS59 (low passage). Scerom samples collected afier primary (D27) and
secondary (D55) immumnizations were tested for ZIK AV-specific neutralizing antibody response (FIG. 13B
and Table 7). Only groups recetving the high dose of alom-adjuvanted vaccine {groups 2 and 5) elicited a
neutralizing antibody response afier a single immunization, which increased dramatically after boosting, In
contrast, groups receiving either the fow or high dose of alum-adjuvanted vaccine produced a high
neutralizing antibody response after a second dose. Upon receiving two doses of vaccine, there was no
statistical difference between groups of mice receiving alum-adjuvanted vaccine, regardiess of the dosage or

the derivation from the P6 clone.
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Table 7: ZIKAV-specific neutralizing antibody response

Serum neutralizing antibody titers
D27 {prime} 055 {boost}
Group Formulation GMT % s¢ GMT % s¢
1 Pobh 0.1 ug + <20 40 1280 100
alum
2 Peb 1.0 ug + 135 80 2229 100
alum
3 PE6b 0.1 ug - <20 g <20 0
alum
4 Pee 0.1 g+ <20 20 640 100
alum
5 Poe 1.0 ug + 30 100 905 100
alum
) P6e 0.1 g - <20 0 <20 20
alum
7 PBS <20 0 <20 0

I06272F Al groups were also monitored for mortality, morbidity and weight foss for 21 days post
challenge. Viremia following challenge was detected and quantitated by plague titration. Mice vaccinated
with a low or high dose of PIZV candidates formulated with alum (groups 1, 2, 4 and 5) were fully protected
from lethal ZIK AV challenge, as assessed by the plague reduction neutralization test (PRNT) assay, as well as
a comparable secondary neutralization assay (Table 8). No weight loss or clinical signs of illness were
observed 1o vaccinated mice, none had detectable infectious viremia three davs post challenge, and all mice
vaccinated with either fow or high dose antigen + alhum adjuvant survived to 21 days post-challenge (FIGS.
14-16). In countrast, challenge of all natve mice resulied in high viremia on day 2 post challenge and
mobidity/mortality between day 10 and 18 post challenge (median survival = [313). Additionally, challenge
of mice vaccinated with a non-alum-adjovanted low dose vaccine derived from strain Pob resulted 1n high
viremia on day 2 post challenge and a median survival day similar to the placebo control group, while mice
vaccinated with a non-alum-adjuvasted low dose dernived from clone e remained partially protected with a
median sorvival of 19 days. These results indicate timmumzation is more effective with alum, secondary

Immunization may be a requirement, and that low dose was as effective as high dose.

Table 8 Serum neutralizing antibody titers

Serum neutralizing antibody titers
Poot Terminal (post challenge)
PRNTs0 Secondary assay
Alam (1,2,4,5) 10240 20480
No alum (3,6) 2360 2560
PBS (7) 1280 1280
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[06273]  Additionally, the presence of NS1 in the vaccine drug substance (DS) produced from whole
inactivated P7h and P7¢ virus (one additional passage from the P6b and Poe strains, respectively) was tested.
A sandwich ELISA was performed using plates pre~coated with a monoclonal antibody reactive to both Asian
and African lineages of Zika virus NS1, but non~cross-reactive to Dengue NS1. Duplicate 2-~, 4-, 8-, 16, and
32-fold dilutions of DS were prepared, and were compared to a standard curve using recombinant purified
NS1 in duplicate at a concentration of 0-8 ng/mb. Daplicate dilutions of DS buffer alone were prepared as
negative controls. Bound NS1 was detected with anti-NS1 HRP-conjugate, and absorbance (A450-A630) of
the wells with DS buffer alone was subtracted from the absorbance measured in the wells containing the
matching DS samples. Results of the sandwich ELISA are shown 1o Table 9 below. Interestingly, NS1 was
ohserved to co-purify with the vaccine drag substance preparations, suggesting that viral NS may be an

immunagenic component of the whole inactivated virus vaccine.

Table &: N51 ELIZA

Strain in vaccineSample] Predicted | Std | Lower | Upper | Dilution Predicted
preparation 0D logag/ml| Errer | 95% 95% Facter jconcentration (ng/mb)
P70 3.61 0.951 0018 § G.915 0.98¢ 32 ~285
PTe 3.79 0.9%0 0.023 0.935 1.024 32 ~306

[00274]  The threshold of nentralizing antibody (Nab) needed to confer protection from wild-type Zika

viras challenge after passive transfer of antibodies was next tested. (Tables 10A and B).

Table 10A: design of passive transfer study in AGI129 mice

Group Test Article Serum dilutien Predicted Nab titer before IP

) 100 il /3 6827 /3,83

3 100 L 1/9 2276733

3 100 L. 127 759 /2.58

1 100 L. /81 253 /2.40

P 100 pL 11243 84 /1.93

5 100 gL 1/729 287145

7 100 gL 1/2187 9/0.97

3 100 uk PBS -

Tahle 10B: Timing of passive transfer study in AGI129 mice

Bescrigtion Study Day
Passive transfer Day 0
Primary Bleed (AM) Day 1
Challenge (PM) Day 1
Yiremia Bleod Day 4
Terminal Bleed Day 29 for smrvivors
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{06275]  Pooled serum from vaccinated and challenged AG129 mice was serially difuted 3-fold in PBS
and intraperitoncally injected into 7 groups (N=5/group) of 5-6 week old AG129 mice. Pre~-immmune AG129
mouse serum was used as placebo control (group 8). Following passive transfer (~16-19 hours later), whole
blood was collected and serum was separated by centrifugation from each mouse prior to virus challenge for
determination of circulating neutralizing antibody titer (FIG. 17). Just prior to virus challenge, groups of mice
{designated groups 1, 2. 3. 4, 5, 6, 7. 8) had mean logl0 nentralizing antibody titers of 2.69, 2.26, 1.72, 1.30,

<1.30, <1.30, <1.3¢, <1.30, respectively.

[06276]  Twenty four hours following passive transfer of ZIKV nAbs, mice were intraperitoneally

challenged with 104 pfu of ZIKV PRVABCS9. Following challenge, animals were weighed daily and

monitored 1-3 times a day for 28 days for signs of illness. A clinical score was given to each animal based on
¢ symptoms (Table 11). Animals that were moribund and/or showed clear neurclogical signs (clinical score

>2) were humanely cuthanized and counted as non-survivors.

Table 11; Description of clinical scores given while monitoring for morbidity and mortality

Seore Description

0 Normal appearance and behavior

1 Slightly ruffled fur and/or general loss of condition

5 Increases in above behavior/appearance, breathing changes, twitching,
anti-social behavior
First signs of neuropathy — Severely hunched posture, partial paralysis

3 (immobility, unsteady gait, flaccid hind legs, severe twitching), or full
raralysis

4 Found dead without showing signs of score of 2 or 3 first

[00277F  Signs of disease began appearing nine days after challenge in the control group (group 8) and
groups 5-7. with a corresponding loss inweight (FIG. 18). Whole blood was collected and serum was
separated by centrifugation from cach ammal thrce days post challenge. Serum samples were analyzed for the
presenice of infectious ZIKV using a plague titration assay (FIG. 19). The mean infections titer Jogl0 pfo/mL)
for mice in groups 1-8 were: 1.66, 2.74, 4,70, 492, 7.24, 7.54. 7.54 and 7.46. respectively. Importantly, mice
i groups -4 with detectable levels of ZIKV neutralizing antibodics (>1.30 logl0) had statstically
significant lower fovels (102.5- to 106.0- fold lower titers) of viremia (p = 0.0001, 8.0003, 0.0007 and 6.6374)
than control mice. These results suggested that detectable levels of ZIKV neutralizing antibodies 1,30

logl0) reduced viremia in a dose-dependent manner,

{06278]  The median survival dav of mice in groups 1-8 were: not determined, day 17, day 17, day 13.
day 11, day 11, day 11, and day 10, respectively (FIG. 20). Importantly, the survival curves for groups of mice
with detectable ZIKV nentralizing antibody titers (groups 1-4) were statistically different corpared to the
control group (group 8) {p = G.0019, 0.0019, 0.0019, 0.0153, respectively). These results suggested that
detectable levels (>1.30 logl0) of ZIKV neutralizing antibodies delayed onset of disease in a dose-dependent

manner.
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{66279]  Finally. the ZIKV neutralizing antibody titer of each animal was graphed against its
corresponding viremia titer and linear regression analysis was performed. A highly inversely correlated
refationship between ZIKV neutralizing antibody titers and viremia levels at day 3 post-challenge was

observed (FIG. 21). A summary of the results from the passive transfer studies is shown in Table 12 below.

