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ZIKA VACCINES AND IMMUNOGENIC
COMPOSITIONS, AND METHODS OF USING

THE SAME

llns &s a Nat&ouul Phase Apphcation tihxi under 35 IJ.S C.
371 as a nat&onal stage of P("I/IJS2018/059233, filed Nov.
5. 2018. an application claiming the benefit of IJ.S. Provi-
sional Appl&cat&ou No. 62/581,500, filed Nov. 3, 2017 and
U.S. Provisionul Appl&cduou No. G2/592,995. tiled Nov. 30,
2017, the content of each ofwhich is hereby incorporated by
reference in its ent&rety

STATEMENT REGARDING
FEDERALLY-SPONSORED RESEARCH

1'his invention was made with government support under
('ontract No. HHSO10020IG00015C with the Department
of Health and Human Services, Office of the Assistant
Sccrctary for Prcparcducss and Response, Biomedical
Advmiced Rcscarch aud Dcvclopmen& Authonty. Tlus
invmit&on was cro&tcd ui thc perfonnance ol' Cooperative
J(esearch and Development Agreement with the ('enters for
Disease ('ontml and Prevention. an Agency of the Depart-
ment of Health and Human Services. The (.Jovenmient of the
United States has certain rights in the invention.

I'IJJI,D Ol& '111E INVJJN'I'JON

The present disclosure relates to Zika virus vaccines and
imnumogenic compositions having one or more antigens 10

from a Z&ka v&rus (e.g., a Z&ka v&rus clonal &sole&c, a
non-lnundn cell adapted Z&ka v&rus. c&c.) and me&lx&ds of
treatment and uses thereof.

1'he Sequence I.isting submitted in text format ( txt) on
Apr 28. 2020, named "Sequencel,istingaspublished.txt", Ii
(created on Friday, Apr. 24, 2020. 25 KB), is incorporated
herein by reference.

I JA('K(JROIJND
40

Zika vin&s. a tlavivinis classified with other mosqu&to-
bomc viruses (c.g., yellow fcvcr, dengue, West N&le. and
Japanese cnccphul&tie v&ruses) 0 itlun the Flav&v&ride c lhmily
luis sprc;ul rapidly &n a hcm&sphcnc-w &dc ip&dcnuc since thc
vinis was introduced into 13razil in 2013 '1'he vin&s has
reached the Central and North Americas, including ternto-
ries of the IJnited States. consequently now threatenin the
continental US. Indeed, Zika virus strain PRVABC59 was
isola&&xi from serum from a person who had Iraveled 10

Puerto Rico &n 2015. Thc genome of &Jus strain lms been 0

sixp&cocci at k:dst three n&lu:s (Scc Liulc&0&n 0& id. Enlcig.
infect. 1)is. 2016 May; 22(5) 933-5 and (ienl3ank Accession
Number KJJ501215 I, (ien13ank Accession Nun&her
KX087101.3, and Yun et al. Genome Atmounc. 2016 Aug.
18; 4(4) and CienBank Accession Nmnber ANK57897.1). s.

Ininally isolated in 1947 ui U dnda, the virus was tire&

1&nked to ln&man d&scasc &0 1952, mid has been rccognizcxJ
sporad&cally as a cause ol'uld, sell'-1nnitixl fi:brilc &lhlcss ul
Africa and Southeast Asia (Weaver et al. (2016) Ant&viral
J(es 130 69-80: l&aria et al. (2016) )cience 352(6283) 345- io
349). Ho&sever„ in 2007, an outbreak appeared in the North
Pacitic island of Yap. and then disseminated from island to
island across the Pacilic, leading to an cx&ens&ve outbreak &n

2013-2014 ui French Polyncs&a. sprcaduig thmi to Ncw
Calcdomd. &hc Cook Islands, mid ultmiatcly, to Easter si
island An Asian lineage vin&s was subsequently transferred
to the Western I lemisphere by routes that remain undeter-

,802 B2

m&ncd (Fans c& al. (2016) Sc&ence. 352(6283).345-349). Thc
virus may be transmitted zoonotically by fiedes acgvp/i, .t.
0/ho/Sic/&is, and poss&bly by dh hens&JJ/ aud dt. Foi&wi eseiusi I
(Wcavcr c& al. (2016) Anuiiral Rcs. 130.69-80). Add&uun-
ally, it is thought that other vectors for transnutting the vinis
may exist, and the vims niay be tmsnsmitted by blood
transfi&sion. transplacentally, and/or throug&hsexual trans-
nuss&on

In late 2015, a si~ficant increase in fetal abnormalities
(c g., nucrocephaly) and G u&lid ui-Barre syndrome (GB S) in
areas ol widespread Z&ka I &rus utlbct&on rmsed alarm &J&at

/&ka vin&s might be much more vin&lent than originally
thought, prompting the World I lealth Organization (WIJO)
to declare a Public Health Emergency of Internet&anal Con-
cern (PHEIC) (Heymann et al. (2016) Lancet 387(10020):
719-21). Aithouch the WHO has since declared an end to the
PHEIC, Zil a con&uiues to pose in parucular a wg&ulican&

tlueat for pregnant v:omen mid their unboni babies.
While Zika vims poses a substant&al publ&c health threat,

no l&l)A-approved vaccine or treatment currently exists, and
the only preventative nieasures for controll&ng Z&ka virus
involve managing mosquito populat&ons.

In recent efiorts to characterize a recombinant Zika virus
for Ihe dcvelopmcnt of d potmit&al vacc&nc, a non-human cell
a&hip&ed Z&ka v&rus was idmit&tied tlfdt harbors a mutauon in
the viral I iovelope protein at posit&on 330 (Weger-I ucarelli
et al (2017) .Journal of Virology 'J I (I): 1-10) 'll&e authors of
th&s study found that full-length infectious cDNA clones of
Z&ka virus strain PRVABG59 &vere genetically unstable
v hen amplified during cloning„and opted to spit the viral
genome to address the obscricd uistab&lity, developing and
apply&ng a &wo plasmid sys&em However, a &wo plasmid
system for the development of a /ika vaccine is less
des&rable.

BRIEF SUMMARY

1'hus, there is a need to develop vaccines and imnu&no-
genic compositions tier treating and/or preventmg /ika
virus. Accordingly. certain aspects of the present disclosure
relate 0 vaccine or imnuinogenic composition comprisi»g a
dose of I pg &o 40 pg of one ant&gm& from a Z&ka virus.
wherein thc an&igen &s an uiac&ivatcd whole v&rus.

Accordu&glv, ccitdul dspccts of thc pfcscn& d&sclosu&c
relate a vaccine or immunogen&c con&position con&prising a
dose of I pg to 40 pa of one antigen from a /ika virus,
v herein the Zika virus comprises at least one non-in&man
cell adaptation mutation.

Accorduigly, ccrtdui aspects of the prcscnt d&sclosure
feld&e a vi&cc»lc or »Iul&unogcna: co&1&pos&&ion co&l&p&1sulg a
dose of I pg &o 40 pg of one mitigm& from a Z&ka virus. Ihe
I&ka vims having a nn&tation at position ')8 of )I!O ID NO
I, or at a position corresponding to pos&tion 98 of SJ&Q ID
NO: 1.

To meet the above and other needs„ the present disclosure
is directed, a& least ui part, to a gcncucdlly s&able uon-human
cell adaptcxt Z&ka iirus luirboruig au adaptauon ui thc
Nou-stn&ctural pm&c&n I (with a w&ld-type Euvclopc pro-
tein), allowing for the use of a single vims/v&ral geno&ne
system for vaccine pmduction I he present disclosure is also
directed, at least in part, to a Zika virus clonal isolate that is
genetically homogenous and/or has been purified away from
Onc of nlo&c'nlvc&lnt&ous agcntw Accordu&gl)1 tile p&csc&1&

ihsclosufc prov&dcs &Sech&cs a&ld un&l&iu&ogcnu: co&1&pos&-

t&ons useful for treatmg dnd/or prevent&ng Zika v&rus ufii:c-
tion (e g., in humans) that include one or more /ika vinis
antigens (e.g, one or more ant&gens from a whole inacti-
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1 BILVJ Zika virus) from a Zika virus harboring at least onc
non-human cell adaptation mutation (e.g.. n mumtion in Zil a
tirus Non-structural protein I) tmd/or a Zika virus cloiml
isolate

lhc present disclosure is based, at least ui part, on thc
surprising finding that both high and low dose vaccines
comprising one or more antigens fbom separately deuved
clonal viuis populations of non-human cell adapted /ika
vhus were able to induce robust immune responses and

I i 1

provide sigrulicaut prolccuou from Zika virus Iuibction (Sec
Examples 2 and Example 4 below). Clonal isolation of the
Zlka vIIUs strains also Bllowixi for. I) lllc silcccssilll pilrl-
fication of the vims away from contaminating agents (e g.,
advcnliiious agmim liat may be co-purified with the parmilal
strain), and 2) the pmduction of a genetically homogeneous
viral popuhstion. Moreover. the present disclosure is based,
at least in part, on the finding that ckmal isolated i'ika
viruses harboring an adaptation nnitation in protein NSI
grew well and prcdictnbly ui Vcro cells lo lugh tiler, and Iii

surprisingly. ivere genetically stable/genetically homo-
cnous without auy detectable mutations in Ihe viral cm elope
pmtein (See lixamples I and 2 below) While a similar
nuuation ill /ika vmis Non-stmctural protein I nlay have
been observed in the genoniic sequencing analysis of I out
of 8 published sequences of Zika viuis strain PRVABC59
(Yun et al. Cienome Atmounc. 2016 Aug. 18; 4(4)), tlus
rcfcrencc fmls lo leach or suggesl llml a mulalion ui NSI
may improt e suibility oi Ihc virus: fails lo ltuich or suggest
Ih;lt B V111IS 8'u'botlllg the iullt;ltlon illal'C USed lil tllC ili
development of an effective vaccine against /ika vims: and
fails to teach or suggest that such a vaccine may be etfective
in inducing a robust immune response and providiiig sig-
nificant protection from Zika virus infection when used at
both low and high doses. Thus, without wislnng tobe bound is
by theory, tlu: inventors of thc present disclosure have
detcrmuied that thc adaptauon munition ui protcui NSJ
appeared to enhance genetic stability within the i'ika vinis,
resulting in increased/enhanced replication efliciencv. Iiur-
ther, the Zika stmsin harborin an adaptation mutation in do

protein NS I tv as able to be passaged multiple times without
dcvclopuig further mutntions. Such a suiblc Zika virus strmn
is advmildgcous as B master virus aced (MVS), or subsoqucul
sccA derived lrom the MVS, for vaccuie production and
manufacninng. as the risk of the master vini~ seed devel-
oping undesimble mutations is reduced Moreover, without
wishing to be bound by theory. the adaptation mutation in
protein NS I of the Zika strain of the present disclosure may
also reduce or othciwtsc Inlubil thc occurrmice of undcsir-
ablc mutations, such as a mutation wiliun Ihc envelope c

pro(cut E (Env) of Ihc Zika virus slrdui.
Accordingly, certain aspects of the present disclosure

relate to a vaccine or immunogenic composition containing
one or more antigen from a Zika virus, Vvhere the Zikn virus
contains at least one non-human cell adaptation mutation In ss
some cmboduumits, Ihe at least onc non-human cell adap-
tauon mulauon is ui Zika virus Non-structural protein I

(NSI). In sonu: cmboduncnts, Ihe al least onc adaptation
mutation occurs at position 98 of )IIQ ll) NO: 1. or at a
position corresponding to position 98 of SJIQ ID NO l. In tc
some embodiments. the at least one adaptation mutation is
a Trp98Gly mutation.

Accoldillgly, ccrlalll Bspocls of lite plLsclll dlscliisUrc
ICJIIIC il VdCcillc Or lilllllllllogCIUC CLiulpLisllloll ColllprlSlllg II

dose oi' pg to 40 pg of oue anugen from a Zika virus, ss
wherein the /ika virus comprises at least one non-human
cell adaptation mutation

Accordlllglv, col(dill dspccls of lite prcscill dlsclosillc
relate a vaccine or immunogenic conlposition coniprising a
dose of I pg to 40 pg of one antigen front a /ika virus, the
/ika vims having a mutation at position 98 of SIIQ Il) NO
1. or at a position corresponding to position 98 of SEQ ID
NO: 1.

In some embodiments lluil may bc combnux! with any of
the prcccding emboduncnls, Ihc al least onc adaptation
nnitation enhances genetic stability as compared to a /ika
virus lacking the at least one adaptation mutatiim ln some
embodinients that may be combined with any of the pre-
ceding embodiments, the at least one adaptation nnitation
enhances viral replication as compared to a Zika virus
lackuig thc al least one adaptation mulauon. In some
mubodunents that may be combnu:d with any oi'he pre-
ceding embodiments. Ihe /ika virus does not comprise a
mutation in Iinvelope protein li (1inv)

In snme embodiments that may be combined with any of
the preceding embodiments. the non-human cell is a mam-
mahan cell. In some embodiments that may be combined
with any of thc priwcduig emboduucuts, thc uon-human cell
is a monkey cell. In some cmbodunmits, thc monkey cell is
from a Vem cell line In some enlbodiments. the Vero cell
line is a Wl IO Vero 10-87 cell lute

In sonic embodiments that may be combined with any of
the preceding embodinients. the Zika virus is an African
linea e virus or an Asian linea e virus. In some embodi-
ments. thc Zika virus is dn Asian lineage virus. In some
mubodunents, thc Zikd virus Is from strain PRVABC59.

In snme embodiments that may be combined with any of
the preceding embodiments, the vaccine or imnnuiogenic
compositinn is a purified antigen vaccine or imnnuiogenic
composition. a subunit vaccine or immuno enic composi-
tion. an inactivated whole viuis vaccine or imnninogenic
colllposllltill. Or illl BIICBUB(t:il VIIIIS VIICClllc Or lllllllUuogclllC
colllposllltill. Ill Solllt: t:lllbodilllCIIIS, IJIC VIICclllc OI illllllU-
Ilogclllc ctilllptisllloll is dll llldclivau:0 whoh: vlIUs vaccillc
or inlmunogenic composition. In sonic embodiments, the
vaccine nr immunogenic composition comprises a purified
inactivated vvhole Zika virus. In some embodiments, the
vaccine or immunogenic composition comprises a purified
inactivated whole Zikd virus compnsing a munition al
position 98 oi'SEQ ID NO: 1. or at a posiuon corrcsponduig
to position 98 oi'SEQ ID NO. 1. In some cmbodimcnls, thc
vaccme or imniunogenic composition comprises a purified
inactivated v,hole /ika virus conlprising a Trp98(ily muta-
tion at position 98 of SEQ ID NO; I. or at a position
corresponding to position 98 of SEQ ID NO: l. In some
embodiments, thc vaccine or immunogenic composition
comprises a purilicd macula(cd whole Zikn virus compris-
ing a Trp98Gly mutnuon al position 98 oi'EQ ID NO. I,
or at a position corresponding, to position 98 of SliQ Il)
NO I, wherein the /ika vinis is derived front stmin PRV-
ABC59. In some embodiments„ the vaccine or immunogenic
composition comprises a purified inactivated whole Zil a
virus comprising a Trp98Gly mutation at posiuou 98 oi'SEQ
ID NO: I, or at a position corresponduig to posiuon 98 of
SEQ ID NO.I. whcrcin thc Zika 1 irus Is dcnvcd from strain
PJ(VAIJ('.5t) comprising the uenomic sequence according to
SJ'Q ID NO'2 In some embodiments. the vaccine or inunu-
nogenic composition comprises a puufied inactivated whole
Zika vvhich differs front strain PRVABC59 in a Trp98Gly
mutation at posiuon 98 01'EQ ID NO. l.

In some embodiments lluil may bc combnux! with any of
the priucding embodiments. Ihc vinis was chenucally umc-
tivated In some embodiments. the vmis was chemically
inactivated tvith one or more of a detergent. founalin,
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beta-propiolactonc (BPL), binary ethyldnunc (BEI). acetyl
ethyleneiniine. methylene blue. and psoralen. In some
cmbodimcnts. Ihe virus was chemically inacfivalu! wilh
fiirmal in.

In some mubodunents that may bc combuicd with any of
the preceding embodiments, the vaccine or inununogenic
composition further contains an adjuvant. In some embodi-
ment~. the adjuvant Is selected from aluminum salts, toll-like
receptor (TLR) a onists, monophosphoryl lipid A (MLA),

Illsynthetic lipid A, lipid A mimctics or analogs, MLA dcnva-
tives, c)xokines, saponins. muramyl dipeptide (MDP)
dcrivatn cs. Cp(i oligos, hpopolysacclmnde (LPS) of griun-
negative bactena. polyphosphaxenes, emulsions. virosomes,
cochlcates, poly(lactnle-co-glycolidcs) (PLG) micropiil
ticles. poloxamer particles, microparticles, liposomes. Coni-
plete Freund's Adjuvant (CFA), and/or Incomplete Freund* s
Adjuvant (IIIA) In some embodiments. the adjuvant is an
aluminum salt In some embodiment~. the adjuvant ls
scbci'toil flout lhc glOUp conslsiln of dliun, Illilnllnilnl IO

phosphate. aluminum hydroxide. potassium aluminum sul-
fate. and Alhydrogcl 85. In some mubodnuenls, at least 75%,
at least 85'%, at least 90'%. at least 95%. at least ')6%. at least
97%, at least 98%. at least 99%, or 100% of the one or niore
antigens are adsorbed to the adjuvant

In some embodiments that may be combined with Bny of
the precedin embodiments, the vaccine or immunogenic
composition Is a low or mcdnun dose vdccuie Or inmiuno-
gcnic compositiou (c.g., conte inuig lrom about I pg lo about
5 Ilg Bull Cll Oi' ilg Ol BntlgCB 2 ilg Biltigeil or 5 pg BntlgCII). Ill

In some embodiments that may be coinbined with any of the
prcccdill cnlbodllncllts, thc vBcclilc ol'inlnllnogcillc conl-
position is a high dose vaccine or inmiunogenic composition
(e.g.. containing about 10 pg antigen). In some embodiments
that mdy be combuicd with any of Ihe prccmling mnbodi- Is
ments. the vacciln: or llnulilnogc'nlc conlposltliin conldlns
from about I pg to about 25 pg of Ihe onc or more antigmis,
in particular 2 pg, 5 pg or 10 pg, or in parricular 10 ug of the
one or more antigens In certain such embodiments the
antigen is a punfied inactivated whole virus. such Bs B Zil a do

vinis with a mutation which is a tryptoplmn to glycine
substitution al posiuou 98 Ol'SEQ ID NO:I or at a position
corresponding to position 98 of SEQ ID NO. I as descnbed
hci cln. hl siinn: clnbodlulclns, lhc vaccine ol luunUnogcnlc
composition comprises a purified inactivated v hole /ika
vinis comprising a 'I rp98(ily mutation at position 98 of Sl IQ
ID NO: I, or at a position correspondin. to position 98 of
SEQ ID NO: l. ~herein the Zika virus is derived from strain
PRlZABC59 In some mubodnuenls. Ihe vaccine or inunu-
nogenic composition compnscs a puntied inactivated whole c

Zika virus comprisuig a Trp98Gly mutation al posinon 98 of
Sl ZQ ID NO I, or at a position corresponding, to position ')8

of SiiQ ID NO I, ivherem the /ika virus is derived front
strain PRMABC59 comprising the genomic sequence
according to SEQ ID NO:2. In certain such embodiments the s.
Zika 1 irus is a plaque purilicd clonal Zika vinis isolate. In
some cmboduueuts that may be combunxl with any Of thc
preceding mnboduncnls, thc vaccine or inununogcruc com-
position contains fmm about 0.1 pg to about 100 pg /ika
vinis antigen or Iinv In some embodiments, the vaccine or ic
imnumogenic composition is unadjuvanted. In some
embodiments that may be combined with any of rhe pre-
cidmg cmbodimcnts, the Zika virus is a clonal isolate. In
some cmbodinn:nls, the clonal isolate is substanually free of
onc ol nlolc Bdvclltllioils Bgcllis (c... fice of onc 01 nlorc Ss

adventitious agents that nlay be co-purified with the parental
strain).

Other aspects ol die prcsmit disclosure relate to a vaccuic
comprising a Zika virus having a mutation at position 98 of
SEQ ID NO. I, or al a posiuon corresponding to position 98
of SliQ ll) NO: I In some embodiments, the vaccine
compnscs a purified inacuiatcd whole Zika virus compns-
ing a 'I'rp98(ily mutation at position 98 of Sl ZQ Il) NO I,
or at a position corresponding to position 98 of SEQ ID
NO:I, wherein the Zika vinis is denved front strain PRV-
ABC59. In some embodiments. the vaccine comprises a
punlicd umclivatcd whole Zika virus comprisui
Trp98(ily mutation at position 98 of SEQ ID NO: I. or at a
position corrcspondmg lo position 98 ol'EQ ID NO:l.
wherein the Zika virus is derived from stram PR1ZAI3( 59
comprising the genonuc sequence accorduig to SEQ ID
NO:2 in certain such embodiments the /ika vmls is a
plaque purified clonal Zika vinis isolate.

Other aspects of the present disclosure relate to a vaccine
or lnunUnogcnlc colllpositloll conlmnlllg: a) 'Ul BIUBIIUUBI

salt ad) uv ant: and b) a purifilxt inactivated whole Zika virus.
where the Zika virus contains a non-human cell adaptation
mutation, and where thc non-human cell adaptation muid-
tion is a I rp98(ily nnitation at position ')8 of SIIQ ID NO
I, or at a position corresponding to position 98 of SIIQ Il)
NO I

Other aspects of the present disclosure relate to a method
of treatin or preventing, in particular preventing Zika virus
infection ul a subicct in nccxI Ihcrcof, Includuig aihnuustcr-
iug lo the subiint a therapeutically efii:ctivc amount of any
of the vaccines or immunogenic compositions described
herein

Other aspects of the present disclosure relate to a method
for inducing an immune response in a subject in need
thereof. inciudin aihninistering to the sublect an inununo-
gcnlc Bnlollnl of Bn)'f Ihc vtlcclln:s or lnllnUnogcnlc
compositions dcscnbcd hcrcui.

In Onc aspect thc present disclosure relates to a method of
treating or preventing. in particular preventing Zika vinis
infection in a subject in need thereof, conlprising adminis-
tering to the subject the vaccine or immuno enic composi-
non.

In onc aspect Ihc prcscnl disclosure rclatcs to a method lbr
inducing an inuuunc rcspoitsc agauisl a Zika virus mitigcn in
d sllb)cct ln aced lhcrcoli conlpIHlng Bdnllnlslcrlng IO lhc
subject the vaccine or ilnmunoaeliic composition

In one aspect the present disclosure relates to a method of
preventing Zika virus disease in a subject in need thereof,
comprising aihninistering to the sublect the vaccine or
lnunilllogcnlc conlposlnon. hl this case thc illscasc lc'Idle's IO

nuld fcvcr. maculopapular rash, coniunctivius aud arllual-
gni. Furthemiore Ihe Zika 1 irus is a ncurotropic llavivirus
that can potentially cause disease within the central nervous
system and (iuillain-13arre Syndrome ((313S).

In one aspect the present disclosure relates to a method of
preventing Zika virus disease in a fetus or nev born in need
thcrcof, comprising ndmimstcring lo the pregnant subfcct or
a subject that intends lo bixonn: pregnant or woman of
cluldbearing polcnlinl Ihc vaccine or Inmiunogeruc compo-
sitmn lhe Zika disease in this case relates to serious
outcomes for the fetus and neivborn 'I'he spectrum of
congenital anomalies associated with Zil a vinis infection,
known as Congenital Zika Syndrome (CZS), consists of
scvcrc nucrocephaly with parnally collapsed skull, ccrcbral
cortices w lib sUbcorncdl cdlclllcatlons, uldcillal sctll1lng dnd
filcdl pigmentary retmdl moilling. congenital contraclures,
and marked early hypertonia v ith symptonis of extrapym-
nudal involvement
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In one a spec& thc present disclosure rela 1 as to a v ace uic or
immunogenic composition of for use in a method of treating
or preventing, in particular preventing Zika viol~ infection
in a subject in need thereof, in a method fiir inducing an
imnume response against a Ztka vinis antigen in a subject in
need thereof„and in a method of preventing Zika virus
disease in a sub)act, fi:tus or ncwbom ui need &hereof

In onc aspec& &hc prcsen& &hsclosurc relates to the usc of
the vaccine or immunogenic composition in the manufacture
of a niedicanient for a niethod of treating or preventing. in in

particular preventing Zika vims infection in a subject in
need thereof, a method for inducing an immune response in
a subject in need thereof. and for a method of preventing
Ztka vinis discase ul a sublcc& fetus or newborn in aced
Ihcrct ill 1

Accordin ly, certain aspects of the present disclosure
re)ates to a method of treatmg or preventing. in particular
preventin /ika vmis infection in a subject population in
need thereof, comprising administering to individual sub-
jects of said subject population a vaccine or inununogenic lc
coluposluo&1 ciiulpll slug &I Zlka i&angell, wile&I:ln thc vacclllc
or unnumogcnic composition is admi&aster&xi as a lira&

(prinie) and a second (boost) administnltion about I to about
16 weeks spats. and wherein the administration of the
vaccine or immunogetlic composition induces 14 ailigor 28
days after the boost administmltion geometric mean neutral-
izing antibodies titers In a population of at least 20 flnvivirus
naive subjects and/or a& least 20 Zll,a virus scroncgativc
sublcc&s of greater thnn 300, or grcatcr than 500, or grmiter
than 101), or rester than 1500, or greater than 2000. or ic
greater than 3(X)0, as determined by the plaque reduction
neutralization test (PRN1 ).

Accordingly, certain aspects of the present disclosure
relates to a method of treating or preventing. in particuLar
pre&anting Zika virus infi:et&on ui a subjccl population in li
nimd &hereof, compmsing ixhnuusiering to individual sub-
jects of said sublix& population a vaccine or inmiuno enic
composition con&prising one antigen from a /ika vinis,
wherein thc v,'ice&&le ot'mluilllogcluc coll&posit&oil Is;ldnull-
istered as a first (prune) and a second (boost) administration do

about I to about 16 weeks apart. and ivherein the adminis-
lrduo&1 ol thc vdccltlc ol lluuliinogi'Iuc con&posit&ii&1 Ilxliiccs
28 days af&er the boos& adnunis&ration geometric mean
ncu&rahzuig ant&bodice titcrs in a populauon of a& least 20
flavivinis naive subjects and/or at least 20 /ika vims sero-
negative subjects, which are at least 10 times, or at least 15

times, or at least 20 times. or at least 25 times higher than
the geometric mean neutmliztng antibodies titers induces 28
days after thc pnme adnunistra&ion, ds deteunined by the
plaque reducuon ncutrahzauon &es& (PRNT). 11lc boost o

adnunistrd&ion thus provides Rir very lugh geometric mean
neutralizing antibodies titers responsible fiir a long terni
Pto&CCtlilll

Accordingly„certain aspects of the present disclosure
reLate a method of treating or preventh&g, in particular l.
pre& cnung Zika virus infi:cuon in d subject population in
nimd thcrcof, comprisuig a&hnlrustcring &o inihvnlual sub-
jects ol'aid sub)i&& population a vacimc or inununogmuc
composition comprising one antigen frnm a Zika virus,
wherein the vaccine or immunogenic composition is admin- ic
istered as a single dose or prime administmtion. nnd wherein
the administration of the vaccine or inununo enic compo-
siuon induces 14 and/or 28 days al'ier thc sm le dose or
pnme admuus&ration gcomc&nc mean neu&rallzuig anllbod-
ics u&ers in a populauon of at less& 20 flavivinis naive si
subjects an&L'or at least 20 /ika vims seronegative subjects
of greater than 10, or greater than 50, or greater than 100. or

greater than 200. or gree&sr tluui 250, as dctennlncd by thc
plaque reduction neutmlization test (PRNT) 1 he high geo-
metric mean neutralizin antibodies titers indicate an early
onset of protection ivhich is beneficial in an outbreak
situation or a traveler visiting an endemic area w ithin a short
period of time from the aihninistration of the vaccine or
hunliinogclllc con&post&loll.

Witlun the mcanuig oftlus disclosure PRNT refers to Ziha
virus Neutralizing antibody titers deternimed by a plaque
reduction neutralization test (PRN'I ) as described previously
(See Sun, W. et al Pmtection of Rhesus nionkeys against
dengue virus challenge after tetravalent live attenuated den-
gue virus vaccination. J. Infect. Dis. 193. 1658-1665 (2006).
Muthiunani K, Grifiin B D, Agalwal S, et al. In vlvo
protection agaum& ZIKV infection and pa&hogenesls Ihrough
passive mitibody transfer and active immunisation ivith a
prMEnv l)NA vaccine. NPI Vaccines 2016; I 16021) '1 he
/ika strain used fiir PRN I'ssay development w:as PRV-
ABC59.

Within the meaning of this disclosure seropositivity is
dclincd as &&ter 10 as dc&cmiinml by thc plaque reduction
ncutralrzation &ca&(PRNT): Zika virus seronegativc subjects
(titer &10) as determined by the plaque reduction neutral-
ization test (PRN I'). Seroconversion is dehned as /ika vinis
seronegative subjects (titer &10) lmve titer e)0 post-vacci-
nation as determined by the plaque reduction neutralization
test (PRNT): Results &10 as determined by the plaque
reduction neutralization &es& (PRNT) arc assignixi a &&ter of
5. Titcrs»10 (luni& of detection) and &26 (lower lani& of
quantification) as determined by the plaque reduction neu-
trahzation test (PRNT) are assigned a value of 13

lilavivims naive subjects for the present disclosure are
deiined to be subjects without detectable senim antibodies
a ainst a panel of flavivinises. as measured by a reactive
antibody based assay (Lumuiex). Flavivirus screcnuig assay
is based on a lununcx platlonn lo sunul&ancously delcc&

multiple target ant&gens in the slane sample. This bead base&i

assay is sensitive. specific and reproducible i&or /IK101,
the antigens targeted are /ikm l)engue, Yellow fever..ll (V,

USUV. SLEV and WNV. Due to cross reactivity among
FLlviviruses, the current antigen set would help detect any
poor Flavivirus cxposurc. Refcrenccs for lumincx conccpl
arc. Dias D, Vdn Dorm& J. Schlotuntnul S, Kelly S. Puclmlski
D, Ruiz W, Bocrckel P, Kcssler J, Antoncllo J M, Grimn T.
13mwn M, Sinith .I, ('hinnule N, 13arr Ii, lansen K U, I i&acr

M 'I'005. Optiniization and validation of a multiplexed
Luminex assay to quantify antibodies to neutralizin
epitopes on lnunan papilloniavinises 6. 11. 16, and 18. Clin.
Diego. Lab. Immunol. 12:959-969 [PMC I'rce arucle]
[PubMcd]. Ayouba A c& al De& clopmcnt ol' Sensitive and
Spccilic Serological Assny Basixl on Lumincx Tccluiology
for Detectinn nf Antibodies to /aire I:bola Virus..l ('lin
Micrnbinl 2017 Dec 28: 55(1):165-176 doi 10 1128/
JCM.01979-16.

Within the meaning of this ihsclosure endemic is defined
as areas with risk of mfi:cuon as dclincxi by thc Centers lbr
Discase Control and Prcvcn&ton. such as for cxiunple as of
March 2018, namely: Asia. Bangladesh, Burma (Myaiunar).
('ambodia, India, Indonesia, I.aos, Malaysia. Maldives,
Pakistan, Philippines. Singapore, 'I'hailand, Timor-I cite
(East Timor). Vietnam. The Pacific Islands: Fili. Marshall
Islands. Papua New (Juinea. Samoa. Solomon Islands,
Tonga. Thc Caribbean: Angutlla: Ant&gus and Barbuda,
An&bit; Barbados, Bonmre, British Virgin Islands, Cuba,
Curacao, Donunica, Domuucan Republic, Greimda: Haiti,
.Imnaica; Montserrat: the Conimonwealth of Puerto Rico, a
118 territory; Saba: Saint Kitts and Nevis: Saint I,ucia; Saint
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Marlm: Saint Vincent and Ihe Grenadmcs. Suit Euslalius,
Sint Maarten: Trinidad and Tobago; Turls and Caicos
Islmlds. IJS Virgul Islnnds. North America. Mexico Central
Anierica: 13elize. ('Usta Rica Ill Salvador, (iuatemala, I lon-
duras, Nicaragua, Pmuuna South Atucrtca: Argcnulai,
13olivia. 13razil, ('olombla. Iicuador, I'rench (iuianm (iuy-
ana, Paraguay. Peru. Sunname, Venezuela Africa; Angola,
13enin. Iiurkina-llaso. 13unlndi, ( ameroon, Gape Verde,
('entral African Repubhc. Chad, Congo (Congo-Brazza-
l illa), Cfiitc O'Ivolrc, Dmnocratic Rcqtubhc of the Congo
(Congo-Kinshasa), Equatonal Ciuinea, Cr'abon. Ciambia,
Ghana. Guinea, Guinea-Bissau, Kenya, Llbcna. 3/u/i, rV/gcr,
Nigeria. Rlvanda, Senegal, Sierra l,cone, South Sudan,
Sudan. Tanzania, Togo, Uganda. Tlus areas may chmlgc.

Accordin ly, certain aspects of the present disclosure
reLate to a method for inducing an immune response in a
subject population ln need thereof, comprising adminlster-
in to individual subjects of said subject popuLStion a
lllcchlc or uunlUnogcnlc conlposuuul conlprlsulg II Zlkll
antigen, ivherein the vaccine or immuno enic composition
is ddmuustcrcd as n first (prime) and a sixond (boost)
administration about I to about 1(i weeks apart, and v herein
the administration of the vaccine or ilnmunogenic compo-
sition induces 14 and/or 28 days after the bnnst administra-
tion geometnc mean neutralizing antibodies liters in a
subject population of at least 20 flavivinls naive subjects
dnd/ol dl least 20 Zika vuus scroncgdllvc sublccls of glwSU:I
than 300. Ur greater thnn 500, or greater fllan 1000. or grwitcr
than )SIX), or rester than 2000, or greater than 3000. or
greater than 5(X)0, or greater than 10.(X)0. as determined by
the repnrter vinls particle neutralization assay (IRVP)

Accordingly, certain aspects of the present disclosure
relate to a method of treatmg or preventing. in particuLar
prel anting Zika virus lnfi:ctlon ul a subject population ln
ncxd thereof, compuslng Ixhnuusiering to individual sub-
jects of said subiixt population a vaccine or lnmluno enic
composition conlprising one antigen from a /ika vinis,
wherein thc v,'lcculc oi'mnuulogcluc conlposltlnn Is;uhuhl-
istered as asingle dose or prime aihninistmtion. and wherein
the adnlinistration of the vaccine or immunogenic compo-
siuon induces 14 and/or 28 days alter Ihe smglc dose or
pnme adnunislrauon geomctnc mean ncutrahzulg anhbod-
ies utcrs ln a populauon of at least 20 flavlvirus naive
subjects and/or at least 20 /ika virus seninegative subjects
of greater than 300. or greater than 500. greater than 1(X)0,

or gvreater than 2000„as determined by the reporter virus
particle neutmhzation assay (RVP). The high geometric
mc;m neutrahzulg anUbodics liters indicate an early onset of
proiccuon which is bcnciicial in an oulbreak silualion ur a
travclcl 1 Bltalg Bn endemic Bled wllhhl B short pcllod of
time fmm the adnlmistration of the vaccine or inununngenic
coluposltlon

Within the meaning of tlus disclosure Reporter virus
particie (RVP) neutralization assay refers to Zikn Neutral-
izing anubody utcrs werc analyzed by lilrallon of serum
smnples with a constant amount of Zika RVPs in Vero cells
grown ln 96-well plates RVPs containix! thc prME proteins
of /ika (strain SPII2012) and a Dengue-based Res//hr
luciferase reporter 13riefly. sera were heat inactivated at 56"
C. for 30 nun. diluted. and then incubated at 37" C. with
RVPs. The serum'RVP mixture was then mixed with Vero
cilia and ulcubated Ibr 72 hours al 37'. 2" C./6% CO2
bei'ore detection with lucifcrasc substrate. Daui was alxi-
lyzlxl using JMP11 non-luicar 4 parmnetcr analysis. nounal-
ized to a positive tracking control and efiective dose 50%
(IIGSO) was reported

Accordulglv, col ldul dspccls of lhc present dlsclosulc
relate a method of treating or preventing, in particular
preventing /ika vims infection in a subject population in
need thereof. comprising administering to mdlvidual sub-
jects of said subject population a vaccine or imnnlnogenic
composition comprising a Zika antigen„v herein the vaccine
Ur nunlUnogcnlc conlposlllon Is Bduunlstcrix! Bs d firsl
(pnme) and a second (boost);uhninlstratlon about I to about
16 weeks apart mid wherein the administration of the

in vaccine or iinmunogenic compnsltion induces 14 and/or 28
days after the honst administration a seroconverslon rate of
100% in a population of at least 20 serone ative subjects.

Accordingly, certain aspects of the present disclosure
rclalc lo a method of trcailng or prcvcnung, ln particular
prcvmlting Zil a virus inihcuon in a sub)cct population in
need thereof. comprising administering to mdlvidual sub-
jects nf said subject population a vaccine or imnnulogenic
composltinn comprising one anti en front a /ika vinis,
v hcIclil thc vacchlc ol'unlUnogcnlc conlposttlon Is 'uhuhl-

10 istered as single dose or prime administmtion and wherein
lhc luhuhusti'lllnul of lhc vriccnlc 01'nnlUnogcnlc conlpo-
siuon uiduccs 14 and/or 28 days aficr thc single dose or
prime administration a semconversion rate of 60%. 70'r'Ix

80% or ')0'rh in a population of at least 20 /ika vinis
seronegative subjects 'I'he high seroconversion rate indi-
cates an early onset of protection, lvhich is beneficial in an
outbreak situation or a traveler visitin an endemic area
willun a short pcnod ol'time Ibom lhc admulistmtion of thc
vacculc 01 uununlogcntc conlpostllon.