Table 12: Summary of passive transfer results

y Circulating ZIKV e . % Median
. Serum N Viremia (B3) o o
Group dilution nAb loelt nie/ml, survival survival
GMT B P (D28) day
1 13 269017 1.66+0.62 20 24
2 1/9 2.26+0.13 2.73 £ 0.68 0 17
3 127 1.72+06.16 469+0.77 0 17
4 1/81 130+ 0.16 494+129 t i3
3 1/243 <1.30 725+0.10 0 11
6 /729 <1.30 7.54+031 G u
7 1/2187 <1.30 7.52+£0.39 0 11
8 PRS <1.30 7474+ 037 0 10

{60280]  While no groups of mice receiving ZIK AV neutralizing antibodies were fully protected from
Jethal ZIK AV challenge in this experiment, reduced viremia levels and defayed onset of disease in a dose-
dependent manner among the groups of mice with detectable levels of circulating ZIKAV neutralizing

antibody titers was demonstrated.

{00281]  Taken together, preclinical data from both CD-1 and AG129 mouse studics indicate that a PIZV
derived from separate and well-characterized vital clones are immunogenic and able to provide protection
against challenge with wild-type ZIK AV, Importantly, a low and high vaccine dose ¢licited a similar
cutralizing antibody response after two doses, and provided similar levels of protection against lethal ZIK AV
challenge. Interestingly, mice vaccinated with an unadjuvanted PIZV candidate also showed partial protection
from ZIKAV challenge. Vaccine antisera significantly diminished viremia in passively immunized AG129
mice, and prolonged swrvival against lethal ZIKAV challenge. These results also demonstrate that the well-
characterized PIZV candidates were bighly efficacious against ZIKAV infection in the highly ZIKAV-

susceptible AG129 mouse model.

[00282]  Additionally, it was found that the sequence of a PRVABCS9 (from PRVABCS9 Pée) at passage
7 was genetically identical o that of passage ¢. This was surprising given that flavivinises are gencrally
regarded as genctically labile. PRVABCS9 Poe was selected as the pre-master virtus seed due in past to is
genetic stability over 7 passages. Without wishing to be bound by theory, it is believed that this eshanced
genetic stability may be due to the single amino acid substitution {WY8G) in the wing domain of N8I, as this

was the only mutation observed in the Vero celi-adapted PRVABC39 P6 genome. Additionally, genetic

~J
L
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stability and homogeneity is advantageous in that it reduces variability and increases reproducible production

of subsequent strains that may be used for vaccine formulation.

Example 3: Preclinical assessment of the phenotype of the P6a and Poe sirains
Materials and Methods

[00283F  AG129 mice (lacking interferon off and v receptors) are susceptible to ZIKV infection and
disease, including severe pathologies in the brain. 14-week-old AG129 mice were intrapertoneally infected

with 104 and 103 pfu of the ZIKV passage ¢ clones a (P6a) and e (Poe).

{00284] Mice were weighed and monitored daily (up to 28 days) for clinical signs of iflness (weight loss,
ruffled fur, hunched posture, lethargy, imb weakness, partial/full paralysis)y. Additionally, analysis of viremia
was performed by plague titration of serum samples collected three days post-challenge as described in

Example 1.
Results

{B0285]  Iofection with Poe resulied in 100% mortality (median survival time = 12.5 days), while
infection with P6a resulted in only 33% mortality (median survival time = undetermined) (Figure 22). In
agreement with this, preMVS Poe infected mice showed greater weight loss as compared to PRVABC39 Poa
infected mice (3). No statistical difference was found in mean group virerma levels between groups of mice
infected with PRVABCS9 P6a or Pée (Figure 24). These data suggest that growth kinetics alone mav notbe a
key determinant {since both strains produced stmilar viremia, and similar peak titers 1o vitro) and that a
characteristic of the Envelope proiein could be important for virulence {of a wildtvpe strain) and

immunogenicity (of an inactivated candidate).

Example 4: Clinical immunsegenicity and efficacy of a purified inactivated Zika viras vaccine (PIZV)

derived from Poe strains

[00286]  The following example describes a clinical immunogenicity and efficacy study of a purified

inactivated Zika virus vaccine (PIZV) in Flaviviras nalve paticnts.

{60287] A lot of purified inactivated Zika virus vaccine (PIZV), suitable for use in clinical

immunogenicity and efficacy studies, was generated and characterized.

N o

{00288]  The inactivated Zika virus active agent is no longer able to infect host cells, which can be
infected with a Zika virus which has not been inactivated. For exaoiple, the inactivated Zika virus is no longer

able to infect Vero cells and exert a cvtopathic effect on the Vero cells.
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{06289]  The amount of the purified inactivated Zika virus can be determined by a Bradford assay
(Bradford ¢t al. (1976) Anal. Biochem. 72: 248-254) using defined amounts of recombinant Zika envelope

protein to establish the standard curve.

{00298]  The purity of the purified Zika viras can be determined by size exchision chromatography. In the
current example, the main peak of the purified Zika virus in the size exclusion chromatography was more than

85% of the total arca under the curve in the size exclusion chromatography.

{00291]  The investigational vaccine (PIZV) refers to Zika purified formalin-inactivated virus formulated
with 200 ug aluminum hydroxide, AWOH)3, as adjuvant, 1n phosphate buffered saline solution (PBS). The
final liguid formwlated product is filled into single-use vials and scaled with tamper-evident seals. The
wnvestigational vaccine is administered IM (intramusculardy) as a 2-dose regimen of 0.5 mi at 2, §, or 10 ug

antigen per dose, 28 days apart.

[002921  Sodium chioride (NaCly 0.9% solution for injection is being used as placebo. It is supplied in
single-use vials. It is a steride, clear, colorless hquid sohition of sodium chionde without preservative designed
for parenteral use only. The placebo is adminisiered IM as a 2-dose regimen of 0.5 mL per dose, 28 days

apart.

Test methods

[00293]  PRNT assay: Neutralizing antibody titers were determined by a plague reduction neutralization
test (PRNT) as described provicusly (See Protection of Rhesus monkeys against dengue virns challenge after
tetravalent live attenvated dengue virus vaccination. J. Infect. Dis. 193, 1658-1665 (2006), Muthumani K,
Gnffin BD, Agarwal S, et al. In vivo protection against ZIKV infection and pathogenesis through passive
antibody transfer and active immunisation with a prMEny BINA vaccine. NPJ Vaccines 2016; 1: 160213, The

Zika strain used for PRNT assay development was PRYVABCS59,
Dumuono Outcome Measures:

Definitions:

{00294]  Scro-positivity (PRNT): titers of »LOD (Limit of detection)

[00295]  Sero-negativity (PRNT): titers of <LOD (Limit of detection)

[00296]  Seroconversion (PRNT): Post vaccination titers of >LOD in initially seronegative subjects

[06297] LOD (PRNT)= 10

{60298]  Assigned value for below LOD = 5

[60299]  LLoQ (Lower Limit of Qualification, PRNT) =26
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[006300]  Assigned value for below LLoQ (Lower Limit of Qualification) = 13

[00381]  Reporter virus particle (RVP) neutralization assay: Neutralizing antibody titers were analyzed by
titration of serum samples with a constant amount of Zika RVPs in Vero cells grown in 96-well plates. RVPs
contained the prME proteins of Zika (strain SPH2012) and a Dengue-based Renilla luciferase reporter.
Briefly, sera were heat inactivated at 56°C for 30 min, diluted, and then incubated at 37°C with RVPs, The
serum/R VP mixture was then mixed with Vero cells and incubated for 72 hours at 37°C + 2°C/ 5% CO2
before detection with luciferase substrate. Data was analyzed wsing JMP11 non-linear 4 parameter analysis,

normalized to a positive tracking control and effective dose 50% (EC50) was reported.

Study description

{006302] A Phase 1. Randomized, Observer-Blind, Placebo-Controlled, Safety, Immunogenicity, and
Diose Ranging Study of Purified Tnactivated Zika Virus Vaccine (PIZV) in Flaviviras Natve and Primed

Healthy Adults Aged 18 t0 49 Years

[00303]  The study design is shown in Figure 25. This study was designed to sequentially envoll
flavivirus-naive and flavivirus-primed healthy adulis between the ages of 18 and 49 vears. The two sequential
cohorts are cach comprised of 120 subjects (planned) randomly allocated to one of 4 groups of 30 subjects, to
receive either ong of three dosages of the PIZYV vaccine or saline placebo. The vaccination regimen consists of
2 doses ademnistered 28 days apart. The data in this example only relates to the Flaviviras naive subjects
(=124), further data with Flaviviras primed subjects arc to be expected. This example provides data from a
first interim analysis following Day 57 (28 days post-dose 2} for the “flavivirus-naive cohort”. Data from the
flaviviras-primed cohort are not part of this interim analysis, as recruitment for this group was still ongoing at

the time first intorim analysis.