10 'I'he ahnve methods are to be understood to also relate to
corresponding uses of a vaccine or imnlunogenlc composi-
tion comprising nne antigen front a /ika vmls as disclosed
herein for the manufacnlre of a medicament for the treating
or preventing Zika virus infection.

li Thc above methods arc to be understood to also rclatc to
d vllcchlc ol unnlUnogcnlc ciuuposltlon conlprlshlg onc
anugmi Irom a Zika virus as disclosed hcrcln Ihr use Ihe
treating nr preventing /ika virus infection

In some embodiments the administration is intramuscular
40 or subcutaneou~. In some embodiments the administration

includes the administration of IVI o doses of the vaccine or
immunogcnlc composiuon as descnbed herein (e.g. 10 pg
puuiied ulactivaled whole virus. such as a Zlka virus with a
mutation wluch ls d tryptoplian to lyclnc subshtution at
position 98 of SIIQ ID NO: I nr at a position corresponding,
to position 98 of SIIQ ID NO I as described herem) given
about I to about 16 weeks apart (first (prime) and a second
(boost) administration). In certain such embodiments the
Zika virus is a plaque purilicd clonal Zlkn virus Isolate.

0 Olhcr aspects ol Ihc present ihsclosure rclatc lo Ihe
vaccines or lnununogcluc compositions as dcsvnbcd herein
for use in treating or preventing /ika virus infection in a

subject in need thereof, for use ln inducing an inunune
response in a subject in need thereof and for use in prevent-

11 ing Zika virus disease in a subject. fetus or newborn in need
thcrcof. In some cmboihmenls Ihc adminislrauon is Intm-
muscular or subcutaneous. In some cmboduncnts thc Iuhnin-
islralion uwludcs thc ddnumslralion of lwo doses of thc
vaccme nr iinmunogenic conlposition as described herein

io (e g 10 pg purified inactivated whole virus, such as a Zika
virus with a nnitation winch is a tryptophan to glycine
substitution at position 98 of SEQ ID NO: I or at a position
corresponding lo posiuon 98 01'SEQ ID NO. I as dcscrtbcxI
herein) given about I to about 16 wccks apart (first (prime)

si and a second (boost) adnunistratlon). In ceuaul such
embodinlents the Zika vims is a plaque purified clonal /ika
virus isolate
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Other aspects of thc present ihsclosure relate to thc usc of
the vaccines or immuilogenic conlpositions as descnbed
herein in the manufacture of a medicmnent for treatiag or
preventin /ika virus mfection in a subject in need thereof
for inducin an immune response in a subject in need thereof
and in preventing Zika virus disease in a subject, fetus or
newborn in aced thcrcof. Iu some embodiments the adnun-
isudtion is ultramuscular or subcuuulcous. In some mnbodl-
nlents the administration includes the administration of two
doses of the vaccine or imnnulogenic composition as Io

described herein (e 8 10 pg purified inactivated whole vinis,
such as a Zika virus v ith a mutation wlfich is a tryptophan
to glycine substitution at position 98 of SEQ ID NO: I or at
d position corresponding to position 98 ol'SEQ ID NO I as
dcscnbixl herc(a) given about I to about )6 weeks apart (lira(
(prime) and a second (boost) administration) In certain such
embodiments the /Ika viols is a plaque purified clonal /ika
xi»is isolate

In some embodiments that may be combined with any of
the preceding embodiments. the subject is a human. In solne lc
cmbodimcnts. Ihc sub)act is prcgliant or u»ends Io become
prcglrdnt ol wc»lan of chlklbidl1»g potential.

In some embodiments that may be combined with any of
the preceding embodinlents, administration ofthe vaccine oi'1'ill'lllulogcolccolllposltlofl llldllccs a pnltictlvi'nlllilllc
response in the sub) ect. In some embodiments. the protective
inunune response induced in the subject is greater than a
pro(COO(c in»nunc rcsponsc ulduced ul a corresponding
subicct ddnunistcrcd a vaccuie or ulununogcnic composition
containing one or more antigens from a /ika virus lacking ic
the at least one non-hunian cell adaptation imitation. In some
embodiments that nlay be combined with any of the pre-
ceding embodiments. administration of the vaccine or
imnnmogenic composition mduces the generation of neu-
tralizulg dntibodms to Zika vinis m the subiimt. In some 3(

cmbodimcnts. Ihc concentration ol neulraiizing antibodies
generated ul Ihc subicct is lugher Illan a concentration of
neutralizing antibodies generated in a corresponding subject
BdinlnlsIcrcd;I v;ice((le of llnnlllilogcnlc conlposition col»-
prising one or more antigens thorn a Zika virus lacking the do

at least one non-human cell adaptation mutation.
In some mubodunents that may bc combulcd with any of

Ihc plccixhng cnlbodunc»IS, Ihc vacihlc ol unnlunogcnlc
compos»ion is administered by a route sclcmted from sub-
cutaneous administration, transcutaneous administration,
intradermal administmt(on. subdermal administration, intra-
muscuhsr administmtion. peroral administration. intra»assi
a(hninistration, buccal administration, intraperitoneal
ddnunlslldtlon, ul(I(ivagulal ainu»is(Idt»in, Baal Bdnunlsll'a-
non and/or intracrdn»il administration. In some mnbodl- c

ments that may bc combined w»h any of the primcding
el»bod(ale»un Ihc v;ice»le ol'iliinililogcnic conlpositioo ls
administered one or more times In some embodiments, the
vaccine or nmnunogenic composition is administered as a
first (prime) and a second (boost) administmtion. In some ls
mubodimcnts, thc second (boost) adnunlsudtion ls admin-
istered at least 28 (klys after thc lirst (prime) adnunistration.
In some cmboduncnts the aihnuustrauon ulcludcs thc
aihninistration of two doses of the vaccine or imnnulogenic
composition as described herem (e g. )0 pg puritied inacti- ic
vated whole viols. such as a Zika virus with a mutation
which is a tryptophan to glycine substitution at position 98
ol'EQ ID NO. I or at a position correspondulg to pos»ion
98 of SEQ ID NO. I as dcscrlbixl hcrcin) given about I to
about I6 weeks apart (lirst (prime) and a secolxl (boost) si
administration). In certain such embodiments the /ika vims
is a plaque purihed clonal /ika virus isolate

In some mnboduncnts that may bc comb(ncx) with any of
the preceding embodiments. the virus preparation is mixed
v ith ml adjuvant. In sonic embodiments, the adiuvant is
selected froin aluminuni salts. roll-like receptor fl I,lt) ago-
nists, monophosplmryl lipid A (MLA). synthetic lipid A,
lipid A mimetics or analogs. MLA derivatives, cytokines,
sapotuns, nniramyl dipeptide (MDP) deovatives, CpG oli-
gos, lipopolysaccharidc (LPS) of grmn-ucganvc bactena,
polyphosphazenes, emulsions. virosonles, cocllleates, poly
(lactide-co-glycolides) (FI.G) microparticles. poloxamer
particles, micrupartiC)e. Iiposomes. ('Omplete I'reund's
Adjuvant (CFA), and/or Incomplete Freund*s Adjuvant
(IFA). In some embodinients. the adjuvant is an aluminum
salt. In some embodiments. thc adiuvant is selcctcd I'rom

alum, aluminum phospluite. alununum hydroxide, poias-
sium aluininum sulfate. and/or Alhydrogel 85 ln soine
embodiments, at least 75%. at least 85%, at least 90"i, at
least 95%, at least ')6%, at least 97"iw at least 98%. at least
99%, or )00% of one or more anti ens in the virus prepa-
ration are adsorbed to the adjuvant.

In some embodiments tluit may bc combnux! with any of
thc prcccdnlg cnlbixhnlcnts, Ihc Bt lcd st onc non-huuian cell
adaptation mutation is in /ika viols NSI In some embodi-
mentg the at least one adaptation mutation occurs at position
98 of Sl(Q ID NO: I, or at a position corresponding to
position 98 of SEQ ID NO: l. In some embodiments, the at
least one adaptation mutation is a Trp98G)y mutation. In
some cmbodlmcnts that may bc combined with any of thc
preceding embodiments. (hc at least onc adaptation mutation
e(fitances genetic stability as coillpared to a /ika virus
lackmg the at least one adaptation mutation ln soine
embodiments that may be combined with any of the pre-
ceding embodiments, the at least one adaptation mutation
enhances viral replication as compared to a Zil a virus
lackuig the at least onc adaptation mutation. In some
embodiments that may bc combulcd w»h any ol'hc pre-
cedulg embodiments, the Zika virus does uot comprise a
nnitation in I invelope protein li (linv)

ln sonic embodiments that may be combined with any of
the preceding embodiments„ the population of Zlka viruses
is heterogeneous. In some enibodiments that may be com-
bulcd with any of Ihc prim(xii»8 embodiments, thc popula-
tion of Zika viruses comprises a Zika virus clulical isolme.
In some cmbodlmcnts. thc Zika 1 lrus chrucal isolate is I'rom
strain Fl&IZAI)C59 in sonic enilxidinients that may be com-
bined with any of the preceding embodiments, the popula-
tion of Zika viruses comprises a Zika vinis that has been
previously passaged one or niore times in cell culture. In
some embodiments that may bc combined with any of the
preceding embodiments. (hc inoculum composes human
serum. In some cmbodmlents (hat may bc combutixl widi
any of the preceding embodiments, the inoculum comprises
one or more adventitious agents. In some embodiments, the
Zika virus clonal isolate is substantially free of the one or
more adventitious a ents.

In some mnboduncnts that may bc comb(ncx) with any of
thc prixcding cmbodmlents. thc methods further ulcludc onc
or morc adibtional plaque puniicatious of the Zika virus
clonal isolate In some embodiments, the Zika vmis clonal
isolate is further plaque purified nvo or more tinles ln soine
embodiments that may be combined with any of the pre-
ceding embodiments. the niethods further include passagin
the Zika virus clonal isolate onc or more »mes ul cell
culture In some mnbodunm»s, thc Zika virus clonal isolaie
is passaged two or morc limes.

ln sonic embodiments that may be combined with any of
the preceding embodimentg the methods fiirther include
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forlnUldtlng a vdcclnc or lln&UUnogcnlc con&position ciint-
prising one or more ant&gens from the Zika virus clonal
Isolate I&1 so&Bc cillbodl&11c&1tx tile vaccl&IB ol'ininuilogcillc
composition is a purified antigen vaccine or imnnutogenic
composition. a subunit vaccine or immunogenic composi-
tion, an inactivated whole virus vaccine or inununogenic
coinposltlon, or Bn BltcnU&ltcd vinls Yacc&no ol &BI&I&Un&&genic

coinposltlon hl sonic culbixllnlcnts, Ihi. vBcclnc or lnunil-
nogenic composition is a purified inactivated whole vims
vaccine or immunogenic composition. In some embodi- ic
nients. the /ika virus clonal isohste ives chemically inacti-
vated. In some embodiments. the Zika virus clonnl isolate
ives chemically inactivated with one or more of n deter ent,
fornuilin, bc&a-propiolactoue (BPL), buiary ethylaminc
(BEI). acetyl ethylcncimuic, mcthylcne blue, and psoralcn.
ln some embodiments. the Zika vinis clonal isolate was
chemically inactivated with formalin

In some embodiments that may be combined with any of
the precedmg embodunents. the methods further include
Bdiluxillg thc vaccillc ol unu&Unogcnlc co&lip&is&i&on wltll ain 20

adtuvant. In some cmbodimcnts, thc adjuvant is selcctcd
from alununum salts, toll-like receptor (TLR) agonists,
nionophosphoryl lipid A (MI,A), synthetic lipid A, lipid A
niimetics or analogs. MI,A derivatives, cytokines, saponins,
nniramyl dipeptide (MDP) denvatives, ('p(i oligos. 1&popo-
lysaccliaride (LPS) of yam-negafive bacteria. polyphosp-
hazenes. enudsions. virosomes. Cocffieates. poly(lactide-co-
glycolidcs) (PLG) nucroparticles, poloxamcr particles,
microparuclcs, liposomcs, ('omplcie Frcund's Adjuvmit
(Cl'A). and Incomplete lireund's Adjuvant (II'A) In some ic
embodiments, the adjuvant is an aluininum salt in some
embodiments, the adjuvant is selected from alum, aluminuni
phosphate. aluminum hydroxide. potassium aluminum sul-
fate. and Alhydrogel 85. In some embodiments. Bt least 75%,
at least 85!w at least 90%. at least 95%. at leasl 96%. at least ii
97%, dt least 98%, at linet 99%, or 100% oi'he One Or more
antigcns arc adsorbed &o the adluvan&. In some embodiments
that may be combined with any of the preceding embodi-
nients. the vaccine or immunogenic composition coniprises
I gg to about 40 gg of the purified inactivated ~hole virus, do

or I gg to about 30 gg of the purified inactivated whole virus,
or I gg to about 20 f&g of the purified uiactivatcd whole virus,
in pnrtmular 2 gg, or 5 gg, or 10 gg, or 15 ug Or 20 gg or in
paruculdr 10 pg punfied inactivated whole vinis, such as B

/ika virus with a mutation which is a tryptophan to glycine
substiimion at position ')8 of Si&Q ID NO: I Or at a position
corresponding to position 98 of SEQ ID NO: I as descnbed
herein. In some embodiments, the vaccine or inununogenic
compos&non compnscs I gg to about 30 gg of the purified
inactivated whole virus. in panicular 2 gg, 5 gg or 10 gg, or 0

in pdrtini far 10 gg of n punlicd umcuva ted whole Zika virus
comprisin a Trp98(ily mutation at position 98 of SIIQ ID
NO: I, or at a position corresponding, to position 98 of Sl Q
ID NO:I, ivherein the Zika virus is derived from strain
PRVABC59, In some embodiments. the vaccine or inunu- 11

nogcmc composition comprises I gg to about 30 9 of thc
punficd uiactivated whole virus, in pdrucular 2 gg, 5 gg or
10 gg. or in particulur 10 gg oi' puntied macuvated whole
/ika virus con&prising a Trp98(ily mutation at position 98 of
)I'Q ID NO I, or at a position corresponding to position ')8 &i!

of SEQ ID NO I, wherein the Zika virus is derived fmm
strain PRVABC59 comprising the genomic sequence
according Io SEQ ID NO:2.

In some embo&hmcnts that may be combuied v,i&h any of
thc prcccding embodiments, the vaccine or umnuno enic si
composition comprises fmm about 0.1 ug I inv to about 100
ng linv. In certain such embodiments the /ika vinis is a

plaque purified clonal Zil d virus isolate. In some cmbodi-
illcnts, thc vacclflc ol'&nlilu&10gc&lic coll&posit&nfl Ls BI&Bill!-

vented.
In some embodiments that may be combined with any of

the preceding embodiments, the Zika virus clonal isolate is
a homogenous enatic population. In some embodiments,
the Zika virus clonal isola&a does not contain a mutanon in
Envelope protein E (Em ). In some cmbodimen&s. thc Ziha
virus cloflal Lsi11B&c coif&aliis BI lc'1st oflc &UUtatlon. 1&1 si1&ilc

embodinients, the at least one niutation is in /ika vinis
Non-stmctural protein I (NS I ). In some enibodiments. the at
least one mutation occurs at position 98 of SEQ ID NO: I,
or Bt B position corresponding to position 98 of SEQ ID NO:
I. Iu some cmbodunents. the at least onc mutation is a

Trp98(ily nuitation. In some embodnueuts the a& least onc
mutation is not in linvelope pmtein 11 (I:nv). in soine
embodiments, the at least one niutation enhances genetic
stability as compared to a /ika vinis lacking the at least one
mutation. In some embodiments, the at least one mutation
enhances viral replication as compared to a Zil a virus
lackuig thc al lcasl onc mulauon

Other aspects oi thc preen&I disclosure rclatc &o a vaccuie
Ol'illlfiu&10geil&C Coll&Position col&luff&&fig 0&le Ol'no&'C a&1&&-

Seas from a plaque purified clonal /ika virus isolate In
some embodiments. the plaque punfied clonal Zika vinis
isolate was plaque purified from cells contacted with an
inoculum comprising a population of Zika vinises. In some
nubodunents, thc cells Brc non-human cells. In some
nubodunents, Ihc cells arc uiscct cells Iu some nubodi-
ments, the insect cells are mosquito cells In some embodi-
ments, the cells are mammalian cells In annie embodiments,
the mammalian cells are monkey cells In some embodi-
ments. the monkey cells are from a Vero cell line. In some
embodiments. the Vero cell line is a WHO Vern 10-87 cell
linc

In some embodiments Iluit may bc combnux! with any of
the prcccding cmbodimcnts, Ihc populaUou of Zika viruses
was heterogeneous. In some embodiments that mav be
cnnbmed with any of the preceding enibodiments. the
population of Zika vinises comprised a Zika vinis clinical
isolate In some embodinients. the Zika vinis clinical isolate
is from strain PRVABC59. In some nubodnueuts that may
bc combined with dny of the prixnling embodiments, thc
population of Zika 1 &ruses comprised u Zika virus &hat had
been previously passe ed one or more tin&ca in cell culture
In sonic embodiments that may be combined with any of the
preceding embodiments, the inoculum comprised in&man
senun. In some embodinients that may be combined with
any of Ihc prcccding cmbodimcnts, thc uioculum cou&pnstxf
Ouc or morc adventitious agents. In some cmbodunents, Ihe
plaque punficd clonal Zika Linis isolate is substantially I'rce

of the one or more adventitious agents
In sonic embodiments that may be combined with any of

the preceding embodiments, the plaque punfied clonal Zil a
virus Isolate is modified as compared to a wild-type Zil a
virus. In some embodiments &ha& may bc comb&uixi wi&h any
of Ihc prcccding cmbodimcnts. Ihc plaque purified clonal
Zikn virus isolate is a homogenous genetic population. In
some enibodiments that may be combined with any of the
preceding embodiments. the plaque purified clonal /ika
virus Isolate does not include a nnitation in Envelope protein
E (Env) In some embodinients that may be combined with
any of the prcceduig cmbodimen&s. tlm plaque punfitxf
cloual Zika virus isoldic compnscs at least onc mutation. In
some nnbodimcnts, the a& least one mutation n ui Zika virus
Non-stmctural protein I (NS I ). In some enibodiments. the at
least One nnitation occurs at position 98 of )1&Q ID NO: I,
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or at a position corresponding to position 98 of SEQ ID NO
I In some embodiments, the at least one mutation is a
'I'rp98Cily mutation In some embodiments. the at least one
mutation is not in /ika virus I invelope protein lr (lrnv) In
some enlbodiments. the at least one mutation enhances
enatic stability as compared to a Zika virus lacking the at

least one mutauon. Iu some embodimcnls. the at Icasl oue
mutauon enliauccs viral replicauon as compared to a Ztka
vinrs lacking the at least one mutation. In some embodi-
nlents that may be combined with any of the preceding 10

embodiments. the plaque purified ckmal /ika vinrs isolate rs
an African lineage virus or an Asian lineage virus. In some
enlbodiments. the plaque purified clonal Zil 1 viols isolate is
dll ASirill lrllCagc VII US.

In some mubodunents that may bc combuicd with any of I

the preceding embodiments, the vaccine or imnnuiogenic
composition is a puritied antigen vaccine or imnnuiogenic
composition. a subunit vaccine or imrnunonenic coniposi-
tion, an inactivated whole virus vaccine or immunogenic
composition. or an attenuated virus vaccine or inununogenic 10

ColllpoS16011 Ill SOIBC ClllbixlrlllCIIJS. Jhc VBCCIIIC 01 rlurlui-
IlogCIIIC Coillposltloll IS Brl rlldCIIVaiixl wlloh: VrluS VBCCIIIC

01'01111iltlogc'itic compositroil Irl sornc clllbodirnctrts that
nlay be combined with any of the preceding embodinients,
the plaque purified clonal /ika vinrs isohlte was chemically
inactivated In some embodiments, the phaque purified Zil a
vinrs was chemically inactivated with one or more of a
dc(argent. formahn, beta-propiolactone (BPL). binary cih-
ylaminc (BEI). acetyl cthylencuuuie, mcthylenc blue, and
psomllen In some embodunents, the plaque puritied clonal 10

/ika vinis isolate was chemically inactivated with fiirmalin.
In some embodiments that may be combined with any of

the preceding embodiments, the vaccine or inununogenic
composition further comprises an adjuvant. In some
cmbodimcnts. Jhc adluvant ts selected from alumimun salts, ls
toll-like rcmcptor (TLR) agonisis, monophosphoryl hprd A
(MLA), synthetic lipnl A, 1ipnl A numeucs or ruialogso MLA
derivative~. cytokines, saponins, nuiramyl dipeptide (Ml)V)
derivative~. ('p(i oligos. Jipopolysaccharide (I VS) of gmsni-
negative bacterm. polyphosphazenes, emulsions. virosomes, 40

cochleates„poly(lactide-co-glycolides) (PLCJ) micropar-
uclcs. poloxruncr particles, nucropariiclcs, ltposomcs. Com-
plete Freund's Adluvaui (CFA), and Incomplete Frcund's
Adiur ant (IFA) Iu some embodiments. Jhe adiuvant rs an
aluminunl salt In annie embodiments, the adjuvant rs
selected front alum, alumrmun phosphate, aluminuni
hydroxide. potassium aluminum sulfate, and Alhydrogel 85.
In some embodiments„at least 75%. at least 85%. at least
90%, at least 95!o, at least 96%, at least 97%. Bt least 98%,
dt least 99/o. or 100!o of thc orle or lllorc Blltrgclls are 0

adsorbrxJ to the adiuvaui. Iu some cmboduncnts tlrii may be
combined ivith any of the preceding embodiments. the
vaccine or immunogenrc composition contains fnlm 0 I Vg
to about 25 pg of the purified inactivated whole vinis. such
as 0 Zil 1 vinis v ith a nuitation wlfich is a tryptophan to o.

glycuie subsututton at position 98 of SEQ ID NO I as
dcscnbixl herein, in particular 2 pg. S pg or 10 pg. Or tn
paruculdr 10 pg punlied inacrivatcxJ whole virus or about 0 I

ug I inv ro about 100 pg I:nv. In certain such embodinients
the /ika virus is a plaque punfied clonal /ika virus isolate. Io
In some embodunents. the vaccine or inununo enic com-
position is unadjuvanted.

Ii is to bc understood that one, some. or all of the
properties ol'hc venous emboihmcnis described above and
herein may be combined to form other mnboduncnts of the ss
present disclosure These and other aspects of the present
disclosure ivill beconie apparent to one of skill in the art.

16
Thcsc and other emboihmmits of thc present disclosure arc
further described by the detailed description that follows.

13RIEII l)ES('RIVI'ION Olr ll II: DRAWIN(rg

FICi. 1 shoivs bright field microscopy images of Vero cell
monolaycrs mock uifccicd (top) or infrxtcd with ZIKAV
strain PRVABC59 (bouom).

lrl(i 2 shows gmwth kinetics of /IKAV VRMor13('59 Vl

on Vero cell monolayers, as deternlrned by 'I ('ID50
lrl(i 3 shorvs potency assay testing (I'('ID50) of /ika

virus PRVABC59 P5 clones a-f.
FICi 4 shoivs bright-field microscopy images depicting

thc cyiopatluc ell'cct (CPE) of growth of Ztka virus PRV-
ABCS9 P6 clones a-f on Vcro cell mouolaycrs

lrl(i 5 shows potency assay testmg (T('Il)50) of /ika
vinis VRVA13('.59 VG clones a-f

lrl(i 6 shoivs an amino acid sequence ahgnment compar-
in the envelope lycoprotein sequence of Zika virus near
residue 330 from Zika virus strains PRVABC59 P6e (SEQ
ID NO. 8) and PRVABC59 (SEQ ID NO. 9) with scvcral
other fiaviviruscs (WNV (SEQ ID NO. 10), JEV (SEQ ID
NO 11); SI,JJV (SEQ ID NO: 12), YIIV (SirQ ID NO 13);
Dl:NV 1 16007 (SEQ II) NO: 148 DENY 2 16681 (SltQ Il)
NO 15); DJJNV 3 16562 (SIJQ ID NO 16); and l)irNV 4
1036 (SEQ ID NO: 17)).

FICi 7 shov,s an amino acid sequence alignment compar-
ing ihc NSI prorcui scqumicc of Ztka virus near rcsiduc 98
from Ztl a virus strains PRVABC59 P6c (SEQ ID NO. 18)
and PRVAI3('59 (SJJQ Il) NO: I')) with several other
tlavrvimses (WNV (SIJQ ID NO: 20): .111V (SirQ Il) NO
21), SI EV (SliQ ID NO 22): YIIV ()IZQ ID NO 23);
DENV I 16007 (SEQ ID NO: 24); DENV 2 16(ig I (SEQ ID
NO: 25): DENV 3 16562 (SEQ ID NO: 26), and DENV 4
1036 (SEQ ID NO: 27)).

FICi 8 shows ihc plaque phcnotypc ol'IKAV PRV-
ABC59 P6 virus clones a-fcompared to ZIKAV PRVABC59
Vl vmis.

lrl(i 9 shows the mean plaque size of ZIKAV PRVAI3( 59
P6 virus clones compared to ZIKAV PRVABC59 Pl virus.

FICi 10 shoivs the rowth kinetics of ZIKAV PRVABC59
P6 cloncs a-f rn Vcro cells under serum-I'rce growth condi-
tions.

FICi 11 shows a schematic of the steps taken to prepare
Vl(VAJJ('.59 V6b and We formulated dnrg product for the
inimunization experiments.

FICi. 12A shorvs the schedule of dosing of CD-I mice
v ith vaccine formulations derived from the ZIKAV PRV-
ABC59 P6b and P6c cloncs. PBS was used as placebo.

FICi 12B shows ihc serum ZIKAV neutralizing annbody
tttcrs of CD-I mice mununrzed as dcscnbcd ul FIG. 12A
usiag vaccine formulations derived front /IKAV VRV-
AI3('59 P6b and V6e clones. /IKAV neutmllizing antibody
titers v ere determined by Reporter Vinis Particle (RVP)
neutrahzation assay. Solid lines represent the geometric
mean ol a group. llic limit of detection (1.93 log 10) is
rcprcscntcd by a dashed linc.

FICi 13A shows thc schcxiulc ol'osuig of AC1129 mice
v ith vaccine fornndations derived from the ZIKAV VRV-
AJ3('59 V6b and V6e clones. VI3S was used as a placebo

FICi. 13B shows the senun ZIKAV neutmslizing antibody
titers of AUI 29 mice inununized as described in FIG, 13A
using vaccine formulations denvcd from ZIKAV PRV-
ABC59 P6b and P6c cloncs. Sohd lines rcprcscnt Ihe
gcomctnc mean ol'a group. Thc limit of dctcction (1.30 log
10) is represented by a dashed line Anrnials w:ith no
detectable titer (&1.30) were assi ned a trter of 0 5.
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FIG. 14 shows thc mean weight ol AG129 test roups
post-challenge. represented as a percentage of starting
weight. Error bars represent standard dcv&ation.

FIG. 15 shows thc serum v&rcnua of uid&vidual AG129
n&ice two days post-challenge. reported as VVI J/ml,. Solid
lines represent the mean of a gmup 'I'he limit of detection
(2.0 log 10) is represented by a cksshed line.

FI(J. 16 shows the survival analycis ofACi129 test groups
post-challenge

FIG. 17 shows the prc-challcngc serum circulating lii

ZIKAV neulralizu&g ant&body (Nab) t&lars lbllow ing passive
transfer of pooled sera from vaccinated and challenged
A(3129 n&ice.

FIG. 18 elm&vs the mean body weight of passive transfer
and control mice challenged with Zika virus. 1

FIG. 19 shows the senim viremia of individual ACr'129
nnce tlncm days post-challcngc, reported as PFIJ/mL.

FIG. 20 shows thc surv&val analysis of passive traimfcr
and control mice challenged with )'ika vinis

FI(i 21 shows the correlation between ZIKAV neutral- zo

izing antibody titers and viremia obcerved in passive transfer
mice.

FI(J. 22 shows the survival analysis ofAG129 mice after
challcngc with prcMVS stocks ol'6e mid P6c usin a
KapJ&&n Mcn'I s&1&vlval c&1&vc.

11(i 23 shows the mean body weight as expressed in
percentage of starting weight at time of invention after
challenge with preMVS stocks of Pba and P6e. The dashed
line represents 100% of starting weight for reference

FIG. 24 shows the senim viremia of individual ACr'129 &o

nnce tl&rec days post-challenge with prcMVS stocks of P6a
and P6c. reported as PFU/mL. 11&e dashed line represents the
limit of detection of the assay.

Fl(i 25 shows a sun&mary of the ('linical Study Design
for I ixan&pie 4 3&

FI(J. 26 ahois s the Cieometric Mean Titers ((IMTs) deter-
mined using PRNT of the Subjects in Example 4

FIG. 27 shows lhe percents c ol'ublecls achieving
scroconvcrsion delcnnincd usuig PRNT at Day 29 (day 28
after prime dose) and Day 57 (28 days after boost dose) of sn

the study described &n 1ixmnple 4
11Ci 28 shows the plot of the percentage ot subjects

achieving a particular Cieometric Mean Titer (determined
using PRNT) on day 29 (day 28 after prime dose) of the
study dcscnb&xl &n Example 4.

FIG. 29 shows thc plot of thc percentage of sublecls
achieving a particular (isometric Mean 'liter (deternuned
using VRN I) on day 57 (day 56 after prime dose) of the
study descnbed in I:xample 4

DETAILED DESCRIPTION

(ieneral 'I'eclmiques

The teclmiques and procedures described or referenced s.
hcrmn are gcncrally well understood m&&1 conunonly
mnployed usuig convenuonal mcthodolo y by those skilled
in lhc art, such as, R&r cxamplc, the w&dcly ul&1&zed meth-
odologies described in Sa&nbrook et al . Mu/ecu/ur Ci/uuing.
A I ub&zruiur) Muuuu13d edition (2001) ( old Spring I &arbor &a

Laboratory Press. Cold Sprin Harbor, N.YA Current Pro-
tocols m,ifuieculur Bioiogv (F. M. AusubeL et nl. eds.,
(2003)). tin: sencs Methods in En v&z&oioSv (Acadmnic
Press, Inc.): PCR 2. A Proc/ice/Approach (M. J. MacPher-
son. B. D. Hamcs and Ci. R. Taylor eds. (199S)), Antibodies, sc
A I.nb&&run&&7 Mumiui (I larlow and I,cne, eds. (I')88). and
Auimui C'e/I (.'&i//iire (R I lzreshney, ed. (1987)): Diigu-

micieoiide Syn/he&is (M. J. Cia&t. cxl., 1984), Methods in
Muiecuiur Bio/age (I. M. Walker. ed. Humana Press
(1983)); Ceii B/oioIOv A Luboruion ¹Iebook (J E. Cchs,
ed, Academic Press (1998)) Academ&c Press, Ani iiuil Cell
Cu//ure (8 I Freshney), ed . 1987), Izztr&zdz&eti &&zz iu Celi und
7ivsue ('uiiure (I P. Mather and P li. Roberts. eds Plenum
Press (1998)); Ceii uud Tissue Culture: Inborn&or) Proce-
dures (A, Doyle. J. B. Grifiiths. and D. Ci. Newell. edc., J.
Wiley and Sons (1993-8)): Handbook of Expemmeutui
I&&zizz&uzo/ogt: (D. M. Weir and C C. Blackwcll. cds.): Gezie
Triinsier He& torsfor Muuuuu/iun Cells (J. M. M&lier and Ivl.

V ('aloe, eds., ('ld Sprina Ilarbor I aboratory (1987));
I'('R Jiie I'u/yiiieruce Chuiu lieu& iiuu, (Mulhs et al, eds,
Springer (1994)): Ciirreut Protocols m Iimiiunuiogi (J. E.
Coli an et al., eds., Wiley (1991)): Short Protocols
Moiemiiur Bio/og) (Wiley and Sons, 1999): Iu&zuunub&ul&zgv

(C. A Jancway and P. Tra& crs, (1997)),.4nn'bodies (P. Finch,
1997)blnribodies: A Proc/icu1.4pprouch (D. Cauy, cd., IRL
Press, (1988-1&)89)); hli&uu&iuuui .4iziibudiec. A I'ru&vi«il
Appr&zueh (V Shepherd and (')ean. eds, Oxford University
Press. (2000)): (Jsiizg:tuti1&odiesz zl Luboruiorv Manual (E.
Harlow and D. Lane (Cold Spring Harbor Laboratory Press,
(1999)): and The.lutibodies (M. Zanetti and J. D. C:apra,
cds . Ha&wood Academic Publishers, (199S)).

Zika Virus

Certain aspects ol'thc present disclosure rclatc lo a&least
onc Zika v&nis (c.g.. a Zika virus clorml &solatc, a Z&ka virus
punfied by the methods described herein, a /ika virus
comprising one or more non-human cell adaptation muta-
tions, etc.) that n&ay be usefid in vaccines and/or imnnnio-
genic compositions including, without limitation. purified
viruses. inactivated viruses, attenuated viruses, recombinant
v&ruses, or punlicd and/or recomb&nant viral pro&cine lor
silbu&11& vacclllcs.

Zil a viols (ZIKV) is a mosquito-borne llaviv&rus lira&

isolated from a sentinel rhesus monkey in the /ika i&crest in
IJganda in I')47 Since that time, isolations have been made
from Inunans in both Africa and Asia„and more recently. the
Americas. ZIKV is found in two (possibly three) lineages:
an Afncan lineage (possibly sc7&aratc East and West African
1&neagcs) and an Asian luieage. Accordingly, examples of
suitable Z&ka viruses ol'he present d&sclosure include.
v ithout liinitation. vin&ses from the African and/or Asian
lineages In some embodiments, the /ika v&n&s is an African
lineage & irus. In some embodiments. the Z&l a vinis is an
Asian lineage virus. Additionally, multiple strains within the
Afncan and Asian luicages ol'&ka vinis have been previ-
ously ident&lied. Any onc or morc su&table stra&m of Ziha
v&rue known &n thc arl may be used &n lhc present disclosure,
including. for examples, strains Mr 766, ArD 41519. Ibl1
30656, V6-740, EC Yap, l&SS13025, Arl) 7117. ArD 9957,
ArD 30101. ArD 30156. ArD 30332. HD 78788, ArD
127707. ArD 127710, ArD 127984. ArD 127988, ArD
127994, ArD 12SOOO, ArD 132912, 132915, ArD 141170.
ArD 142623, ArD 149917, ArD 149810, ArD 149938. ArD
157995 ArD 158084, ArD 165522, ArD 165S31, ArA 1465.
ArA 27101, ArA 27290, ArA 27106, ArA 2709(x ArA 27407,
ArA 27433. ArA 506&96. ArA 975-&P) Ara 982-9&) ArA
986-99. ArA 2718, ArB 13(i2, N&geria68, Malaysia66,
Kedou ou84. Suriname, MR1429. PRVABC:59,
ECMN2007, Dakh&41524. H/PF/2013, R103451, 103344,
837 S, Jb IB-IS5, ZIKV/H. supierzs/Bmzi I/Natal,'201 S,

SPH2015, ZIKV Hu/Chiba/S36/2016. and/or Cuba2017. In
some embodiments, stasis VRVAB('5') is used in the present
disclosure
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20
In some cntbottiments, an example of a Ztlm 5 tnts genome

scttucnce is sct forth below as SEQ ID NO. 2.