[00304] 1o surmmary, subjects were randomized into four study groups, who received two doses of either
placebo (saline) or purified inactivated Zika vaccine (PIZV) with a concentrationof 2 pg, 5 ugand 10 pg The
study 1nvolved intrammuscudar injection of the vaccine (or placebo) at day 1 and day 29, with blood samples
being taken on day -5, 1, 8, 29, 36, 57, 211, 393, 767 of the study. Bloed samples oo day ~15 were used to
determine Flavivirus serostatus screemng and eligibility screening. Samples on day 1, 29, 57 were for
immunogenicity assessment. Safety lab testing was carried out on days 8 and 36, Persistence of tramunity will

be assessed oo day 211, 393 and 767.

{80305]  Basced on the data from 28 days post dose 2, the purified inactivated Zika vires vaccine (P1IZV)

was safe and immunogenic in Flavivinus-natve adults aged between 18-49 vis.
Primaty Objectives

[00306]  The primary objective of the study was to describe the safety of two doses of PIZV given 28

days apart and to select a dose level from three different aotigen concentrations (2, 5 or 10 pg) foruse in
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subscquent clinical studies. The primary endpoints were: the percentages of subjects experiencing solicited
local and systemic adverse events (AEs) during the 7-day period after administration of each dose of PLZV or
placebo, and the percentages of subjects experiencing non-serious unsolicited AEs and serious adverse events

(SAEs) during the 28-day period after vaceination.
Secondary Obicctives

[00307]  The secondary objectives were {o describe the immune response to the purified inactivated Zika
virns vaccine (P1Z2V) at 28 days post dose 1 and 28 days post dose 2 in flavivirus naive adults. The secondary
endpoints related to these objectives are geometric mean titers {(GMTs) of neutralizing anti-ZIKV antibodics,

seropositivity rates (SPR) and seroconversion mates (SCR) at the considered timepoints.

I00308]  Analysis of the data was performed by a separate set of unblinded statisticians and programmers,
who had access to the individual treatment assignments. All personnel involved in the conduct of the trial
were blinded fo the individual subject treatment assignments. The study team had access to the group level

unblinded results only.
Study population:

{80309] A wotal of 124 subjects were enrolled in the flavivirus-naive cohort and included in the Safety
Set (83}, comprised of all randomized subjects who have received at least one dose of PIZV or placebo.
Among those, 118 (95.2% of the 85 were included in the Full Analysis Set (FAS) of randomized subjects
who had received at least one dose of the tnvestigational vaccine (PLZV)/placebo, provided valid serology
results at bascline and at least once post-vaccination. One hundred and thirteen (113) subjects (91.1% of the
S8y were included 10 the Per Protocol Set (PPS) of subjects in the FAS who bad no major protocol violations

refevant for the immunogenicity analysis. The analysis sets are presented 1o Table 14.

Table 14: Analysis seis

Number of Subjects (%)

Placebo 2 PIZV Sug PIZV 10ug PIZV | Total

(N=30) (N=31) (N=31) N=32) (N=124)
Safety Set (S8) | 30 (100%) 31 (100%) 31 (100%) 32(100%) 124 (180%)
Full Analysis o o e .
S; (Fiéf s18 29 (96.7%) 28 (90.3%) 31 (100%) 30 (93.8%) | 118 (95.2%)
Per-Protocol o o . e
szi (Pr;g‘;m 28 (93.3%) 26 (83.9%) 29 (93.5%) 30(93.8%) | 113 (91.1%)

Safety Set = all randomized subjects who received at least one (1) dose of PIZV or placebo
Full Analysis Set = all randonized subjects who received at least one dose of PIZV/placebo and provided valid
baseline and at least one post-vaccination serology result

Per Protocel Set = all subjects in the FAS who had no major protocol violations

{00310]  Subjects in the 88 were 35.3 & 8.91 years of age (mean + standard deviation), and were

distributed as 28.2% 10 the 18-29 years age-range and 71.8% in the 30-49 years age-range. Women
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represented 34.8% of the cohort. Study participants were White (81.5%), Black (14.5%), and “Non-Hispanic”
(93.5%) regarding race and ethnicity. The mean BMI in the S8 was 27.5 + 4.05 {mean + standard deviation).
Demographic characteristics (age, sex, height, weight, BMI and ethnicity) were overall similar across the four
study groups. Women were more represented in the placebo group, where they constituted 66% of the study
participants, than in the other groups, where gender distribution was more balanced. The demographics and

bascline characteristics are presented in Table 15.

{00311]  Safety laboratory parameters and vital signs were checked at study entry as part of inclusion
criferia. These specified that vital signs had to be within normal lunits (i.e., below Grade 1 as indicated in the
FDA Toxicity Grading Scale) and that safety laboratory tests had to be within normal limits or not be above

Grade 1 as defined in the FDA Toxcity Grading Scale.
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Table 15: Demographic and Baseline Characteristics (Safety Set)
Mumber of Subjects (%o}
Placcho 2ug S5ug 0ug Total
(N=30) (N=31) (N=31) (N=32) (N=124)
Age (Years)
n 30 31 31 32 124
Mean (SDY) 36.5(9.00) | 34.9(9.52) | 35.8(886) | 34.1(830) | 35.3(8.91)
Median 39.5 36.0 36.0 33.3 36.0
Minimun, Maximum 18, 49 18, 48 20. 49 20, 49 18. 49
Age (vears) (n [%})
18-29 8(26.7) 9(29.0) 9(29.0) 9(28.1) 35(28.2)
30- 49 22(73.3) 22 (71.0) 22 (71.0) 23 (71.9) 89 (71.8)
Sex (n {%])
Male 10 (33.3) 15 (48.4) 13 (41.9) 18 (56.3) 36 (45.2)
Female 20 (66.7) 16 (51.6) 18 (38.1) 14 (43.8) 68 (54.8)
Ethnicity (n [%])
Hispanic or Latino 1{3.3) 1(3.2) 2 (6.5 4{12.5) (6.5}
Not-Hispanic or Latino 29{96.7 30 (96.8) 29(93.35) 28 (87.5) 116 (93.5)
Not Reported 0 0 0 0 0
Unknown 0 0 O 0 0
Race (n [%6])
American Indian or
Alaskan Native 2(6.7) 0 G o 2(1.6)
Asian 0 0 0 ¢ 0
Black or African
American 6 (20.0) 5(16.1) 39.7) 4(12.5) 18 (14.5)
Mative Hawatian or
Other Pacific Islander 0 0 0 o 0
White 22(73.3) 26 (83.9) 26 (83.9) 27 (B4.4) 101 (81.5)
Multiracial 0 0 2(6.5) 131 3(2.4)
BMI (kg/im’)
B 30 31 31 32 124
Mean (SD) 28.169 27527 27,541 26750 27.485
(4.0388) (4.7632) (3.7165) (3.6511) (4.0452)
Median 28.861 27.900 27.831 25.965 27 607

Minimum, Maximum

20.86, 34.64

2813, 34.33

18.84, 34.14

18.80, 34.37

18.80, 34.83

BM{=Weight (kg)/height® (m?).

Note 1: Age is calculated using the Date of Informed Consent.

Nete 2: Subject included 1o Multiracial Category only if multiple Race categories selected.
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Safety/ reactogenicity

[00312]  The overall reporting incidence of solicited local adverse events (ATs) was higher in the groups
that received the vaccine (PIZV) than in the placebo group. Pain was the most frequently reported solicited
AF at the injection site. After dose 1. pain was capericnced by 36.0% 1o 38.7% of subjects in the PIZV groups
compared to 13.8% 1n the placebo group. After dose 2, incidences of pain were similar 1o those following
dose 1: 29.6% to 40% in the PIZV groups, and 14.3% in the placebo group. Intensity of pain was reported as
mild after dose 1 and mild to moderate afier dose 2, with 2 subjects inthe Sug PIZV group (6.7%) and cne
subject in the 10ug PIZV group (3.3%) reporting mwoderate pain. Other solicited local AEs (ervthema,

swelling and induration) were reported by not more than 9.7% of the subjects.

[00313]  The onset of pain occurred on day 1 for 90% of the subjects or dav 2 (for 3 subjects). Pain was

not reported beyond day 5 by any subject in the placebo or PIZV groups.

{08314]  Solicited systemic AFs of any nature were reported by 30% to 48.4% of the subjects across the
PIZV groups and by 41.4% 1n the Placebo group afier dose 1. After dose 2, incidences were 10%610 33.3%
across the PLZY groups and 27.6% in the Placebo group. Overall 81.3% (dose 1) and 75% (dose 2) of the
solicited systemic ABs were judged as related to study vaccination. After both doses, the most reported

svstemic events were headache, fatigue and myalgia,

[00315]  Most systernic ARs were reporied as mild, Le. not interfering with daily activity. A few

occurrences were moderate in intensity:
after dosce 1, for 6.7-12.9% of subjects in the PIZV groups and 17.2% of placebo recipicents;
after dose 2, for 0 ~ 3.3% of subjects across the PIZV groups and 10.3% in the placebo group.