1 gttgttgat.c tgtgtgaatc agactgcgac agttcgagtt tgaagcgaaa gctagcaaca

1 gtatcaacag gttttatttt ggatttggaa acgagagttt ctggtcatga aaaacccaaa

121 aaagaaatcc ggaggattcc ggattgtcaa tatgctaaaa cgcggagtag cccgtgtgag

1st tttggg gg ttg g 99 tg g gg tt tg tgggt tg gg t 9

241 g tggt ttg g g tt t g tttttg g tt gg t 9 t tgggt t

301 cat.caataga tggggttcag tggggaaaaa agaggctatg gaaacaat.aa agaagttcaa

361 gaaagatctg gct.gccatgc tgagaataat. caatgctagg aaggagaaga agagacgagg

421 cgcagatact agtgtcggaa ttgttggcct cctgctgacc acagctatgg cagcggaggt

481 cactagacgt gggagtgcat actatatgta cttggacaga aacgatgctg gggaggccat

541 t tttt ttgg gg tg t gtgtt t t g t tgg t tt99

601 tgtgtg t g tg g t tg tg t tg tg 9 tg ggggg tgg g

661 tgacgtcgat. tgttggtgca acacgacgtc aacttgggtt gtgtacggaa cctgccatca

721 caaaaaaggt. gaagcacgga gatctagaag agctgtgacg ctcccctccc attccaccag

781 gaagctgcaa acgcggtcgc aaacctggtt ggaatcaaga gaatacacaa agcacttgat

841 tagagtcgaa aattggatat tcaggaaccc tggcttcgcg ttagcagcag ctgccatcgc

901 ttgg ttttg gg 9 t 9 g gt t t ttggt tg t tg tg t

961 tg 99 t 9 t ggtg t gg gt 9 t ggg tttg tgg ggt t

1021 gtcaggtggg act.tgggttg atgttgtct.t. ggaacatgga ggttgtgt.ca ccgtaatggc

1081 acaggacaaa ccgactgtcg acatagagct. ggttacaaca acagtcagca acatggcgga

1141 ggtaagatcc tactgctatg aggcatcaat atcagacatg gcttctgaca gccgctgccc

1201 aacacaaggt gaagcctacc ttgacaagca atcagacact caatatgtct gcaaaagaac

1261 gtt gtgg 9 gg tggg 9 tgg tg tgg ttttt gg ggg 9 t99tg

1321 tg g t g tttg tg t 9 t 9 ggg g g t 9 9 9 t t

1381 ggagtaccgg ataatgctgt cagttcatgg ctcccagcac agtgggatga tcgttaatga

2442 cacaggacat gaaactgatg agaatagagc gaaagttgag ataacgccca attcaccgag

1501 agccgaagcc accctggggg gttttggaag cctaggactt gattgtgaac cgaggacagg

1561 ttg ttt t g tttgt tt ttg t tg t g tggt tggtt

1621 gg gtggtt g tt tt ttg 9 g tggg 9 g 9 9 t

1681 ctggaacaac aaagaagcac tggtagagt.t. caaggacgca catgccaaaa ggcaaactgt

1741 cgt.ggttcta gggagtcaag aaggagcagt. tcacacggcc cttgctggag ctctggaggc

1801 tgagatggat ggtgcaaagg gaaggctgtc ctctggccac ttgaaatgtc gcctgaaaat

18 1 ggataaactt agattgaagg gcgtgtcata ctccttgtgt actgcagcgt tcacattcac

1921 g t g g tg tg ggg gt gtg 9 ggt gt g 99g

1981 9 tgg t tg ggtt g t g t gg ggtgg tg t tg gt

2041 tgggaggtt.g ataaccgcta accccgtaat cactgaaagc actgagaact ctaagatgat

2101 gctggaact.t. gatccaccat ttggggactc ttacattgtc ataggagtcg gggagaagaa

21 1 gatcacccac cactggcaca ggagtggcag caccattgga aaagcatttg aagccactgt

2221 gagaggtgcc aagagaatgg cagtcttggg agacacagcc tgggactttg gatcagttgg

2281 gg g t t t ttgg 9 ggg t t tt tttgg 9 9 ttt t
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-continued
2341 attgtttgga ggaatgtcct ggttctcaca aattctcatt ggaacgttgc tgatgtggtt

2401 gggtctgaac acaaagaatg gatctatttc ccttatgtgc ttggccttag ggggagtgtt

24 1 ga'tel tet'Ca tccacagccg tctctgc'tga tgtgggg'Cgc Ccggtggact 'Cctcaaagaa

2521 gg g 9 g tg ggt g gggtgtt gt t t g gttg 9 t gg 999 9

2581 gt gt t tg t gt g ttgg g 9 gt 9 g tggg

2641 agatggtatc tgcgggatct. cctctgttt.c aagaatggaa aacatcatgt ggagatcagt

2701 agaaggggag ctcaacgcaa tcctggaaga gaatggagtt caactgacgg ccgttgtggg

27 1 atctgtaaaa aaccccatgt ggagaggtcc acagagattg cccgtgcctg tgaacgagct

2821 gccccacggc tggaaggctt gggggaaatc gtatttcgtc agagcagcaa agacaaataa

2881 g tttgt gtgg tggtg tg gg tg t t 9 g t9g

2841 g ttt tt gtgg 99 t tgggtt gg ggt ttt t gtgt t gg t ggt

3001 tagagaagat. tattcattag agtgtgatcc agccgttatt ggaacagctg ttaagggaaa

3061 ggaggctgt.a cacagtgat.c taggctactg gattgagagt gagaagaatg acacatggag

3121 gctgaagagg gcccatctga tcgagatgaa aacatgtgaa tggccaaagt cccacacatt

3181 gtggacagat ggaatagaag agagtgatct gatcataccc aagtctttag ctgggccact

3241 g t t 9 g ggg t g 9 tg ggg t gg gtg

3301 agagcttgaa att.cggc.c.tg aggaatgccc aggcactaag gtccacgtgg aggaaacatg

3361 tggaacaaga ggaccac.ct.c tgagatcaac cactgcaagc ggaagggtga tcgaggaatg

3421 gtgctgcagg gagtgcacaa tgcccccact gtcgttccgg gctaaagatg gctgttggta

3481 tggaatggag ataaggccca ggaaagaacc agaaagcaac ttagtaaggt caatggtgac

3541 tg gg t tg t tgg tt t ttgg gtg ttgtg t tg t t

3601 ggtg 99 ggg tg g g g tg g t t t g t tgg

3661 agtgctggt.a gctatgatcc tgggaggatt ttcaatgagt gacctggcta agcttgcaat

3721 tttgatgggt. gccaccttcg cggaaatgaa cactggagga gatgtagctc atctggcgct

3781 gatagcggca ttcaaagtca gaccagc:gtt gctggtatct ttcatcttca gagctaattg

3841 gacaccccgt gaaagcatgc tgctggcctt ggcctcgtgt cttttgcaaa ctgcgatctc

3501 9 ttgg gg g tg tggtt t t tggtttt 9 tttgg t ggttgg t

3561 g g 9 tg gttgtt 9 tg t t ttg 9 t tgg tg t tg

CO&X accactggcc cggggcacac tgcttgtggc gtggagagca ggccttgcta cttgcggggg

4081 gtt.t.atgctc ctct.ctccga agggaaaagg cagtgtgaag aagaactt.ac catttgtcat

4141 ggccctggga ctaaccgctg tgaggctggt cgaccccatc aacgtggtgg gactgctgtt

4201 gctcacaagg agtgggaagc ggagctggcc ccctagcgaa gtactcacag ctgttggcct

4261 g t tg 9 ttgg tgg g ggtt 9 gg g t t 9 g tgg tg gg tgg

4321 g ggt ggt tg t ttg t gtt gt ggt t gg g gtgtgg tgt t

4381 tgaaagagca ggtgacatca catgggaaaa agatgcggaa gtcactggaa acagtccccg

4441 gctcgatgt.g gcgctagatg agagtggtga tttctccctg gtggaggatg acggtccccc

4501 catgagagag atcatactca aggtggtcct gatgaccatc tgtggcatga acccaatagc

45 1 catacccttt gcagctggag cgtggtacgt atacgtgaag actggaaaaa ggagtggtgc

4621 t t tggg t gtg tg t 99 gt gggg 9 g 9 tgg gtgt

4681 g gt tg t gt 9 tg t ggtt gtt gg gtggg 9 tt tg g

4741 gggggtcttt cacactatgt ggcacgtcac aaaaggatcc gcgctgagaa gcggtgaagg
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4801 gagacttgat ccat.actggg gagatgtcaa gcaggatctg gtgtcatact gtggtccatg

48 1 gaagctaga't gccgcc'tggg atgggcacag cgaggtgcag 0'tcttggccg tgccccccgg

4821 agagagagcg aggaacatcc agactctgcc cggaatattt aagacaaagg atggggacat

4981 tgg g ggtt g g tgg tt 9 gg tt gg t t t t g gtg

5041 tgggagagt.g ataggacttt atggcaatgg ggtcgtgatc aaaaacggga gttatgttag

5101 tgccatcacc caagggagga gggaggaaga gactcctgtt gagtgcttcg agccctcgat

51 1 gctgaagaag aagcagctaa ctgtcttaga cttgcatcct ggagctggga aaaccaggag

5221 agttcttcct gaaatagtcc gtgaagccat aaaaacaaga ctccgtactg tgatcttagc

5281 t gg gttgt 9 tg tg tgg gg gg tt g ggg tt gtg gtt
5341 t tg g gt tg t t tgg g t gt 9 t t tgtg

5401 tgc tt gt. t t 9 t 9 gt t t atctgtatat

5461 tat.ggatgag gcccact.tca cagatccct.c aagtatagca gcaagaggat acatttcaac

5521 aagggttgag atgggcgagg cggctgccat cttcatgacc gccacgccac caggaacccg

5581 tgacgcattt ccggactcca actcaccaat tatggacacc gaagtggaag tcccagagag

5641 9 tgg g t gg tttg ttgggtg gg t tt t gg 9 tttggtttgt
5701 t g gtg gg 99 tg 9 t g g ttg't tg 99 tg 9 9ggt

5761 catacagct.c agcagaaaga cttttgagac agagttccag aaaacaaaac atcaagagtg

5821 ggactttgt.c gtgacaact.g acatttcaga gatgggcgcc aactttaaag ctgaccgtgt

5881 catagattcc aggagatgcc taaagccggt catacttgat ggcgagagag tcattctggc

5941 tggacccatg cctgtcacac atgccagcgc tgcccagagg agggggcgca taggcaggaa

6001 t tgg 9 tg gt t tgt tgg ggtggg tg g 9 9 ~ tg 9 g

6061 tg tgg ttg g g tg t ttg t ttt t g tgg t

6121 cat.agcctcg ctct.atcgac ctgaggccga caaagtagca gccattgagg gagagttcaa

6181 gct.t.aggacg gagcaaagga agacctttgt. ggaactcatg aaaagaggag atcttcctgt

241 ttggctggcc tatcaggttg catctgccgg aataacctac acagatagaa gatggtgctt

301 tgatggcacg accaacaaca ccataatgga agacagtgtg ccggcagagg tgtggaccag

6361 gg 9 g 9 gtg t g g gtgg tgg 9 g gttt gtt 9 t
6421 tg gg tg gt tt gg gtttg g tggg g gg 9 99 tttt99 gt

6481 gatggaagcc ctgggaacac tgccaggaca catgacagag agattccagg aagccattga

6541 caacctcgct gtgctcatgc gggcagagac tggaagcagg ccttacaaag ccgcggcggc

6601 ccaaltgccg gagaccctag agaccat Ban gctlltgggg 6'tgctgggaa cagtc'tcgct

6661 ggg t tt tt gt ttg tg gg ggg t ggg g tggg t ttgg tggt

6721 g t ttggg g 9 9 t 99 t tgtg 9 t t gg ttg 9 9 9 ttg

6781 atgtgtcctc att.gttgtgt. tcctattgct. ggtggtgctc atacctgagc cagaaaagca

6841 aagatctccc caggacaacc aaatggcaat. catcatcatg gtagcagt.ag gtcttctggg

801 cttgattacc gccaatgaac tcggatggtt ggagagaaca aagagtgacc taagccatct

8 1 aatgggaagg agagaggagg gggcaaccat aggattctca atggacattg acctgcggcc

7021 9 t 9 t tggg t t tg tg tt 9 ttt tt 9 gt

7081 tg gtg t t t t tt tgg g tgg g g tgg gt

7141 gttgtttgg tggg g 99 tg tt t g tgg 9 tttgg 9 t 9 tg t
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7201 aatgataggt. tgctactcac aattaacacc cctgacccta atagtggcca tcattttgct
72 1 cgtggcgcac tacatgtact tgatcccagg gctgcaggca gcagctgcgc gtgctgccca

7321 gaagagaacg gcagctggca tcatgaagaa ccctgttgtg gatggaatag tggtgactga

7381 ttg tg ttg gt gg g g tggg 99 tg t t t

7441 9 gt 9 gt t 9 g t tgt 9 gg g tgggggtggg ggg 99 tgg

7501 ggct.ctgatc acagccgcaa cttccactt.t. gtgggaaggc tctccgaaca agtactggaa

7561 ctcctctaca gccacttcac tgtgtaacat. ttttagggga agttacttgg ctggagcttc

7 21 tctaatctac acagtaacaa gaaacgctgg cttggtcaag agacgtgggg gtggaacagg

7 81 agagaccctg ggagagaaat ggaaggcccg cttgaaccag atgtcggccc tggagttcta

7741 t t gt 99 t 9 ggt gtg 9 g 9 gg g 9 g t
7801 gg ggtgtg g 999 g 9 tg tgt gt 9 gg gtg 9 tg 9 t9gtt

7861 ggtggagcgg ggatacctgc agccctatgg aaaggtcatt gatcttggat gtggcagagg

7921 gggctggagt. tactacgtcg ccaccatccg caaagttcaa gaagtgaaag gatacacaaa

7981 aggaggccct ggtcatgaag aacccgtgtt ggtgcaaagc tatgggtgga acatagtccg

8041 tcttaagagt ggggtggacg tctttcatat ggcggctgag ccgtgtgaca cgttgctgtg

8101 tg t ggt g gt t t t gt tg gtgg g 9 99 9 t 9 9t t

8161 ctccatggtg ggggattggc ttgaaaaaag accaggagcc ttttgtat.aa aagtgttgtg

8221 cccatacacc agcactatga tggaaaccct. ggagcgactg cagcgtaggt atgggggagg

8281 actggtcaga gtgccactct cccgcaactc tacacatgag atgtactggg tctctggagc

8341 gaaaagcaac accataaaaa gtgtgtccac cacgagccag ctcctcttgg ggcgcatgga

8401 ggg t gg gg gtg t tg gg gg tgtg t t gg t tg 9 9 9gg

8461 tgtggt g tg g tg g t t 9 g t tt ggt g ttg 9g t

8521 ccgcagtgag cacgcggaaa cgtggttctt tgacgagaac cacccatata ggacatgggc

8581 ttaccatgga agctatgagg cccccacaca agggtcagcg tcctctctaa taaacggggt

8641 tgtcaggctc ctgtcaaaac cctgggatgt ggtgactgga gtcacaggaa tagccatgac

8701 cgacaccaca ccgtatggtc agcaaagagt tttcaaggaa aaagtggaca ctagggtgcc

8761 g g gg t gt ggtt t 9 g tggt t tt tggt tgtgg g

8821 g t gg gg g gt tg g 9 gtt t ~ ggtt 9

8881 tagcaatgca gcat.tagggg caatatttga agaggaaaaa gagtggaaga ctgcagtgga

8841 agctgtgaac gat.ccaaggt. tctgggctct. agtggacaag gaaagagagc accacctgag

8001 aggagagtgc cagagctgtg tgtacaacat gatgggaaaa agagaaaaga aacaagggga

80 1 atttggaaag gccaagggca gccgcgccat ctggtatatg tggctagggg ctagatttct

8121 9 gtt 9 g ttgg t t ttg g gg t tgg t9999 g 9 g t gg

8181 ggtggtgtt g ggg tgg 9 tt g t gg t t gt t 9 9 g tg 9t 9

9241 tataccagga ggaaggatgt atgcagatga cactgctggc tgggacaccc gcattagcag

9301 gtttgatct.g gagaatgaag ctctaatcac caaccaaatg gagaaagggc acagggcctt

93 1 ggcattggcc ataatcaagt acacatacca aaacaaagtg gtaaaggtcc ttagaccagc

9421 tgaaaaaggg aaaacagtta tggacattat ttcgagacaa gaccaaaggg ggagcggaca

8481 gttgt t t g t tt ttt t gtg gtg t ~ tt 99 t t

8541 gg gg tg g g gtt t g 9 tg g ttgtgg tg tg gg ggt g 9 gt

9601 gaccaactgg ttgcagagca acggatggga taggctcaaa cgaatggcag tcagtggaga
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9661 tgat.tgcgtt gtgaagccaa ttgatgatag gtttgcacat gccctcaggt tcttgaatga

9721 tatgggaaaa gttaggaagg acacacaaga gtggaaaccc tcaactggat gggacaactg

9781 ggaagaagtt ccgttttgct cccaccactt caacaagctc catctcaagg acgggaggtc

9861 ttgtggtt tg 9 9 tg tg ttgg ggg g 9 t t t 99

8801 ggcgggatgg agcatccggg agactgcttg cctagcaaaa tcatatgcgc aaatgtggca

8861 gctcctttat. ttccacagaa gggacctccg actgatggcc aatgccattt gttcatctgt

10021 gccagttgac tgggttccaa ctgggagaac tacctggtca atccatggaa agggagaatg

10081 gatgaccact gaagacatgc ttgtggtgtg gaacagagtg tggattgagg agaacgacca

10161 tgg g g g tt 9 tg 9 g tt t tttgg 9 ggg

10201 g ttgtgg tgtgg t t t t ggg g g g td99 tg 9 t

10261 taaaaacaca gtcaacatgg tgcgcaggat. cataggtgat gaagaaaagt acatggacta

10321 cct.atccacc caagttcgct. acttgggtga agaagggtct acacctggag tgctgtaagc

10381 accaatctta atgttgtcag gcctgctagt cagccacagc ttggggaaag ctgtgcagcc

loml tgtgaccccc ccaggagaag ctgggaaacc aagcctatag tcaggccgag aacgccatgg

10501 gg 9 g tg tg tgtg 9 t g gg tg gt

10561 g g ttgg g g g 99 tg gg 9 g gtgg 9 t t t t t tggg

10621 gcctgaact.g gagatcagct gtggatctcc agaagaggga ctagtggtta gagga

In some embodunmlls, Ihc Zlka vinis may compnse the
gcnomc scqucnce ol'enBank Accession number
KIJ501215.1. In some embodiments. the Zil a virus is fmm
strain PRVABC59. In some embodiments the genome
sequence of (ienl lank Accession number KU501215 I conl-
prises the sequence of SIIQ ID NO 2 In some embodi-
menis. ihe Zika virus may comprise 8 genonuc sequence lhal
hos al least 70/o, at icosi 71 /o. al least 72 /o, al least 73 /o. al
least 74oio. at least 75'/o. at least 76'/o. at least 77'/o. Bt least
78'io, at least 79'/o, at least 80",o. at least 81'/o, ot least 82'/o,
at least 83o/, at least 84/. at least 85oA . at least 86o/ . at least
87'i, ai least Ygo/, at least 89o/. at least 90'7/7. at least 913/o,

8 I Icosi 92!o, at least 93 /o. al Ic as I 94 /o. at les el 95 /o. at less I
96 /o, at least 97/o, al least 98/o. al least 99/o, or 100/o
sequence identity with the sequence of SEQ ID NO: 2

In some cmbodimenon Ilm Zika virus may comprise al
Icosi one pol)pcptule encoded by Ihe scqucncc of SEQ ID
NO: 2 In some embodinlents. the Zika virus may comprise
at least one polypeptide having an amino acid sequence that
has at least 85'7/o, at least 86'/. at least 87'/N, at 161st 88'/N. at
least 89oio. at least 90'/o. at least 91'/o. at least 92'/o. Bt least
93;o, at least 94oio. at least 95'/o. at least 96'/o. ai least 97'/o,
dl Icosi 98'!o. at least 99'/o. or 1000/0 scqucnce ideality with
dn amulo imid scqucncc mlcodcd by thc sequence ol'EQ ID
NO: 2.

Accordin ly, in sonle embodiments, /ika viruses of the
present disclosure may be used in any of the vaccines and/or
imnnmogenic compositions disclosed herein. For example,
Zika viruses of the present disclosure may be used io provide
one or morc anugens useful for trcatm or prevcntulg Zika
llrus infection ul a subfcct ul aced thereof and/or for
11'Iduclng Bn Imnnulo rcsponsc, such Bs 81 pnitcctlvc Innnunc
response. against /ika viols in a subject in need thereof.

V1181 Anllgcns

In some embodinlents. the present disclosure relates to
one or nlore antigens fmm any /ika virus described herein

30
uscfUI ul vdccuu:5 Bnd/01 inunUnogcnn: conlposlltons
including, lvithout limitation. purified viruses. inactivated
viruses, allcnuatcd viruses. recombinant viruses, or punlicd
and/or recombinant vinsl proteins filr subunit vaccines In

35 some cmbodimcnkw Ihc vaccules and/or Immunogenic com-
positions include inactivated whole viruses

Auligcns of thc prcscnl disclosure may be auy substance
capable of eliciting an imnlune response lixamples of
suitable antigens include. but are not limited to. whole virus,

so attenuated virum inactivated vinls. proteins, polypeptides
(including active proteins and individual polypeptide
cpitopes witlun proteins). glycopolypcptides, hpopolypcp-
tldes. pcptulcs. polysdccharulcs. polysucchandc conlugatcs.
ptqitidc and non-pcqifidc numics ol'olysaccharidcs and
other molecules, small nlolecules. Iipids. glycolipids. and
carbohydrates

Antigens of the present disclosure may be from any Zil a
virus (e g., a Zika vinls clonol isoLate) produced from one or
nlorc cells ul cell cUIUIIC (c.g., vld plBqUc purlficilllon). Anv

o suitable cells known ul the drl for producing Zika virus may
bc used, includulg, for cxmuple. insect cells (c.g., mosquito
cells such as C(:1,-125 cells. Aag-2 cells, RMI,-12 cells,
('6/36 cells, ('7-10 cells, AP-61 cells, A t (iRIP-I cells, A.t
CiRIP-2 ceils. A,t. GRIP-3 cells, UM-AVEI cells, Mos.55

00 cells, SualB cells, 4a-3B cells. Mos.42 cells, MSQ43 cells,
LSB-AA695BB cells, NIID-CTR cells, TRA-171, cells, and
dddlliondl cells ol cell ines Ilium nlosqU110 spcctcs SUch Bs

.4cdcs aegypt/..Andes nlbopictns, Aedes plcnrloscntclloris,
Acdet iriserionis, Aedes vexuns. Anopheles goiiibinc,

So Anopheles.siephenti,.4nophctcr ulhimiis. (ulcxgunigncdnt-
moins. Culex ihcilem, Culev tritncniorhl nclius, Ciilcl bitac-
morli) nchur. and/or foxorhlvtciriter omboincnsis), and
manunahan cells (e.g.. VERO cells (lyom monkey kidneys),
LLC-MK2 cells (from monkey kidneys). MDBK cells,

65 MDCK cells, ATCC CCL34 MDCK (NBL2) cells, MDCK
33016 (deposit number DSM A('('219 as described in
WO97/37001) cells, l31IK21-11 cells, I IK('('ells, or ('hi-
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ncsc luimstcr ovary cells (CHO cells). In some embodi-
ments. antigens of the present disclosure are from a /ika
vinis (e g., a /ika virus clonal isolate) produced from a
non-human cell (eg, via plaque purification) In some
embodiments, antigens of the present disclosure are from a
Zika vinis (e.g.. a Zika virus clonal isolate) produced fmm
an uiscct cell (cg., via plaque punlication). In some mnbodi-
mcnts. mitigmis oi thc present disclosure are from a Zika
viols (e.g., a /ika virus clonal isoLste) produced from a
niosquito cell (e g . via plaque purification) in some 1 o

embodiments. antigens of the present disclosure are from a
Zil a vinis (e.g . a Zil a virus clonal isolate) produced fmm
a manmialian cell (e,go via Plaque Purification). In some
mnboiiimcnts, antigcns oi'he present disclosure arc from a
Zika virus (e.g . a Zika virus clonal isolate) producLYJ from
a VJ!J(O cell (eg, via plaque purification) Methods of
purifying a virus by performing plaque purification are
known to one of ordinary skill in the arr (See e g., Jlxample
I below).

Antigens of the present disclosure may include Bt least zo

one non-luunan cell adaptation muLition. Adaptation muta-
nons may be generated by adaptuig a virus to arowth ut a
particular cell line I'or example, a cell may be transfected or
electropomted with a virus. RNA transcribed from a vims
(e a., an infectious virus. or infectious clone), and/or RNA
purified from B whole virus and passaged such that the virus
and/or viral RNA replicates and its nucleic acid mutates.
Nucleic acid mutations may bc poult mutauons, uiscrtion
mutations, Or dcleuon mutations. Nucleic acid mutations
may lead to amino acid changes lvithin viral proteins that io
facilitate grolvth of the virus in a non-lnunan cell Adapta-
tion mutations may facilitate phenotypic changes in the
virus, including altered plaque size, yowth kinetics. tem-
perature sensitivity. dru resistance, virulence. and virus
yicki ui cell culture. Thcsc adaptive munitions may be useful zi
in vaccuie manuI'acture by uicreasing die speed. yield, and
consistency of virus cultured in a cell lute. Adaptive muta-
tions may change (e.g . enhance or decrease) immunogenic-
ity ofviml antigens by altering the structure of inununogenic
epitopes. In addition. adaptive mutations may also increase 40

the genetic stabihty of the vinis and/or reduce or otherwise
inhibit thc dcvclopmcnt of undesirable mutations m the virus
tluough multiple (c.g., at least live. Bt least six, at least
scvcii. Bt lcdst ciglit, Bt lcdst iiiiic, Bt JL'dst 10, Bt lcsist 11, dt
least 12, at least 13, at least 14. at least 15, at least 16, at least
17. at least JK at least 19, at least 20, or nHire) passages

Accordingly, in certain embodiments, Bntigens of the
present disclosure include at least one non-human cell
adaptdiion mutation. In ccrtmn cmbodimcnts. the adaptation
Itilrtil tioil 1S ZI itiu ratio it Of ZI Fir'ill Brit igCii to a itoii liliitNlii CCJJ.

In some cmboihmcnts, thc non-human cell is a mmiunaiian
cell. Any suitable manimalian cell known in the att niay be
used, inciudin, without limitation, Vl JRO cells (from mon-
key kidneys), LLC-MK2 cells (from monkey kidneys),
MDBK cells, MDCK cells. ATCC CCL34 MDCK (NBL2) os

cells, MDCK 33016 (deposit number DSM ACC 2219 as
dcscnbtxi in WO97/37001) cells. BHK21-F cells. HKCC
cells, or Cluncsc hamster ovary cells (CHO cells). In some
embodiments, the non-hunian cell is a monkey cell In some
embodiments, the monkey cell is from a Vero cell line. Any io
suitable Vero cell line known in the Brt may be used,
including„without limitation, WHO Vero 10-87. ATCC
CCL-81, Vcro 76 (ATCC Acccsmon No. CRL-I 587), or Vi ro
C1008 (ATCC Accession No. CRL-1586). In some mnbodi-
mcnts. Jhe Vcro cell lute is WHO Vi:ro 10-87. si

/ika vinises possess a positive sense, single-stranded
RNA genome encoding both stmctural and nonstnictural

polypcptNlcs. Thc genome also contains non-Loduig
sequences at both the 5L and gutenninal re iona that play a
rule in virus replicauon. Su uctural polypepudcs encoded by
these viruses include. without limitation, capsid (('), precur-
sor mcmbcdne (prlVI), anil cnvclopc (E). Non-structural (NS)
polypeptides encoded by these vinises include. lvithout
limitation. NSI, NS2A, NS2B„NS3. NS4A, NS4B. and
NS5.

In certain embodiments, antigens of the present disclosure
may contain at lwist Onc (c.g., at least onc, at least two, at
least tluee. at least four, at least hve, at least six, at least
scvcit, Bt h:dst ciglit, dt Ictlst iiiiic. Bt least 10, dt lctlsi ll, dt

least 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, ctc.) non-human cell
adaptation mutations lvi thin one or more (e.g . one or more,
two or more. tluee or more, four or more. five or more. six
or more, seven or more. eiaht or more. nme or more. or all
ten) viral antigens/polypeptides„ including, without limita-
tion, C, prM, E, NSI. NS2A, NS2B, NS3, NS4A, NS4B, and
NS5. In some embodiments, antigens of the present disclo-
sure utcludc at least one non-human cell adaptation mutation
in /ika viols Non-structural protein I (NSJ) in soine
mnbodunents, anugcns of thc prcscnt disclosure include
whole, inactivated vinis that may contain at least one (e.g,
dt liRist otic, lit least two. Bt lcdst JJNLN, Bt h ast Joul; Bt least
five, at least six, at least seven. at least eight, at least nine,
at least 10. etc.) non-hunian cell adaptation mutations. In
some embodiments, mitigens of the present disclosure
include whole. inactivated virus tlint may contain at least one
non-hiunan cell adaptanon mutation in Zika virus Non-
stnictural protein I (NSI).

Iii soitic ciitboiliiticllts, (lie ilt h ast Otic iioii-ltiiiitaii cell
adaptation imitation is lvithin the Ngl polypeptide. 'Jhe
amino acid sequence of a vviid-type. non-cell adapted NSI
polypeptide from an exempLary Zika vinis stmin is set forth
dS.

(SEQ ZD NO Zj
DVGCSVDFSKKETRCGTGViroiDVEAWRDRYKYHPDSPRRLilAi!VKQAW

EDGZ CGZSSVSRi'IENZZIWRSVEGELNAZ LEENGVQLTVVVGSVKNPtlWRG

PQRLPVPVNELPHGNFAWGKS YFVPAAKTNNSFVVDGDTLKECPLKHEAT

NSFLVEDHGPGVFHTSV'SLKI/REDYSLECDPAVZGTZVKGKEAVHSDLGY

WZESEKNDTWRLKRAHLZEMKTCEWPKSHTLWTDGZEESDLZZPKSLAGP

LSHHNTREGYRTQMKGPWHSEELEZRFEECPGTKVHVEETCGTRGPSLRS

TTASGRVZEEWCCRECTMPPLSFRilKDGCWYGMEZRPRKEPESNLVRSMV

In some embodiments. the amino acid sequence of the
NSI polypeptide has at least 80'!o„at least 81%. at least 82%,
at least 83%, at Jess( S4%, at least S5%, at least 86%, ai least
87%, at least 88 ro, at least 89!o. at least 90%, at least 91%.
at least 92%, at Jess( 93%, at least 94%, at least 95%, ai least
96%, at least ')7%, at least 98%, at least 99%, or 100'r'll

sequence identity with the sequence of SilQ li) NO I In
some embodiments. the amino acid sequence of the NSI
polypeptide may be from the amino acid sequence encoded
by tlm scqumicc oi'enBank Acres~ ion number
KU501215.J (SEQ ID NO: 2). In some mnboduncnts, the
anuno iwid SLKJucncc of thc NS 1 polypcpttdc may bc mnuio
acid positions 7')5 to 1145 of the aniino acid sequence
encoded by the sequence of (ienliank Accession munber
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KU501215.1 In some embodiments, the armno acid
sequence of the NSI polypeptide may be from /ika vinis
strain Pl(VAB('59

")equence Identity". "% sequence identity"„"% identity",
"; v identical" or "sequence alignment'* means a comparison
of a first amino acid sequence to a second amino acid
scquinclv ol B colllparlsoll ol ti Iris( iiUclclc Bcid scLIUclicc 10

d SCColld lillclcic iield SLxli1CllCC Slid 1S CBICUIBICd BS

percentage based on the comparison 'I'he result of tlus
calculation can be descnbed as "percent identical" or "per- to

cent II)."
Generally, a sequence alignment can be used ro calculate

the sequence identity by one of tvvo ditferent approaches. In
tite lirsl approach. botll llllslllaiclics tli d slliglc position and
gapa al d single position are counted as non-slcnlical post- 1

tions in tinal sequence identity calculation In the second
approach. mismatclles at a single position are counted as
non-identical positions in final sequence identity calcula-
tion; however, gapa at a sin le position are not counted
(i nored) as non-identical positions in final sequence iden- io
uiy calculation. In other words, in thc second approach gapa
arc ignored tn Iiual scqucucc identity calculation. Tltc dif-
ference between these two approaches, i.e counting gapa as
non-identical positions vs ignoring gapa, at a single position
cmi lead to variabihty in the sequence identity value between
nvo sequences.

A sequence identity is determined by a program, which
produces an alignment, aud calculates idcnit1y counung boih
mtsmaiches ai a single post(ton and gapa ai a single position
as non-identical positions in final sequence identity calcu- 10

lation I'or example prograni Needle (EMBOS), which has
implemented the algorithm of Needleinan and Wunsch
(Needleman and Wunsch, 1970. J. Mol. Biol. 48: 443-453),
and which calculates sequence identity per default settings
by Iirsi producing au altgruncnt between d Iirsi scqucncc and ii
a sixond sequence, then counun tire number ol'identical
positions over thc Imigth ol'hc ahgiuncni, 1hcn dtviduig the
munber of identical residues by the length of an afigtunent,
then nntltiplying this munber by 100 to generate the %
SequenCe identity ['/v SequenCe identity=(// Of IdentiCal reat- 40

dues/length of alignment)x100)1.
A scqucncc identity can be calculated lrom a patrwtsc

alignment show uig boih scqucnces over 1hc full length. so
show mg ihe Iirsi scqucnce and ihe simond scxtucncc in 1hctr
full length ("(ilobal sequence identity*'). Iior example. pro-
gram Needle (IIMI3088) pmduces such alignments;
sequence identity=(4 of identical residues/len th of align-
ment)xi 00)1.

A Scilla:Ilct: 1dcllili)'Btl bC CBICUlauxl froiii a pBlrwiSC
dllglllliClii sliowlllg Olll)' loctl1 ILgloil Ol 11iC IlrSI SLx(uence
or thc scmond sequence ("Local Identity"). For extunple,
pmgmtu Blast (N('BI) produces such alignments,
sequence identity (e of Identical residues/length of afigtt-
ment)x100)1.

The sequence ahgnment is prefembly generated by using ss
the algoritlun of Needlmuau and Wunsch (J. Mol. Biol.
(1979) 48. p. 443-453). Prcli:rably, thc program "NEEDLE"
(Thc European Molecular Biology Open Sofiv,are Suite
(I IMI3OSS)) is used with the programs default parameter
(gap open 10.0. gap extend 0.5 and matrix I'.BI OSIJM62 tc
for proteins and matrix=EDNAFULL for nucleottdes).
Then, a sequence identity can be calculated from the align-
ment showuig boih sequences over thc lull length, so

showing ihc Iirsi scqucncc and thc simond scqumice in their
full length ('*Global scqucnce identity"). For exiunple: % si
sequence identity (e of identical residues.'length of afigtt-
nient)xi(X))J.

In some emboihmmits, thc at least oue uon-human cell
,'idapt;itioit illlttatloll Occurs Bt iillC Ol'om,'llniflo BCld

positions within the NSI polypeptide. In some embodi-
ments, the inutation occurs at position 98 of Sl IQ ID NO I,
or at a position corresponding to position 98 of SEQ ID NO:
I when ali Bed to SEQ ID NO; I using a pairwise alignment
algontlmi. In some embodunenis, ihc muiauou at position
98 ts a iryptophan to glycine substitution.

In come embodiments, the /ika vints comprises a muta-
tion at position ')8 of SiiQ Il) NO 1. or at a position
corresponding to position 98 of SIIQ ID NO I A position
corresponding to position 98 of SEQ ID NO:I can be
determined by aligning the aniino acid sequence of an NS-I
protein io SEQ ID NO. I using a pairwtse ahgnmcnt
dlgorlilltll. Aliiiiio dCld ICSldUCS ill vlltlsCS Other than Ztl,a
vinis v hich correspond to the tryptophan residue at position
98 of SliQ II) NO I are shoivn m I'l(i 7 of the present
application where these residues are boxed In soine
embodiments. the mutation at position 98 is a tryptophan to
glycine substitution. In some embodiments, the mutation at
position 98 is a tr)ptophan io glycine substitution at position
98 of SEQ ID NO:l.

In come embodiments. anti ens of the present disclosure
cmitain at least one non-human cell adaptation nnttation
within the NSI protein. and contain at least one nnttation
(e ., at least one adaptation nuttation) within one or more of
the C, prM. E. NSI, NS2A. NS2B, NS3, NS4A. NS4B. and
NS5 viral proteins. In some embodnumtis, anugcns of thc
present disclosure coniaui one or morc uon-human cell
adaptation mutations within the N)1 protein, and do not
contain at least one mutation (e g., at least one non-Intinan
cell adaptation mutation) within one or more of the (2 prM,
E. NSI, NS2A, NS2B. NS3, NS4A. NS4B. Bnd NS5 viral
proteins. In some embodiments. antigens of the present
disclosure coniaui ai least one non-human cell adaptaiton
mutation wttlun thc NSI protein and do not contain at least
ouc mutation (c.g., ai least one non-hunuin cell adaptaiton
nnttation) within the envelope protein I: In some embodi-
mentg mitigens of the present disclosure include whole,
inactivated virus that contains at least one non-human cell
adaptation mutation in Zil a virus Non-structural protein I

(NSI), and do noi uicludc a mutation in Ztka virus cnvelopc
protein E (Env). In some embodiments, antigcns of thc
present disclosure contain d mutation at postuou 98 of SEQ
ID NO: I, or at a position corresponding to position 98 of
Sl'Q ID NO: I and do not contain any niutation within the
envelope protein E. In some embodiments, antigens of the
present disclosure include ivhoie. inactivated virus that
contauts a nnttauon at postuon 98 of SEQ ID NO. I, or ai
a position corrcsponihng io postuou 98 of SEQ ID NO. I

and do noi utclude a muidiion ui Zika virus mtvclope protein
E (Iinv) In some embodiments. whole, inactivated vinis
cmitains at least one mutation in /ika vints Non-stntctural
proteui I (NSI) and the sequence encoding the envelope
proteui is the same as the corresponding sequence in SEQ ID
No. 2 In some embodiments. the Ztka virus contauis a
mutation at position 98 of SEQ ID NO. I, or at a position
corresponding io postuon 98 of SEQ ID NO. I and thc
sequence encoding the envelope pmtetn ts the same as the
corresponding sequence in Sl(Q Il) No 2 In some etnbodi-
ments. v,hole, inactivated Zika vims contains a mutation at
position 98 of SEQ ID NO: 1. or at a position correspondin
to position 98 of SEQ ID NO. I and the scqucncc encoduig
the cnvclope protein is Ihc same as Ihc corresponduig
scqumtce in SEQ ID No. 2.

In sonic einbodiments. antigens of the present disclosure,
such as /ika virus. contain at least one non-human cell
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adaptation mutation that enhances gcncuc stability as com-
parR to a Zika vinis lackin the at least one adaptation
mutauon. In some cmboduncnts, anugcns oi Ihe present
dlsClosiilc. SUCII ds Zlktl VUUS, Ciintalll Bt ICBSI Olio noil-
lnunan cell athcptation niutation that enhances viral replica-
tion as compared to a /ika vinic lacking the at least one
adaptation nuitation. In some embodiments. antigens of the
present disclosure, such as Zil a viols, contain at least one
non-human cell adaptation mutation reduces or otherwise
inhibits dlc occurrence of undcslrablc mutations. such as iii

w ithm the envelope protein E (Env) ol thc Zlka virus.
In the above embodunentc of the present disclosure. an

exemplary paiiwise alignnlent algorithm is the Needlenian-
Wunsch global aligtuuent algorithm. using default param-
eters (e.g, with (iap opening penalty=l0.0, and with Oap
extension penalty=0.5. usmg the EBI OSUM(i2 scoring
Ilui/11x). Ttlb Bl'rlthill ls COIIVCnlcllllv llnplCIUCnlod ill tilC

nccdic tool in thc EMBOSS package.
In some emlxidinientc, antigenc of the present disclosure

fmm a /ika vmis may be used in any of the vaccines and 10

inununogenic compositions of the present disclosure. For
example, the antigens of the present disclosure may be
useful for treating or preventin Zika viols infection in a
subtcct in aced thereof and/or uiducing mi inununc response,
such as d protective lnumine rcsponsc, agauwt Zika virus in
a subject in need thereof

Production of Vaccuics mid lmmunogenic
Compositions

I ii

Other aspects of the present disclosure relate to /ika vinic
vaccliaes;lnd liunnlllogcnlc coiliposiiloilc colttaliliila ollc01'ore

antigens of the present disclosure from at least one
Zika virus. Such vaccines and immunogenic compositions
may bc useful, for example. for trcaun or prevcntuig Zika ic
1 irus infection in a subtcct ui nccd thcreoi'nd/Or inducing
dll Ilullulllc resp 0 it ac, BUch d s tl pl of ective lnullUIIC rcspollsc,
against /ika vinic m a subject in need thereof Vaccines
andior immunogenic conipocitions of the present disclosure
may include, without limitation, purified viruses. inactivated do

vinises. attenuated viruses. recombinant vinises, purified
dlld/Ol lcconlbillBnt Viral plo(CIBS fol SUbiilllt VBCCIUCS. VdC-

cuies and/or inununogm»c compositions of the present dis-
closure may further include a puriiicd antigen vaccmc or
immunogenic composition, a subunit vaccine or inununo-
genic composition, an inactivated whole virus vaccine or
imnnmogenic composition. or a purified inactivated whole
virus vaccine or immunogenic composition or an attenuated
1 IIUS 1 IICCIUC Or lllllllUIlogCIIIC ColllpiiSltloll.