[00316]  There was a single report of a severe AE: one subject in the placebo group expedenced fever.
This study participant presenied a tomperature of 39.4°C, measured orally, 4 days after receiving the second

study vaccination. This fever was not judged as study-related by the investigator,

{80317}  Solicited systemic AFs were variably reported throughout the 7-day period in the four groups.
The onset of events for fever, fatigue, arthralgia and myvalgia was mainly during the 2 days following
vaccination and was variable for headache and malaise. Fever was reported during the 2 days following

vaccination, except for the subject reporting severe fever in the placebo group on day 4.

{00318}  The incidence of solicited local and systemic adverse events 7 davs after vaccination are shown
in Table 16.
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Tahle 16: Incidence of solicited Jocal and systemic adverse events 7 days after vaccination (Safety set)

Bose 1 Dose 2
ipg Sug 1opg 2pg Sug 18pg

Placebes PIZY PIZY PIZY Placebeo PIZV PIZV PIZV

{(N=30) (=31} (N=31) (=32} (=34 (=31} (=31} (N=32)
Local Alsn (%)
Aty 4 {138} GGG 120387 13@1% Y 3379 8(296) { 11 (36.7) { 12 (40.0)
Pain 4{13.8) 9(30.0) | 10(32.3) | 123387y} 4043 8296y | 11(36.7) { 12 (40.0)
Erythema G 0 0 1 (3.2 1(3.6) 0 1{3.3) 1{(3.3)
Swelling 0 0 0 0 0 0 267 0
Induration O 0 30907 2{6.5) O 0 133 0
Svstemic AFs n (%)
Any 12(414) | 9(300) | 12(38.7) | 15484y 8(27.6) 9333y | 3(10.0) | 8(26.7)
Fever 134 0 0 1 (3.2) 2{7.1) 0 0 0
Headache 9310 5167y 1 8258y | 4(12.9) 3(10.3) 4 (14.8) 1(3.3) 6 (20.0)
Fatigue 6 20.7) 7233y § 6(194) | 10323y 6(207) (LD 2¢6.7) 5(16.7)
Arthralgia 1(3.4) i {3.3) 1{3.2) 3097y 134 2(74) 0 F(3.3)
Myvalgia 3(10.3) 3(10.6) | 5(16.1) | 4(12.%) 2(6.9) 24{7.4) 1(33) 267y
Malaise 4{13.8) 267y 2{6.5) 4(12.% 2(6.9) 0 0 3 (10.0)

N= number of subjects with information available; n (%) =number (percentage) of subjects reporting a specific
AE.

[00319]

1 the 28 days following any dose: 21.9-38.7% in the PIZV groups and 36.7% in the placebo group. These

In total 30.6% of the subjects reported unsoliciied AEs (oot including prolonged solicited AES)

AFs were mainly infoctions, infestations (13.7%;) and nervous svstem disorders (3.2%: headache, nmgraine,
} > J i~ o

dizziness). All were mild to moderate in intensity.

{00320]

The events reported were:

Unsolicited AEs were considered as related to the study vaccination for three subjects (2.4%).

at post dose 1, dizziness for one subject in the Sug PIZV group and flushing for one subject in the 2pug PIZV

group,;

at post dose 2, eve praritus and lacrimation increased for one subject in the 10ug PIZV group.

[00321]

of 1 to 3 days and were all resolved.

These were mild to moderate in intensity, started ondav 1 or 2 afier vaccination, had a duration

[00322]

received PIZV and experienced the headache 1 day afier vaccination. The headache was resolved 36 days

One subject discontinued with the study vaccination due to a headache after dose 1. This subject

after its onsct. No serious adverse event (SAE) was reporied during the penod from dose | up to 28 days post
dose 2.

{00323]

following vaccination, ¢.g. from normal to mild or from mild to moderate AEs, occurred in commparable

The few changes from the baseline observed for blood safety faboratory parameters in the 7 days
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percentages of subiects across the four groups. Urinalvsis parameters were either normal at all time-points or

the grading category was similar across groups and visits,

Immunogenicity

[00324]  Table 17 presents the geometric antibody titers of Zika viras neutralizing antibodies (EC50) as

measured by PRNT as well as scropositivity rates and seroconversion rates after each vaccine dose.

{08325]  The PIZV vaccine was immunogenic in flaviviras-naive adults. All subjects were seroncgative at
baseline. Vaccination of subjects initially seronegative for antibodics against Zika virus elicited scropositivity
in all subjects afier two doses of PLZV vaccine of any dosage: seroconversion rates ranged from 69.23% to
96.43% post-dose 1 and were 100% post-dose 2. All subjects in the placebo group remained seronegative

throughout the period considered.

[00326] A dose-ranging effect was observed on seropositivity rates post-dose 1 and on GMTs after each
dose. After the first dose. almost all subjects (96.4%) who had received the 10 ug PIZV dose had mounted
ncutralizing antibodics against the Zika virus. The second dose led to a more thantO-fold increase in GMT

from dose 1, in the theee PIZV groups.
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Tahle 17: Seropesitivity, seroconversion rates and GMTs of Zika virus newiratizing antibodies (ECso)

(PRNT) before and 28 days after administration of each dose of PIZV (Per Protocol Set)

Placebo g PIZV Sug PIZY 10pg PIZV
(N=18) (N=26) (N=19) (N=30)
Sero- Pre~dose 1 0 0 0 0
positivity rate | Post-dose 1 0 69.23 82.14 96.43
(95%CH) (48.21, 85.67) (63.11, 93.94) (81.65,99.91)
Post-dose 2 0 100 100 100
(8575, 100.00) | (87.66.100.00) | (87.66, 100.00)
Sero- Post-dose 1 0 69.23 82.14 96.43
conversion rate (48.21, 85.67) (63.11, 93.94) (81.65, 99.91)
(95%CT) .
Post-dose 2 0 100 100 100
(8575, 100.00) | (87.66,100.00) | (87.66, 100.00)
GMTs Pre-dose | 5.00 5.00 5.00 5.00
{95% Ch Post-dose 1 5.00 38.06 376 29141
(17.53.82.66) | (44.34.19830) | (161.74. 525.06)
Post-dose 2 500 110075 199233 368980
(741.07 (1401.28, (267675,
1635.00) 2832.70) 5086.49)

N= number of subjects in the PPS with PRNT data available;

Seropositivity is defined as titer > 10; Scroconversion is defined as; seroncgative spbjects at baseline (titer <10)

have titer > 10 post-vaccination; Results < 10 are assigned a titer of 3; Titers > 10 (limit of detection) and < 26

(ower limit of quantification) are assigned a value of 13,

[00327]

The Geometric mean titers determined using PRNT, according to table 17, are shown

graphically in Figure 26. The percentage of subjects achieving seroconversion determine using PRNT

according o table 17, are shown graphically in Figure 27.

106328]

cumulative distribution curves in Figures 28 and 29 respectively.

[06329]

The distribution of neutralization titers, afier dose 1 and after dose 2, are shown in reverse

In addition to measuning immuone response with the PRNT assay, the samples were also tested

with the RVP nentralization assay. Table 18 presents the geometric antibody titers of Zika virus neutralizing

antibodics (EC50) as measured by the RVP assay. The RVP assay resulis show a similar dose-ranging effect

of the PRNT data, with gradually higher GMTs with increasing PIZV doses.

Table 18: GMTs of Zika virus neutralizing antibodies (ECse) (RVP) before and 28 days after vaccination

{Per Protocel Set)

Group

Placebo

2 pg PIZV

5 pg PIZV

10 pg PIZV

(N=27)

(N=26)

(N=28)

(N=30)

GMTSs (95%CDH

Pre-dose 1

34 (27.43)

34 (26, 44)

32 (27, 39)

46 (39, 53)

Post-dose 1

2% (22, 36)

360 (242, 536)

656 (442, 972)

1310 (875, 1961)

Posi-dose 2

3125, 40)

3148 (1985,
4986)

6212 (4126,
9354}

13604 (9560,
19359)

N=number of subjects in the PPS with RVP data available.
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Conclusion

{6G330]  The PIZV vaccine was well tolerated and safe for all antigen doses evaluated in the flavivirus-
naive cohort. Solicited systemic AEs were reported in all groups with no apparent increase with increasing
dose strength and intensity was mild to moderate. Local solicited AEs reporied were also mild to moderate in
intensity across the groups. Unsolicited svmptoms were reported with similar frequencics in the four study
groups. Overall, the vaccine was immunogenic in flavivirus-naive subjects and a positive dose-ranging

response was observed.
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CLAIMS

What is clatmed 1s:

A vaceine of immvmnogenic composition comprising one or more antigens from a Zika virus, wherein

the Zika virus comprises at least one non-human cell adaptation nntation.