Production of vaccines and/or unmunogmuc compos&- 0

uons of thc presmit ih seto sure includes grovi 01 of Zil" i virus,
with mitigens being prepared from the grown vinis (irowth
in ceil culture is a method for preparing vaccines and/or
inununogenic compositions of the present disclosure. Cells
for viral grow th may be cultured in suspension or in adherent 11

ColldltlollS.
Cell luics suiuiblc for growth of the at least Onc virus of

the present disclosure arc prcgcrably of mdnunalian ongin,
and include, but are not limited to: insect cells (e g . mos-
quito cells ac described herem. VIIRO cells (from monkey ii!

kidneys)„horse, cove (eg. MDBK cetic). sheep, do (e
MDCK cells from dog kidneys, ATCC CCL34 MDCK
(NBL2) or MDCK 33016. deposit number DSM ACC 2219
as dcscribcd in WO97/37001), cat, and rudcnt (e.g. hmnstcr
cilia such as BHK21-F, HKCC cells, or Chincsc hamster sc

ovary cells (('I IO cells)), and may be obtained fmm a v ide
variety ot developnleiltal stages, including for example,

adult, neonatal, fetal, mid embryo In certain embodiments.
the cells are immortalized (e g. Pl:R(' cells. as described
in WO 01/38362 and WO 02140665. and as deposited under
I:CA('('eposit number 96022940) In preferred embodi-
ments. mammaiian cells are utilized. and may be selected
from Bnd/or derived front one or more of the followin
non-limiting cell types: fibroblast cells (e.g. dcnnal, lung),
cndothellal cells (c.g. Bottle. coronary, pulmonary, vascular,
dermal microvascular, unlbilical), hepatocytes, keratino-
cytes, immiuie cells (e .

'I cell. B cell, macroplmge, NK,
dendritic), manlmary cells (e g. epithelial), smooth nniscle
cells (e g. vascular, aortic, coronary. arterial, uterine. bron-
clual. cervical, retinal pericytes). melanoc)tes, neural cells
(c g. astmcytcs), prostate cells (e.g. epithchal, smooth
llliiSCIC), Ic'Ildl CCIIS (C.g. Cpltllcllal, IIICsdllglal, ploxlllldl
tubule), skeletal cells (e.a chondrocyte, octeoclast, osteo-
blast), muscle cells (e a. myoblast, skeletal, smooth, bmn-
clual), hver cells, retinobtasts, and stromal cells WO97/
37000 and WO97/37001 describe production of animal cells
and cell lines that are capable of grov th in suspension and
in scnun frise media and dre usei'ul in the production and
rcplicduon oi viruses.

('ulture conditions for the above cell t)pec are knoivn and
described in a variety of publications Alternatively culture
medium, supplements, and conditions may be purchased
conunercially. such as for example, descnbed in the catalog
and additional literature of Cambrex Bioproducts (East
Rutherford, N.J.).

In cirtain cmboihments. Ihc cells used In thc methods
described herein are cultured in senun free and/or protein
free nledia A medium is referred to ac a cerunl-free medium
in the context of the present disclosure in which there are ni1

additives from serum of human or animal ongin. Protein-
free is understood to mean cultures in vc hich multiplication
Of thc cells occurs with exclusion of protmns, growth
faclors, other pro/cut addi/0 as and non-serum proteins, but
can optionally include pron:ins such as trypsui or other
pmteases that may be necessary for viral growth. 'I'he cells
gmwmg in such cultures natumlly contain proteins them-
selves.

Known senun-free media include Iscove'c medium,
Ultra-CHO medium (BioWhittaker) or EX-CELL (JRH Bio-
scimice). Ordinary serum-contauung media ulclude Eagle'
Basal Mcxlium (BME) or Minimum Essential Mednun
(MIIM) (Iiagle. Science. 130. 432 (1959)) or Dulbecco*s
Modified Eagle Medium (l)MIIM or Ill)M), which are
ordinarily used v, ith up to 10'/s fetal calf senim or similar
additives. Optionally. Minimuni Essential Medium (MEM)
(Eagle. Science, 130. 432 (1959)) or Dulbccco's Modtficxt
Eagle Medium (DMEM or EDM) may bc u six! without any
set iinl colltdllllllg sUPPlcnlcllt.

Protein-free media like Pti-('I IO (II IR l3ioscience),
chenlically-defined media like ProCIIO 4('DM (l3ioWhit-
taker) or SMIF 7 ((Jibco/BRL Life Technologies) and mito-
genic peptides like Primactone, Pepticase or Hypep™ (all
from Quest International) or lactalbumin hydrolysate (Gibco
dlld OlhCI UIBIllifBCIUICIS) drc dlSii ddcqUdtclv kllowll ill tllC

pnor art. The media addnn ca based on plant hydrolysatcs
have the special advantage that contaniination with vinises,
m) cu/I/usalu or unknown infectious agents can be oiled out

Cell culture conditions (temperature. cell dencity, pH
value, etc.) are variable over a very wide range owing to the
suitability of the cell linc employed accorduig to thc present
disclosure and can bc adapted to thc rcquircments of par-
ticular viral strains.

I'he method for pmpc sting virus in cultured cells gen-
emslly includes the steps of inoculating the cultured cells
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with thc straui to be cultured, cultivaung thc infected cells
for a desired time period for virus propagation. such as for
cxiunple as dctcrminixl by virus tiler or mitigcn expression
(C.g. bCtwCC11 24 illld 168 llollrS after 111OCilliltloli) allil
collecting the propagated virus. In some embodiments. the
vinis is collected via plaque purification 'I'he culturtxt cells
are inoculated with a virus (measured by PFI/ or TCID50)
to cell mstio of I 500 to I I, preferably I:100 to I:5. The
vinis is added to a suspension of the cells or is applied to a
monolayer ol'he cells, and the virus is absorbed on the cells
for at least 10 nnnutcs, at least 20 muiutcs, at least 30
minutes. at least 40 niuiutes. at least 50 mimites, at least 60
minutes but usually less than 300 inimites at 25' to 40"
C.. preferably 28" C. to 38" C The infected cell culture (e
monolayers) may be removed either by freeze-thaw:ing or by
enzymatic action to increase the viral content of the har-
iestcd culture supcrimtants. Thc harvested lluids arc then
either uuicuvated or stored frozen. Cultured cells may be
infected at a multiphcity of infection ("MOI") of about
0 0001 to 10, preferably 0 002 to 5, more preferably to 0 001
to 2. Still more preferably. the cells are infected at an MOI
ofabout 0.01. Infected cells may be harvested from 30 to 60
hours post infection, or 3 to 10 days post infection. In certain
preferred cmboduncnts, thc cells arc harvested 3 to 7 days
post utfcction. More prcfcrably, the cells are harvested 3 to
5 days post infection In some embodiments„proteases (e g.,
trypsin) may be added during cell culture to allow viral
release. and the proteases may be added at any suitable stage
during the culture. Alternatively, in certain embodiments,
the supernatant of infected cell cultures may be harvested
and thc virus nuiy be isolated or othcm isa purilicd from the
supcnuitant

1he viral inoculum and the viral culture are preferably
free from (i e. will have been tested fiir and given a negative
result for contaniination by) herpes simplex vini~, respira-
tory syncytial virus. paraintluenza virus 3, SARS coronavi-
rus. adenovirus„rhinovirus. reoviruses. polyomaviruses. bir-
naviruscs, circoviruses. and/or parvoviniscs [WO2006/
027698].

Where virus has been grown on a cell line then it is
standard practice to minimize the ainount of residual cell
line DNA in the final vaccine, in order to ininimize any
oncogenic activity of the host cell DNA. Contaminating
DNA can be removed durin vaccine preparation using
standard purilication procedures c.g. cluomatography, ctc.
Removal of rcsiduul host cell DNA can be cnhmicixi by
miclease treatment e g by using a DNase. A convenient
niethod for reducing host cell l)NA cootainination disclosed
in references (I.undblad (2001) l3iotechnology and Applied
Biochemistry 34 195-197. Ciuidance for Industry: Bioana-
lytical Method Vali(Lstion. U.S. Department of Health and
Human Services Food mid Dnig Adnunisuation Cmiter for
Drug Ei aluation and Rcscarch (CDER) Center for Vetcn-
nary Medicine (('VM) May 2001) involves a nvo-step
treatment, first using a DNase (e.g Benzonase), which may
be used duriim viral gmwth, and then a cationic detergent
(e.g. CTAB)„which may be used during virion disruption.
Removal by )I-propiolactone treatment can also be used. In
one embodiment, the contamuiatuig DNA is rmnovcd by
bcnzonase treauncnt ol thc culture supcmatant.

Production of Anti ens

Alltlgcli9 ol tile prcsclit ilisclosUlc for U9c lli vacclllcs
and/or imnninogcnic compositions uicluduig. without linu-
tation, purified vinises. inactivated viruses. inactivated
whole viruse~. attenuated vinises, recombinant vinises. or
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puniied and/or rccombuiant viral proteins lbr subunit vac-
cines to treat and/or prevent /ika virus mfection and/or
induce mi imnnuie response, such as a protective immune
response, against /ika vinis, niay be produced and/or puri-
fied or otherwise isolated by any suitable method known in
the ait. Anti ens of the present disclosure may include,
without linutation, whole virus, auenuatcd virus, inacuvaied
virus, inactivated whole vinises. proteins, polypcptidcs (in-
cluding active proteins mid individual polypeptide epitopes

io within proteins), glycopolypeptides, lipopolypeptides. pep-
tides, polysaccharides, polysaccharide conjugates. peptide
and non-peptide mimics of polysaccharides and other mol-
ecules, small molecules. Iipids. glycolipids. and carbohy-
drates produced, derived. purilied, and/or otherwisc isolated
from a Zil a virus. For cx;miplc, suitable antigens may
include, v ithout limitation. structural polypeptides such as
(2 prM, and/or I k and non-stnictural polypeptides. such as
NSI, NS2A, NS2I3, NS3, NS4A. N)40. and/or NS5 from
Zlk'i virUs.

zo In one embodiment, the antigen of the present disclosure
is a puniicd uiactivated whole Zil 9 virus.

Antigen oi'hc present disclosure may be synthcsizcst
cheniically or enzymatically, produced reconibinantly. iso-
lated from a natural source. Or a combination of the fore-
going. 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.
Anugcns of thc present disclosure may bc punlicd, partially
puniied, or a cmde extract. In some cmbodnnents, antigens

io of the present disclosure are vmises, such as inactivated
vinises, pmduced as described in the above section entitled
"Production of Vaccines and Intmunogenic ('ompositions.'*

In certain embodiments, one or more antigens of the
present disclosure may be produced by culturin a non-

is human cell. Cell lures suitable for producuon ol'he one or
illorc illltlgCllS ill tllC plC9CIlt i119CIO9Urc maY lllclildc lllSCC(

cells (c.g., any of the mosquito cells descnbcd hcrcui). Cell
lines suitable for pmduction of the one or niore antigens of
the present disclosure niay also be cells of niammalian

so origin. and include, but are not limited to: VERO cells (from
monkey kidneys), horse. cow (e . MDBK cells), sheep. dog
(c g. MDCK cells from dog kidneys. ATCC CCL34 MDCK
(NBL2) or MDCK 33016, deposit number DSM ACC 2219
as dcscnbcd ui WO97/37001). ca( und rodent (c g. hiunstcr
cells such as l31IK21-I( I IK('('ells. or ('hinese lmmster
ovary cells ((0 10 cells)), and may be obtained from a wide
variety of developmental stages. including for example,
adult, neonatal, fetal, and embryo. In certain embodiments,
the cells are inunortaliztxl (c.g. PERC.6 cells. Ss dcscrtbcst

c in WO01,'38362 aml WO02/40665, and as dcpositcd under
ECACC deposit number 96022940). In prefi:rrcd embodi-
ment~, mammalian cells are utilized. and may be selected
from and/or derived from one or more of the tiilloiving
non-limiting cell types: fibroblast cells (e.g. dermal. lung),

ss endothelial cells (e.g. aortic. comnary. pulmonary, vascular,
dermal nucrovascular, umbihcal), hepatocytcs, keratuio-
cytcs. inuuune cells (e.g. T cdl. B cell, macrophagc, NK.
dendritic), mammary cells (c.g. epithelial), smooth muscle
cells (e g. vascuLsr, sonic. Coronary, arterial, utenne bmn-

ii! clual, cervical, retinal pericytes). melanocytes, neural cells
(e g. Ustrocytes), prostate cells (e.g. epithelial, smooth
muscle). renal cells (e.g. epithelial, mesangial, proximal
tubule), skeletal cells (c.g. chondrocytc, osteoclast, osteo-
blast), nnisclc cells (c.g. myoblast, skclctal, smootlb bnni-

Ss clual), liver cells, rmuioblasts, and stromal cells WO97,'7000

and WO'17937001 describe production of animal cells
and cell lines tliat capable of growth in suspension and in
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serum Ibce nuxha and are uscl'ul ul the production of viral
antigens In certain embodinlents, the non-hlunan cell is
cultured in senun-free niedia

Polypeptide antigens may be isolated froin natural sources
using standard methods of protein purification known in the
art. including, but not limited to, liquid cluomatography
(e.g., high perfonnance liquid chromatography, fast protein
hqUUI chrunlatogrdphy, ctc.), size cxclilsltin chf'tiuullogl'a-

phy, gei electrophoresis (including one-dimensional gel
electrophoresis. Uvo-dimensional gel electroplmresis). atfin- 10

ity chronlatography, or otller purification teclulique In nlaily
enlbodiments. the antigen is a puritied anti en. e.g., fmm
about 50/8 to about 75% pure, from about 75% Io about 85%
pure. Ihom about 8S% lo about 90% pure, lbom about 90%
Io about 95'/9 pure, from about 9S% tu about 98% pure, from
about ') 8'%o about 99% pure, or o rester than in)% pure. 'I he
purity of the puriued antigen can be deteunined bv size
exclusion chmmatography and the %t-purity corresponds to
the % of the main peal to the total area under the curve. The
main peak of the purified anti en in the size exclusion TO

chromatography may bc more titan 85% ol'he total area
Under lht: CUfvt: ul lhc size cxclUslou chronlatoglaplly, or
nlore than 909/9 of the total area under the curve in the size
exclusion chromatography, or more than 95'%. or nulre than
98% or more than 99% of the total area under the curve in
the size exclusion chromatography. Such results are consid-
ered as "purified'* anti en v ithin the meanilig of This inven-
uon.

In accordance with thc above disclosure rcgardulg puuty,
the tenn "purified /ika vinis" means tint the main peak of io
the puritied /ika virus m the size exclusion chromatography
is more than 85% of the total area under the curve in the size
exclusion cluomatography. or more than 90% of Ihe total
area under the curve in the size exclusion clu'omatography,
or morc Ilrdn 95%, morc tlrdn 98% or more than 99% Of the ls
total arcs under Ihc curve ul thc size exclusion cluomatog-
raphv.

In accordance tvith the above discklsure regarding puuty,
the ternl "purified inactivated whole /ika vinis" means that
the main peak of the purified inactivated whole Zika viols in do

the size exclusion chromatography is more than 85% of the
loial area under Ihc curve ul Ihe size exclusion cluomatog-
raphy. or more than 90% of thc total arcs under the curve ln
the size exclusion chromatography, or morc titan 95%, morc
than ')8'%r more than tu)% of the total area under the curve
in the size exclusion chmniatogfaphy

One may employ solid phase peptide synthesis tech-
niques. where such techniques are known to those of skill in
thc arl. Scc Jones. Thc Chenucal Synthesis Of Peplidcs
(Clarcndon Press, Oxlord) (1994). Gcnerdllv, ul such meth- 0

ods a peptide is produced through Ihe sequenlial addition of
activated monomeric units to a solid phase bound grov ing
peptide chain.

Well-established recombinant T)NA teclmiques can be
enlployed for production of polypeptides, where. e.g. Bn i.
cxprcsslon construct comprising a nucieolide snNnlcc
nlcodulg a polypcptidc ts tnuoduccd uuo an appropriate
f091 cell (txg.. 9 ciikflu yollc host cell gl own Bs II iiulcclliilar
entity in in vitm cell culture, e o.. a yeast cell, an insect cell,
a nlammalian cell, etc ) or a prokaryotic cell (e g . grown in fo
in vitro ceil culture). generatin a genetically modified host
cell: under appropriate culture conditions, the protein Is
produced by thc gnleticdlly modllied host cell.

Besides lolled and nunluatcd virus unmunogcnlc com-
posiilons, one can usc n subunit immunogcmc composuion Ss
ol' thai'vpc of lluluiinogclllc coiuposftloll which pl'csclTts to
the animal the antigenic components of /ika virus qhe

anugenlc component may bea protein. glycoprolcin, lipid-
conjugated protein or lycoprotein„a modified lipid moiety,
Or othcl viral coulpout ul 0'hli h. when UIJi cled uuo B hUuian,
stimulates an inunune response in the lnunan such that the
human develops protcclivc immunity against Ztka virus. For
0 SUbllflll liuiuilflogCTIIC COITlpoSilitul, thC Vlms Carl bC Cul-

tured on manunalian cells. as described above The cell
culture can be homogenized and an imnlunogenic compo-
sition can be isolated by passage of the cell culture homo-
gcnalc over Ihe appropnaie colunm or tluough Ihc appro-
priate pore size filter or via centrifugation of the cell culture
houlogCUBIC.

If the antigenic conlponent is a pmtein, then one can
isolate thc mmlcic acid which encodcs thai proleul and
generate an immunogenic conlposition that contains that
isolated nucleic acid. The nucleic acid encoding the anti-
genic component can be placed on a plasmid downstream of
a signal sequence of a eul Tryotic promoter. That plasmid
can contain onc or morc sclcctablc markers and be Irans-
fected into an attenuated prokaryotic organism, such as
Salmonella spp., S/i/ge//ti spp., or oihcr suitable bacleus.
'I'he bacteria can then be administered to the human so that
thc hUnlan can gcucratt: d protect lvc unnliinc riuponsc 10 lhc
anugenlc componcnu Allemalivcly, Ihc nucleic acid encod-
ing the antigenic conlponent can be placed downstream of a
pmkaryotic prnmnter. Iiave one or more selectable markers,
and be transfected into an attenuated prokaryotic organism
such as Snimoaclla spp., Slttgc//0 spp.. or other suitable
bacteria. The bacteria can then be administered to the
eukaryotlc subject I'or which immune rcspomc to thc anugen
Of ultcrcsl is dcsircd. See. for example, U.S. Pau No.
6,500,41 9

Iior;I Subllfut liulrllli'logeniC CtlmpoSltloll. tllC fluCICIC BCld

encodmg a proteinaceous antigenic conlponent of a /ika
virus can be cloned into a plasmid such as those described
in International Patent Application Publication Niunber WO
00/32047 (Galen) and Inleurdlional Patnlt Application Pub-
hcation Number WO 02/083890 (Cialen). Then the piasmid
can be transfected into bacteria and the bacteria can produce
the desired antigenic protein One can isolate and purify the
desired antigenic pmtein by a variety of methods described
in both patent applications.

Viols Inactivation

Certain aspects of the present disclosure relate to Zika
virus vaccines and inununogenic compositions containin
Ouc 01 nlorc ilutlgcus front d Zlka vlrU9. VBcculcs Bnd/ol
luuuiinogculc ctiulposlllons iif lhc prc9cnl ihsclosUrc nlav
include a puniied virus. a whole virus, B recombulant virus,
a live attenuated tvhole virus or. preferably. an inactivated
whole vmis, or subunits, polypeptides, and/or antigens from
an Inactivated virus. As such. certain embodiments of the
present disclosure reLate to Zika virus vaccines and/or
luuutinogcnlc coulposllltin9 couuilnulg onc 01 ulolc Buugcns
from at least one ulacut atcd Zil d virus.

Methods of inactivatulg or killing viruses to destroy their
ability to infect manlmalian cells but do not destroy the
stnicture of the viols are kttown in the art )uch methods
include both chemical and physical means. Suitable means
for inactit sting a virus include, tt ithout limitation, treatment
wuh an cfibctive amount of one or morc agenm sclcclcxI
front ih:Icrgcnls, 1011ndhu (dlso usbITcd to herein ds 1011u-

aldchydc**). beta-propiolaclonc (BPL), binary ethyhmune
(Bl I I), acetyl ethyleneimine, heat. electromagnetic radiation,
x-ray radiation, ganlma radiation. ultraviolet radiation (UV
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radiauon). UV-A radiation, UV-B radiation, IIV-C radiation,
methyiene blue, psoralen, carboxyfullerene (('60) and any
combination of any thereof

In certain embodinients of the present disclosure the at
least one virus is chemically inactivated. Agents for chemi-
cal inactivation and methods of chemical inacrivation are
w cll-known in the art and dcscnbed hcrcin. In some mnbudi-
mcnls. the at least one virus is chcnucally inactivated with
one or more of BPI . formalin, or Bill. In certain embodi-
nients ivhere the at least one virus is chemically inactivated la
with l3PI., the virus may contain one or inure moditications.
In sonic embodiments, the one or more modifications may
include a modified nucleic acid. In some embodiments, the
IlioililiCil liUCli:1C tICiil ls Bii BlkvlBICil I1UCIC1C BClik Ili Oilier
mnbodimcnts, the onc or morc modilications may mclude a
modified polypeptide In some embodiments. the moditied
polypeptide contains a niodified amino acid residue includ-
ing one or more of a modified cysteine, inethionine, lnsti-
dine, aspartic acid. Iutamic acid, tyrosine. Iysine, scone,
and tlueonine. za

In cirlain mnbodunenm where thc al least one virus is
chemically inactivatcxt with fornmlin, thc inactivated virus
niay contain one or more modifications In some embodi-
nients. the one or more niodifications may include a ntodi-
fied polypeptide In sonic emlxidiments, the one or ntore
modifications may include a cross-linked polypeptide. In
some embodiments where the at least one virus is chemi-
cally iruictivalcd with I'onnalui, thc vaccine or unmunogmuc
composition I'urthcr includes formahn. In ccrtmn embodi-
ments ivhere the at least one vims is chemically inactivated lc
with l31:I. the virus may contain one or more nxiditications.
ln some embodiments, the one or more modifications may
include a modiiied nucleic acid. In some embodimenrs, the
modiiied nucleic acid is an alkylated nucleic acid.

In some mubodiments whcrc the at least one virus is si
chemically ioactivated with Ihmialin, miy residual unrcactcd
formalin nuiy be neutralized with sodium mclabisuili!e. may
be diaiyzed out, and/or may be bulfer exchanged to rentove
the residual unreacted formalin ln some embodiments. the
sodiutn metabisulfite is added in excess. In some embodi- ac
ments. the solutions may be mixed using a mixer, such as an
in-linc static mixer, Bnd subscqumuly filtered or further
puniicd (c.g., using a cross flow Iihrations system).

Ccrlaui embodnnenls ol lhc prcscnt disclosure relate to a
method for inactivating a Zika virus preparation In some
embodiments, the method involves (a) isolating, followed
by purification the Zika virus preparation from one or more
non-lniman cells that are used to produce the vinis prepa-
ration and (b) treating thc virus preparation with an elfcclive
amount of fonualin In ccrtaui cmbodimmils, lrmituig with C

an ellcciivc amount ol lormalui includes, without limitation,
treatin v ith formalin in an amount that ranges from about
0 001% v,'i to about 3 0% v/v. Iior exmnple„ treating with an
efi'ective amount of fomialin may include treating v.ith
formalin in an amount that ranges thorn about 0.001% to ss
about 3.0/o v/v, about 0 005% to about 2.0% v/v. or about
0.01% to about 1.0% v/v, or in an amount of about 0.001%,
about 0.0025%, about 0.005%, about 0.0075%. about
001 "iw about 002%. about 0.03"i, about 004%. about
005"iw about 006%. about 0.07"i, about 008%. about ic
0.09ii. about 0,1'ii. about 0.2%. about 03%. about 0.4%,
about 0,5'ii, about 0.(i%, about 0.7%, about 0.8%. about
0.9%, about 1.0%, about 1.2S%, about 1.5%, about 1.75%,
about 2.0/o, about 2.25%, about 2.5%, about 2.75%, or
about 3.0i/o ilv. si

In certain enibodiments of the method, the /ika vims
preparation is treated with formalin at a temperature that

ranges from about 2'. to about 42'. For cxiunple, thc
/ika vims preparation may be treated ivith fornialin at a
temperature that ranges from about 2" ('o about 42" (',
about 2" (.'. to about 8'C.. about 15" ('o about 37" ('bout
17' to about 27'., about 20" C. to about 25" C.. or at
a temperature of about 2" C., about 4'.. about 8'.. about
10'., about IS'.. about 17'., about 18'.. about19'.,

about 20'.. about 21'., about 22'., about 23'.,
about 24" C., about 25' . about 26" (' about 27" ('., alxiut
28''., about 2'I'' about 30" ( . about 37" (' or alxiut 42"('n some enibodinients. the /ika virus preparation is
treated with formalin at room temperature.

In some embodiments. the Zika virus preparation is
trcalcd with fonnalui I'or at least about I day. For example.
thc Zika virus prcparauon may bc treated with formalin Ihr
at least about I day. at least about 2 days, at least about 3

days, at least about 4 dayg at least about 5 days, at least
about 6 days, and e g for no more than 15 days. e.g from
5 to 15 days. For example, the Zika viols preparation may
be treated with formalin for at least about 7 days, at least
about 8 days, at lcusl about 9 das, at least about 10 days, al
least about 11 days, at lenst 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 I i) days, at least about 20 days, at least alxiut
21 days, at least about 22 days. at least about 23 days, at least
about 24 days. at least about 25 days. at least about 26 days,
al least about 27 days, al least about 28 days, at least about
29 days, at least about 30 days, or morc. In some embodi-
ments, the Zika virus preparation is treated with formalin for
at least about 9 days In some enibodiments. the /ika virus
preparation is treated with formalin for at least about 11

days. In some embodiments„ the Zika virus preparation is
treated with formalin for at least about 14 days. In some
embodiments, thc Zika virus preparation is trmtcd with
fiirmalin I'or at least about 20 days In some cmboduucnls,
the Zika vinis preparation is tres(cd with formalin Ihr at least
about 30 days.

In some embodiments. the niethod further involves neu-
traliziiig tllircactcd foriiiailli witli Bii cflcctivc BiiiilUIIt iif
sodium metabisulfite. In some embodunents, the efl'ective
amount ol'sodium mmabisullite ranges I'rom about 0.01 mM
to about 100 mM. For cxmnplc, the sodium metabisuilitc
may bc raided at mi cflcclne concentration of from about
0 01 mM to about 100 mM. front about 0 I mM to about 50
mM, from about 0.5 niM to about 20 mM, or fnlm about I

mM to about 10 mM, or at a concentration of about 0.01
mM. about 0.05 mM, about 0.1 mM. about 0.25 mM. about
0.5 mM, about 0.75 mM, about I mM, about 2 mM, about
3 mM, about 4 mM, about 5 mM, about 6 mM, about 7 mM,
about 8 mM. about 9 mM, about 10 mM, about 20 mM,
about 30 mM about 40 niM. about 50 mM. about 75 mM or
about 100 mM In some enibodiments. the formalin is
neutrahzed v,ith about 2 mM sodium metabisulfite.

In some embodiments, the method involves (a) isolating
follow cd by purilica non the Zika virus preparation from onc
or itiorc licit-liUIllaii ci:lls th;II aie Uscil to proiIUci: (lie viriis
preparation, (b) treating the virus preparauon with im efl'ec-
tive amount of formalin: fc) neutralizing the virus prepara-
tion with an effective amount of sodium nietabisulfite: and
(d) punfying the neutralized virus prepamtion Any method
of purifying a virus preparation known in the art may be
employed, includuig. without limitation, usuig cross fiow
Iiltralion (CFF), multunodal cluomatography, size exclusion
chromatogmphy, cation exchange cluomatography, and/or
anion exchange chnmiatography. In some enibodiments. the
neutralized vinis preparation is purified by cross flow fil-
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trauon (CFF ). In some embodiments, thc vin&s prepare»on is
purified to a hip& degree in an amount that is about 70%,
about 75%, about 80%. about 85%, aboul 90%, about 91%,
about 92"/s. about 93%. about 94%, about 95% about 96%,
about 97/o. about 98'/o, about 99%, or morc.

('ertain enibodiments of the present disclosure relate tlnis
to Zil s virus vaccines and/or inununogenic compositions
containing a purified inactivated whole /ika virus. 'I he tern&

"inactivated whole Zika vin&s*'s used herein is intended to
I i 1

comprise a Z&ka v&rus wiuch has bcn& treated w&th an
inactivatin method such as treatment with an effective
amount of fiinnalu&. Such a trcauncnl &s consulcred nol to
destroy the stn&cture of the vin&s, i.e do not destroy the
sci'ondaiy. 1011&ilry or SUB&0&UBry structure and umnunogcnlc
epitopes ot the vims, but the inactivated /ika virus is no
longer able to infect host cells which can be infected lvitb. a
/ika vinis v hich has not been inactivated ln one embodi-
ment, the inactivated Zika virus is no longer able to infect
VERO cells and cxcrt a cytopatluc efibcl on thc VERO cells.

The method for determining the completeness of inset&-

&ation 01 m& arbov&rus prcparauon composes Ihc slcps of.
(i) inoculat&ng msect cells with an arbovims preparation

which was sublcctcd lo an inacuvalion step and &ncu-

batin the msect cells for a first period of time, thereby
prodUCU&g inl Bisect cell si&pcmalanl,

(ii) inoculating n&amnialian cells with the insect cell

supernatant produced in (i) and incubatin the mam-
malian cells for a second period of time; and

(iii) detenninin whether the virus preparation con&a&ns a &0

rcs&dual rcpl&cal&ng v&rus llml produces a cylopalluc
efi'ect on the manm&alien cells.

Inaclivauon &s cons&dered complete in case no residual
replication vin&s can be detected such a by plaques

For lhc present d&sclosurc the term "macuvalcxl whole
/ika vin&s" thus refers to a /ika vinis obtainable fmm a
method wherein the Zika vin&s is treated with formalin &n Bn

amount that ran es from about 0.001% v/v to about 3.0% v/v
from 5 to 15 days at a temperature that ranges from about 4015'. to about 37'., &n parucular 0.02% v/1 I'onnaldchyde
for 10 days at 22' or in Particular 0.01'/s v/v fomtalde-
hydc Ii&r 10 days al 22'. The delinition &s meant to
n&compass Zika v&rus obta&ned from a mcfi&od whcreu& thc
/ika vinis &s treated w&th formalin in an amount that ranges
fmm about 0 001% v/v to about 3 0% v/v from 5 to 15 days
at a teniperature that ranges from about 15" C, to about37'..

in particular 0.02'/s v/v formaldehyde for 10 days Bt22'.

or u& particular 0.01% v/v fi&rmaklchydc for 10 days at
22'.. but &s not to bc understood to bc lim&tcd to those, 0

since other methods may lead to thc same umctivaled whole
/ika vin&s In certam such embodiments, hov ever, the Zika
vin&s is obta&ned front a method &vherein the /ika v&n&s &s

treated with formalin in an amount that ranges from about
0.001'/s v/v to about 3.0% v/v from 5 to 15 days Bt a s.
lempcralurc liat ranges from about 15'. to about 37'.,
in parun&lar 0.02% v/v formaldchyik for 10 days al 22'.
or m parlinilar 0.01% v/v fonnaidchydc for 10 days at 22'

Alternatively. w&thin the present disclosure "inact&vated ii!

whole Zika virus" thus refers to a Zika virus that lms been
tested by the method comprismg the steps (i) to (iii) and does
no& shou an)'lBqUc fora&alton nl step (&lip

(&) ux&culaun &mccl cells w&th an arbov&nis prepare»on
wluch was sublccted lo an inacuvation step imd &ncu- ss
batin the msect cells for a first period of time, thereby
pniduculg B&l ulscct cell supe&'nataoi;

(n) nlocUlalnlg nuunniahan cells w&lh Ihc nlsccl cell
supernatant produced in (i) and incubating the mam-
mahan cells for a second pcnod of tune, and

(&i&) dclcnnin&ng whclhcr lhc 1 irus prcparal&on contains a
residual replicatin vin&s that produces a cytopathic
efi'ect on the mammalian cells

The tenn "puritied inactivated lvhole Z&ka virus*'hus
refers to a Zil a virus obtainable or obtained from a method
wherein the Zil a virus is treated &lith formalin in an amount
that ranges from about 0.001'/o v/1 lo about 3.0/o v&v I'rom

5 lo 15 days al a lcmpcraiure &ha& ranges Irom about 15'.
to about 37'', in particular 0 02% v/v formaldehyde for 10
days at 22" C. or in particular 0 01% v/v fi&rnialdehyde fi&r

10 days at 22'., or altentatively by the above mentioned
method for detem&ining the completeness of inactivation
and, if required, has been subjected to a purificat&on process.
The pun lied Z&ka virus has therefore a lower content ol'husl
cell proteins such as Vero cell protc&ns and host cell DNA
such as Vero cell l)NA than a non-purified /&ka virus The
term "purified inactivated ivhole /&ka vin&s" thus refers to a
7&ka v&rus obtainable or obtained from a method v herein the
7&ka virus is treated with fom&alia in Bn amount that msnges
from about 0.001/'o v/v to about 3.0"/s v/v fmm 5 to 15 days
al a lempcralurc Ihal rm&ges Irom about 15'. 10 about37'.,

u& particular 0.02% v/1 fonnaldchyde for 10 days al22''r
m particular 0 01% v/1 fornialdehyde for 10 days at

22" ('., Or alternatively by the above mentioned n&ethod fi&r

determining the completeness of inactivation and, provides
a main peak of at least 85/s of the total area under the curve
in the size exclusion chromatopaphy.

In certain such embodiments the pulificx) inacnvalcx)
whole Z&ka v&nis &s furthcnnorc a clonal isolate obtau&ed or
obtainable by plaque purification.

In certain such embodiments the purified inactivated
whole Zika vin&s, which is optionally fi&rtherniore a clonal
isolate obtained or obtainable by plaque puritication, con-
tains a nn&tation at position 98 of SEQ ID NO: I. or at a
position corrcspondu&g to position 98 of SEQ ID NO. I and
docs not con&au& any mutation with&n the envelope pro&au& E.
In certain such embodiments the mutation is a I'rp98(ily
mutation at position 98 of SIIQ Il) NO I, or at a position
corresponding to position ')8 of SIIQ ID NO:I In certain
such embodiments the Zika virus is derived from atman
PRVABC59. In certain such embodiments the Zika vinis is
dcrivcd from slrau& PRVABC59 compos&ng thc gcnom&c
scqun&ce accordu&g to SEQ ID NO.2.

I'he vaccines anrgor immunogenic con&positions of the
present disclosure containing one or nlore antigens from at
least one inactivated /ika virus may be useful for treating, or
preventing Zil a vinis infection in a subject &n need thereof
and/or inducing an immune response, such Bs a protective
immune rcsponsc, agau&sl Zika v&rus in a sublccl u& need
the&cof.

Adjuvants

Other aspiuts ol'Ihc prcscnl d&sclosurc rclalc to Z&ka virus
vaccnlcs &Uul/0& hnnlUnogcnic ciunposinons con&an&fig Unc
or more antigens from at least one /ika vin&s described
herein m combination ivith one or more adjuvants. Such
adluvanted vaccines and/or inununogenic compositions of
the present disclosure may be usehd for treating or prevent-
ing Z&ka v&rus ufii:clion in a subject u& aced therix&f and/or
induc&ng an inununc rcsponsc. such as a protect&ve &numu&e

response, against Z&ka 1&rus in a sublcct &n nimd thcrcof.
Venous methods of achievin an adjuvant effect ti&r

vaccines are known and may be used in conjunction &vith the
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Zika virus vaccines nnd/or unmunogciuc composinons dis-
closed herein (ieneral principles and methods are detailed in
*'1'he 1 heory and Practical Application ofAdjuvants", 19')5,
Duncan E. S. Stewart-full (ed.)..lohn Wiley 82 Sons [,td,
ISBN 0-471-95170-6, and also in "Vaccines: New: Cienem-
tion Imnnmological Adjuvants'3 1995. Gregoriadis Ci et al.
(cxls.), Plenum Press, New York, ISBN 0-306-45283-9.

In some embodiments. a Zika virus vaccuic or nnmuno-
enic coniposition includes the antigens and an adjuvant.

Antigens may be in a mixture with at least one adjuvant, at ic
a iveight-based ratio of from about 10 I to about 10'0 I

antigen:adjuvant. e.g.. from about 10:I to about 100:1. fmm
about 100:I to about 10', from about 10':I to about 10:I,
from about 10 I to about 10'.I. from about 10'.I to about
10 *.I, from about 10'.I to about 10':I, from about 10 .I to
about 10 I, front about 10":I to about 10:1. or front about
10V I to about 10'" I antigenadjuvant One of skill in the art
can readily deternime the appropriate ratio through infor-
mation regarding the adjuvant and routine experimenmtion
to detemiine optimal mtios. 20

Exemplary adluvanm may uiclude, but arc not limited to,
alumimim salts, calcium phosphate, toll-like receptor (TLR)
agonists, monophosphoryl lipid A (MI A), MI.A derivatives,
synthetic hpid A. lipid A mimetics or analogs, cytokines,
saponins. muramyl dipeptide (MDP) derivatives, (:PG oli-
gos. Iipopolysaccharide (LPS) of ram-negative bacteria,
polyphosphazenes. emulsions (oil enndsions). chitosan,
1 itannn D. stearyl or octadivyl tyrosine, virosomcs, cochlc-
dtcs, poly(lacudc-co-glycolidcs) (PLO) nucroparticlcs,
poloxamer particles. microparticlev, liposomes. (:Oniplete 30

lireund's Adjuvant (I'I'A), and Incomplete lireund's Adju-
vant (Il'A) In some embodiments, the adjuvant is an alu-
minum salt.

In some embodiments, the adjuvant includes at least one
ol dliiiII, iihiiliiiiUIII pliosplldtc. BIUIIiiiliiill liydioxidc, potiis- ii
sium alunnnum sulfate, and Alhydrogel 85. In some mnbodi-
mcnts. aluminum salt ndluvants of thc present ihsclosure
have been found to increase adsorption of the antigens of the
/ika viitis vacciilcs Bnd/of Iiliiiiiii10gcilic coiIipositioiis of
the present disclosure. Accordin ly, in some embodiments, do

at least about 75%„at least about 80%. at least abont 85%,
dt least about 90%, at least about 91%, at least about 92%,
dt least about 93%, at least about 94%, at least about 95%,
dt least about 96%, at least about 97%, at least about 98%,
at least about 99%, or about 100% of the antigen is adsorbed
to the alumimun salt adjuvant.