2. The vaccine or immunogenic conmposition of claim 1, wherein the at least one non-human celf

adaptation mutation is in Zika viras Non-structural protein 1 (NS1).

3. The vaccing or immunogenic composition of claim 2, wherein the at least one adaptation mutation

occurs at position 98 of SEQ I NO: |, or at a position corresponding to position 98 of SEQ ID NO: 1.

4. The vaccine or immunogenic composition of claim 3, wherein the at least one adaptation mutation is a

Trp98Gly mutation.

5. The vaccine or immunogenic composition of any one of claims 1-4, wherein the at least onc adaptation

mutation enhances genctic stability as compared to a Zika virus lacking the at least one adaptation nurtation.

6. The vaccine or immuonogenic composttion of any one of claims 1-5, wherein the at least one adaptation

mutation enhances viral replication as compared to a Zika vires lacking the at least one adaptation mutation.

7. The vaccine or immunogenic composition of any one of claims 1-6, whercin the Zika virus does not
o ®

conprise a mutation in Envelope protein E (Eav).

8. The vaccine ot immunogenic composition of any one of clatms 1-7, wherein the non-human cellis a

maramalian cell.

9. The vaccine or immunogenic compeosition of any one of claims 1-8, wherein the non-human cellis a

monkey cell.
10 The vaccine or immunogenic corposition of claim 9, wherein the monkey cell is from a Vero cell hine.

it The vaccine or immuonogenic composttion of claim 10, wheretrn the Vero cell ine is a WHO Vero 10-

87 cell hine.

12. The vaccine or immunogenic composition of any one of claims 1-11, wherein the Zika virus is an
o ®

African lineage virus or an Asian lineage virus.

13. The vaccine or inmunogenic composition of any one of clatmus 1-11, wherein the Zika virns is an

Asian lincage vins.

14. The vaccine or immunogenic composition of claim 13, wherein the Zika virus is from strain
PRVABCSS.
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15. The vaccine or immunogenic composition of any one of claims 1-14, wherein the vaccine or
immunogenic composition is a purified antigen vaccine or immunogenic composition, a subunit vaceine or
immunogenic composition, an inactivated whole virus vaceine or immunogenic composition, or an attennated

ViF$ VACCinie of IMMunogenic composition.

16. The vaccine or immunogenic composition of any one of claims 1-15, wherein the vaccine or

Hnmunogenic composition is an fnactivated whole virus vaccine oF iInMBUNROZENIC composition.

17. The vaccine or immuncgenic composttion of any one of claims 1-16, wherein the viras was chenucally
mactivated.
18. The vaccine or immunogenic composition of claim 17, wherein the viras was chemically inactivated

with onc or more of a detergent, formalin, hydrogen peroxide, beta-propiolactone (BPL), binary cthylanvine

(BED, acetyl ethylencimine, methvlenc bhie, and psoralen.

19. The vaccine or immunogenic composition of claim 17, wherein the viras was chemically inactivated
with formalin.

20. The vaccine or immunogenic composition of any one of claims 1-19, further comprising an adjuvant.
21 The vaccine or immunogenic composition of claim 20, wherein the adjuvant s selected from the group

consisting of aluminum salts, toll-like receptor (TLR) agonists, monophosphoryl lipid A (MLA), synthetic lipid
A, lipid A mimetics or analogs, ML A derivatives, cytokines, saponins, muramy! dipeptide (MDP) denivatives,
Cp(s oligos, lipopolvsaccharide (LPS) of gram-negative bacteria, polyphosphazenes, cmmisions, virosomes,
cochleates, poly(lactide~co-glveolides) (PLG) microparticles, poloxamer particles, microparticles, liposomes,

Complete Freund's Adjuvant (CFA), and Incomplete Freund's Adjuvant (IFA).

22 The vaccine or immunogenic composttion of claim 20 or 21, wherein the adjuvant ts an ahiminum salt.
23, The vaccine or immunogenic composition of claim 22, wherein the adjuvant is selected from the group

consisting of alum, aluminum phosphate, aluminum hydroxide, potassium aluminum sulfate, and Alhvdrogel 85.

24. The vaccine ot immunogenic composition of any one of clatmns 20-23, wherein at least 75%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of the one or

more antigens are adsorbed to the adjuvant.

25. The vaccine or immunogenic composition of any one of claims 1-24, comprising from about 0.1 pug

Zika viras or Env 1o about 100 pg Zika virus or Env,

26. The vaccine or immunogenic compaosition of claim 23, wherein the vaccine or immunogenic

composition is unadjuvanted.

27. The vaccine or immuonogenic composttion of any one of claims 1-26, wherein the Zika virus is a clonal

1solate.
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28. The vaccine or immunogenic composition of claim 27, wherein the clonal isolate is substantially free

of one or more adventitious agents.

29. A vaccine comprisiog a Zika virus having a mutation at position 98 of SEQ ID NO: 1, or at a position

corresponding to position 98 of SEQ I NG: |

30. The vaccine of claim 29, wherein the mutation is a Trp98Gly mutation in SEQ 1D NG: L.
31 The vaccine of claim 29 or 30, wherein the Zika virus does not comprise a mutation in the envelope

protein (Env).

32. The vaccine of claim 31, wherein the sequence encoding the cnvelope protein is the same as the

corresponding sequence 1o SEQ ID No. 2.

33. The vaccine of any one of claims 29 to 32, wherein the Zika virus is derived from strain PRVABC39.
34 The vaccine of claim 33, wherein strain PRVABCS9 comprises the genomic sequence according to
SEQ IDNG: 2.

35. The vaccine of any one of claims 29 to 34, wherein the Zika virus is inactivated.

36. The vaccine of any one of claims 29 to 35, further comprising an adjuvant.

37. The vaccine of claim 36, wherein the adjuvant is selected from the group consisting of aluminum salts,

toli-like receptor (TLR) agonists, monophosphory] ipid A (MLA). syvnthetic lipid A, lipid A mimetics or
analogs. MLA derivatives, cytokines, saponins, muramy! dipeptide (MDP) derivatives, CpG oligos,
Lipopolysaccharide (LPS) of gram-negalive bacteria, polyphosphazencs, exmulsions, virosomes, cochicates,
polv(lactide-co-glycotides) (PLG)y microparucies, poloxamer particles, microparticies, liposomes, Complete

Freund's Adpavant (CFA), and Incomplete Freond’s Adjuvant JFA).

38, The vaccine of claim 36 or 37, wherein the adpvant is an aluminum salt,

39, The vaccine of any one of claims 36 to 38, wherein the adjuvant is selected from the group consisting
R ! o f=]

of alum, alumioum phospbate, alomioum hydroxide, potassium aluminum selfate, and Alhydrogel 5.

40, A vaceine or IBmMUNogenic composition comprising: a) an aluminum salt adjuvant; and b) a whole
nactivated Zika viras, wherein the Zika virus comprises a non-human cell adaptation mutation, and wherein the
non~-iman cell adaptation mutation is a Trp%8Gly mutation at position 98 of SEQ ID NO: 1, or at a position

corresponding to position 98 of SEQ ID NO: 1.

41, A method of treating or preventing Zika viras infection in a subject in need thereof, comprising
adouinistering to the subject a therapeutically effective amount of the vaccine or imounogenic composition of

any one of claims 1-40,
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42 A method for inducing an imnmne response in a subject in need thereof, comprising administering to

the subject an immmunogenic amount of the vaccine or immmunogenic composition of any one of claims 1-40,,

43, The method of claim 41 or claim 42, wherein the subject 15 3 buman.

44. The method of any one of claims 41-43, wherein the subject is pregnant or infends to become pregnant.

45. The method of any one of claims 41-44, whereig admipistration of the vaccine or immunogenic

composition induces a protective g response inthe subject.

46. The method of claim 45, wherein the protective immumne response induced in the subject is greater than
4 protective immune response indoced in a corresponding subject administered a vaceine or immimno genic
composition comprising onc or more antigens from a Zika virus lacking the at least one non-human cel

adaptation mutation.

47. The method of any one of claims 41-46, wherein administration of the vaccine or immunogenic

composition induces the generation of newtralizing antibodics to Zika vimis in the subject.

48, The method of claim 47, wherein the concentration of peuiralizing antibodics generated in the subject
1s higher than a concentration of neutralizing antibodics geverated 1o a corresponding subject administered a
VaCCING OF IMENINOZENIc coMposition comprising one or more aotigens from a Zika virus lackiog the at least one

non-buman cel adaptation rantation.

49, The method of any one of claims 41-48, wherein the vaccine or innmunogenic composition is
administered by a rovte selecied from the group consisting subcutancous administration, transcutancous
administration, intradermal administration, subdermal administration, intramuscular admmnistration, peroral
admunistration, intragasal administration, buccal administration, intraperitoneal admimstration, intravaginal

administration, anal administration and intracranial administiration.

50. The method of claim 41-49, whercin the vaccinge or immunogenic composition is administered as a first

(prime) and a second (boost) administration.

A

1. The method of claim 50, whercin the second (boost) adovinistration is administered 28 dayvs afier the

first (prime) administration.

52. The vaccine or immunogenic composition of any one of claims 1-40 for use in treating or preventing

Zika viras infection in a subject in need thereof.

53. The vaccine or immunogeunic composttion of any one of claims 1-40 for use in inducing an tmmuoe

response in a subject in need thercof

54. The vaccine or immunogenic composttion for the use of claims 32 or 53, wherein the subject s a

human.
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55. The vaccine or immunogenic composition for the use of any one of claims 52-34, wherein the subject

is pregnant or intends to become pregnant.

56. The vaccine or immunogenic composttion for the use of any one of claims 52-55, wherein

administration of the vaccine or immunogenic composition induces a protective tmmune response in the subject.

57. The vaccine or immunogenic composition for the use of claim 36, wherein the protective immune
response induced in the subject is greater than a protective immung response induced in a corresponding subject
admunistered a vaccine or immumno genic composition comprising one or more antigens from a Zika virus lacking

the at least one non-haman cell adaptation nnitation.

58. The vaccine or immunogenic composition for the use of any one of claims 52-57, wherein
adouinistration of the vaccine or impunogenic composition induces the generation of neutralizing antibodies to

Zilka virus in the subject.

=4

9. The vaccine or immunogenic composition for the use of claim 58, wherein the concentration of
neutealizing antibodies geoerated in the subject is higher than a concestration of neutralizing antibodies
generated 1o a corresponding subject administerad a vaccine or IGHDUNO GENHC COMPOSIHION COmMpHSing one or

more antigens from a Zika virus lacking the at Jeast ope non-human cell adaptation motation.

60. The vaccine or immunogenic composition for the use of any one of claims 52-39, wherein the vaccine
or immuno gemc composition 1s administered by a route selected from the group consisting subcutancous
administration, transcutancous administration, infradermal administration, subdermal admunistration,
intramuscular administration, peroral adminisiration, intranasal administration. boccal administration,
intraperitoneal administration, intravaginal administration, anal administration and intracranial admigistration

administration.

61. The vaccine or immunogenic composition for the use of any one of claims 52-60, wherein the vaccine

or immune gemic composition 1 administered as a first (prime) and a sccond (boost) administration.

62. The vaccine or immunogenic composttion for the use of claion 61, wherein the second (boost)

admipistration is administered 28 days after the first (paoe) administration.

63. Use of the vaccine or immunogenic composition of any one of claims 1-40 in the mamifacture of a

medicament for treating or preventing Zika virus infection in a subject in need thereof.

64. Use of the vaccine or immunogenic composition of any one of claims 1-40 in the manufacture of a

medicament for inducing ao Ummuoe response in a subject 1 need thereof.

65. The uvse of clairs 63 or 64, wherein the subject 1s a buman.

65, The usc of any onc of claims 63-63, wherein the subject is pregnant or intends to become pregnant.
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67. The use of any one of claims 63-66, wherein administration of the vaccine or immunogenic

composition induces a profective immmune response in the subject.

68, The use of claim 67, wherein the protective immune response induced in the subject is greater than a
protective imumugee response induced in a corresponding subject administered a vaceine or Bpimuncgenic
Composiiion comprising one or mere antigens from a Zika vires lacking the at least one non-human cell

adaptation mutation,

09, The use of any one of clatms 63-66, wherein admimstration of the vaccine or immmogenic

composition indoces the gencration of neoiralizing antibodies (o Zika vires in the subject.

70. The use of claim 69, wherein the concentration of neuntralizing antibodies generated in the subject is
higher than a concentration of ncutralizing antibodies generated in a corresponding subject administered a
VaCCInG OF IMIINOZENIC COmposition comprising one or more antigens from a Zika virus lacking the at feast one

non~human cell adaptation mutation.

71 The vse of any one of claims 63-70, wherein the vaccine or immunogenic composition 1 administered
by a route selected from the group consisting subeutaneous administration, transcutansous administration,
intradermal administration, subdermal administration, intramuscular admimstration, peroral administration,
intranasal administration, buccal administration, infraperitoncal administration, intravaginal administration, anal

administration and intracramal administration.

72. The use of any onc of claims 63-71, wherein the vaccine or Hnmunogenic composition is administered

as a first {prizne) and a second {(boost) administration.

73. The use of claim 72, wherein the second (boost) administration is adoxinisicred 28 days after the first
(prime) administration.

74, A method for inactivating a Zika virus preparation comprising:

(a) isolating the Zika virus preparation from one or more son-human cells, wherein the cells are used o produce
the virus preparation, and wherein the Zika virus compuises at least one non-buman cell adaptation mutation;

and

{b) treating the virus preparation with an effective amount of formalin

75. The method of claim 74, further comprising (¢) neutralizing the formalin~treated virus preparation with

sodium metabisulfite,

76. The method of claum 75, wherein the virus preparation is neutralized at least five, at least seveu, at least

ning, at keast 11, or at least 14 days afier formalin treatinent,

77. The method of any one of claims 74~76 further C()mpﬁsiﬂ“ {d ;.aurifvinﬂ the neutralized virus
V [=2AN 2 =]
preparation.
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78. The method of claim77, wherein the neutralized virus preparation is purified by process sclected from
the group consisting of cross flow filtration (CFF), multimodal chromatography, size exclusion chromatography,

cation exchange chromatography, and anon exchange chromatography.

79. The method of any one of claims 74-78, wherein the vitus preparation 1s mixed with an adjavant.
80. The method of claim 79, wherein the adjuvant is selected from the group consisting of aluminum salts,

toll-like receptor (TLR) agounists, monophosphoryl lipid A (MLA), synthetic lipid A, lipid A mimetics or
analogs, MLA denvatives. cytokines, saponins, muramyl dipeptide (MDP) derivatives, CpG oligos,
lipopolysaccharide (LPS) of gram-negative bactena, polyphosphazenes, emulsions, virosomes, cochleates,
polyfactideco-glycolides) (PLG) microparticies, poloxamer partickes, microparticles, Hposomes, Complete

Freund’s Adjovant {CFA), and Incomplete Freund’s Adjovant (IFA).

81 The method of claim 79 and 80, wherein the adjuvant is an aluminum salt,
82. The method of claum 81, wherein the adpuvant is selected from the group counsisting of alum, aluminum

phosphate, aluminom hydroxide, potassivm aluminum sulfate, and Alhydrogel 85.

83. The method of anv one of claims 79-82, wherein at least 75%, at least 85%, at least 90%, at least 95%,
at least 96%, at least 97%, at Ieast 98%, at least 99%, or 100% of one or more antigens in the viris preparation

are adsorbed to the adjuvant.

B4 The method of any one of claims 74-83, wherein the at least one non-hwumnan cell adaptation routation is
in Zika virus NS1.
55 The method of claim 84, wherein the at least one adapiation muntation occurs at position 98 of SEQID

NO: 1, or at a posttion corresponding to position 98 of SEQ 1D NG: L

86. The method of claim 85, wherein the at least one adaptation mutation is a Trp98Gly mutation.

87. The method of any one of claims 74-86, wherein the at least one adaptation mutation enhances genetic

stability as compared to a Zika viros lacking the at least one adaptation mutation.

88. The method of any one of claims 74-86, wherein the at least one adaptation mutation enhances viral

replication as compared to a Zika virus lacking the at least one adaptation mutation.

89, The method of any one of claims 74-88, wherein the Zika virus does not comprise a mutation in
Envelope protein E (Eov).

90, A method for inactivating a Zika virus preparation comprising:

{a} isolating the Zika virps preparation from one or more non-human cells, wherein the cells are used to produce
the virus preparation, and wherein the Zika virgs comprises a mutation at position 98 of SEQID NO: {, orata

position corresponding to position 98 of SEQ ID NG: |; and

{(b) treating the virus preparation with an effective amount of formalin
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a1 The method of claim 90, wherein the mutation is a Trp98Gly mutation in SEQ ID NO: 1.

92. The method of claim 90 or 91, wherein the Zika virus does not comprise a mutation in the envelope
protein (B).

93. The method of claim 92, wherein the sequence encoding the envelope protein is the same as the

corresponding sequence in SEQ ID No. 2.

94. The method of any one of claims claim 90-93, further comprising (c) neutralizing the formalin-ireated

virus preparation with sodium metabisuifite.