In some embodiments. the vaccine or inununogenic com-
position includes an aluminum salt adjuvant (e, alum)
from about 100 pg to about 600 pg, from about 100 pg to
about 500 pg, lbom about 125 pg to about 500 pg, from about 0

150 ug to about 500 pg, from about 175 pg to about 500 pg,
fmm about 100 pg to alxiut 450 pg, from about 125 pg to
about 450 pg, from about I 50 ug to about 450 pg, from about
175 pg to about 450 p . from about 100 U to about 400 pg,
from about 125 pg to about 400 pg, from about 150 )ig to oo

about 400 pg, lbom about 175 pg to about 400 pg, I)0m about
100 pg to about 350 pg. from about 125 pg to about 350 pg,
from about 150 pg to nbout 350 pg, from about 175 pg to
about 350 pg, from about 100 po to about 300 pg, from about
125 ug to about 300 pg. fmm about 150 pg to about 300 pg, ic
front about 175 pg to about 300 u, from about 100 pg to
about 250 pg, from about 125 pg to about 250 pg,, fbom about
150 ug to about 250 pg, from about 175 pg to about 250 pg,
from about 100 pg to about 225 pg, from about 125 pg to
about 225 pg, lbom about 150 pg to about 225 pg, from about si
175 pg to alxiut 225 pg, or about 200 pg ln some embodi-
nients the vaccine or immunogenic coinposition includes an

dliiiliiiiiiiii SBlt Bil)IIVaiit (C.g., BIUIII SUCII BS Bliiilliiliiili
hydroxide) at about 100 pg to about 600 pg at about 100 pg,
to about 300 pg or about I 50 ug to about 250 pg or about 2()0
itg

Ill sortie cillliodiiilcitts, tlic vaccitlcs aild/or itiiiilUiiogciiic
compositions contains a dose of I pg to 15 pg, or 2 u . 5 p
or 10 pg of a purified inacui atcd whole Zika virus such as
d Zika vii its 0 itli d nnltatioii w liicli Is d Irvptopliati to glvciiic
substitution at position 98 of Sl!Q ID NO I or at a position
corresponding to position 98 of Sl)Q ID NO I as described
herein in combination with one or more adtuvants. such as
100 pg to about 600 lig or about 130 pg to about 250 pg or
about 200 pg alum, such as aluminum hydroxide.

Iii SOIIIC CiiibodiiliCIits, Ilic 1 iiCCIIIC OI'iliiliUiiogCIIIC Coili-
position contains a duse ol' pg to 15 pg, or 2 pg. 5 pg or
10 ug of a purified inactivated ivhole /ika vinis comprising,
a Trp98(ily nnitation at position 98 of SliQ ID NO: 1. or at
a position correspondin to position 98 of Sl)Q ID NO:I,
v herein the Zika virus is derived from strain PRVAB( '59 in
combination with one or more adjuvants„such as 100 pg to
about 600 pg or about 150 pg to about 250 pg or abmit 200
ug alum, such as aluminum hydroxide.

III some embodiments. the vaccine or ininiunogenic com-
position contains a dose of I u. to 15 pg, or 2 pg. 5 po or
10 pg of a purified inactivated ivhole /ika vmis comprising
a Trp98Cily mutation at position 98 of SEQ ID NO: I. or at
a position corresponding to position 98 of SEQ ID NO:I,
wherein the Zika virus is derived lbom strnin PRVABC59
compnsing thc gcnonnc scqucncc accorduig to SEQ ID
NO:2 in combination ivith one or niore adjuvants, such as
100 pg to about 600 pg or about 150 pg to about 250 pg or
about 200 pg alum, such as aluniimim hydmxide

Ill soillc cillbodiillctits, tile vilcciiic or ltlitliiiilogcilic coiil-
position contains a dose of I pg to 15 pg„or 2 po. 5 pg or
10 pg of a punficd inacui atixl whole plaque punlicd Zika
virus isolate compnsing a Trp9801y mutauon at position 98
of SEQ ID NO. 1. or at a position corresponduig to position
98 of Sl iQ ID NO I, ivherein the /ika vinis is derived from
strain PlfVAB(.'59 comprising the genomic sequence
according to SEQ ID NO:2 in combination with one or more
adluvants. such as 100 ug to about 600 pg or about 150 pg
to about 250 pg or about 200 pg alum. such as aluminum
hydroxide.

Certain cmbodimcnts ol'he present disclosure uiclude a
method for preparing an adjuvanted /ika virus vaccine or
inimunogenic composition. which involves (a) mixing the
vaccine or inununo enic composition w ith an aluminum salt
adluvant, with the vaccine or inmuinogenic composition
includuig onc or more antigens from at least onc Zika virus
described hercui imd (b) incubating thc mixture under suit-
able conditions for a period of tune that rmigcs from about
I hour to about 24 hours (e.a, about I/i hours to about 24
hours), with at least about 75%, at least about 80%, at least
aboUt 85'!o. at least about 90i'o, at least about 91%. at least
aboUt 92'!o. at least about 93i'o, at least about 94%. at least
about 95%, at least about 96%. at least about 97%, at least
about 98%, at least about 99 lo. or about 100% of thc anugcn
adsorbixl to thc alunnnum salt adluvant. In ccrtmn embodi-
ments of the method, the at least one Zika vinis is a /ika
vinis comprising a non-lnunan cell adaptation nnitation
(e g., a non-human cell adaaptation mutation in protein NSI
such as a Trp98C)ly nnitation.

In some embodiments ol'in: method, thc nuxturc is
incubated at a tcmpcraturc that ran es from about 2'. to
about 8'. In some embodiments of tlm method, thc mixture
is incubated under constant mixing using any suitable mixer
knowi1 Ifi the art In some embodiments of the method. the
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mixture ls incubated at pH that rrm cs ul value from about
6.5 to about 8 5„ from about G.5 to about 8. from about 6 8

to about 7.S, from about 6.9 to about 7.6, from about 7 to
about 7 5, from about 6 8 to about 8 5, froin about 6 9 to
about 8.5. or from about 7 to about S.S. In cerlam prefi:rred
embodiments. the mixtum is incubated at a neutral pi I. In
some embodiments of the method, the aluminum salt adju-
vant is selected front alum, aluminum phosphate, alumimun
hydroxide. potassium aluminum sulfate. and Alhydrogel 85.

1 I 1

Monophosphoryl Lipid A (MLA), d non-toxic derivative
of lipid A from Su/Btorie//u, is a potent TLR-4 u onisr timt
luis bccn devclopcd as a vacculc ddluvanl (Evans cl al.
(2003) I:xpert Rev Vaccines 2(2) 219-229) In pre-clinical
murinc studies ullranasal MLA has bccn shov,n to enhance
secretory, as well as systenlic. humoral responses (13aldudge
et al. (2000) Vaccine 18(22g 241G-2425; Yang et al. (2002)
infect. Immun 70(7) 3557-3565) It has also been proven to
be safe and effective as a vaccine adjuvant in clinical studies
of greater tlmn 120,000 patients (Baldrick el al. (2002)
Regui. Toxicol. Phannacol. 35(3): 398-413: Bnldrick et al.
(2004) J. Appl. Toxicol. 24(4): 261-2G8). MLA snmuiatcs
the induction of inilate inlmunity through the I I R-4 recep-
tor and is thus capable of eliciting, nonspecific imnlune
responses against a wide range of infectious pathogens,
including both ram negative and gram positive bacreria,
vinlses. and parasites (Baldrick et al. (2004) J. Appl. Toxi-
col. 24(4). 261-268, Pcrslng ct el. (2002) Trmlds Microbiol.
10(10 Suppl): S32-37). Inclusion of MLA in ultranasal
fiirnnllations should pmvide rapid induction of innate lo
responses. eliciting nonspecific iinmune responses front
viral challenge while enhancmg the specific responses gen-
erated by the antigenic components of the vaccine.

Accordingly, in one embodiment, the presenr disclosure
provides a composition compnsulg monophosphoryl hpid A li
(MLA), 3 De-0-Bcylatcd monophosphoryl hpid A (3D-
MLA), or a denv ativc thereofas an ctthanccr oi'adapuvc and
innate immunity ('hemically 30-MI A is a mixture of 3
l)e-0-acylated monophosphoryl lipid A lvith 4, 5 or 6

acylated chains. A preferred foml of 3 De-0-acyinted mono- do

phosphoryl lipid A is disclosed in European Patent 0 689 454
Bl (Snufltkitnc Bcccham Biologlcals SA). In another
mnboiiimcnt. thc prcsmlt disclosure pmvidcs a composition
coulpltshlg synthetic llpul A, hpld A uunlcllcs or Bnillogs,
such as 13ioMimrds Pl:1 I.ipid A. or synthetic derivatives
desianed to function like 11,8-4 agonists

Additional exemplary adjuvants include. without limita-
tion, polypeptide adjuvants that mny be readily added to the
antigcns descnbed hcrcln by co-expression v,llh the puly-
pepndc components or I'uslon with thc polypeptide compo- o

nants lo produce chuncnc polypcptidcs. Baclcnal flagellln,
the major protein constituent of flagella, i ~ an adjuvant
which has received increasing attention as an adjuvant
protein because of its recognition by the innate inunune
system by the toll-like receptor TLR5. Flageliin signaling is
tluough TLRS has cliixts on both numtc and adaptive
immune functions by inducing DC maturation mid nugration
ds well as acuvation of macrophdgcs, neulrophils. and
intestinal epithelial cells resulting in production of pro-
inflammatory mediators Sc

TLR5 recognizes a conserved structure within flageilin
monomers tlmt is unique to this protein and is required for
fldgellar function, precluding its munition m response to
immunologmdl prcssure. The rcccpior ls scnsluvc to a 100
IM concentration but docs nol recu mzc mtacl lil uncnls. si
illa ellar disassembly into nlonomers is required for bindina
and stinlulation.

46
As iul dilfuviult, fldgeilm has potent acuvily for ulductlon

of protective responses for heterologous antlgens adminis-
tcrcd cithcr parcnlcrally or inlranasally and adluvmll cili:cls
for l)NA vaccines have also been reported A 'I'h2 bias is
obscrvixl when tlagcflul is employed which would bc appro-
priate for a respiratory virus such as influenza but no
evidence for I E induction in mice or monkeys has been
observed In addition, no local or systemic mflammatory
responses have been reported following intranasal or sys-
temic administration ul monkeys. The Th2 character of
responses eiicited following use of flagellin is somewhat
surpnsulg since Jlagcllul signals tluuugh TLRS inn MyDSS-
dependent manner and all other MyDSS-dependent signals
tluuugh TLRs have been shown to result in a Thl blas.
Importmltly. pre-existina antibodies to flagellm have uii
appreciable effect on adjuvant efflcacy making it attractive
as a multi-use adjuvant.

A conunon theme in many recent intranasal vaccine trials
is thc use of adluvmlls mlii/or dclivcry systems to improve
vaccine eflicacy. In one such study an infhlenza H3 vaccine
contauung a genetlcnlly dcloxliicd E. Co/i heal-labile enlero-
toxin adjuvant (I.T f192(i) resulted m heterosubtypic pni-
tection against 115 chaflenae but only following intranasal
delivery Protection ives based on the induction of cross
neutrahzing antibodies and demonstrated important impli-
cations for the intranasal route in development of new
vacculcs.

Cytokines, colony-stimulating Ibctors (c.g., GM-CSF.
('Sl( and the like); tumor necmsis factor, interleukin-2. -7,
-12, interferons and other like growth factors, may also be
used as adjuvants as they may be readily included in the Zika
virus vaccines or imnnlnogenic compositions by admixin
or hislon with the polypeptide component.

In some cmbodnnents, thc Zlka virus vaccine and/or
hunnlllogcnlc coulposlllons disclosed herein uldv'tcludc
other ad)uvanls thai acl fluough a Toll-hkc rcccptor such as
a nucleic acid TI R9 ligand composing a Gx I'('(i/ 9
sequence; an imidazoquinoline I I R7 ligand; a substituted
guanine TLR7/8 li and; other TLR7 ligands such as Lox-
oribine. 7-deazadeoxyguanosine. 7-tlua-8-oxodeoxy uanos-
inc, Imiquimod (R-837). mid Rcsiquimod (R-848).

Certain iuljuvants Ibcihlale uptake oi'hc vaccule mul-
ccules by APCs, suCh as dendritic cells. and activate these.
Non-limiting examples are selected from the group consist-
ing of an imnnlne targeting adjuvant: an imnlune modulating
ad)uvant such as a toxin, a cytokine. Bnd a mycobacterial
derivative: an oil fomlulation: a polymert a micefle fomling
diJJ uviult; 11 wlpounu du llunnutoslhulllalulg coulplcx nlBlllx
(ISCOM matnx); a particle; DDA: alumulum adluvanls,
DNA adjuvants: MLA. mid an encapsulating adjuvant.

Additional examples of adjuvants include agents such as
alunlinum salts such as hydroxide or phosphate (alum),
conunonly used as 0.05 to 0.1 percent solution in buflered
saline (see. e.g., Nicklas (1992) Res. Inumlnol. 143;489-
493), adnuxlurc with synlhetm polymers of sugars (c.g.
Carbopolpi) used as 0.25 percent soluuon. aggrcgauon of
thc protein in the vaccmc by heat treatment with tcmpcm-
tures ranging benveen 70'o 101" ('or 30 second to 2

nunute periods respectively and also aggregation by means
of cross-linking agents are possible. Aggregation by reacti-
vation with pepsin treated antibodies (Fab fmtgments) to
albunun, nuxturc with bacterial cells such as C. Porvulu or
eudoloxuis or Jlpopolv'sdcchdrnh: coulpoucnls of granl-
ncgallvc bacteria, emulsion in physiologlcally acceptable oil
vehicles such as mannide mono-oleate (Aracel A) or ennd-
sion with 20 percent sohition of a perlhlorocarbon (Iiluosol-
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DA) used as a block substitute may also bc employixk
Admixture with oils such as squalene and IIIA may also be
used.

l)DA (dimethyldioctadecylanunonium bromide) is an
interesting candidate for an adjuvant, but also Freund*s
complete and incomplete adjuvants as well as quillqja
sdponins such as QuilA and QS21 are inlcrestuig. Further
possibilincs include poly[if(carboxylalophcnoxy)phosplxi-
xene (P( PP) derivatives of lipopolysaccharides such as
nionophosphoryl lipid A (MI.A), nniramyl dipeptide (MDP) IO

and threonyl nluramyl dipeptide (tMDP) 'I he lipopolvsac-
charide based adluvants may also be used Iiir producing a
predominantly Thl -type response including. for example. a
comburdlion ol'onophosphoryl lipid A, such as 3-dc-0-
dcylaled monophosphoryl hpid A, to ether with im alum&-
uiilu salt

I.iposonie fonmilations are also known to confer adjuvant
effects. and therefore hposome adjuvants may be used in
conjunction with the Zil a virus vaccines and/or immuno-
enic compositions 20

Inununostimulatuig complex matnx type (ISCOMXI
matrix) adluvanls may also bc used with lhc Zika virus
vaccilic Blrtigclls alii Ilnirluuogcuic ciiillposiliou ~, cspcclallv
since it has been shown that this type of adjuvants are
capable ofup-regulating M I I( ('ass II expression by APCs.
An ISCOM matrix consists of (optionally fractionared)
saponins (triterpenoids) from pat//a/a sapanaria. choles-
terol, and phospholipid. When admixed with the mimuno-
gcnic protein such as thc Zika virus vaccuie or inununogmuc
composition antigens. the resulting particulate tiinnulation so

is Ivhat is known as an ISCOM particle where the saponin
may constitute 60-70'/ w/w. the cholesterol and phosplxi-
lipid 10-15'/6 v /w. and the protein 10-15'/s iv/w. Details
relating to composition and use of Immunostimuiatlng com-
plcxcs can for cxamplc be found m lhe above-mentioned is
text-books dealing with adluvmils, bul also Morcui B cl al.
(1995) Clio Inunuuothcr. 3. 461-475 as well as Barr I G and
Mitchell (i li (1996) Inimunol and ( ell l3iol 74 g-25
pmvide useful instnictions fiir the preparation of conlplete
inununostimulatin complexes. 40

The saponins. whether or not in the form of iscoms. that
may bc used in thc adluvanl combinations with the Zika
IIIBS Vdcciiliw ilild iiililitillogCllic coillposltioliS dISCIOSI'.0

hcrmn include those dcrivixi I'rom lhe bark oi'at/Ia)a
Sapaaar/a Moins. termed Quil A, and fnsctions thereof,
described in U S Pat. No. 5,057,540 and "Saponins as
vaccine adjuvants*k KCBSII. C. R. (199G) Crit Rev Ther Drug
Carrier Syst 12 (1-2):1-55; and EP 0 3G2 279 Bl. Exemplary
fractions of Quil A arc QS21, QS7, and QS17.

fi-Escui is auotlmr hcmolyuc saponins for usc ui the 0

adluvant composiuous ol'hc Zika virus vaccmcs and/or
immiuiogenic compositions I iscin is described in the Merck
index (12th ed entry 3737) as a inixture of saponins
occurring in the seed of the horse chestnut tree. Lat: gcs-
ra/as hippocas/aaam Its isolation is described by chroma- ss
logrdphy and puniicauou (Ficdlcr. Arzncinuttel-Forsch 4,
213 (1953)), and by iou-cxchangc resins (Erbnng ct al., U.S.
Pat. No. 3.23S,190) Fractions ol'scui have hemi purified
and shoivn to be biologically active (Yoshikmva M, et al.
(Chem Pharni Iiull (Tokyo) 199(& Augustl 44(g) 1454- Io
14(i4)). (3-escin is also known as aescin.

Another hemolytic saponin for use in the Zikn virus
Iaccines and/or unmunogenic compositions is Digilonin.
Digilonin is dcscnbixl in thc Mcrck index (1202 Edition,
entry 3204) as a saponin, bcuig dcnvcd from thc seeds of ss
D/gi/a//s parpvrea and purified according to the procedure
described (iisvold et al (1934) .I Am Pheon Assoc. 23

664, and Ruhcnstroth-Bauer (1955) Physiol. Chem.. 301.
621 Its use is described as being a clinical reagent for
cholcslcrol dclemiinalion.

Another interesting possibility of achieving adjuvant
cifi:ct is to employ thc tccluiique dcscnbed in Ciosselui et Bl..

1992. In brief, the presentation of a relevant antigen such as
an antigen in a Zika virus vaccine and/or imnnlnogenic
composition of the present disclosure can be enhanced by
conjugating the antigen to antibodies (or antigen binding
antibody fragments) against thc FC reccptors ou monocyles,'acrophages.

Especially conju ates benveen antigen and
anti-FCRI have been demonstrated to enhance uiununogc-
nicity for the purposes of vaccination 'I be antibodv may be
conjugated lo lhc Zil d virus vaccine or inunuuogcruc com-
posrti(ifl 'IlitigelIS aftCI'eilel"Itloll Oi as a pais Of thC gCB-

eration including by expressing as a fusion to any one of the
polypeptide components of Ihe /ika vinis vaccine and/or
inununogenic composition antigens. Other possibilities
lllvolvC IIIC IISC Of lllc ldrgCllilg diid liuilluilc Illoduldliiig
substances (e.g., cytokines). In addition. synthetic inducers
of cytokines such as poly I.C may also bc used

Suitable inycobacterial derivatives may be selected from
the gmup consisting of muramyl dipeptide, complete lire-
und's adjuvant, RIIII, (Ribi ImmunoChem Research Inc,
Hamilton, Mont.) and 0 diaster of trehalose such as TDM
and TDE.

Examples of suitable immune targeting adl uvants include
CD40 hgand and CD40 mitibodies or speciiically buiduig
fragments thereof (cf. the discussion alxive), nlannose, a Iiab
fragment, and ('TI,A-4.

I ixamples of suitable polymer adjuvants mclude a carbo-
hydrate such as dextran. PECI, starch„mannan, and mannose;
a plastic polymer; and latex such as latex beads.

Ycl miothcr uilcrcslmg way ol modulating an inumuie
response is lo include lhe inununogmi (optionally together
with adluvanls and pharnuiceutmdlly acceptable camera and
vehicles) in a "virtual lymph node" (VI N) (a proprietary
medical device developed by Immuno'I'herapy, Inc, 3(&0

Lexington Avenue. New York. N Y. 10017-G501). The VLN
(a thin tubuiar device) mimics the stnlcture and function of
a lymph node. Inscrlion of a VLN under llm skui creates 0

site of stcrilc Inllanunalion with an upsurge of cylolones and
chcmokincs. T- and B-cells as well as APCs rapidly respond
to the danger signals, home Io the mflanled site and accu-
mulate inside the porous matrix of the VI N It has been
shown that the necessary antigen dose required to mount an
inunune response to an antigen is reduced when using the
VLN, and liat inununc prolixnon confi:rrixl by vaccination
using a VLN surpassed conventional Immunization usuig
Ribi as an adluvann The tcclmology is dcscnbcd bncily in
(ielber C et al, 199K "I:licitation of Robust ('ellular and
I lunloral Immune Responses to Small Amounts of Immu-
nogens Using a Novel Medical Device Designated the
Virtual Lymph Node*'. in: "From the Laboratory to the
Cluiic, Book of Absudcls. Ocl 12-15, 1998. Seascape
Rcson, Aptos, Calif."

Oligonuclcotaics may be used as adluvanls in conlunction
v ith the Zika virus vaccine andior imniunogenic composi-
tion antigens and may contain two or nlore dimicleotide
Cpfi motifs separated by at least tluee or more or even at
least six or more nucleotides. Cpfi-containing oligonucle-
oudcs (in which thc CpO duiucleoudc is uiunethylaled)
induce 0 prcikimuinnliy Thl response. Such oligonucle-
oudcs arc well known;md arc descnbed, for cxiunple, in
WO 96/02555, WO 99034gg and U S Pat Nos. 6,003,200
and 5,g56,462
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fSEQ ID NQ 31 QLIGO I
TCC ATG ACG TTC CTG ACG TT &CpG 1525),

SEQ ID NQ 5) OLIGQ 2
TCT CCC AGC GTG CGC C&!T )CpG 1755)

&SEC ID NO 5) OLIGO 3
ACC GAT GAC GTC GCC GGT GAC GGC ACC ACG,

20

)SEQ ID NO 5) OLIGO 5

TCG TCG TTT TGT CGT TTT GTC GTT &Cpo 2005),
0 a&1

&SEQ ID NO 7) QLIGQ 5
TCC ATG ACG TTC CTG ATG CT (CNG I 5)

Altcnuitn c Cpfi ol&gonuclcotules include lhc above
SCql&C&&Ctv With it&CO&lsixlitc&11&dl dCICI&oi&S Ol addi&lot&S

thereto 'I'he ('p(i oligonucleotides as adjuvants niay be &o

synthesized by any method knotvn in the an (e.g. EP
468520) l&or example, snch oligonucleotides may be syn-
thesized utilizing an automated synthesizer. Such oligo-
nucleotide adjuvants may be between 10-50 bases in length.
Another adjuvant system uivolvcs the combuiat&on of a 35

CpG-contaunng ol&gonuclcotxle ond 0 sapomn dcrivat&ve
particularly )hc comb&nat&on of CpG and QS21 &s tliscloscd
11'I WO (X))09159

Mmiy single or niult&phase enn&lsion systems have been
described. One of skill in the art may readily adapt such do

enndsion systems for use with a Zika virus vaccine ond/or
immunogcn&c compos&tion imtigens so thai the emulsion
docs not disrupt thc ant&gen's structure. O&l ui water emul-
sion od)ut ants pcr sc have been suggested to be useful as
adjuvant compos&tions (EP 399 843B). also combinations of 5

oil in v ster emulsions and other active agents have been
described as adjuvants for vaccines (WO 95/17210: WO
98/56414; WO 99/12565, WO 99/11241). Other oil enud-
sion odjuvants have been dcscnbtxl, suCh as v,ster ul oil
cmuls&ons (U.S Pat. No. 5,422,109, EP 0 480 982 B2) and o

w ster ui o&1 in w ster emulsions (U.S. Pdt. No. 5.424,067; EP
0 480 981 l3)

1he oil emulsion adjuvants for use with the Zika vims
vaccines ond/or unmunogenic compositions descnbed
herein may be notum7) or synthetic. and may be mineral or 3.

organic. Ex unples ol'm&ncral and orgmuc oils w &11 bc readily
apparent to one skilled ui thc am

In order fi&r any o&l u& water compos&uon to be suitable for
human admin&stration, the oil phase of the emulsion systeni
may include a metabolizable oil I'he meaning of the tern& to
metabolizable o&l is v ell known in the art. Metobofizabie can
be defined as "bein capable of being transformed by
mctabol&sm" (Dorland' Illustrated Mcthcal Dwtionary,
W.B. Sanders Company. 25th cd&tion (1974)). 11&e o&1 may
be dny vegetable o&1, lish oil, imimal o&l or synflletm oil, 55

which is not toxic to the recipient and is capable of being
transformed by nletabolism Nuts (such as peanut oil), seeds,

49
Such ol&gonuclcotidc ad)uvmi&5 mdy be dowxynuclcotidcs.

In certain embodiments, the nucleotide bacl bone &n the
ol&gonuclcot&dc w phosphorod&tluoatc, or a phosphorotluo-
ate bond. although phosphodiester and other nucleotide
bacl bones such as PNA including oligonucleoudcs with
nlixed backlxme linkages may also be used Methods filr
producing phosphorothioate oligonucleotides or phosphoro-
dithioate are described in tl 8 Pat Nos 5,666,153, 5,278,
302 and WO 95/26204.

ExempLary oligonucleotides have the following it)

scqllcllctv. Thc scqltc&lccs lllav et&&nail& phosphorothioatc
mod&lied nuclcot&dc backbones:

i0
and grains orc conunon sources of vegetable oils. Synthct&c
oils may also be used and can include commercially avail-
able oils such as Nl!OBI!I 9)O and others Squalene (2,6,10,
15,19,23-llexamethy1-2.6,10.14.18,22-tetracosahexaene) is
an unsaturated oil which is found &n lar e quantities in
shark-liver oil, and in lower quantities &n olive oiL wheat
germ oil, nce bran o&1.;md yeast, and may bc used w&th the
Zika virus vaccuie mid/or inununogm»c composit&ons.
Squalene is a metabolizable oil vimie of the fact that it is an
intermediate in the biosynthesis ofcholesterol (Merck index,
10th Edition. entry no 8619)

Exemplary oii ennilsions are oil in water emulsions, and
in particular squalene in &vater emu)a&ons

Ill iiddltloll, thC 011 Clntdstoll dillUVI&1115 for USC With thC

Z&kn virus vaccuie and/or inununogm»c compos&tions may
include an antioxidant, such as the oil it-tocopherol (vitainin
I 2 I!P 0 382 271 l31)

WO 95/17210 and Vi'0 t)t),'11241 disclose eniulsion adju-
vonts based on squalene, u-tocophero). and TWEEN 80
(TM), optionaliy fomniiated with the inununostinndants
QS21 and/or 3D-IVILA. WO 99/12565 d&scloses mi improve-
menl to these squalcnc mnulsions w&th the add&uon ol a
sterol into the oil phase. Additionally, a tnglyceride, such as
tncaprylin (('27115006). may be added to the oil phase in
order to stabilize the enn&lsion (WO 98/56414).

The size of the oil droplets found v ithin the stable oil in
water enndsion may be less than I micron. may be in the
range of substantially 30-600 nm, substanually around
30-500 nm ul diamctcr, or substantoilly 150-500 tun in
dianieter, and in particular alx&ut 150 nm in diameter as
measured by photon correlation spectroscopy In this regard,
80% of the oil droplets by nun&her may be within these
ranges. more than 90% or nnlre than 95'!0 of the o&1 droplets
by number are within the defined size m7nges. The amounts
Uf ti&C Colnpol&C&its p&CSC&1& 111 Oil t:ll&UIS&olla tire Coi&VC&it&ill&-

ally in thc range of Ibom 2 to 10% oil, such as aqua lena: and
when prcscnt, from 2 to 10% dlplrd tocopherol, and from 0.3
to 3% surfactant. such as polyoxyethylene sorbitan
nxmooleate. I he ratio of oil alpha tocopherol may be equal
or less than I as tlus provides a more stable emulsion. SPAN
85 (TM) mav also be present at a level of about 1%0 In some
cases it may bc advantageous tlmt thc Z&ka v&rus vaccuies
dill/or llnlnltllt&gcillc co&upi&sit&oils ihscloscd 1&ciclll will
further cont&un a stab&lizer.

'I'he method of pmducing oil in water emulsions is well
known to one skilled in the art ('ommonly. the method
includes the step of mixing the od phase with a surfactant
such as a PBS/TWEEN80g solution. followed by homo-
eruzation us&ng a homogen&zer. &t would bc clear to one
slollcd in thc art tluit a method compos&ng passing the
nuxturc twice tluough 5 syruige ncedlc w ouid bc su&table lor
honiogenizing small volunles of liquid. I:qually, the ennd-
sificat&on process in microfluidizer (Ml IOS microfluidics
machine. maximum of 50 passes, for a period of 2 minutes
at maxinnun pressure input of 6 bar (output pressure of
about 850 bar) ) could bc adapted by one slo lied in thc art to
produce smaller Ur larger 1 olumes of emuls&on. Tlus atiap-
tat&on could bc achietcd by rouunc cxpcrimenuition com-
prising the measurement of the resultant emulsion until a
preparation was achieved with oil droplets of the required
diameter.

Alternatively the Zika vinis vaccines ond/or immuno-
gclllc coil&post&it&lls lnov bc co&nb&&lcd w itil vdccillc veil&clcs
composed ol'chitosdn (as dcscribcd above) or other poly-
cat&oiuc polymers, polyldcudc and polylact&dc-coglycolule
particles, poly-N-acetyl glucosamine-based polymer matrix,
particles composed of polysaccharides or chemically modi-
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lied polysacchandes, liposomcs and lipid-basaxl particles,
particles composed ol'lycerol monocstcrs. etc. The
saponins may also be fonmdated in the presence of choles-
terol to form particulate structures such ns liposomes or
IS(OMs. Iiurthennore, the saponins may be formulated
together with a polyoxyethylene ether or ester, in either a
non-particulate solution or suspensiorc or ul a parliculate
structure such as a pmmilamclar hposome or ISCOM.

Additional illustmstive Bdjuvants for use in the Zil 1 virus
vaccines Bnd/or immunogenic compositions as descnbed

1 I 1

herein include SAli (('hiron, Calif, United States), Mlr-59
(('himn. see, e ., (Iranoff et al (1997) Infect Imnnul 65
(5).1710-1715), thc SBAS sencs of adiuvants (e.g.. SB-AS2
(Bn 011-ul-water mnulsion containulg MLA and QS21),
SBAS-4 (adjuvant system containiilg alum and MLA),
avaiLable from SmithKline Beecham. Rixensart. Belgium),
Detox (linhanryng) ((ilaxogmithKline). RC-512, RC-522,
RC-527. RC-529. IT(:-544, and R( -560 ((ilaxogmithKhne)
and other aminoalkyl glucosanunidc 4-phosphates (AGPs),
such as those dcscnbcd in pcndul U.S. patent application
Ser. Nos. 08/853,826 and 09/074,720. 20

Other examples of adluvants include, but are not limited
to. I iunter's 'I'iterMax')0 adjuvants (Cytffx ( orp., Norcross,
(IB ); (Ierbu adjuvants (Gerbu Biotechnik GmbI I. (Iaiberg,
Gcmuiny), nitrocellulose (Nllsson and Larsson (1992) Rcs.
Immunol. 143.553-557), alum (c.g., dlumimml hydroxide,
aluminum phosphate) emulsion based fomlulations includ-
in mineral oil, non-minemsl oil, water-in-oil or oil-in-water
ennllsions. such as the Seppic ISA series of Montamide
adjuvants (e.g. ISA-51, ISA-57, ISA-720. ISA-151. etc,
Scppic, Pans, France), and PROVAX'xl (IDEC Phannaccu-

11)
ucals), OM-174 (a glucosaminc disacchandc related to hpld
A); Zeishmaaia elongation factor: non-ionic block copoly-
mers that form micelles such as CRL 1005: and Syntex
Adjuvant liormulation See, eg, O'Ilagan et al (2001)
l3ionlol I ing. 18(3):69-85; and "Vaccine Adjuvants Prepa-
ration Methods Bnd Research Protocols" D. O'Hagan, ixh
(2000) Humana Press.

Other exemplary Bdjuvants include adjuvant molecules of
the general formula. HO(CHSCHSO)n-A-R. (I) v,herc, n is
1-50, A is a bond or C(OE—, R is Cl-50 alkyl or Phenyl
( 1-50 alkyl 40

One embodiment consists of a vaccine formulation conl-
prising a polyoxyethylene ether of general fornnlla (I),
where n is between I and 50, 4-24, or 9; the R component
is Cl-50„C4-C20 alkyl, or C12 alkyl, and A is a bond. The
concentration of thc polyoxycthylenc ethcrs should bc ul the
range 0.1-20%, I'rom 0.1-10%, or in lhc range 0.1-1%.
lixemplary polyoxyethylene ethers are selected from the
following group: polyoxyethylene-9-lmlryl ether. polyoxy-
ethylene-9-steoryl ether. polyoxyethylene-8-steoryl ether,
polyoxyethyiene-4-lauryl ether. polyoxyethylene-35-lauryl
ether, Bnd polyoxyethylene-23-lauryl ether. Polyoxyethyl-
mle cthcrs such as polyoxyelhylcnc lauryl ether arc
dcscnbml in thc Mcrck index (12tlt edition. entry 7717).
'I'hese adjuvant nlolecules are described in Vl'0 ig)/5254')

'Ihe polyoxyethylene ether according to the general for-
iuilla (I) above nlay. if desired, be combined with another
adjuvant. For example, an adjuvant combination may
include the Cpfi as described above.

Further examples ol'uitable phamlaceuticafly mccptable
cxcipients fiir use with tlm Zika virus vaccines and/or 00

immlulogenic compositions disclosed herein include water,
phosphate buffered saline, isotonic buffer solutions.

Virus Puriiicaiion
si

Further aspects of the present disclosure relate to metlxlds
of purifying Zika virus In some embodiments, the method

52
includes uloculaung a plurality of cells with an uloculum
colltalfllfl a population of Zika vimses. and obtamulg from
one or more 0 f the inoculated cells a Zika virus clonal isolate
by plaque purilication. In some embodiments, the cells are
non-human celis (e.g., insect cells. manmlalian cells. etc.).
In some embodiments, the cells are insect cells (such as any
of thc mosquito cells/cell lules descnbcd hcrcin). In some
embodiments, thc cells Bre mmmnahan cells (such as any of
the manlmalian cells/cell lines described herein). In some
embodinlents, the mammalian cells are nlonkey cells

In some embodiments, the population of Zika vims is
heterogeneous (e.g., comprising nvo or more enotypes). In
some embodiment~, the population of Zika viruses com-
poses B Zika virus clonal isolate (c.g, Iyom strain PRV-
ABC59) ancgor one or morc Zlka viruses tlrdt have bccn
previously passaged in cell culture. In some embodiments,
plaque purification (e.. as described herein) allows for the
substantial anil'or complete sepanstion of a (genetically
homogenous) clonal isolate from a heterogeneous viral
population. In some embodiments, the monkey cells are
from a VERO cell lmc (c.g., VERO 10-87 cells). In some
embodiments, thc inoculum composes humim serum. In
some embodiments. the inoculum conlprises lone or more
Bdvclltitlous Bgcllts (0 a., nile ol'orc coilt,'llniflatloll
viruses). In some embodiments. plaque purification (e 8, as
described herein) allows for the substantial Bnd/or complete
punfication of a (genetically homogenous) clonal isolate
away from onc or morc ddvmlntious agmlts.

In some embodiments, thc methods dcscnbcd for isolat-
ing and/or purifying a Zika vinis clonal mcludes one or more
(e g, one or inore. tlvo or more, three or more, four or more,
five or more, etc ) additional plaque purihcations of the Zika
virus clonal isolate. In some embodiments, the methods
described for isolating and/or purifying 0 Zika viols clonal
isolate includes passnging the Zil d virus clonal isolate one
or morc (c.g.. onc or more, two or morc, thrcc or morc, fuur
or morc, live or morc, ctc.) umes ln cell culture (c.g., in
insect cells such as a nlosquito cell line and/or in mammalian
cells such as a Vl iRO cell line)

Further aspects of the present disclosure relate to methods
of purifying Zika virus for the preparation of a vaccine or
immunogcnlc composition. In some embodiments, thc
methods ulclude onc or morc (e g., onc or more, two or
ulorc. three ol nullc, Ioul ol ulolc. fivc or nlorc, ol six) slcps
of (in any order, including the following ordery performing,
depth filtration of a sample or preparation containing a Zika
virus: buffer exchanging and/or diluting a sample containin
a Zika 1 irus (e.g.. by cross flow hltmstion (CFF)) to produce
a rctcntatc: binding a sample composing a Zika virus to an
ion cxchiulgc nlcnlbnulc (c.g.. dn dnlon exchange ulcnl-
brane, a cation exchange membrane) to produce a bound
fraction, v here the bound fraction compnses the Zika virus,
and eluting the hound traction fronl the ion exchange
membrane; treating a sample containing a Zil.a vinis with an
efl'ective amount of any of the chemical inactivators
dcscribcd herein: ncutmlrzutg a sample containing 0 chemi-
cally ulactivated Zlkd iirus with sodium mctabisullitc, imd/
ol purllvulg B ncutrdlldcd wunph: conlpnsulg a chcnllcallv
inactivated /ika virus (e g . by cross flow filtration (Cl'I'))
In some embodiments, the method includes the steps of (a)
passing a sample containing 0 Zika virus througcha first
depth filter to produce a first eluate, where the first eluate
contauls thc Zika virus, (b) bufli:r cxchangulg and/or dilut-
ing thc Iirst cluatc by cross flow Iiltration (CFF) to produce
a Iirst retmltatc, where thc Iirst rctcntatc contains lhc Ziha
virus; (c) binding the hrst retentate to an ion exchange
menlbrane to produce a hrst bound fnsction. where the first

63



US 11,730,802 B2
i3

bound fraction con(ann thc Zika virus. Bnd cluting Ihc first
bound fraction from the ion exchange membrane to produce
a second eluate, where thc second cluate conIams the Ztka
vinis; (d) passing the second eluate through a second depth
lifter io produce a second rctcntatc. wherein Ihe second
retentate cnntams the /ika vinis; (e) treating, the second
retentate with an efi'ective amount of a chemical innctivator,
(t) neutralizing the treated second retentate with sodnun
metabisulfite: and (g) purifying the neutralized second reren-

ut
tate by cross flow liltrauon (CFF).