95. The method of claim 94, wherein the virus preparation is neutralized at least five, at least secven, at least

ning, at least 11, or at least 14 days afier formalin treatment,

96. The method of any one of claims 90-95, further comprising (d) purifying the neutralized virus
preparation.
a7. The method of claim 96, wherein the neutralized virus preparation is purified by process selected from

the group consisting of cross flow filtration (CFF), multimodal chromatography, size exclusion chromatography,

cation exchange chromatography, and anon exchange chromatography.

98. The method of any one of claims 90-97, wherein the virus preparation 1s mixed with an adjuvant,

99, The method of claim 95, wherein the adjuvant is selected from the group consisting of alumimim salts,
toll-bike receptor (TLR) agouists, monophosphory! Hpid A (MLA), synthetic hipid A, lipid A mimetics or
analogs, MLA denvatives. cytokines, saponins, muramyl dipeptide (MDP) derivatives, CpG oligos,
lipopolysaccharide (LPS) of gram-negative bactena, polyphosphazenes, emulsions, virosomes, cochleates,
polyfactideco-glycolides) (PLG) microparticies, poloxamer partickes, microparticles, Hposomes, Complete

Freund’s Adjovant (CFA), and Incomplete Fround’s Adjuvant (IFA).

106. The method of claim 99, wherein the adjuvant is an aluminum salf.
101, The method of claum 100, wherein the adjovant is selected from the group consisting of alum.

alumioum phosphate, alumimun hydroxide, potassium aluminum solfate, and Alhydrogel 85.

102. The method of any one of claims 98-101, wherein at least 75%, at least 85%, at least 90%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99%, or 100% of onc or more antigens in the virs preparation are

adsorbed to the adjuvant.

103. A method of purifying Zika virus comprising;

{a) inoculating a plurality of cells with an inocolam comprising a population of Zika virnses; and

{b) obtaining a Zika viras clonal isolate by plaque punfication from one or more of the inoculated cells.
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104, The method of claim 103, wherein the cells are non-human cells.

105, The method of claim 103 or claim 104, wherein the cells are insect cells.

106. The method of claim 105, wherein the insect cells are mosquito cells.

107, The method of ¢claim 103 or claim 104, wherein the cells are mammalian cells
108, The method of claim 107, wherein the mammalian cells are monkey cells.
109. The method of claim 108, wherein the monkey cells are from a Vero cell line.

110. The method of claim 109, wherein the Vero cell line is a WHO Vero 10-87 cell hine.

11t The method of any one of claims 103~110, wherein the population of Zika viruses is heferogencous.
112, The method of any one of claims 103-111, wherein the population of Zika viruses comprises a Zika

virus clinical isolate.

113. The method of claim 112, wherein the Zika virus clinical isolate is from strain PRVABCSS.

114. The method of any one of claims 103-113, wherein the population of Zika viruses comprises a Zika

virugs that has been previously passaged one or morc times in celf culture.

11s. The method of any one of claims 103-114, wherein the inoculum comprises human serum.

ils, The method of any one of claims 103-115, wherein the inoculum comprises one or more adventitious
agents.

117. The method of claim 116, wherein the Zika virus clonal isolate is substantially free of the one or more

adventitious agents.

118 The method of anv one of claims 103-117, further comprising one or more additional plague

purifications of the Zika virus clonal isolate,

119. The method of claim 118, wherein the Zika virus clonal isolate 1s farther plague purified two or more
times.
120. The method of any one of claims 103-119, further comprising passaging the Zika virus clonal isolate

one or more fimes 0 cell culture.

121 The method of claim 120, wherein the Zika virus clonal isolate is passaged two or more Hioes,

122. The method of any one of claims 103-121, fimther compnsing formulating a vaccine or immunogenic

composition comprising onc or more antigens from the Zika virus clonal isolate.
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123, The method of claim 122, wherein the vaccine or immunogenic composition is a purified antigen
Vaccine or immunogenic composition, a subunit vaccine or immunogenic composition, an inactivated whole

ViFi$ VACcinie or Inmunogenic composition, or an attenuated virus vaccine or immunogenic composition.

124. The method of claim 122, wherein the vaccine or immunogenic composition is an inactivated whole

VEFUS vaccine oF IIIpunegenic composition.

125 The method of any one of claims 103-124, wherein the Zika virus clonal isolate was chemically
mactvated.
126, The method of claim 125, wherein the Zika virus clonal isolate was chemically inactivated with one or

more of a detergent, formalin, hydrogen peroxide, beta-propiolactone (BPL), binary ethylamine (BEI), acetyl

cthylencimine, methylene blue, and psoralen.

127, The method of claim 125, wherein the Zika virus clonal isolate was chemically inactivated with
formalin.
128. The method of any one of claims 122-127, further comprising admixing the vaccine or immunogemc

composition with an adjuvant.

129. The method of claim 128, wherein the adjuvant is sclected from the group consistiog of alumioum
salts, toll-like receptor (TLR) agonists, monophospboryi lipid A (MLA), synthetic lipid A, lipid A mimetics or
analogs, MLA denivatives, cyitokines, saponins, muramyl dipeptide (MDP) derivatives, Cpés oliges.
lipopolysaccharide (LPS) of gram-negative bacteria, polyphosphazenes, enmlsions, virosomes, cochleates,
polv(lactide~co-glvcolides) (PLG) microparticles, poloxamer particles, microparticles, liposomes, Complete

Freund’s Adjuvant (CFA), and Incomplete Fround’s Adjuvant (IFA).

130. The method of claim 128, wherein the adiuvant 15 an aluminuam salt.
131 The method of claim 128, wherein the adjuvant is selected from the group consisting of alum,

aluminum phosphate, aluminum hydroxide, potassium alumimum sulfate, and Alhydrogel 85.

132, The method of any one of claims 128-131, whercin at least 75%, at least 85%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of the onc or more antigens are adsorbed to

the adjuvant.

133, The method of anv one of claims 122-128, wherein the vaceine or Inmunogenic Composition

comprises from about 0.1 pg Zika virus or Env to about 100 pg Zika virus or Env.
134, The method of claim 133, wherein the vaccine or immunogenic composition is unadjuvanted.

135 The method of any one of claims 103-134, wherein the Zika virus clonal isolate 15 a homogenous

genctic population
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136. The method of any one of claims 103-135, wherein the Zika virus clonal isolate does not comprise a

mutation in Envelope protein E (Env).

137. The method of any one of claims 103-135, wherein the Zika virus clonal isolate comprises at least one
mutation.

138. The method of claim 137, wherein the at least one mutation is in Zika virus Non-structural protein 1
(NS1).

139 The method of claim 138, wherein the at least one mutation occurs at position 98 of SEQ ID NO: 1, or

at a position corresponding to position 98 of SEQ ID NO: 1

140, The method of claim 139, wherein the at least one mutation is a Trp38Ghy mutation,

141, The method of anv one of claims 137-140, wherein the at least one mutation is not in Envelope protein
E (Env).

142 The method of any one of claims 137-141, wherein the at least one mutation enhances genetic stability

as compared to a Zika vitus lacking the at least one mutation.

143. The method of any one of claims 137-142, wherein the at least one mutation ephances viral replication

as compared to a Zika virus lacking the at least one mutation.

144, A method of purifying Zika virus for the preparation of a vaccine or inununogenic composition, the

method comprising one or more steps selected from the group of:

(a) passing a sample comprising a Zika virus through a depth filier to produce an cluate, wherein the cluate
comprises the Zika vitus;

{b) buffer exchanging and/or diuting a sample corprising a Zika virus by cross flow filtration (CFF) to produce
a retontate, wherein the retentate comprises the Zika virus;

(c) binding a sample comprising a Zika virus to an ion exchange membrane to produce a bound fraction,
wherein the bound fraction comprises the Zika virus, and cluting the bound fraction from the ion exchange
membrane,

(d) treating a sample comprising a Zika virus with an effective amowunt of a chemical inactivator,;

(e) neutralizing a sample comprising a chemically inactivated Zika virus with sodunm metabisulfite; and

(f) purifying a naturalized sample comprising a chenically inactivated Zika virus by cross flow filtration (CFF).

145, The method of claim 144, comprising the steps of:

{a) passing a sample comprising a Zika virus through a depth filier to produce an cluate, wherein the eluate
comprises the Zika vitus;
{b) buffer exchanging and/or diluting a sample comprising a Zika viras by cross flow filtration (CFF) to prodace

4 retentate, wherein the retentate comprises the Zika virus;
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{c) binding a sample comprising a Zika virus fo an ion exchange membrane to produce a bound fraction,
wherein the bound fraction comprises the Zika virus, and eluting the bound fraction from the ion exchange
membrane,;

(d) treating a sample comprising a Zika virus with an effective amount of a chemical inactivator;

(e) neutralizing a sample comprising a chemically inactivated Zika virus with sodium metabisulfite; and

(f) purifving a naturalized sample comprising a chemically inactivated Zika virus by cross flow filtration (CFF).

146, The method of claim 144 or claim 145, comprising the steps of:

(a) passing a saraple comprising a Zika virus through a first deptb filter to produce a first eluate, wherein the
first cluate comprises the Zika virus;

(b) buffer exchanging and/or diluting the first eluate by cross flow filtration (CFF) to produce a first retentate,
wherein the first retentate comprises the Zika virus;

(¢) binding the first retentate to an ion exchange membrane to produce a first bound fraction, wherein the first
bound fraction comprises the Zika virus, and chuting the first bound fraction from the ion exchange membrang to
produce a second eluate, wherein the second eluate comprises the Zika virus;

(d) passing the sccond cluate through a second depth filier to produce a second retentate, wherein the second
retentate comprises the Zika virus;

(¢) treating the sccond retentate with an effective amount of a chemical inactivator,;

(f) neutralizing the treated second retentate with sodinm metabisulfite; and

(g purifving the neutralized second retentate by cross flow filtration (CFF).

147 The method of any one of claims 145-146, wherein the ion exchange membrane is an anion exchange

menbrane.

148, The method of claim 147, wherein the anion exchange membrane comprises qualertary ammonium

ligands.

149, The method of any one of claims 145-148, wherein the bound fraction of step (c) is cluted in multiple

steps, wherein each step comprises an increasing salt concentration.

156, The method of claim 149, wherein the salt is sodivm chloride.
i51. The method of claim 150, wherein the salt concentration increases frony 250 mM o 730 oM.
132. The method of any one of claims 145-151, whetein the chemical inactivator 1s one or more of 2

detergent. formalin, hydrogen peroxide, beta-propiolactone (BPL), binary ethylamine (BED), acetyl

ethylencimine, methylene blue, and psoralen.

153. The method of any one of claims 145-151, wherein the chemical inactivator is formalin
154. The method of any one of claims 145-133, wherein the neutralization occurs for at least five, at least

seven, at least ning, at least 11, or at least 14 days.
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155. The method of any one of claims 145-154, wherein the Zika virus is a Zika virus clonal isolate

produced by any one of claims 103-143.

i56. A vaccine or BRIDUNCgenic conposition comprising one or more antigens from a plague purified clonal

Zika virus isolate.

157. The vaccine or immunogenic composition of claim 156, wherein the plaque purified clonal Zika virus

1solate was plaque purified from cells contacted with an inoculum comprising a population of Zika viruses.

158, The vaccine or immunogemnic conmposition of claim 137, wherein the cells are non-human celis.

159. The vaccine or immunogenic composition of claim 137 or claim 158, wherein the cells are insect cells.
160, The vaccine or immunogenic composition of claim 159, wherein the insect cells are mosguito cells.
i61. The vaccine or immuncgenic composttion of claim 157 or claim 158, wherein the cells are mammalian
cells.

162. The vaccine or immunogenic composition of claim 161, wherein the mammalian cells arc monkey
cells.

163, The vaccine ot immunogenic composition of claim 162, wherein the monkey cells are from a Vero cel
line.

164. The vaccine or immunogenic composition of claim 163, wherein the Vero cell hine is a WHO Vero 10-

87 cell line.

165. The vaccine or immunogenic composition of any one of claims 157-164, wherein the population of

Zika viruscs was heterogencous.

166. The vaccine or tmmunogenic composttion of any one of claims 157-165, wherein the population of

Zika viroses comprised a Zika virus clinical isolate.

167. The vaccine or immunogenic composition of claim 166, wherein the Zika virus clinical isolate is from
strain PRVABC39.
168, The vaccine ot immunogenic composition of any one of claims 157-165, wherein the population of

Zika virases conprised a Zika virus that had been previously passaged one or more times in cell colture,

169. The vaccine or inmunogenic composition of any one of clatmus 137-168, wherein the inoculum

comprised buman serum.

170. The vaccine or immunogenic composition of any one of claims 157-169, wherein the inoculum

comprised one or more adventitious agents.
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171. The vaccine or imnunogenic composition of claim 170, wherein the plague purified clonal Zika virus
g

isolate is substantially free of the one or more adventitious agents.

172. The vaccine or immunogenic composition of any onc of claims 157-171, wherein the plague purified

clonal Zika virus isolate s modified as compared to a wild-type Zika virus.

173, The vaccine or immunogenic composition of any onc of clamms 157-172, wherein the plague purified
Y

clonal Zika virus isolate is a homogenous genetic population.

174. The vaccine or immunogernic composition of any one of claims 137-173, wherein the plague purfied

clonal Zika virus isolate docs not comprise a mutation in Envelope protein E (Env)

175. The vaccine or immunogenic composition of any one of clatms 157-173, wherein the plague punfied

clonal Zika virus 1solate corprises at least one mmtation.

176. The vaccine or immunogenic composition of claim 175, wherein the at least one mtation is in Zika

virus Non-structural protein I (NS1).

177. The vaccine or immunogenic composition of claim 176, wherein the at least one switation occurs at

position 98 of SEQ ID NO: 1, or at a position corresponding to position 98 of SEQ I NG: |

oy
/
i

178. The vaccine or immunogenic composition of claim 177, wherein the at least one mutationis a

Trp¥8Gly nmutation.

179. The vaccine or immunogenic conposition of any one of claims 175-178, wherein the at least one

mwiation is not in Zika virus Envelope protein E (Env).

180. The vaccine or immunogenic composition of any one of clatms 174-178, wherein the at least one

muotation ephances genetic stability as compared to a Zika virus lacking the at least one rmutation.

181 The vaccine or immunogenic composition of any onc of claims 174-180, wherein the at least one

mutation enhances viral replication as compared to a Zika virus lacking the at least one mutation.

i82. The vaccine or immunogenic composition of any one of claims 157-181, wherein the plaque purified
g y

clopal Zika virus isolate is an African lineage virns oc an Asian lincage virus.

183. The vaccine or immunogenic composition of any one of claims 157-182, wherein the plague purified

clonal Zika virus isolate is an Asan lincage virus.

184, The vaccine or immunogernic composition of any one of claims 137~183, wherein the vaccine or
immunoegenic conposition is a purified antigen vaccine or immunogenic composition, a subunit vaccine or
immunoegenic conposition, an inactivated whole vims vaccine or imomwunogenic compaosition, or an atienuated

Virus vaccine or immunogenic composition.
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185, The vaccine or immunogenic composition of any one of claims 157-183, wherein the vaccine or

Immunegenic composition is an inactivated whole virus vaccine or immunogenic composition.

186. The vaccine or immunogenic composition of any one of claims 157-185, wherein the plague purified

clopal Zika virus isolate was chemically ivactivated.

187. The vaccine or immunogenic composition of claim 186, wherein the plague purified Zika virms was
chemically inactivated with one or more of a detergent, formalin, hydrogen peroxide, beta-propiolactone (BPL),

binary cthylamine (BEI), acetyl ethylencimine, methylene blue, and psoralen.

188, The vaccine or immunogemnic compesition of claim 186, wherein the plague purified clonal Zika virus

isolate was chemically inactivated with formalin,

189, The vaccine or immunogenic composition of any one of clatms 157-188, further compnising an
adjuvant,
190. The vaccine or immunogenic composition of claim 189, wherein the adjuvant is selected from the

group consisting of alumimum salts, toll-lilke receptor {TLR) agonists, monophosphorvi lipid A (MLA),

synthetic ipid A, lipid A mimetics or analogs, ML A derivatives, cytokines, saponins, muramy! dipeptide (MDP)
derivatives, CpG oligos, lipopolysaccharide (LPS) of gram-negative bacteria, polyphosphazenes, enmlsions,
virosomes, cochleates, poly(lactide~co-glveolides) (PLG) microparticles, poloxamer particles, microparticles,

liposomes, Complete Freund’s Adpuvant (CFA), and Incomplete Freund’s Adjuvant (IFA).
i91. The vaccine or immunogenic composition of claim 189, wherein the adpuvant is an aluminum salt.

192. The vaccine or immunogenic composttion of claim 189, wherein the adpivant is selected from the
group consisting of alum, alumioum phosphate, alumiowm hydroxide, potassivim alaminem sulfate. and

Alhydrogel 853

193. The vaccine or immunogenic composition of any one of claims 189-192, wherein at least 75%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 10094 of the one or

more antigens are adsorbed to the adjuvant.

194, The vaccine or immunogenic composition of any one of claims 1537-188%, comprising from about 0.1 pg

Zika viras or Env to about 100 pg Zika virus or B,

195. The vaccine or immunogenic compeosition of claim 194, wherein the vaccine or ImImunogenic

composition is unadjuvanted.
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