Depth filters may be applied in a cartridge or capsule
fornuit, such as with thc SUPRACAPIU series of depth filter
capsules (Pall ('orporation) using a 13io 20 Sill'I'/:It depth
lifter sheet. Other suitable depth Iiltrdtion Iecluuqucs and
apparatuses are known m the art and include Sartorius PP3
filters. In some embodiments. the depth filter has a pore size
of betiveen about 0 2 pm and about 3 ptn. In some embodi-
ments, the pore size of the depth filter is less than about any
of the followutg porc sizes (ut pm). 3, 2.8, 2.6, 2.4, 2.2, 2 0,
1.8. 1.6. 1.4. 1.2, I 0„0.8. O.G, and 0.4. In some embodi-
ments. ihe pore size ol Ihe depth lifter is greaIcr Ihmt about
any of the follnwmg pore sizes (in iun) 0 2„0.4. 0 6. 0 8. I 0,
I 2. I 4, I 6. I 8, 2.0. 2 2, 2.4. 2 6, or 2.8 1'hat is, the pore
size of the depth filter can be any of a range of pore sizes (in
pm) having an upper limit of 3. 2.8, 2.G, 2.4. 2.2. 2.0, I 8,
1.6. 1.4. 1.2. 1.0. 0.8. 0.6. and 04 and an independently
sclcctcd lower lnnit of 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, I 6,
1.8. 2.0. 2.2, 2.4, 2.6, or 2.8, whcrcut the lower limit is less
than the upper limit. s(l

As described herein, cation exchange and anion exchange
chromato raphy may be used in the tnethods of the present
disclosure to purify a Zika vinis harvested from a ceil of the
present disclosure. For example. clarified viral harvest may
be bdsilied. loaded onto an amon cxchangc membrane, Is
cluted by salt or pH, filtcrcd, mtd umctivated. Tlus is only an
cxcmplary scheme, and onc of sinll m Ihc art may readily
contemplate variants thereof with substituted, deleted,
inserted. or reordered steps.

Anion and cation exchange cluomatogmphy both rely oil do

the attraction of charged macromolecules of interest (e g., a
iirus) ut a mobile phase Io a substrate havmg an Opposite
charge. In cation cxchangc cluomalography. the ne dlivcly
charged substrate or mmnbrane attracts posntvcly charged
macromolecules In anion exchange cluomatography. the
positively char ed substrate or membrane attracts negatively
charged macromolecules. Once macromolecules are bound
or loaded onto the substmte, they may be eluted in linear or
step-wise fashion Irom Ihe substrate ut d manner dependent
on iheir Htaractcristics, thcrcby ctmctutg a separaIion of 0

dill):rmttly clrdrgcd molcculcs. Tlus principle may bc used to
purify vinises fmm other macromolecules I:lution may be
effected by varying pl I or salt content of the mobile phase
bufi'er. Elution may be gradient or step-wise. As descnbed
herein. elution may be effected using a chan e in pH of the ss
mobile phase or by using a chmtge m ionic strength of thc
mobile phase (c.g., tluough addition of d salt). A varmty of
salts are used lor elution. utcludutg without limitation
sodiunt chloride, potassium chloride. sodium sulphate,
potassiunt sulphate. antmonium sulphate„sodium acetate, io
potassium phosphate. calcium chloride. Bnd magnesium
chloride. In certain embodiments, the salt is Nn('l. A variety
of'uitable bu ill:rs arc known ut the art and descnbcsl herc in.
Viral purification mclhods using ion exchange cluomatog-
Idphv drC also 'IICrdlly'llowll, SCC, C.g., pilrlllCBI1011 Of Ss

inffuenza virus available online at www.pall.corn/pdfs/13io-
phannaceuticals/MustangQX I'croprep USD2916 pdf

|4
A variety ol'evices known ut thc art nrc suitable Ibr

cation exchange chromatography (optionally including fil-
tration), such as the Mustan SO S systent (Pall (kirporation),
v hich uses a cation exchange membrane with a 0.65 pm
pore size. A variety of functional groups are used for cation
exchan e membranes, includin without limitation pendant
sulfotuc Ihnctional groups ut a cross-linked, polymcnc
coaung A variety of bulTers may be usixl to bind an elume
cmttaining a /ika virus of the present disclosure to a cation
exchange membrane I ixemplary buffers include, ivithout
linutation, citrate and phosphate buffers (additional buffers
are described infra). In sonic embodiments. a buffer used in
cation exchange cluomatogmsphy (e.g.„ in loading and/or
cluuon) contains polysorbdtc (C.g.. TWEE¹ -80 at 0.06%,
0.1%, 0.26%, or 0.6%).

A variety of devices known in the art are suitable for anion
exchange clmtntatography (optionally including filtration),
such as the MustangÃ Q system (Pall ('orporation), which
uses an anion exchange nternbrane with a 0 8 firn pore size.
Another suitable anion exchan e membrane is SartobindQ
IEXNano. A variety ol'unctional groups nrc used for aruon
exchange membranes, utcluding without lunitation pendant
quaternary mnine functional rnups in a cross-linked, poly-
meric coating A variety of bull'ers may be used to bind an
eluate containing a Zika virus of the present disclosure to an
amon exchange membrane. Exemplary buffers include,
without limitation, phosphate buffer (additional bufibrs are
dcscribcd infra). In some cmbodimcnts, a bulTi:r used in
amon cxctangc cluomatography (c.g., in loading muffor
elution) contains polysorbate (e .. 'I Wl:I )Nit(-80 at 0 05'rI,
0 1%, 0.25%, or 0 5%) In some embodiments, the virus is
eluted by step elution, e.a using 250 mM Na(:I, 500 mM
NaCI nnd 760 mM NaCI.

Fomnilations and Dose of Vaccines and/or Imnninogenic
Compositions

Furtlmr aspects ol Ihc prcscnt disclosure relate to fomtu-
latlotlS of VIICCIIICS Blul/Or liulllUIlitgCIIIC cotllposltlollS Ol lhC

present disclosure containing one or nlore antigens from a
Iika vims described herein.

Such vaccines and/or inuuuno enic compositions of the
present disclosure containing one or more anti ens fbom a
Zikn virus dcscribcd herein may bc useful for trcaun or
prcvmtting Ztka virus BI(cotton ut a sublect in need thcrcof
dlld/Or tlulUClllg Bll lllllllUIIC ICSpoilsC, SUcll BS a pIOICCIIVC

intmune response, against /ika vinis in a subject in need
thereof.

Typically. vaccines and/or inmutnogenic compositions of
the present disclosure are prepared as inlectables either as
liquid soluttoiw or suspensions; sohd I'orms suitable lor
solulion in, Ur suspension ut, liquid poor Io tnlcclion may
also be prcparcd. Such preparations may also bc cmuistficxf
or pmduced as a dry poivder 'I'he active intnnutogenic
ingredient is often ntixed v ith excipients which are phar-
maceutically acceptable and compatible with the active
ingredient. Suitable excipients are„ for example, water,
sdllllc, dcxtrosL; sUcittsc. gly'ccrol. cthallol, or thc like. Blu!

combinations thereof. In addition. il'csircd, thc vaccutc or
lllltlltlllogCIIIC ColllpoSltlttii 11ldy'otltalll BUXIIIBty SUbSIBIICCS

such as wetting or emulsih in agents. pl I buffering agents,
or adjuvants v, hich enhance the effectiveness of the vaccine
or imnnutogenic composition.

Vaccutes or immunogenic compositions may be conven-
tlollallv il dllltlllSU I Cd pdrCIIICI'it1lV. by'111 IX'1l 011, lot CXBIllphx

either subcutaneously. tr;mscutancously. intradermally, sub-
dCrtlulllv Or llltldlllitsCilldrlvt Ill CCrtdtll Clllbodiluents lhC

cmnposition is administered intrmnuscular or subcutane-
ously. Additional fonmilations which are suitable for other
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Illodiu 01 Bdnntl19trdtlon ltlclUdc sUpposnoru:9 alai, ul solnc
cases. oral. peron&l, intranasal, buccal, sublingual, intrapel&-
toneal. intravaginal, anal and intracranial fi&rnnilations I&or

suppositories, traditional binders and carriers may include,
for exanlple. polyalkalene glycois or triglycerides: such
suppositories may be formed from mixtures containin the
Bern e uigredi cut in Ihc range of 0.5% to 10%. or even 1-2%.
In certain embodnueuts. a low melting wax, simh as a
nlixture 0 f fatty acid glycerides or cocoa butter is first nlelted
and the /ika virus vaccine and/or iminunogenic conlposition lil

described herein is dispersed homogeneously, ti&r example,
by stirring. The molten homo eneous mixture is then poured
into conveniently sized molds and allolved to cool and to
solulify.

Fomullations suitable I'or intranasal dain cry include liq-
uids (e... aqueous solution for administration as an aerosnl
or nasal dmps) and dry powders (e.g for rapid deposition
within the nasal passage) llornniL&tions include such nor-
mally employed excipients as, for example. pharmaceutical
rades of ntmmitol. lactose, sucrose, trehalose. xylitol, and lo

chltosiul. MUc09adhcslvc dgcnts SUch Bs clilt09BU ciul bc
used in either liquid or powder formulations to delay nnico-
ciliary clearance of mtranasally-&dministered fi&nnulations.
Sugars such as mannitol. sorbitol. trehalose„and/or sucmse
cmi be used as stability agents in liquid foumllations and as
stability. bulking, or powder flow and size agents in dry
powder formuLations. In addition. adjuvants such os mono-
phosphoryl lipul A (MLA), or dcnvaiives thereof, or CpG
oligonuclcotidcs can bc used ui both hquid mid dry powder
fornnilations as an inimunostinndatory adjuvant io

I'onnulations suitable for oral delivery include liquids,
solids, semi-solids, gels, tablets. capsules, lozenges, and the
like. FomuiL&tions suitable for oral delivery include tablets,
lozenges. capsules, els. liquids, food products. beverages,
nuudccuticals. and thc like. Formulauons ulcludc such nor- &s

mally cmploycd cxcipicnm as, for example, pharmaceutical
gl Jdcs of IIIBnnltol, 90rbltol, lrcliak&sc, polvols such ils
suaars such as sucmse, lactose, starch. magnesium stearate,
sodium saccharine, cellulose. magnesium carbonate, and the
like. Other Zika virus vaccines and immunogenic composi- do

tiom may take the foml of solutions, suspensions. pills,
sustained release fi&nnulations or powders and contain
10-95'!9 of active uigrcdient, or 25-70%. For ural fonmlla-
tltuls. CIIOICId toxul 19 Bn ulti ICsllng fotnlulatloll pBI&IICI (Bnd
also a possible conjugation partner)

'lite /ika virus vaccines and/or iminunogenic conlposi-
tions when fornuilated for vaginal administration may be in
the foun of pessaries. tampons, creams. gels. paste~. foams
or spl Jv's. Any'f thc forcgoulg fhiluuldllolls Iilay coll&But

agents uiaddiuou to Zika virus vaccine and/or umnuno enic o

composiuons. such as earners, intown ul thc art to be
appropriate

In sonic embodiments, the Zika virus vaccines and/or
inuuunogenic compositions of the present disclosure may be
formulated for systemic or localized delivery. Such forrnu- &9

lanons arc mell known in thc art. Parcnteral vcluclcs include
sodium chlondc solution. Ringer's dcxtrosc. dextrose and
sodium chlondc, lactated Ringer'9 or tixed Oils. Intravenous
vehicles include thiid and nutrient replenishers, electrolyte
replenishers (such as those based on Ringer's dextrose), and io
the like. Systemic ond localized routes of aihninistrotion
include. e.g. intradermal, topical application. intravenous,
ultl'BUU19CUlar, ctC.

Thc vaccnlcs Bnd/or ltunlUIlogcinc colnposlfiolls of thc
present disclosure may bc administcrcd in a nuuuicr curn- ss
patible with the dosage formulation. and in such amount as
will be therapeutically efFective and inununogeiuc The

i6
dosnge of thc antigen may range in particular from, about I

pg to about 100 pg, about I pg, tn about 40 pg, about I pg,
to about 30 pg. abnut I pg to about 20 pg, about I Ug to about
15 pg, or from about 2 pg tn abnut 15 pg, or front about 5

pg to about 15 uv, or front about 10 pg to about 15 pg. The
dosage may in particular be about 2 pg. about 5 pg, about 10

Ug, about 15 pg or about 20 pg. in paruculnr about 10 pg. The
amount of the anngcn, I.c. the puitftcxt tnactivatixi Ziha
virus, can be determined by a 13radfi&rd assay (13radford et al
(1976) Anal. 1)inchem 72 248-254) using defined amounts
of recombinant /ika envelope protein to establish the stan-
dard curve. Thus the dosage of the antigen may thus also be
referred to as mien&grams (pg) of Zika Envelope protein E

(pg Env). pg Antigen and pg Env thus mean thc same within
thc meaning of tlus disclosure. In some mnboduncnts, thc
vacclflcs Bnd/or imnmnogenic cnmpositions contains a dose
of I po to 15 pg, nr 2 pg. 5 pa or 10 pg ofantigen in the form
of a purified inactivated whnle Zika virus such as a /ika
virus with a nnitation winch is a tryptophan to giycine
substitution at position 98 of SEQ ID NO: I or at a position
corresponding to position 98 of SEQ ID NO. I as dcscrtbcxi
herein.

Ill some embodiments. the vaccine or inlnlunogenic com-
position contains a dose of I u. to 15 pg, or 2 pg. 5 po or
10 pg of antigen in the form nf a punfied inactivated whole
Ziko virus comprising a Trp98Cily mutation at position 98 of
SEQ ID NO; l. or at a position corresponding to position 98
of SEQ ID NO.I, whcrcm the Zika virus is dcrivcxt I'rom

straui PRVABC59.
In some embodiments, the vaccme or ininiunogenic com-

position contains a dose of I ua to 15 pg, or 2 Ua. 5 po or
10 ug of antigen in the fomi of a purified inactivated whole
Zika virus comprisin a Trp986ly nuitation at position 98 of
SEQ ID NO; 1. or at a position corresponding to position 98
Of SEQ ID NO. I, wherein the Zika virus is dcrivixi from
strain PRVABC59 compnsing thc gcnomic scxlucncc
according to SEQ ID NO:2.

Ill some embodiments. the vaccine or inlnlunogenic com-
position contains a dose of I u. to 15 pg, or 2 pg. 5 po or
10 pg of anti en in the form of a punfied inactivated whole
plaque purified Zika virus isolate comprising a Trpogo)ly
mutation at position 98 of SEQ ID NO. I, or at a position
corresponding to position 98 of SEQ ID NO I, whcrcin thc
Zikn virus is denvcd from sumn PRVABC59 compnsuig thc
genonlic sequence according to SliQ II& NO 2

In certain sllcll clllbodlnlelltB thc vaccine ol'mnnulogcluc
composition comprises

o dose of about 10 ug of purified inactivated v hole virus
about 200 pg alunnnum hydroxide,
a buflbr, and opuoimlly
9 sugar such Bs BUcl090.
Suitable regimens for initial administration and booster

shots are also variable but are typified by an initial admin-
istration follolved by subsequent inoculations or other
Bdnllillstratlolts.

Thc manner oi'applmdnon may be vened widely. Any of
thC COUVCIltlollal IIICtilodS 101 iuhnhusltdtloll Of 9 ViICCUIC Ol

immunogcnic composiuon arc apphcable. Thcsc include
oral application on a snlid physinlogically acceptable base or
in a physiologically acceptable dispersion, parenterally, by
in)ection or the like for e.g, intranuiscular or subcutaneous
administration. The dosage of the vaccine or imnninogenic
composition will dcpcnd on Ihc route oi'ihnuustration and
may vary according to Ihc agc of thc person to be vacnnatcxi
and thc fornuilation of thc antigen. Thc vnccinc or immu-
nogenic composition can haves unit dosage volunie of more
than 0.5 ml.. of 0 5 mi. or of less than 0 5 ml „as described
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hcrmn. For instance, I& can bc adnunislered at a volume of
0 25 nil. A volmne of 0 5 ml, are suitable for intranniscular
or subcutaneous administmstion

Delivery agents that in&prove mucoadhesion can also be
used to improve delivery and imnninogenicity especially for
intranasal. oral or lung baced delivery fomiuiations One
such compound, chitosau, thc N-dcacctytatcd ibnu of chitin,
is used in many phannaccutical fonuuldiions. II is an attrac-
tive nnicoadhesive agent for intranasal vaccine delivery due
to its ability to delay mucociliary clearance and allov nlore la
time for mucosal antigen uptake and pmcessing. in addition,
it can transiently open tiJ&t jiulctions which may enhance
transepithefiat transport of anti en to the NALT. In a recent
hunum tuel, a tuvalcnt ioacuvated iniluenza vaccuie admin-
istered inlranasally with chilosan bul without miy additional
adjuvant yielded seroconversion and I II titers that were only
marginally lower than those obtained folio&sing intrannis-
cutar inoculation.

Chitosan can also be formulated with adjuvants tlmt
function well intranasally such as the genetically detoxified Io
E. Co/i hca&-labile mitcroloxin muuuit LTK63. Tins adds an
immunos&imula&ory eilbcl ou lop of thc dclivcry imd adhe-
sion benefits imparted by chitosan resulting in enhanced
nnicosal and systeniic responses.

Finally, it should be noted that chitosan filrmulations can
also be prepared In a dry powder tilnnat that has been shown
to improve vaccine stability and result in a further delay in
mucociliary clcardncc over liquid fumiulalions. This was
scca ul a rccen& human cluucal tuel ulvolvuig an uitranasal
dry poivder diphtheria toxoid vaccine formulated ivith clu- io
tosmi in v hich the intranasal route ives as effective as the
traditional intramuscular route with the added benetit of
secretory IgA responses The vaccine was also very well
tolerated. Intranasal dry powdered vaccines for anthmx
contaiiung chitosun mid MLA, or dcrivalivcs thercoi; induce lc
stronger responses In rabbits than iniramuscular inoculation
dlld Brc I&lao pron:ctlvc dgiilllst ac'Iosol spore ch'dllcllgc.

Intranasal vaccines represent an exeinpLsry tilnnulation as
they can atl'ect the upper and lower respiratory tracts in
contrast to parenterally administered vaccines which are do

better at Bffecting the lower respimstory tract. Tifis can be
bcnclicial for inducing lolcrimce to aller cn-based vaccines
dnd mducing immunity Ibr pathogen-based vaccmcs.

In addition &o provi&hng pro&ection ul both the upper and
loiver respiratory tmscts, intranasal vaccines avoid the coni-
plications of needle inoculations and provide a means of
inducing both mucosal and syctemic humoral and celluLar
responses via intemsction of particulate and/or soluble anti-
gens with oasopharyngeal-associated lymphoid tissues
(NALT). o

xydCCI&ICS and/Or llllllliillogcl&IC ColllpoSI&&OUS Of lhC p&CS-

ent disclosure are pharnlaceutically acceptable. 'I'hey may
include components in addition to the antigen and adjuvant,
e.. they will typically include one or more pharmaceutical
carrier(s) and/or excipient(s) A thorough discussion of such ss
components is available ui (icnnaro (2000) Rcnungton. Thc
Science and Practice oi'harmacy. 20th edition, ISBN
0683306472.

'I o control tonicity, it is preferred to include a physiologi-
cal sat&. such as a sodimn salt. Sodium chloride (NaCI) is io
preferred. which may be precent at betiveen I and 20 mg/ml.
Other salts that may be present include potassium chlonde,
polassnim dihydrogen phosphate, ihsudium phosphate dchy-
dratc, magnesium chloudc. calcium chloride, ctc.

Xydcclllcs and/or llllllliillogclllc coll&positions of lhc pres- Ss

ent disclosure may include one or more butfers. 1'vpical
buffers include a phosphate buffer; a I'ris butfer: a bomste

i8
bulfcr, a succinatc bufii:r; a histidine bufibr (particularly
with an alumimun hydroxide adjuvant); or a citrate bufl'er.

BuiTi:rs will typically bc uicludcd ui thc 5-20 mM range.
Thc pH oi' vaccuic or immuno eiuc compowuon will

generally be benveen 5 0 and 8.5 or 5.0 and 8 I, and more
typically benveen 6.0 and 85 e.g between 60 and 80,
between 6.5 and 8.0. benveen 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
manufacturin process of the present disclosure may there-
fore ulclUdc d su:p 01 diilUsllllg lllc pH of thc bulk vaccuic
puor lo peel aging.

'I'he vaccine or inlnnmogenic con&position is preferably
sterile. It is prefemsbly null pymgenic. e g contauling &I 11U

(endotoxin unit, a standard measure) per dose. and prefer-
ably c0.1 EU per dose. It is preferably luten free.

In certain embodiments. the vaccines Bnd/or inununo-
gcnic compositions of the present disclosure may Inc luilu a
dclcrgmil ui an ciTbclive conccntraUou In some embodi-
ments, an etTective amount of detergent may include ivithout
linutation, about 0 00005% vic to about 5% v/v or alxlut
0.0001%s v/v to about 1% v/v. In certain embodiments. an
efi'ective amount of detergent is about 0.001% v/v, about
0.002% v/is about 0.003% v/v. about 0.004% v/v, about
0.005% v/v, about 0.006%a v/v. about 0.007% v/v, about
0.008% v/v, about 0.009% v/v. or about 0.01% v/v. Without
v ishin to be bound by theory. detergents help maintain the
vaccmes and/or immunogenic compositions of the present
disclosure in solution and help to prevent the vaccines
and/or immunogenic compositions from aggregating.

Suitable detergents include, for example, polyoxyethyl-
ene sorbitan ester surfactant (known as 'Twixus'). octoxy-
nol (such as octoxynol-9 (Triton X 100) or &-octylphcnoxy-
polyethoxyethanol). cetyl trimethyl ammonium bromide
('("IAB'). and sodium dolxycholate, particularly tilr a split
or surface antigen vaccine. 'I'he detergent may be present
only at trace amoiults. Other residual components in trace
amounts could be antibiotics (e.g. neomycin. kanamycin,
polymyxin B). In some cmbodinu:n&s, &hc de&crgcnt contains
polysorbate. In some mnboduncnts, thc eiTixuvc conccntm-
tion of detergent includes msnges from about 0 00005sis v/v
to about 5'i v/v

'I'he vaccines ancgor immunoaenic compositions are pref-
emsbly stored at between 2', and 8" C They should ideally
be I ept out of direct light. The antigen and enndsion will
typically bc in adnuxlurc. although they may uutially be
prcsculed in thc Ibnn of a kil of scparule components lor
cxtclnpo& lllcoUB Bdtr&ixillg Vaccines a&id/or lnunllliogcnic
cmnpositions &vill generally be in aqueous form when
administered to a subject.

Methods oi'he Present Dmclosure

I'he present imention is in particular also directed to a
method of treating or preventinv. in particular preventing
Zika virus infection and/or preventing Zika vinis disease in
a subject in need thereof compnsing aihninm&cring to B

subject or a subject populanon a therapeutically eiTixuvc
dll&OU&lt Of a vaCCII&C OI llllllliillogcll&C conlpoSnion as
described herein

'I'he disease is in general nlild and of shor& dumstion Soine
clinical manifestations include. but are not lunited to, mild
fever, maculopapular rash. coniunctivitis and arthml ia.
Dcspitc nuld cluncal symptoms ui Ihc pregnant woman,
Zika virus infection during pregnancy has been Bssocrdtcxt
with senous outcomes for the li:&us and ncwbom. The
severity of the disease is related to the consequences in the
fetus and newborn child from won&en with Zika vinis
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infccuon dunug pregnancy. The spcctnun of con enital
anomalies associated with /ika virus infection. knoivn as
( ongenital Zika Syndrome (('/8), consists of severe nucro-
cephaly with partially collapsed skull, cerebral cortices v ith
subcorticai calcihcntions, macular scarring and focal pig-
mentary retinal mottlin, congenital contractures. and
marked carly hypcrtonta with symptoms ol'extrapyramidal
involvmncnt. Furthcrmorc Ihe Zika vinis is a ncurotropic
flavivints that can potentially cmtse disease wit)un the
central nervous system I'here is additionally a Worldv ide In

concern over /ika virus causing (iuillain-13arre Syndrome
(CTBS).

The prevention of the Zika virus disease thus does not
only concern the subpmt beuig treated bul extends to thc
li:tus and newborn ui case the sublccl bcuig tres(cd is or will
be pre nant 'I'he method according to the invention thus
cotnprises treatiiig the subject by adniinistering, to the sub-
ject the vaccine or ininiunogenic composition and the treat-
in of the fetus and newborn by administering to a pregnant
subject or a subject that intends to become pregnant or 10

woman of cluldbcanng potential the vaccmc or inununo-
genic composition. Iu particular Ihe subject is human

Purther aspects of the present disclosure relate to metlxids
for using vaccines and/or or immunogenic compnsitions
described herein contaming one or more antigens from at
least one Zika virus (e.g.. a clonal Zikn vinis isolate. n Zil a
vhus compnsin a non-human cell adaptation mutation such
ds d non-luunau cell adaptauon muiauon ui protein NS I) to
trent or pret cnt Ztka virus in a sublect m need thereof and/or
to induce an immune response to /ika vinis in a sublect in so

need thereof.
In certain such methods, the vaccines andior immuno-

enic compositions contains a dose of I pg to 15 pg. or 2 p,
or 5 ug. or 10 pg of a purified inactivated whole Zika virus
such as d Zika virus with a mutauon w luch is a tryptophan Is
to glycuie substttuuon Bl position 98 ol SEQ ID NO:I or at
a position corresponihng to position 98 of SEQ ID NO I as
described herein optionally in combination with one nr ntore
adjuvants, such as 100 pg to about 300 ug nr about 150 pg
to about 250 pg or about 200 pg alum, such as aluminum 40

hydroxide.
In certain such methods, thc vaccine or inununogmuc

composition conmiins B dose of I pg lo IS pg, or 2 pg, 5 pg
or 10 ug ol' puufied inacuvated whole Zika virus com-
prising a I'rp98(ily mutation at position ')8 of SI)Q ID NO
1. or at a position corresponding to position 98 of Sl Q ID
NO:I, wherein the Zika virus is derived from strain PRV-
ABC59 optionally in combination with one or more ndju-
I ants, such as 100 pg Io about 600 pg or about 150 pg to
about 250 pg or about 200 pg alum. such as alununum 0

hydroxide.
In certain such methods, the vaccine or inununogenic

composition contains a dose of I pg to 15 pg„or 2 pa, 5 pg
or 10 ug of a purihed inactivated whole Zika virus com-
prising a Trp98Cily nuitation at position 98 of SEQ ID NO ss
l. or al a position corrcspouduig lo position 98 ol'SEQ ID
NO:1. wherein thc Zika virus ts dcnved from slrmn PRV-
ABC59 compnstng the geuomic scqucnce accorduig to SEQ
ll) NO 2 optinnally in cotnbination with one or niore
adjuvants, such as 100 pg to about 6(kq pa or about 150 pg io
to about 250 pg or about 200 pg alum, such as aluminum
h/droxidc.

Itl CJ:Itiiiit SUch Jtlclllods, lhC VBCCJJJC or lniltlUItogCJIIC
composiuon contains a dose of I pg to 15 pg, or 2 p, 5 pg
or 10 pg of a punlicd uiacuvated whole plaque purified Ztka ss
vints isolate compnsing a 1rp98(ily inutation at position ')8
of Sl IQ ID NO 1. or at a position corresponding to position

98 of SEQ ID NO. I, whcrcui thc Zika virus is denvcd I'rom
strain PRVAB('5') comprising the genomic sequence
according to SIIQ Il) NO:2 nptionally in combination ivith
one or more adjuvants, such as 1(X) pg to about 600 pg or
about 150 pg to about 230 pg or about 200 pg alum, such as
aluminum hydroxide.

In some cmbodimcnls. Ihc present disclosure rclalcs lo
methods fiir treating or prcvmiting Zika virus tali:ction ui a
subject in need thereof by administering to the subject a
therapeutically effective amnunt of a vaccine and/or immu-
nogenic composition of the present disclosure containing
one or more antigens from at least one Zika virus (e.g.. a
clonnl Zika virus isolate. a Zika vims comprising a non-
IJUnlan CCII BJLiplation BJUldlton SUCh Bs B 11011-hUJJJBIJ CCII

aiLiplalton nuilation in prolcui NSI) In some embodiments.
the present disclosure relates to methods for inducing an
inimune respnnse to /ika vints in a subject in need thereof
by administering to the subject a therapeutically etfectiye
amount of a vaccine and/or or inuuuno entc composition of
the present disciosure containing one or more anti ens from
al least one Zika (c.g., d clonal Ztka virus isolate. a Ziha
VIII I I Cotllptl Sttlg B Bott-Imalan CJ:11 ii gap la( i on ttliful lion Su Ch

as a nnn-huinan cell adaptation mutation in protein Ng I ). In
some embodiments, the administering step mduces a pni-
tective inimune response against Zika virus in the subject In
some embodiment~, the subject is a human. In some embodi-
ments. the subject is pregnant or intends to hem)me pregnant
or woman of childbenring potential

Thc Zika virus vaccines and/or tuununogmuc composi-
tions disclosed herein may be used to protect or treat a
subject (e.g, a niammal such as a lnunan) susceptible to, or
suffering fmm a iiral infectinn. by means of administering
the vaccine by intranasal, perorai. omni. buccal. sublingual,
intramuscular, intraperitoneal. intradermal, tmsnsdermal,
silbdcftllal, ttlltdvagttuil, dtrdl. UllfacfBittiil. Itlndvcuous,
transcutancous, or subcul;mcous adnunistralton, in particu-
lar inlranuiscular ndnnmslration. Methods of systemic
administmstion of the vaccines aniUnr imniunogenic compo-
sitions of the present disclosure may include conventional
syringes and needles, or devices desi ned for ballistic deliv-
ery of solid vaccines (WO 99/27961), or needleless pressure
liquid tel device (U.S. Pdl. Nos 4,596,556, 5,993,412), or
transdcnual patches (WO 97/48440, WO 98/28037). Thc
Zikn virus vaccines and/or inunuuogm»c compositions of
the present disclosure niay alsn be applied to the skin
(transdernml or transcutanenus delivery WO 98/20734; WO
98/28037). The Zika virus vaccines and/or imnninogenic
compositions of the present disclosure therefore may include
a dchvcry device I'or ay alarm c aihnini stra uon, prc-filled with
the Ztl a virus vaccmc or uumunogciuc compositions.
Accordingly there is provided methods for treatuig or pre-
venting Zika vims infection anipor for inducing an inunune
response in a subject (e.. a niammal such as a human),
including the step of administering a vaccine or imnnmo-
genic composition of the present disclosure nnd optionally
including au adluviml mid/or a carrier, to thc sublccl, whcrc
tllC V BC CJIJC t if ttlltluttlogCIJIC cotilpoSJ llon Is Bdntttu SICI Cd VIII

tile piircttlcfal or svslcnllc rouns
'I'he vaccines aniUor immuno enic conipositions of the

present disclnsure niay be used to protect or treat a subject
(e g., a mammal such as a human) susceptible to, or sufferin
from a viral infection. by means ofadministering the vaccine
Ur ittlttltitlogCIJJC CoiliptiSJIJOB Vid II JUUCOSdl roiflC, SUCIJ IIS

the oral/alimentary or ruisal route. Alternattvc mucosal
routes arc uilrdvaguial and uttra rectal. Thc mucosal route of
administmstiiill niay be via the nasal route, termed intmsnasal
vaccination. Methods of intranasal vaccination are well
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known in tlu: ar&, u&cludu&g the adnunislration of a droplet,
spray. or dry powdered form of the vaccine into the naso-
pharynx of the &nd&vidual to be inununized Nebulized or
aerosolized vaccine formulations are potential forms of the
Zika vin&s vaccines and/or immuno enic compositions d&s-

closed herein. Enteric fornndations such as gastro resistant
capsUics dnd grdnU)cs Iol oldl Bdnnnls&rdtlttn. sltpposilollcs
for rec&dl or vagioal aihnuustranon drc also Ihrmulatio&w of
the vaccines and/or im&llu&logenic compositions of the pres-
ent disclosure.

1'he /ika virus vacc&nes and/or imnnumgenic cmuposi-
tlo&is of the present disclosure may also be aihninistered via
the oral route. In such cases the phannaceutically acceptable
cxc&picn& may also Include Blkalu&c bufii:rs, or cn&cnc cap-
sules or nncrogranulcs. Thc Z&ka virus vaccmcs and/or
immunogenic compos&tions of the present disclosure may
also be administered by the vaginal route In such cases. the
phanl&aceutically acceptable excipients may also include
emulsifiers. polymers such as CARBOPOL&t. and other
known stabilizers of vaginal creams and suppositories. The Ic
Z&ka v&rus vaccines and/or &nununoge&uc compos&nona may
also be aihn&nis&crcd by &hc riwtal route. In such cases the
excipients &nay also include waxes and polymers known in
the alt for tornl&ng rectal suppositories.

In some emlxldinlents, the administering step includes
one or nulre adm&n&stmtions. Administmutlon can be by a
single dose schedule or a nutlt&pie dose (prime-boost) sched-
ule. In a multiple dose sclmdulc thc various doses may bc
givm& by thc same or ihiii:rent roules e.g. a parentcral pnme
and mucosal boost, a nlucosal prime and parentemll boost, lo
etc 'I'ypically they will be given by the same route. Such as
by intramuscular or subcutaneous ad&ninistration Multiple
doses will typically be administered at least I week apart
(e.g. about I v,eek. about 2 weeks, about 3 weeks, about 4
weeks. about 5 weeks, about 6 weeks, about 7 v,ceks, about lt
8 wccks. about 9 wacke. abmn 10 wccks, about 11 weeks,
abou& 12 wccl s, about 16 weeks, cic., such as I to 16 weeks
apart). (iiving nvo doses separated by from 25-30 days (e g.
28 days. 4 tveeks) &s particularly useful In certain such
enlbodiments the mode of administration is intramuscular or 40

subcutaneous administrat&on.
lllc nit:thuds 01 thc present illsclosUIC inch&dc Bdnunis-

lrdnon 01 B &hcl'ttpcuncttllv clfccllvc an&olin& or Bn unn&UUO-

genic;m&ount of thc Z&ka v&rus vaccines and/or m&muuo-
genic compositions of the present disclosure. A
&hcrapcU tl calll'ficctlvc B&non&tt 0I'n inununogcnlc Bnloultt
may be an amount of the vaccines and/or immunogenic
compositions of the present disclosure that w:ill induce a
pro iccnt c hun&UnologlcBI response ul &hc Unnlicctcd,
ini'cc&cd or u&u:xposcd subject to wluch i»s admimstcrcxk 0

Such a rcsponsc w&ll generally resul& in &he devclopmcn»n
the subject of a secretory, celluklr and/or antibody-mediated
imm&u&e response to the vaccine. Usually, such a response
includes. but is not limited to one or more of the following
efi'ectsi the production of antibodies from any of the inunu- 11

nologicnl classes. such as &mmunoglobulins S, D, E, G or M,
Ihe prohfbra&ion of B and T lymphocylcs. the prov&sion of
dean at&on, grow&h and diili:rcntiauun s&g&uils to inm&uno-
logical cells; expansion of helper 'I'ell, suppressor 'I'ell,
andior cytotoxic T cell sc

In certain such methods. the vaccines and/or immuno-
enic compositions contains a dose of I pg to 15 pg. or 2 p,

5 pg or 10 pg oi'a puniiixl u&activated whole Zika v&rus such
as a Z&ka t&rus w»h B mutation wluch &s a &ryp&ophan lo
glycu&c subst&tut&on a& pos&uon 98 of SEQ ID NO. I or at a st
position corresponding to position 98 of SIIQ Il) NO I as
described herein optionally &n combination with one or nlore

adluvants. such as 100 ug &o about 600 pg or about ISO pg
to about 250 pg or about 200 pc alum. such as aluminum
hydroxide

In certain such methods. the vaccine or imnnulogenic
composition contains a dose of I p to 15 pg, or 2 pg, 5 p
or 10 p. of a purified inactivated ~hole Zika v&rus com-
pns&ng a Trp98Gly mutauon at posit&on 98 of SEQ ID NO.
I, or at a pos&t&on corrcspondu&g to pos&t&on 98 of SEQ ID
NO I, wherein the /ika vin&s &s derived fron& stmlin PRV-
AB('59 optionally in combination with one or more adju-
vants, such as 100 p to about 600 pg or about 150 pg to
about 250 p or about 200 pg alum. such as aluminum
hydroxide.

In certain such methods. the yacc&ne or &nm&unoge&uc

compos&t&on contains a duse oi' pg to 15 pg, or 2 pg. S pg
or 10 pg of a purified inactivated whole /ika v&n&s com-
pris&ng a 1'rp98(ily mutation at position 98 of SI IQ Il) NO
I, or at a position corresponding to position 98 of SIIQ Il)
NO:1. wherein the Zika virus is denved from strain PRV-
ABC59 comprising the genomic sequence according to SEQ
ID NO 2 opt&onally u& combination w&th onc or more
adluvants, such as 100 pg &o about 600 pg or about 150 pg
to about 250 pg or about 200 p alunl. Such as aluminum
hydroxide

In certain such methods. the vaccme or in&nnu&ogenic
compos&tion contains a dose of I pg to 15 pg. or 2 u, or 5

I&g or 10 ug of a purified inactivated whole plaque purified
Z&ka virus isolate compns&ng a Trp98Cily nnitat&on at posi-
t&on 98 of SEQ ID NO. I, or a& a pos&uon correspondu& to
position 98 of SIIQ Il) NO:l. wherein the /ika virus is
derived from stnlin PRVAB('59 comprising the genomic
sequence according to Si&Q Il) NO 2 optionally &n combi-
nation v, ith one or more adjuvants. such as 100 pg to about
600 pg or about 130 ug to about 250 1&g or about 200 p
dhun, such Bs Bh&UUUUB& h)'dlilxulc

In certain such mc&hods thc adnnn&strut&on of Ihc vaccu&c
or unn&Unogcnlc con&position uliIUccs thc gcncl'&thon 01
neutralizing antibodies titers to /ika vin&s in a subject of
greater than 10. Ur greater than 50, or greater than 100, or
greater than 200 or greater than 1000, or rester than 1500,
or rester than 2000. or greater than 2000. or greater than
3000, as determined by the plaque rcduct&on ncu&rahzat&on
test (PRNT)

In certain such mc&hods the admu»strdtion of &hc vaccu&c
or imn&unogenic composition induces the generation of
neutrahzing antibodies titers to /ika vinis in a subject of
greater than 300 or ~ceater titan 300. or greater tl&an 1000. or
greater than 1500, or greater than 2000, or rester than 2000,
or grcatcr &l&an 3000. or greater than S000, or greater than
10,000, as dctermincd by the rcportcr 1 &rue parucle nctural-
ization assay (RVP).

In certain such methods the above neutral&zmg antibodies
titers are achieved 14 m&d,'or 28 days after the administm-
0 tul.

In certain such methods 14 and/or 28 days after the
ddnlnusndnon 01 thc vdccult: 01 hunlltnogcnu: con&position
thc generation of neu&ralizing annbodms uters to Zika virus
in a subject &s greater &hml 250. as de&cnn&ned by thc plaque
reduction neutralization test (PRN'I)

In certain such methods 14 and/or 28 days after the
administration of the vaccine or immuno enic composition
the generation of neutralizing antibodies t&ters to Zika virus
in a subicc& is granter &hml 1000, Bs dctcnnincd by &hc

reporter v&rus paruclc Bc&ural&zat&on assay (RVP).
In certain such methods simh liters arc achicvcxI 14 and/or

28 days after the administration. Such generation of neu-
trahzmg antibodies provides for a hi h semconversion rates
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in a Zika tirus scroncgative population of at least 20
subjects In certain such embodiments the seroconversion
rate is at least 60%, at least 70%, at least 80%, at least 90%
at least ')5% nr 100'%n

certain such methods such titers are achieved 14 nnd/or
28 dasys afler the administration. Such generation of natu-
rahzing anlibodms provides ior lugh scroposilvily rales in a

population. &n particular in a Ziku virus seronegative popu-
lation, of at least 20 subjects ln certain such embodintents
the seropnsitvity mate is at least 609(, at least 70%, at least in

80%, at least 90'%t least 95% or 100'%n

certain such methods the seroconversion rates nnd/or
seropositivity mtes are achieved 14 and/or 28 days after the
dillllllllstrdlloll.

Ill Ccfldill Silt:h lnC(boils St:VCit: BtlVC'1st: CVCills iiit: 111 thC I

same tinie minimized or avoided In certain such methods
fever of 39" ('nd higher is avoided

Accordin to the ulveiltive method the vaccine or inimu-
nogenic composition is administered as n single dose or as
multiple doses as e.g. in a first (prime) and a second (boost) zo

adnunistrdtion.
In certain such methods 14 and&or 28 days after tlm single

dose or prilne adlninistration ot the vaccine or inununoaenic
composition the neutralizing antibodies titers to /ika vims
in a subject. in particular a flavivinis naive subject. are
greater than 200. as determined by the plaque reducrion
neutralization test (PRNT).

In certain such methods 14 and/or 28 days aflcr Ihe single
ilost: 01 pl1lllt: iitllllilllstrB(1011 01 tilt: VdCC lilt: Ol lllllllUnogCillC
compositinn the geonietric mean neutralizing antibodies Io
11tCrs to /Ika VU&ls ill p'lrtlClllai'll a fl'lvivll11S ilaiVC popll-
lation of at least 20 sub)acts are greater than 200, as
determined by the plaque reduction neutralization test
(PRNT).

In certain such methods 14 and&or 28 days after tlm single &s

tin st: 01 pl101C BilltlllllS(rd(1011 01 1hCV BCC lilt: Ol ln1111Uilt&gCI&lC

composiuon thc ucutralizuig antibodies utcrs Io Zika virus
in a subject. in particular a flavivinis naive subject. are

rester than 1(X)0, as determined by the reporter vims
particie neutralization assay (RVP). do

In certain such methods 14 and/or 28 days ofter the single
ilost: 01 pl1lllt: iitllllilllstrB(1011 01 tilt: VdCC lilt: Ol lllllllUnogCillC
composition Ihc gcomctnc mean neutralizing antibodies
utcrs to Zika virus ui particular ui a flavrvinis rmivc popu-
lation of at least 20 subjects are greater than 1000, as
deterniined by the reporter virus particle neutm&liz&tion assay
(RVP).

Such genemstion of neutralizing antibodies provides for a
lugh seroconversion ra(ca in a flavivirus naive population of
at least 20 subjects aficr thc single dose or prune adminis- o

tration. In ccrtaui such embodimcnm Ihe scroconvcrsion rate
is at least 60o/o. at least 70%. at least 80%, at least 90% at
least 95% or 100%

Such generation of neutralizing antibodies provides for
high seropositvity ms(ca in a population. in particular in a &s

flavivinis naive population, oi't least 20 subiccts alter thc
single dose or prime adminmtration. In certain such embodi-
ments Ihc scropositvity rate is at least 60%, at least 70%, at
least 80%, at least 90'%t least 95o/ or 100%

In certain methods the administration cnmprises prime io
and boost administration wherein the prime and boost
aibninistration takes place from about I to about 16 v eeks
dpiirl. Ili Certain SUt:h tilt:IhotlS IllC SCCttlltl (booSI) Billlllllls-
tration is admuustercd at least 28 days after Ihe (irst (pnme)
adnunistrdtion. ss

In certain such methods 14 and/or 28 days after the bnost
administration of the vaccine or immunogenic conlposition

thc ucutrahzuig antibodies titers to Zika virus ui a sub)cch
in particular a flavivinis naive sub)act. are 8 rester than 1000,
or greater than 1500, or greater than 3000. as determined by
the ph&que reduction neutralization test (PRN I')

In certain such methods 14 and/or 28 days after the boost
administration of the vaccine or immuno enic composition
the gcomctnc mean neutralizing anubodics utcrs to Ziha
virus in particular ui a flavivirus naive population of at least
20 subjects are greater than 11)). or greater than 1500, or
greater than 3000, as determined by the plaque reduction
neutralization test (PRN I')

In certain such metlu&ds 14 nnd/or 28 days after the boost
administration of the vaccine or inununo enic composition
thc ucutrahzuig antibodies titers to Zika virus ui a sub)cch
iu particular a flavn irus nmt c sub)oct, arc greater than 3000.
or greater than 5000, or areater than 10000, as determined by
the repnrter virus particle neutralization assay (t&VP)

In certain such methods 14 and/or 28 days after the boost
administration of the vaccine or immuno enic composition
the geometric mean neutralizin antibodies titers to Zika
virus in particular ui a flavivirus naive population of at least
20 subjects arc greater tluui 3000. or grcatcr than 5000, or
greater than 1(X)00, as determined by the reporter vinis
particle neutralization assay (i&VP)

Such generation of nemralizing antibodies provides ft&r a
high seroconversion rates in a flavivinis naive population of
at least 20 subjects after the boost administration. In certain
such embodiments Ihc scrocom era&on rate is at linet 60%V, at
least 70%, at least 80'/o. at least 90% at least 95% or 100%.

Such generation of neutralizing antibodies provides ft&r

high seropositvity rates in a pnpulation, in particular in a
tlavivims naive population, nf at least 20 subjects after the
boost administration. In certain such embodiments the
seropositvity rate is at least 60/o. at least 70%. at least 80%,
at least 90% at least 95o/o or

Accorduig Io a ccrtdui method Ihe subject or sub)cct
population is flom a Zika endemic region. Accorduig Io a
certain such method the subject nr subject population is from
a /ika endemic region subject to an outbreak. According, to
a certain such metlmd the subject or subject population is
flavivirus naive.

According Io a cerimn method Ihc sub)cct or sub)ecl
population is from a Zika non-endemic region. According to
a certain such method thc subject or sub)cct population is
from a /ika nnn-endemic region tmsvelling to an endemic
reginn. According to a certain such method the subject 111'ubjectpopulation is flavivirus naive.

According to a certain niethod the subject or subject
population is Hispanic, Latino, A&Ocr&can Indian. Alasha
native, Asian. Black or Ai'ricdn Anu:ncan. Native Hawaiian
or While Or B llllalillt: thcrLOI:

According to a certain method the subject or subject
population is 18 to 2') years nf age

According to a certain method the subject or subject
population is 30 to 49 years of age.

Thc vaccine or imnnniogemc composiuou as disclosod
hcrcin is also disclosed for use in u method as disclosod
hcrcin.

Also disclnsed herein is the use nf the vaccine or inunu-
nogenic composition as disclosed herein in the manufacture
of a medicament fi&r the method as disclosed herein.

In some embodiments. the protective immunolo ical
response induced in thc sublcct aflcr adminmtration oi'

VBCCll&C Bllil/Or lllllllUIit&gC111C Coil&post(loll 1:011(Bllllllg a ntlll-
human cell adapted Zika 1 irus oi'hc presmit disclosure is
greater than the imnnmolo ical response induced in a cor-
responding subject administered a vaccine and/or imnnino-
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genic composition contau»ng a Zika virus ilwt is not adapted
filr non-lnuiian cell growth and/or comprises a difTerent
non-human cell adaptation mutation. In some embodinlents,
the protective inimunological response induced in the sub-
ject after administmtion of the vaccine and/or inununogenic
composition containin a non-human cell adapted Zikn virus
ol thc present disclosure Is al least about 5%. Bl least about
10%, al lcasl about IS%, al least aboul 20"!o. al 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 lc
55%, at least about 60%, at least about (15%. at least about
70;o, at least about 75%, at least about 80%, at least about
85; o, at least about 90'io. at least about 95%. or at least about
99% greater lhan thc unmunological response uiducixl in B

colzcspollihng SUbtccl Bdinnllslcrc'0 d vaccnn: luxl/or Ilnnnl- I

nogc'nic colnposltlon coilt'lining a /ikal vlruB that Is not
adapted for non-human cell grov:tb andror comprises a
different non-human cell adaptation mutation Methods of
measuring protective immunological responses are ener-
ally known to one of ordinary skill in the art. 10

In some embodiments. admiiustratlon of a vaccine and/or
immunogmlm composition conlainin a non-lnunan cell
adapted /ika virus of the present discklsure induces gen-
emtion ofneutralizmg antibodies to /ika vinis in the subject.
ln some enibodinients. administration of a vaccine and/or
inununogenic composition containing a non-human cell
adapted Zil 1 vinis of the present disclosure induces gen-
crauon of neutralizing antibodies to Zikd virus in the subject
nl Bn innounl lhdl is grcBnx thdn flic'. BllliiUnl of llcUndhzing
antibodies induced in a corresponding subject administered io
,'I v;lcclne Bod ol'mluullogeluc colupositlon colltmnulg a
/ika virus that is not adapted for oon-Iniinan cell growth
and/or coniprises a difl'erent non-lnunan cell adapmtion
mutation. In some embodiments, administmtion of a vaccine
dnd/Or nnnlUliogCIUC ConlpoSllloll Colllalinng B 11011-11Unlan ls
cill adapted Zika virus of the present disclosure induces
generation of neutralizing antibodies to Zlka virus ul the
subject in an amount that is at least about 5%. at least about
10%, at least about 15%, at least about 20%. at least about
25;o, at least about 30%, at least about 35%, Bt least about 40

40;o, at least about 45%, at least about 50%, at least about
55%, dl least about 60%, at least Bbuut 65%. al least about
70%, dl least about 7S%, at least Bbuul 80%. al least about
85%, al least about 90%, at least aboul 95%, or al least about
99'i rester than the than the amount of neutralizing anti-
bodies induced in a corresponding subject administered a
vaccine and/or immuno enic composition conmining a Zil a
virus that is not adapted for non-lniman cell growth and/or
comprises a difii:rent non-human cell Bdaplalion mutation.
In some embodiments, admiiustrauun of a vaccilw. and/or 0

immunogmlm composition conlainin a non-lnunan cell
adapted /ika virus of the present discklsure induces gen-
emtion of neutralizing antibodies to Zika viols in the subject
in an amount that ls at least about l-fold, at least about
2-fold, at least about 3-fold. at least about 4-fold. at least ss
about 5-lold. at feast about 6-Ibid, al least about 7-Ibid. al
least about g-fbld, at least about 9-fold, al liaist about
10-Ibid. at least about 100-1'old, or at least about 1000-fold
greater than the than the aniount of neutralizing antibodies
induced in a corresponding subject adininistered a vaccine io
alii/ol'rilnlU110 cnlc conlposltlon contannllg B Zlka viius
that is not adapted for non-human cell growth and/or com-
pnses a dilii:rent non-humim cell adaptalion mulalion. Melh-
ods of measunng ncutralizuig antibodies in a subtext are
generally known lo onc of orduiary squll in thc arn ss

Preferably. the therapeutically efTective anxlunt or inunu-
nogenic amount is sufficient to brino afxlut treatment or

prcvmltion ol'iscase symptoms. A suitable dosage of about
2 pg. about 5 pg or about 10 p . in particular about 10 u,

Thc prcscnt disclosure will bc more fully understood by
reference to the following I!xamples 'I'hey should not,
howcvcr, be construed as limiting any aspect or scope ol'hc
present disclosure in any way

1,3(A M PI I!S

Exampie I: Clonal Zika Virus Strain Cieneration

This cxamplc dcscnbcs the production of Zlka virus
/ZIICAV) strains with a known research history.

Materials and Methods

Vcro Cell Maintenance

One vial of )VI IO Vem 10-87 cells was mspidly thawed in
a water bath and directly inoculated into 19 nil. pre-ivarmed
DMEM (Dulbecco's modified minunal essential medium)
containin penicillin-streptonlycin, L-glutamine 40 mM,
and 10% FBS in a T-75 mn fiask at 36" C +/2" C.. at 5%
COS. Cells merc allowed to grow to conflucncy mid subcul-
turcd using TryplE. Tins flask was cxpandcd to two T-18S
cms flasks, groivn to confluency and subcultured to 3 1 x lt
185 cms flasks and gmivn until the cells reached 100'r'tr

confluency. Ceils were harvested by trypsinization. centri-
fuged at 800xg for 10 minutes. and resuspended in DMEM
containln 10% FBS and 10'io DMSO at a concentration of
1.9xl01 cells/mL. One vial ol'he Vi:ro cells was rapidly
thawixl and resuscitated as described above ulto a T-7S cm
flask I'hese were subcultured twice to pmduce a cell bank
in 13x 1-185 cnls flasks After trypsmization, the cells were
centrifuged at 800xg and resuspended in freezmg media
(DMEM containing 10io FBS„and 10% DMSO) at a con-
centration of 4.68x105 cells/mL This cell bank was ali-
quolcd ullo cryovlals.

Thc Vcru cells were grown and mauitaincd ul DMEM
colltahlln penicillin-streptomycin, I,-glutaniine and 10rtr
1138 fcDMI!M-10%-i'138) 1rvpl I!xpress was used to main-
tain and trypsinize cells 'livo days before viral adsorption,
6-well plates v,ere seeded with 4-5x105 cells/well in 3 mL
of cDMEM-10'!o-FBS or 7x105 cells ln T-25 cm2 fiasks in
5 mL CDMElVI-IOo/o-FBS, or Ix104 cells/well ul 96i well
plates in 0.1 mL cDMEM-10%-FBS. Incubators werc moni-
tored daily to maintain indicated temperatures. 'I'he Vero cell
lines were stored in liquid nitro en

Pldqiic Assav'iral

titers were determined by plaque titration in freshly
confluent monolayers of Vero cells grown in 6-well plates
Fmzen aliquots v,ere thawed and ten-fold dilution series of
the ahquots ivere made in cDMEM-0'io-FBS in 96-well
plates. Thc dilutcxf 1 iruscs were maintaulcd on icc prior to
inoculation of lhc Vero cell monolaycrs. At thc time ofassay.
thc growth mcxfium was aspirated from thc 6 well plate, and
100 pl. Of each virus dilution was added to the wells Virus
v as adsorbed tilr 60 min at 36" ('" (', at 5% ('02, ivith
frequent (every 10 min) rocking of the pLates to prevent
drying of the cell sheets. Folloiving vimsl adsorption, 4 mL
of B first agarosc overlay f 1 xcDMEM-2%-FBS+0.8% agd-
rosc) maintained al 40-41'. Uas added to each well. The
agarosc was allowed to solidify for 30 min at room tem-
perature, and the plates were then incubated upside down tilr
4-6 days at 36" C +12'('., at 5% (02 'ftvo ml of a second
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dgarosc or erlay containing 160 gg,'mL ol'eutral red vital
dye ives added on rhy4 Plaques were visualized on days 5

and 6

Virus Quantilicdlion by TCID50 Assay

Test Articles 20

Zika virus strain PRVABC59 (one 0.5 mL vial on dry ice)
was rcccrvlxt from thc Ccntcrs for Disease Control and
Prcvmition (CDC) Zika virus idcnulicdtion was conlirmed
through RT-P('R 1 he strain tested negative for Alphavinis
and m) cop/u.cmu contaniination by P( R 'I'hi ~ information Is
sunmiarized in Table I

Viral titers were also determined by titration in freslfly
confluent mono)ayers of Vero cells grown in ')6-v ell plates.
Frozen aliquots were thav ed and ten-fold dilution series of
the aliquots were made in cDMEM-2'/o-FBS diluent in ln
96-well plates. The diluted viruses werc mmntamcd on Ice
pnor to inoculation of Ihc Vi:ro cell monolayers. Al Ihe time
oi'assay. thc growth medium was aspirdtcil Ibom the 96-wc)i
plate, and 100 pl, of each virus dilution was added to the
wells 'I'he plates were incubated for 5 days at 36" (Lt-.'2" C.,
at 5'/o C02, The 50'/o Tissue Culture Infective Dose
(TCID50) liter was calculated using the Reed/Muencb. ca)-
oil)alon

Virus was iidsorbed to lhc mono)aver for 60 minutes ai36'.

2" Co at 5/o CO2. then 20 niL of cDMEM-0/o-FBS vv'Is

applied for viral amphiicauon at 36'. 2'o at 5'/o CO2.
'I'he cell layer was monitored daily for cytopathic effect
(CPE) fit)lowing inoculation (FIG. I). Thc supcmatanl was
harvested after i)fy hours by collecting tbe niedia and clari-
fying by centrifugation (600xg, 4'.. 10 min). The harvest
v as stabilized by adding trehalose to a final concentration of
18'/o w/v. The bulk was aliquoted into 0.5 mL cryovials and
stored at —80'.

The stabilized Pl harvest was analyzed for the presence of
infectious virus on Vcro ccfl mono)ayers by n TCIDSO assay.
(irowth kinetics ivere monitored by taking daily aliquots
beginning on hour 0. Peak liter was rmchcd by hour 72
(III(i. 2).

Pl material was plaque-puriiied by titratin the harvest
from day 3 on 6-veil mono)ayers ofVero cells Plaques were
visuabzed on day 6, and 10 plaques to be isolated were
identified by drawin a circle around a distinct and sepamte
plaque on the bottom of the plastic plate. Plaques were
picl ed by extracting the plug of agarose using a sterile wide
bore prpcne wlule scraping lhc bottom of thc weil and
nnsing wrth cDMEM-10/o-FBS. The agarosc plug was
added to 0.5 ml, of cl)MI!M-10/o-lil3S, vortexed. labeled as
PRVAB('.59 P2a-j and placed in an mcubator oveuiight at
36'. 2'.. at 5'/o CO2.

TABLE I

PRVABC69 ainus ulfonnanon

Stion
laoaulon P:n loni
Int'urination infounatlnn Prep ult'o Anaiyaea PFI'RVABC69

I Aa .el i

Hlun.in
aenlnl
travel re
Puerto Rico
ul 2011

. lone
pro ded

Peonage Sequen ng b, on 6 7 log
VeloDIC6126!11 touent gene ptirmL
Prep 9!.u12016 access on
Host C 6',: 6 Xuaol 2 lg

PFH by plaque
assay
Identltv bi RT-
I'1'R
I /I I.lpb: u
bl Pl'R

by ATCC Ind
ABN PCR

Sequencuig

A QIAampViral RNA Mini Spin I it vvas used to extmsct
RNA from stabilized viols harvests ofeach isolate according
to manufacturer pmtocols I!xtmscted RNA from each isolate
was used lo create and amplify 6 cDNA fragments micom-
pnssing the mitirc Zika viral gcnomc Amplified cDNA
fragments iiere analyzed for size and purity on a I'/o
Agarose/TBE gel and subsequently gel purified using a
Qis en Quick (iel I lxtmsction Kit An ABI 3130K[, (ienetic
Analyzer sequencer was used to conduct automatic sequenc-
ing reactions Luscrgcnc SeqMmi software was used to
analyze scqucncing data.

Results
A ZIKAV stmsin v ith a known research l»story that was

relevant to rhe current /IKAV outbreak in the America's was
sought Iior this reason, /IKAV strain PRVAB('5') was
clxysmi. To generate a well-character!gust virus adapted for
growth in Vcro cells, thc ZIKAV PRVABCS9 was Iirst
ampliiicd in Vero cells (Pl ).

Flasks of Vero cells fl-175 cm2), 100o/o contluent. v ere
infected ar an MOI of 0 01 in 4 m), of cDMI'.M-0'/-I'BS.

a.

60

6s

Tbrcc plaques (PRVABC59 P2d-c) werc carried Ibrward
for additionai purification. Each isolate was plated neat in
duplicate onto a fresh 6-well monolayer of Vero cells. This
P2/Pq transition was plaque purified, and labeled PRV-
AI3('59 P3atj

Six plaques (PRVABC59 P3a-Ij were cerned Ibrward Ibr
a final round oi'purilicalion. Each Isolate was plated neat in
duplicate onto a fresh 6-well monolayer of Vero cells. This
P3/P4 transition v:as plaque puritied. and labeled PRV-
AI3('59 P4atj

Six plaques (PRVAi)('5') P4a-f) from the P4 plaque
puniicatron werc blind passaged on mono)ayers of Vero
cells rn T-25 cm2 flasks. Each plaque pick was diluted in 2
mL cDMEM-0'/o-FBS I mL ivas adsorbed for I hour at
36" C. 2" C.. at 5'/o CO2; the other I mL was stabilized with
trehalose (18/o v/v final) and stored at (—60" (''olloiving,
virus adsorption, cl)MI!M-0'/-Iil3S was added to each flask
and allowed lo grov'!36'. 2'., at 5'/o CO2 for 4 days.
Virus supcmatants werc harvested, claniicd by centrifuga-
tion (600xg, 4 C, 10 mm), stabilized in 18'/o trehalose and
aliquoted and stored at & —60'. 'Iius P5 seed was tested by
1'CID50 for /ika virus potency (ill(i 3)
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Conflucnl monolayers ol'T-175 mn2 flasks ol'Vi:ro cells
ivere infected v,ith each of the six clones of PRVABC59
(P5a-lj at an MOI ol'.01 rn 4 mL cDMEM-0%-FBS Thc
vinis wac allowed to adsorb for 60 minutes at 36" C.+/2" C.,
dl 5%o CO2, aficr which 20 mL of cDMEM-0%-FBS was
added to each flask and allowed to gmw at 3ti" ('/2'' at
5% CO2. Vero cell mono)eyer health and CPE was moni-
tored daily. Virus was 1rarvcslcul on days 3 and 5 as indicated
(FIO. 4). The P6 siraui harvests from days3 and 5 were
pooled, stabilized with IN% trehalose, aliquoted and stored
&—60'.

Each of the cix cloaca of PRVAIIC59 (P6a-tj ivere tested
for Zika virus in vitro potency (FIG, 5). The potency was
determined by two difl'erent methods, TCID50 and plaque
ntrtillon. Thc TCID50 wtls calctdatcd by'isual ulspccllon of
CPE (microscope) und by mmsurui die difli:rcnce ui absor-
bance (A560-A420) of the wells displaying ('PE) (yellov in
color) compared with red (no ('Pl i). 'I'he phqtes were read on
a plate reader. and applied to the carne calculator as the
microscopically read-plates (absorbance). The values in
TCID30 between the two scoring techniques are quite
similar, while thc values oblaurixl by plaque turation are
lower.

A sununary of thc gcucralion of thc P6 virus mid char-
acterization is shown rn Table 2 below

70
'IAI31,1. 2

Srlrrlrrrsr 'f v Itis passage .trltl ohsflctcr zal'tr for
the enerat on of clonal ZIKAV stra ns

Poses e S ed produ t or(flour fi tt n Chu.i tenant on

Pl
P2

P'4

P

P6

Arnpliti I'I hy ps quc rtl . I o
I'r k ut paasag plaqu . fi »
P2 plaque sass,
P k snd p.iss.ige pl.iques from
P3 plaque sass,
Ampl fy P4 plaques!a fr
/urrpiify Ps (t-ti wnis

I DID II I I

pl%us piu fi sr on

TC IDsti t ter
TC ID50 titcr,
pkmue phcnotvpc.
genotype, gro tlr Dr(err .

Au isola(cd Ziku 1 irus clone that closely rcsemblcd thc
envelope glycoprotein sequence of the original isolate was
sought, since the envelope pnitein of flavivmrses is the
doniinmit irnmunogenic portion of the vmrs. PRVAB( 59
clones P6a, P6c, P6d and P6f contained a Ci T mutation at
nucleotide 990 in the envelope region (Ci990T), resulting in
an amino acul mutation ol Val Leu ut cuvclopc residue
330. whcrcas Ihc em elope gone of PRVABCS9 clones P6b
and P6c were idcnncal relative to thc refi:rcncc strain
((ienBank ref KU501215 I) (Table 3 and 11(i 6).

TABLE 3

Scq «mop. I PIP0613(' P6 Inca

Srr. rr 'qu I olrd Amm A*d Mul.i

En elope scqucnmne Irefcrcu c gene frnrn PRVABC 9,:tcccssion KL50121

PRVABC'59 P6d Err -99(l

G T

I'Rr ill('59 Ps Wrld lvp

I'lrtoiu('59 I'(r I » 990

G T

I'IOCAII('vv Psl In 1404

T C'rlcrrt

PRVABC 9 P6c Lnv 99(I Env I li

V: 1330

Ern-33(l

Vil Leu .Vlutat on n 'I of 4 setula.

Vt!ILcu Mutatron rn of 2 read.

Vsn'l(I«Leu

W'i id type W ld lait 9'ri I lyp I I lo

refcrcncc

Val330 Lcu

W'i id lypc W Id lait 9'ri I lyp I I lo

refcrcncc

PRVABC(9 P6f Lnv 99()

G T

Env I li

Val330 Lcu

Vil Leu .Vlutat on n of 2 setula.

19(l ltp trot scqtrcrr'cd Lr:I

4 I 4641.

Full genorlrc scltrcrlorrlg ocfcmncc gcnc froin PRVABCO9. mccsnon nKU. 012153

I'ltt tlt(:O9 P6h h» 14((4 Wild lip

T 0
O'Sl 9

I (I

PRVABC 9 P6e h:Sl 9

I (I

I m96 (II I

KSI 96

Iqtvg (llv

TrptGly Mutat on n of 2 retuls

Trp Gly Mutat on ur ot'eads

72



71

US 11,730,802 B2
72

TABLE 4

Srunnrro ot'Inutitions Idcnrifiwt ui PRVAB069 P6 Iones

20

('I n

llic tw o cloaca lacffing mutations ui tlm cnvclopc
sequence were then sub)ected to full genome sequencing.
Scqumicing results are sunuuarizcd ui Table 3 above.
)eqnence analysis revealed a 'I'i substitution at nucleo-
ude 292 in (hc NSI region for both cloncs. rcsulung in a
'I'rp (ily mutation at NSI residue 98. 'I'his nnitation was
also later confirmed through deep sequencing. The NSI
W98(i mutation is located in the intertwined loop of the
iving domain of ZIKAV NSI, which has been implicated in

111membrane association. interaction with envelope protein
dnd potcntiafly hexamcric NSI I'onnafion. Wlulc other tryp-
Iophiul lcsuhlcs (W115, W118), Brc highlv couscIvcd Bciriss
flavivinises. W98 is not (III(i. 7). Interestingly, hov ever,
100'i conservation of the W98 residue is observed across 11

difl'erent ZIKAV strains, including those from the African'ndAsian lineages The identified mutations in each strain
are sunuuarized rn Table 4.

ducible gmwfh and nuniufbcture ol'ubscqucnt viral pas-
sages propagated from these strains Without wishin to be
bound by theory, ihe Em-V330L mutation obscrvcd in
strains P63, c, d, and f may potentially be a result of in vitro
a(Lipfafion, as a nuifation af Env 330 was also obscrvcd upon
passaging in Vero cells (Wcger-i.ucarefli et al. 2017..lournal
of Virology). Because the envelope protein is the dominant
inimunogenic epitope of /ika vinis, stnqins containing a
Vero adaptive mutation in Env may negatively impact
vaccine immunogcniciiy. Without wmlung to bc bound by
theory, the adaptation mutation in protein NS I appears not
only to mdmncc viral rclrfication, but may also reduce or
otherwise inhibit the occurrence of undesirable nnitations,
such as rn the cnvclopc pro(cin E (Env) ol'hc Zika virus. In
addition, NS I may be knorvn to bind to the I:nvelope protein
dunn the life cycle of the vinis. This mutation (NSI W98(3)
may be implicated in changina the ability of the NSI to
associate, and possibly co-purify. with the vinrs durin
downstrciun processuig. NSI is also known (o bc inununo-
genic, md could be implicated in the immune response to
the vaccine.

:VIut.it one dentfied us envelope

Pds
P61

Pd
P6 I

PS
I'6f

0990T
T14040
0990T
(19901

o
(19901

V SOL
f. Ilent)
V SOL
93 01

93 01

Pdo
P6e

.1st T29 0

.1st T 9 0
SSI \V9SG
ssr wos(
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Example 2: Precliiucal Inununogcnicity rmd
Efficacy of a Purified inactivated /ika Virus

Vaccuic (PIZV) Dcmed from tlm P6b and PGc
Strains

The following example describes the preclinical inunu-
nogenicity and efficacy in CDI and ACi129 mice of an
inactivated Zrka virus 1 accinc (PIZV) dcnvcd lkom thc P6b
and P6c strmns. As dcscnbrxl in Example 1. six clones were
generated fmm the epidemically relevant PRVAII(:59 strain,
and two (P6b and P6e) were chosen for fiirther preclinical
inununogenicity and eflicacy studies

Phcnotypw. analysm of thc ZIY AV PRVABC59 P6 stocks
was conducted to characterize the /IKAV clones. As illus-
trated in I'l(i 8 and quantified in I'l(i 9. each clonal isolate
consisted of a relatively homogeneous population of large- qo

sized plaques as compared to the PI virus which had a mixed
populauon of lurgc nnd small plaques. llicsc data suggest
the successl'ul isolation of single ZIKAV cloaca.

NexL growth kurctics analyses in Vero cells of the ZIKAV
PRVAII('59 P6 cloaca were analyzed. Vero cells v ere
infected rvith 0 01 'I'(:ID50/cell of each /iKAV P6 clones in
senmi free ~orwth medium. Viral supernatant samples were
taken daily and simultaneously assayed for infectious titer
by TCID50 assay. For all P6 cloncs, peak titcr occurred
betwcmn day 3 and 4 (—9 0 log 10 TCID50/mL). Tlmre was o

no significant ddli:rcncc ur growth kuicucs ol'thc venous P6
clones (Iil(i. 10).

1'aken to ether. the results indicate that a /ika vinis seed
ives successfully generated. This seed selection required
understanding of growth history, kinetics, yield. genotype, o.

dnd phcnofypc of the virus. Imporouifly, clonal isolation of
the Zika virus straim allow ixl lor thc successful pumfication
of thc virus Bwrlv lroui couldnlhlBlulg agents (c.g.. Bdvcn-
titious agents that niay be in the parental human isolatej.
lnterestin ly. three sequential plaque puritications suc- (o
ceeded in quickly selectin Vero-cefl adapted vinis (strains
PGa-fl, where these stmqins were able to replicate well in
serum-free Vi:ro cell culturcss with stmur P6B, c. d, and f
hnrboruig a mutation in theviml cnvclopc profem, whde
strains p6b and p60 obtarnuxt a mutauon m the viral NSI ds

pmtein (with no modification to the viral envelope) Addi-
tionally. the Vero-adapted stnqins enabled efficient and repro-

Mdicridls dud Methods

Purification, Inactivation and I'orniulation of a /ika
Virus Vaccine

A lot of inacuvatrxl ZIKAV vaccine, suitable I'or usc in
prccliuicid uuulunogi:nlcilv raid cflicdcv studies. uris gu'a-
erated and charactcrizcd. Virus was amphlicd from Ihe PGb
and P6e strains by infecting flasks of confluent Vem cells at
a MOI of 0.01 Vinis was adsorbed for I hour at 36" C 2"

C./5% CO2. Fofloiving adsorption. 20 mL of cDMEM-0%o-
FBS was added to each flask, and incubated at 36" C. 2"

C./5% CO2 for five days. Ccfl supcrnutan(s werc harvcsfuxt
on day 3 and 5 post-infccuon. and ccfl debus was cfarrfiuxt

by ccntrrfugatron.
lior each isolate, cffiritied supernatants were pooled, sta-

bilized in DMIIM containin IY% trehalose and stored at
&-60" C. Pooled. clarified virus supernatants w ere thawed in
a 37'. water bath and treated with benzonase overnight at4'. Following bcnzonasc trcauncnL each sample was
applied to a Sartonus PP3 depth filter. Following depth
filtration, each sample was applied to a Ccntncon Plus-70
tangential florv filtration (Tl'I') device Retentate was bufler
exchanged, diluted. and applied to a Sartorius SartobindQ
IEXNano. Each sample was applied to a second Sartorius
SartobuidQ IEXNano and eluted usin a 3 step-elution
process with 250 mM. 500 mM, and 750 mM NaCI. Fol-

lowingg

MonoQ chromatography and ddut ion, each 250 mlvf
cluaic was apphed to a Ccntricon Plus-70 cross flow lilfrd-
tion (('I li) device fiir buffer exchan e. diluted to 35 ml ivith
PI3S, and stored at 2-8" (2
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For Ibm&alu& inset&vat&our freshly prepared 1% fi&mudde-

hyde was added dmpwise to each purified sample v.ith
gentle sw &rlu&g to obtmn a final formaldehyde conccntrat&on
of'.02%. Samples werc incubated at mom temperature
(-22" ( ) for 14 days with daily inversion linrmaldehyde
was nemralized with sodium metabisulfite for 15't roon&

temperature before bein applied to a Centricon Plus-70
tangential flow filtmtion (TFF) device. Buffer exchange was
performed four times by the addition of 50 mL Dnig
Substance Bufpor (10 mM NaH&POe, 50 mM NaCI, 6% Iii

sucrose, pH 7.4) Each 6&unple was then d&lutixl to 15 mL
with I)rug Substance 13uffer, sterilized using a 0 2 m synnge
filter, aliquoted mto sterile stoppered olass vials (0.5 n&I per
vial) and frozen at &—60'.

Virus inactivation was contim&ed by TCID50 assay and
double infectivity assay. Briefly dru substance sample was
appl&cii Io C6/36 cells and allowed to iunphfy fi&r 6 days.
Supcnuitant from C6/36 cells was apphcil Io Vi:ro cells and
('Pl i was mnnitored for 8 days I'or dmg product formula-
tion. vials of PI/V drug substance were thawed. pooled 10

according to sample type. and diluted to I I&g/mL or 10
I&g/n&L in PBS with or without Alhydrogel (Brennmg: 0 5

mg/mL final, 0.050 mg'dose) and incubated overnight at
2-8'. with gm&tlc ag&tat&ou Thc rcsultu&g drug product lots
werc ihen al&quoted &nlo slcnle stopper&xi glass v&als and
stored at 2-8" (2 until use lil(i. 11 provides a summary of
the steps used to prepare drug pmduct

Mouse Immun&sation and Challcngc
ul

I'or the &mmunogenicity study, six-week old male and
female Swiss-I('R (('D-I) mice were divided into 6 groups
(n=10/group). On Day 0, mice in groups 1-5 were inoculated
with 0.1 mL of vacc&ne by the intramuscular (i.m.) route
(2x0.05 mL intccuons). M&cc u& group 6 v,ere inoculated &s

with PBS as a placebo control. M&ce werc boosted on day 28
and 56 using thc same dosage m&d vaccine type as day 0.
13lood san&ples were collected on day — I (pre-immune). day
27 (prime), day 42 (boost I ) and day 70 (boost 2)

For the immunogenicity and efficncy study. four-week old 40

male and female ACI129 mice were divided into 7 groups
(n=g/group). On Duy 0. nncc u& groups 1-6 werc inoculated
with 0.1 mL of vaccu&c by thc &nuumuscular (&.m.) route
(2x0.05 mL intact&ons) M&cc u& group 7 werc inoculated
with PI3S as a placebo contml. Mice were bnosted on dav 28
using the same dosage and vaccine type as on day 0. Blood
samples were collected from the tail vein on day — I (pre-
imnume)„day 27 (prime) and day 55 (boost). At rhe tune of
cuthanization. mice werc bled v&a card&ac puncture under
dcmp nncsthcs&a w&th &sofluorane (ternunal). On day 56, m&ce 0

were &ntrapcritoueally challcngcd w&th 104 plaque fi&m&ing

units (Pl'U) of /IKAV PRVAI3( 59.
Serum 1 ranefer

Serum was collected fmm PIZV-vaccinated and chal-
lenged ACI129 mice, and were frozen after pooling (groups &6

l. 2, 4. and 5 of Table 6). Tlm scnun poul was thawed, and
Ihe test articles werc gcncra ted by &luce-Iold dilunous of thc
serum pool u& PBS. A placebo was gcncratcxf usmg 3-Ii&ld

dilutions of A(112') normal mouse serum in PI38.
'Ihe test articles were administered as 0 I mf intraperi- 10

toneal injections into AC1129 mice (an equivalent volume of
the placebo article v as ndmin&stered to control mice). Ani-
mals werc then chullm&gcd &ntrapcritoneslly w uh 104 plaque
fornung units of Z&ka v&rus strain PRVABCS9 in 100 PL.

Allowable blood volume by weight was collected as ss
whole blood by tail bleeding from ten &nice on day — 11

(pre-immun&zat&on) Whole bk&od ives collected frnn& each

mouse on day I (pnmary, c&rculatu&g Nab) and day 4
(viremia) by tail bleeding. Terminal bleeding afier lethal
challcngc was pcrfom&cd by heart puncture under decq&

anesthesia I'or larger volume beff&re cutban&zat&on by cervi-
cal d&slocation 131ood samples were collected in micmtainer
881 senuu sepamtion gel tubes ai&d allowed to clot fi&r at
least 30 min before separation of senim by centrifugation
(10.000x for 2 min) and frozen at —80'.

Plaque I(eduction Neutralization I'est

Neutralizing antibody titers were determined by a plaque
reduction neutraiization test (PRNT) as described previously
(Sec c g., Osorio et al. Lancet Infi:ct Dm. 2014 September.
14(9).830-8).

Reporter Virus Particle (RVP) Neutralization Assay

Neutral&zing ant&body &&ters were Iuralyzcxf by t&&rat&on of
serum samples withe constant amount of Z&ka RVPs in Viro
cells groivn in 96-well plates. I(VPs contained the prME
pmteins of Zika (strain SPI 12012) and a Dengue-based
Rani/fr& luciferase reporter. Briefly. sera were heat inacti-
vated at 56'. for 30 min. diluted. and then incubated at 37"
C. w uh RVPs. Thc serum/RVP mixture was then nuxixi w&Q&

Vero cells and incubate&i for 72 hours ut 37'. 2'..&5%
CO2 bcforc dctruuon with luc&fcrase substrate. Dani was
analyzed using .IMPII non-linear 4 parameter analysis,
normalized to a pnsitive tracking control and effective dose
50% (EC50) was repo&t&.

Unless indicated to the contrary. nll addit&onal experimen-
tal &ucthods were carried out as dcscmbcd in Example I

above

Results

To assess Ihc &nuuunogenicity of thc PIZV candidates in
6 wcck old male and Ii:male CD-1 m&cc, groups of CD-1
nuce (N 10/grnup) were imn&unized by the i m route ivith
e&ther a 0 I pg (+alum). I 0 pg (+alum) dose of a vaccine
derived from either ZIKAV PRVABC(i9 P(ib or P6e virus
stmins, To assess the need for adjuvant. a group of animals
v as vaccinated v, ith 0.1 pg of vaccine denved from P6e and
lacku&g alum Iuljuvann Vacciuilt&ous occlurcd ou duvs 0, 28,
and 56, w&th group 6 receiving PBS as a placebo control
(III(i. 12A and I'able 5).

TABLE 5

PIZV &nrmnhit nne ens hence ee n& CD I m e

Drnnp Sirmn Dnse I&m& Aln&n (ngl

I'sb
P61

P6e
P6e
P6e
Plneebn iPBSI

il I

I .Il

I

10
I

0 so
0 60

10
10
ul
Io
ul
Io

l&nllowing vaccination, senuu smnples collected after
primary (day 27), secondary (day 40) and tertiary (day 70)
inununizations were tested fi&r ZIKAV-spec&fic neutralizing
antibodies by RVP neutralization assay (FICi 12B). Twenty-
scvcn days afier rcceivu&g thc lira& dose, a sl&ght ueutrahzu&g
anubody rcsponsc was obscrvcd &n m&cc vaccu&ated w&Q&

PIZV derived from cuber clone contmruug alum, as com-
pared to the PI3S placebo cnntrnl group In&portantly, this
response increased significantly upon a second inm&uniza-
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'I'AI31.11 Ci

PIZV formulations and cltaucn cs u) AG129 m( e

I) . (I gl tlun tug)

F P6b

! I'eb I

! I'eb 01

M I'6 01

I) 10

0 ')0

0 ')0

M Psc

M Psc

M Pla cbo tPBS)

10

01

tl 40

uon (day 40), but was nol addtuunally cnhmlced upon
inununization with 0 tlurd dose (dav 70). No neuualizing
antibody rcsponsc wns observed m mice vaccinated with
non-adjuvanted vaccine (l)I(i. 12I3).

To assess the inununogenicity and protective efficacy of
thc PIZV ckudulatcb, groups 01 4 wcck old AO129 uucc
(n=5/group) were inuuunized by the i.m. route with either a
0.1 pg dose (+ alum), I 0 pg dose (+ alum) or 0.1 IIg dose

( — alum) of a vaccine derived fnim either the /IY RV

PRVABC59 P6b or P6c stocks on dhys I mid 28 (FIO. 13A
and 'I'able 6).

20

All groups werc also monitored I'or mortahty. morbidity
and weight loss for 21 days post challcngc. Viremta follow-
ing challenge ives detected and quantitated by plaque titra-
tion Mice vaccinated lvith a low or high dose of PI/V
candidates tbrmulated with alum ( mups I, 2, 4 and 5) were
fully protected fmm lethal /IKAV challenge. ac assessed by
the plaque reduction neutralization test (FIANT) assay, as
v ell as a comparable secondary neutralization assay (Table
8). No wei ht loss or clinical signs of illness were observed
in vacculated mice. none had detectable infectious viremia
three days post challenge, and all mice vaccinated with
either low or hi h dose antigen+alum adjuvant survived to
21 days post-challen e (FICiS. 14-16) In contrast. challenge
of all naive mice rcsul(cd ul high vircmui on day 2 pusl
challcngc and morbidtly/morlali(y bctw can day 10 mid 18

post clrkllcnge (median suritval=D13) Additionally, chal-
lcngc oi mice vacculatml widl a non-alum-kdtuvmltcd low

dose vaccutc derived from strain P6b resul(cd ul lugh
virenlia on day 2 post challenge and a median survival day
slnlllBI'1 thc phlccbo co(llrol mup, lvhilc alice VBcc lusted
with a non-alum-adjuvanted low dose derived from clone e

remained partially pmtected with a median survival of 19

days. Ihese results indicate imniunization ic nlore effective
with alum, secondary imnulnization may be 0 requirement,
and that loiv dose was as eifective as high dose.

TABI E 7

Setunt naut)el tui uit bod t leis

Group Fomtulatton GMT % sc GMT 'c
P66 () I ps+
afmn
P66 I 0 pg +

.)I)un
P6b ( I ic—
.)I)un
P6e 0 I pg +
alU(u
P6e I ll pg +

alU(u
P6e )) I pg—

PItS

0

0

20

tlu

0

100

I si 100 i.

I 0( I

A

G4A 100 (0

9(io 100

-2A 20

61

Following vaccination. vaccinated and cmltrol mice v ere 10

intraperitoneaily challenged at day 56 with 104 PFU of
/IKAV PRVAB(:59 (low passage) Serum samples collected
after primary (D27) and secondary (D55) inununizations
w cre (cstcd for ZIKAV-splmilic ncutrahzulg annbody
response (FILI. 13B and Table 7). Only

groups

receiving the
lngh dose oi'lum-kdtuvautcd vacculc (groups 2 and 5)
elicited a neutmuhzing antibody response after a single
immunization. which tncrcascd dramaucally after boosting.
ln contrast. groups receivmg either the low or high dose of 40
alum-adjuvanted vaccine produced a high neutralizin anti-
body response after a second dose Upon receiving two
doses of vaccine. there was no statistical difference between
groups of alice rccclvulg (IIUBI-k(ljuvaulcil vaccine, IcgBrd-
less of the dosa e or the derivation from the PCi clone.

TABLE 8

Tc(nunai lpnst cltaucngc)

Pool PRVT)o Sccnndaty assay

(I. 2. 4, ) I

Vo alt)in (S. 6)

PBS 17)

10240

60

I SA

2(utn)

60

1760

Additionally, the presence of NSI in the vaccine drug,

substance (DS) produced fmm v hole inactivated P7b and
P7e vimc (one additional passage froni the P6b and P6e
strains, respectively) wac tested. A sandwich III.I)A was
perfornled using plates pre-coated with a nlonoclonal anti-

body reactive to both Asian and African lineages of Zil a
virus NSI. but non-cross-reactive to Dengue NS I Duplicate
2-. 4-. 8-, 16-, and 32-fold diiutions of DS were prepared,
and v ere compared to astandard curve using recombinant
punfied NSI in duplicate at a concentration of 0-8 ng/mL.
Duphcatc diluttons of DS builhr alone werc prepared as
ncganvc controls. Bound NSI was dc(ected with anti-NSI
HRP-conjugate, and kbsorbancc (A450-A630) of thc wells
with DS buffi:r alone was subtracted from thc absorbancc
memurcd ul the wells con(ainulg the matching DS blmlplcs.

Results of thc sandwich ELISA are shown in Table 9 bolo%.

Interestingly, NSI was obseit ed to co-purify with the vac-
cine drug substance preparations. suggesting that viral N)1
may be an immunogenic component of the whole inacti-
vated vimc vaccine.
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SS'I ELIS A

Sfmuf n va cuie Sample Piet cfed Sfd Lowe&

p I'op a f.'l f 07 7 OD Iop. aghnL Error 9

'red fed
L'ppef D lut on coacentfst oa
9. '. Fi Iof (ngfmL)

I'7h
I'7«

361 ff 1st 'f(fig f(91( 0986 -28
1 79 ff 98(f ff 023 ff 931 I (04 -)f(6

11)e tiueshoid of ncutrahzing anubody (Nab) necdu! to
confer protection from w iid-type Zika vinis chaiienge after
passwe transfer of antibodies waa next tcstwL (Tables 10A
and B).

8 ore

'1 A131.11 I I

(non tenn for m rb d and moftil

Descnpi on

I'AI3I,E 10A

des gf of piss(a rransfef study n AGI 9 m ce

tm FL

1fiff uf

i(s) pl

Ifa) I(L

niff FL

niff FL

niff FL

If(0 FL PBS

6827 113

2276(3 6

7(9 88

(I 4(l

84' 9.

28' 4.

9'(i 9,

1 A)31.11 1013

T fn n of ass (e tiansfer srudv uf AG129 u» e

Descf pf OI( Study D.iv

I'.n Bl« I I(M)
Ohdl ag iPM)
V mfn a Bleed
Tefnnnal Bleed

D) 0
D I

D) I

Da, 4
Ds 9 for silfv iol's

Pooled sennn fmm vaccinated and chaiienged ACr'129

mice was scnaily diluted 3-li)id ui PBS and uitrapentonwilly
injected into 7 groups (N 5/group) of 5-fi week old AG)29
nuce. Prc-inunune AG129 mouse serum was used as pla-
cebo controi ( mup 8) l(oilowing passive tmsnsfer (-16-19
hours later). whole blood was colicctcd and serum was
separated by centrifugation from each mouse prior to vims
chaiienge for determination of circuiatin. neutralizing anti-
body titer (lfiti 17)..lust poor to virus chailenge, groups of
mice (designated groups 1. 2. 3. 4. 5. 6. 7. 8) had mean io
10 neuuaiizing antibody titera of 2.69, 2.26, 1.72, 130,
&100, &1.30„&1 30„&1 30, respectively.

Twenty four hours foiiov in passive transfer of ZIKV
nAbs, mice were mtraperitoneally challenged with 104 pfu
of ZIKV PRVABC59. Foiiowin chaiienge. animals were
weiahed daily and monitored 1-3 times a day fi)r 28 days for
signs of iiiness A clinical score was given to each animal
based on the symptoms (Table 11). Animals tirit were
moribund and/or shov ed clear neuroiogicai signs (ciinicai
score 2) were humanely eutharuzcd (md counted as non-
((uvii'ol's.

20

of(oat .'(ppeslflllcv a(id boll.'I 'lol'

ifnp.anf sci.lbf: m

psralvus ! mmob I (B unsre.idv fui i. Bac d huid le s

severe m r huuf of full p.ual)s s
Foimd dead v (I(oui sh nuia s ns of score of 2 or 'I (i(st
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TABLE 12

6(

('l.f ng 0 ma 81d 7

m ZIS( n(h (Di! I pnl (u
Group d lut on G'vIT pfu.mL (D 8) ds,

269 — 01! 166 f)6 7(l 4
"26 013 2 3 068 ff 17

Signs of disease began appearing nine days after chal-
lcngc in thc contmi group (group 8) and groups 5-7, with 8

corresponding loss in weight (FICi. 18). Whole blood was
coilcctcd and serum was separated by centniugation from

1(f
each animal three days post challenge Serum sarnpies (vere
analyzed for thc prcscnce of uifi:ctious ZIKV using a pl(fquc
titration assay (I'IEi 19) 'lite mean Infectious titer (log 10

pfu/mL) for mice in groups 1-8 were: 1.66. 2 74. 4 70, 4 92,
7 24, 7 54. 7 54 and 7.46. respectively Importantly, mice in

3( groups 1-4 with detectable levels of ZIKV neutralizing
antibodies (o1.30 iog 10) had statistically significant lower
lcvcis (102.5- to 106.0-foid lower liters) of virenua
(p=0 0001. 0.0003, 0.0007 and 0.0374) thnn contmi mice.
'I'hese resuits suggested that detectabie levels of /IKV
neutrahzing antibodies (m) 30 iog 10) reduced viremia in a
dose-dependent manner.

The median survival day of mice in gmups 1-8 were: not
determined, day 17, day 17, day 13. day 11, day 11, day 11,
and day 10, resp(xu(eiy (FIG. 20). Importnntiys thc survival
curves for gr'cups of Inicc with dctcctablc ZIKV neutrahzuig
antibody titers (groups 1-4) (vere statistically different com-
pared to the controi group (go)up 8) (p 00019. 00019,
0 0019, 0 0153, respectively). Ihese results suggested that
detectable ieveis (m130 iog 10) of ZIKV neutralizing anti-

(0 bodies delayed onset of disease in a dose-dependent mmmer.
Firmily, the ZIKV ncutrahzuig anubody titer of each

ammal was graphed against iis corresponding virenua liter
and linear regression analysis was performed A highly
inversely correlated relationship between /IKV neutralizing
antibody titers and viremia levels at day 3 post-chailenge
v as observed (FIG. 21). A sunmiary of the results ibom the
passive transfer studies is shown in Table 12 below.
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Group dtlutton GNT pfutntL IDSS) dav

in only 33% mortality (median survtvul ttmc=undclcmtincd)
(FICi. 22). In agreement with this, preMVS PGe infected
nucc showed greater w mght loss as compared to PRVABC59
V6a infected mice (3) No statistical difference was found in
mean group vircnua levels bclw can groups of mice utfcctcsi
with VRVAB(.'5t) V6a or We (ltl(i 24) I'hese data suggest
that grov,th kinetics alone may not be 0 key determinant
(since both strains produced similar viremia, and similar
peal titers in vitro) and that a chamscteristic of the Envelope
protein could be tmporianl Ior virulencc (of a wildlype
stmin) and immunogenicity (of an inactivated candidate).

Wlulc no groups oi mice receiving ZIKAV imulcdlizing
antibodies ivere fillly protected from lethal ZIKAV chal-
lenge in this experiment, reduced viremia levels and delayed
onset of disease in a dose-dependent manner anumg the

mups of mice with detectable levels of circulating /IICAV
nculrahzuig anubody liters was dcmonslraled.

Takmt together, primluucal dale from both CD-1 and
20

A13129 mouse studies indicate that a PIZV derived fmm
separate and well-characterized viral clones are inuuuim-
enic and able to provide protection agsinst challenge v ith

wild type /IKAV hnportantly, a loiv and high vaccine dose
clicitcd a similar ncutrnhzing antibody response aficr lwo
doses. and provided sunilar levels of proleclion against
lethal ZIKAV challenge. Interestingly, mice vaccmatcd with
an unadjuvanted PIZV candidate also showed partial pro-
tection from ZIKAV challenge. Vaccine antisera signlfi-
cmitly diminished viremia in passively immunized A(1129
mice. and pn11onged survival against lethal /IKAV chal- 10

lcngc. These results also dcmonstratc Ihdl thc well-charac-
Icrtztxl PIZV candtdnles werc lughly cliicacious against
ZIKAV infection in the hi hly ZIKAV-susceptible ACr'129
mouse model.

Additionally. It was found that the sequence of a PRV- 3s
AI3C59 (fnlm VRVAB('513 Vfie) at passage 7 ives genetically
ideniicdl lo tlui1 of passage 6 Tlus was surprisuig given lhal
lldvtviruscs arc generally rcgardcd as genetically labile.
PRVABC59 P(ie v as selected ac the master vinis seed due in
part to its genetic stability over 7 pascagec. Without wishing

40
to be bound by theory. it is believed that this enhanced
genetic stability may be due to the single amino acid
subsuluuon (W98Ci) ut thc wing dommn of NS I. as tins was
the only mutation obscrvcd in Ihe Vero cell-adapted PRV-
ABC59 P6 genome. Additionally. enetic stability and
homogeneity is advantageous in that it reduces variability 46

and increases reproducible production of subsequent strains
that mav be used filr vaccine formulation.

Example 3: Prechnical Ascessment of the
Phenotype of the Vfia and V6e Strains

Malcnals and Methods
AG129 mice (laclong interfi:ron tv'j) and / rccaTtlors) are

susceptible to ZIKV infection and disease, including severe
pathologies in the brain 14-week-old ACr'129 mice were „
intraperitoneally infected with with 10a and ]0 pfu of the
/IKV passage 6 clones a (V6a) and e (V6e)

Mme were weighed and monitorral dmly (up lo 28 days)
for cluiical signs of illness (weight loss, rufilcd I'ur. Iuulched
posture. lethargy, limb v eaknesc. partial/full paralysis).
Additionally, analysis of viremia wac perfomled by plaque ""

titration of serunt samples collected three days post-chal-
lenge as described tn I ixample I.

Results
6s

Infection with V6e resulted in 100'%ortality (ntedian
survival time 12 5 rhsys). while infection with V6a resulted

Example 4; Clinical hnmunogenicity and Etficacy
oi' Purtftax) Inactivated Zika Virus Vaccine (PIZV)

Derived from We Strains

Sample Preparation

ltour Purified Inactivated /ika Vaccine (VI)V) lots ('I'ox

lots 1-4) vvere manufactured by ~oowth in Vero cells as
described above. Supcrnalanls from 4 daily hare eels (each
dally harvest 1000 mL daily. Iotalin about 4000 mL) were
punlied by lillration mid chromatography, conccntralcd and
inactivated by addition of fornlalin to a final cimcentration
of 0 01%. Inactivution was allow cd to proceed for 10 days
at 22" (.'., before the sample ives bufi'er exchanged into 1)rug,
Substance Buffer (10 mM NaH2PO4. 50 mM NaCL 6%
sucrose. pH 7.4).

The inactivated Zil 7 virus active agent is no longer able
to utfcct host cells, v:hich can bc in(i:cted with 0 Zika virus
which luis not been inacuvdtcd. Thc inactivation is dcier-
nuned by the followina test protocol In activation is
acknowledged in case no plaques are detectable

Dclalleii COI (Coulplclcui:bb 01 Illactlvtttiou)
Protocol

I ltirst part of the assay: Vero (I 4I: " cells/ml.) and
.dedcs ocg)pri nu&squito C(t/36 (4E'"o cells/mL) cells
v ere seeded in 96-well pLates tv, o days prior to addition
of Ihc stlulplcs. Thc Veto cells wclc citllttlixl hl
DIVIEM+ 10 /o linal FBS+2!o L-glut nmtne+ 1% Pclucil-
lin/strcplomycui at 37'. C636 cells werc cultured in
DMI)M4)0% ltl3S+2% I.-glutamine+1% Penicillin/
streptomycin+1% nonessential amino acids at 28" (2

2 Three independent replicates of the 200 TCID50 con-
trol virus (prepared in the virus back titration control
teal) or the DS samples were dtlutixl (5-fold and 10-Ibid
dilutions) into media contauun 2% FBS

3 Tlm cells in 96-well plates werc inoculated with Ihe
sanlples Prior to the infection of the cell monolayers in
the 96-well plates. the sample was vortexed to disrupt
any possibie a ~negation. 100 VL of each dilution was
applied to each of 5 wells into two separate 96-well
plates containuig Vcro and C636 cells, respectively.

4 Media alone was uicludcd in another well for each cell
type as a negauic CPE control.

5 Plates v,ere incubated for 6 days at the appmpriate
temperature for the cell line

6 Second part of the assay: To allow live virus to be
further amplified and visualized by CPE on a permis-
sive cell linc, thc entire volunu: oi'ach 96-well super-
iralant Ibom both Vi:ro and C636 cells was Inntsfcrrcs)
ttt uuhvuhlai w elis oi 6-v t:ll pirl les oi Veto cells.
Inoculation pmceeded for '30 ntinutes with rocking at
15 lrilllutcs itltciva)s
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7. Med&um conte inu&g 2% FBS was added to thc wells and
pla&es were &ncubatixl lor an adihuonal 8 days for
subsequent detect&on of the a&nplified samples as a

fiute&ion of(:Pl: 1'he inactivation was consider&xi to be
incomplete if any of the replicates of the I)S showed
('Pl& at the end of day 8

7 'I'he presence of live/replicating virions was visualized
by the format&on of plaques or CPE on susceptible cell
monolayers after tmsnsfer to the 6-well plate. Ond incu-
bation for 8 days to allow for viral replication. The %
( 'PE scoring &n the 6-v ell plates at the end of the assay
&vas calcuLated as follows:
Each 6-well pLate of Vero cells ives examined for CPE

by i isual&zat&on of colorimetr&c ch mgc. followed by
conlirmation of CPE by inspiuuon under an mvertcd
light m&croscope.

Each 6-well plate rcprcscnted onc of thc replicatcs of
zu

&hc DS diluuons prc)&ared ui thc 5 mid 10-fi&ld

dilutions described above (5 wells. plus one well
containing med&a alone)

1'heretilre. % ('F1 1 filr each replicate reflected the nun&her

of wells w&th ('Pl
& out of 5 total wells per sample (120

total wells are used per assay) Mean % (:Pl: and
standard deviation were calculated based on tllree rep-
licates of each dilution.

The anulunt of the purified inactivated Zil a vin&s can be 31,

determined by a Bradford assay (Bmsdford et al. (197(i) Anal.
Biochem. 72 248-254) usin detined amounts of recombi-
nant Zika envelope protein to establish the standard curve.

11&c pur&ty of thc punlied Z&ka v&rus cmi be dctcmuncd by
ls

stzi: exclusion chronuuograpllvs hl lllc cur&ca& exanlple, thc
ma&n peak of thc punlied Z&ka v&rus in &hc size exclusion
cluoma&ography was morc &hmi 85% ol thc total arcs under
thc curve in the s&ze i:xi:ltlslon chio&lldtog&aplly.

The investigational vaccine (PIZV) refers to Zika purified su

fi&rmalin-inactivated vin&s formulated with 200 pa alumi-
num hydroxide, Al(OH)3, as ad) uvant, in phosphate bullhrcd
saline solution (PBS). Thc final liquid formula&ed product is
filled into single-use vials and sealed with mmper-evident
seals The investigational vaccine is administered IM (intra-
muscularly) as a 2-dose regimen of O.S mL at 2. 5. Or 10 pg
antigen pcr dose, 28 days spam

Sodiunl citioride (NaCI) 0.9% solution for injection &s

being used as placebo. It &s supplied in single-use vials It &s

a stcnle, clear, colorless 1&qual soluuon ol'odium chlonde
without prcservativc dcs&gncd for paren&eral usc only. Thc
placebo is administered IM as a 2-dose regimen of 0.5 mL
per dose, 28 days apart

Test Methods

PRNT assay. Neutral&zuig anubudy iitcrs werc detcr-
nnncd by a pluquc rcduct&on neutrahzat&on test (PRNT) as so

described prev&ously (See Protection of Rhesus monkeys
against den ue virus challenge after tetravalent live attenu-
ate&I dcnguc i &rus vacc&nat&on. J. Infcc&. D&s. 193, 1658-1665
(2006). Muthumaiu K. Cinflin B D, Aga& wal S, ct al. In vivo
protection against ZIKV infection and pathogenesis tluough
passive antibody transfer and active im&nunisation with a

prMEnv DNA vacculc. NPJ Vacc&ncs 2016, 1. 16021). Thc
Z&ka strain used for PRNT assay development was PRV-
A13('5%

hllnnuio Ou&come Mcasurcs.

Definitions

Sero-pos&t&vity (PRNT). t&ters of LOD (Lun» of dc&ec-

tion)

Sero-ncgativi&y (PRNT): titers of &LOD (L&m&t ol'dc&ac-

t&on)

Scroconvcrs&on (PRNT): Post vacc&nauon t&ters of LOD
in uutially scroncganvc subjects

LOD (PRNT)=10

Assigned value for below LOD=5

LLoQ (Lower Limit of Qualitlcation„PRNT)=26

Assigned vaiue for below LLoQ (Lower Limit of Quali-
fication)=13

Reporter virus particle (RVP) neutralization assay: Neu-

trahzing antibody titers &vere analyzed by titration of semm

samples w&th a constan& amount of Z&ka RVPs ul Vcm cells

grown in 96-lveli plates. RVPs contained the prME proteins

of Zika (strain SP112012) and a Dengue-based /(eui//u

luc&fcrasc reporter. Bricfly. sera werc heat &rmct&vatcd atS6'.
for 30 min. diluted. and then incubated at 37" C. with

t(VPs. I'he semm/RVP mixture was then mixed with Vero

cells and incubated for 72 hours at 37'. 2'..&5% CO2

before detection lvith lucifemsse substrate. Data was ana-

lyzed using IMP I I non linear 4 paran&eter analysis. normal-

ized lo a pos&tive tmching control and efii:cuvc dose 50%

(EC50) was reported.

Study Description

A Phase 1. Randomized, Observer-131ind, Placebo-('on-
trolled. Safety. Immunogenicity. and Dose Ranging Study of
Purihed Inactivated Zil 3 Virus Vaccine (PIZV) in Flavivirus
Na&ve and Primed Healthy Adults Aged 18 to 49 Years

The study design is shown in FICi. 25. This study was

des&Sued to sequentially enroll tlavivin&s-naive and flavivi-

n&s-pnmed healthy adults be&warn& the ages ol'8 and 49

years. The two sequential colulrts are each comprised of 120

subjects (planned) randomly allocated to one of 4 groups of
30 subjects. to race&vc either one of thrcc dosages ol'hc
PIZV vaccine or saline placebo. The vaccination regimen
cmlsists of 2 doses administered 28 days apart 1'he data in

th&s cxamplc only rclatcs &o thc Fluv&v&rus naive subjcc&s

(n=l 24). further data with Flavivin&s primed subjects are to
be expected. 'I'his exanlple pmvides data from a first interim

analys&s R&llowing Day 57 (28 days post-dose 2) R&r thc
"flavivirus-na&ve cohort". Data fmm the flavivin&s-primed

cohort are not part of tins ui&crim analys&s, as recru»men& lbr
tlus group was still ongoing at the time hrst interim analysis
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In summary, subiccts werc randomize(1 mlo fi)ur study

roups, rvho received two doses of either placebo (saline) or
purified inactivated /ika vaccine (PI/V) with a concentra-

uon ol' Itg, 5 pg and 10 )tg. Tllc study uivolved mtrinmis-

cular injection of the vaccine (or placebo) at dny I and day
29. rvith blood samples being taken on day — 15. 1. 8. 29, 36,

57. 211, 393, 767 ol'hc study. Blood samples on rhiy — 15

were used to determine Flavivirus serostatus screening and

eligibility screening Samples on day I, 29, 57 were fiir

immunogcnrcity asscssmcnt. Sali:ty lab lasting was carried
oul on days 8 and 36. Pcrstslcncc of immunity will be

assessed on day 211. 393 and 767.

Bascxl on the data Ikom 28 days post dose 2, (he purified
inactivated Zika virus vaccine (PIZV) was safi: mi(1 immu-
nogcmc in Flavtvlrus-naive adults aged between 18-49 yrs.

Primary Oblectives

'lite primary objective of the study was to describe the

safmy of(no doses of PIZV given 28 days Divert and lo select
a dose level from three different antigen concentrations (2,

5 or 10 gg) for use in subsequent clinical studies. The
pnmary cndpolnls werc. thc pcrcentugcs of subjecls expe-

riencing solicited local and systemic adverse events (Alia)
during the 7-day period after administration of each dose of
PIZV or placebo, und the pcrcenui cs of subirmls expen-
encin non-serious unsolicited Afls and serious adverse
events (SAEs) dunng the 28-day period after vaccination.

S(montlury Obiectlvcs

The secondary objectives were to describe the inunune
response to the puritied inactivated /ika virus vaccine
(PIZV) at 28 days post dose I and 28 days post dose 2 in
flavtvinrs naive adults. Thc secondary endpo)nls related to
these objectives are geometric mean titers (CiMTS) of neu-
trahzrng anti-ZIKV annbodics. scroposltlvlly rates (SPR)
and seroconversion rates (8('I&) at the considered tirne-
ponlts.

Analysis of the data was performed by a separate set of
unblinded statisticians and progranmiers„who had access to
the uidividual treatment assignments All personnel involved
in the conduct of the trial scare blinded to the individual

I
subicct treatment assignmcnls. 11&c study team had access lo
the roup level unbiinded results only

Study Population

29 A total of 124 subjects ivere enrolled In the flavivirus-
naive cohort and included in the Safety Set (SS). comprised
of all randomized subjects who have received at least one
dose of PI/V or placebo Anion those. 118 (95 2% of the
SS) v ere included in the I'ull Analysis Set (I'AS) of nun-

domized subjects who had received at least one dose of the
investigational vaccine (PIZV)/placebo, provided valid

acrology results at baselmc and al least once post-vaccina-
tion One hundred and thirteen (113) subjects (91 1% of the
SS) were included in the Per Protocol Set (PPS) of subjects
in the FAS tr hu had no maior protocol violations rclcvunt for
the unnninogenicity analysis. The analysis sets are presented
in Table 14.

TAiii.i( 14

Art.ilve c sets

I umber of Sub)sets (')

Pl. 1 2 pp 1'I/V 6 pp PI/3 ID px PI/V

(N= It!) 18 = 11 (.(= )l) Is = ') IS=i 4)

Sel I) 8 I (SS) 3r) tlrx)u) 'I (IDD".,! 31 (l(t!"6) 32 (u)()u,) I e (lt)r)"I,)

Full Auu(75!5 Sct!FAS129 (91 I") 6 (99 3' 31 (1st!') SD (93 tie ) lit! I96

Pe! Proto ol Ser (PPS) 6191".6) 6 isl 3") 9 (93 «"
I 36 i93 s".) ll') ml I')
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Subjcc(s in tlm SS werc 35.3 8.91 years of agc
(mean standard dcvlation), and were dislribu(ed as 282%In
the 18-29 years age-range and 71.8%o in the 30-49 years
age-range. Women represented 54.8'!o of the cohort. Sntdy
participants )vere White 18).5%), Black 114.5%). and "Non-
I iispanic" (')3.5%) regarding race and etluticity. 'I'he mean
BMI In tlm SS was 27.5 4.05 julcdu Gsaudard deviation).
l)emographic characteristics (age. sex, height. v eight, BMI
and ethnicity) were overall similar across the four study

mups. Women were more represented in the placebo group,
vvhere they constituted 66% of the study participants, than in

86
thc other groups. v'herc gm)dcr dlstnbutlou was morc bal-
anced. The demographics and baseline chamcteristics are
prcsculed in Table 15.

Safety laboratory paranleters and vital signs were checked
at study entry as part of inclusion criteria. These specified
that vital signs had (o bc wtfiun normal lunlts 0.C., below
Cirade I as indicated in the FDA Toxicity Cirading Scale) and
th(ll mtfcty Iabold toro (csm hdtl lo bc w llhul notulal 1uulm ol
not be above (irade I as dehned in the I'I)A Toxicity
Cirading Scale.

TABLE 15

Detmprapluc utd Baaclutc Chare teuati a ISafctv Sct)

Put ego

IN = 3ul

u 'N

= 'll)
ttg

IN= ll
10 tn

I 8 = '!2)
Totfll

(N = 124)

Yp IY: .I

tt

Mean iSDI

Mcdt:ut

M«
Age iveara) tn I'l
18 9
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Safety(Rcactogelucity

'lhe ovemsll reporting mcidence of solicited local adverse
events (Alia) mas higher in the groups that received the
vaccine (PIZV) than in the placebo group. Pain was the most
frequently reported solicited AE at the injection site. After
dose I, pmn mus expencuccd by30.06/o lo 38.76/o of sub)acts
in thc PIZV groups comparcx) lo 13.86/u m thc placebo group.
After dose 2, incidences of pain were similar to those

Solicited systemic AEs merc varuibly rcporlcd du oughout
the 7-day period in the four mups I'he onset of events fi)r
fever, fatigue. althralgia and myalgia was mainly during the
2 days ti)llo)ving vaccination and was variable for headache
and malaise. Fever was reported during the 2 days followin
vaccination. except for the subject reporting severe fever in
the placebo group on oay 4.

Thc incidcncc of sobclled local and systcnuc adverse
events 7 days after vaccination are sho)vn m I'able 161

TABLE 16
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followulg duse l. 29.6/o to 40/u in thc PIZV groups, and
14 3o/u in the placebo group Intensity of pain was reported
ds nuld after dose I aud mild lo modem(0 after dose 2, with
2 subjects in the 5 Vg Vl/V gn)up (61 7u/ ) and one subject in
thc 10 pg PIZV group (3.3'/o) reporiing modcralc pam. Other
solicited local Al:s (erythema. swelling, and induration) v ere
reported by not more than 9.7'/o of the subjects.

The onset of pain occurred on dhy I for 90'/o of the
subjects or day 2 (for 3 subjects) Vain was not reported
beyond ddy 5 by auy subject in the placebo or PIZV groups.

Solicited systemic Al:s of any nature were reported by
30'7/o to 48 tu/ of the sub)ects acmss the VI/V gn)ups and by
41 tu/ in the Placebo gmup after dose l. After dose 2,
incidences were 10'/o to 33.3/o across the PIZV groups and
27,6'/o in the Placebo group. Overall 81.3'/o (dose I) and
756/o (dose 2) of the sohclted systcnuc AEs were jud ed as
rclnl!xl lo study vaccination. Alter boih doses, Ihe most
reported systemic events were headache, fatigue and myal-
g,l'I

Most systemic Al!s were reported as mild. i e. not inter-
fering with daily activity. A few occurrences )vere moderate
in intensity:

after dose I, for 6 7-12 9'/o of subjects in the PIZV groups
and 17,26/o of placebo recipients;

after dose 2„ for 0-3 3'/o of subjects across the PIZV
groups and 10.3'/o ln the placebo gruup.

There was a single rcport of a severe AE. one sub)oct ln
thc placebo group cxpcncnced lever. Tlus study parllclpmll
presenicd a lemperanirc of394'u measured orally, 4 days
ager receiving the second study vaccination 'I'hi ~ fever was
not jud ed as study-related by the investigator.

3) In tntal 30.6'7 of the subjects reported unsohcited Al is

(not including prolonged solicited AEs) in the 28 !Lsys

following any dose: 21 9-38.7'/ !n the VI/V groups and
36.7'/o in the placebo youp. These AEs were mainly infec-
tions, in)i:stations (13.7/o) dnd nervous system disorders

40 (3.2'/o! headache. migraine, dizziness). All were mild to
moderate ln intensity.

Unsolicited Alia were considered as related to the study
vaccination for tluee subjects (2 4'/o) The events reported
mere:

at post dose 1. dizziness for one subject in the 5 pg PIZV
group and llushulg for one subject ul thc 2 pg PIZV group.

at post dose 2, eye pruritus and lacrimation increased ti)r
one subject in the 10 ug PIZV group

0
Thcsc were nuld to moderate ul intensity, started on day

I or 2 after vaccination. had a durst!Cn of I to 3 days and
werc all rcsolvcil.

One subject discontinued with the study vaccination due
to 0 headache after dose I. This subject received PIZV and
experlcuccd thc 8! addchc I ddy'fter vaccuuulou. Thc
headache was resolved 36 days after its onset. No serious
advcrsc event (SAE) mas 107)o)ted dunng thc period I'rom

dose I up to 28 days post dose 2.
60

The fev: changes from the baseline observed for blood
safety Luboratory parameters in the 7 days following vacci-
nation, e.g. from lmrmal to tnild or from mild to moderate
AEG, occurred ln comparable pcrcmltages of sub)!mts across

Gs the four groups. Urinalysis pammeters were either normal at
all I!me-poulls or ihc grading category mns similar across
gmups and visits
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Table 17 presents the geometric antibody titers of Zil a
virus neutralizing antibodies (EC:50) as measured by PRNT
as weil as seropositivity rates and serocont ersion rates after
each vaccine dose

The PIZV vaccuie was inununogeiuc ui llavivirus-naive
diiults. All subiccts werc scronegattvc dt bascluic. Vaccum-
tion of sub)acts initially seronegative for antibodies against
Zil 7 virus elicited seropositivity in ail subjects after two

I 1 1

doses of Pl/V vaccine of any dosage: seroconversion rates
ran ed from 69 23% to ')Cl 43% post-dose I and )vere I(X)%
post-dose 2. All sub)ccts in the placebo group rcmauied
scroncgauve tluoughout thc period considered.

A dose-ranging eifect w as observed on seropositivity rates
post-dose I and on C)MTs after each dose. After the tirst
dose, almost all subjects j96 4%) who had received the 10 pg
Pi/V dose had mounted neutralizing antibodies against the
Ztka virus Thc almond dose lcd to a morc than 10-filld
increase in GMT lyom dose I, in the tlulm PIZV roupb.

TA131 E 17
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lhc Gcomctnc mean titcrs detcrnuncd usulg PRNT,
according to table 17, arc shown graphically ul FIG. 26. The
percentage of subjects achieving seroconversion determine
using PRNT according to table 17, are shown graphically in
l)l(i. 27.

'lhe distribution of neutmlization titers, after dose I and
alter dose 2. Brc shown In rcvcrsc cumulauvc distnbution
curl cs ul FIC)S. 28 and 29 rcspccuvely.

In addition to measuring imnntne response with the PRNT
assay, the samples were also tested with the RVP neutral-

111

ization assay. 'I able I 8 presents the geometric antibody tlters
of /ika vinis neutralizing antibodies tl i( 50) as measured by
the RVP assay. Thc RVP assay results show a sinular
dose-r;mging elfin I of thc PRNT dais, with gradually lughcr
GMTs lvith increasing PIZV doses.

TAI)I E IN

GVITs of Z ka v nrs neutra) z n snt bcd es (PC o) (RVP) before
snd 28 da s after va "urat or& Per Proto o) Set

Group
P)accbo
(I = 271

2 9 PIZV

( ~ = 26)
. Bs PIZV
(I' 28)

10 Ps PIZV
(V = 30)

Gt r)s I'r ck. I

im" Cli Post dose I

Post dose

14 (27,41) 14 (26,44) 12 ! 7. 39) 46 (39,
8 ( . ')Sl '160 ( 42 36) 6 6 (442 97 ) 1310 l87 . 1961)

31 (21 40r '048 (1988 4986'r 6 I (4126 9'134) I'1601 (916t), 19'119)

CONCLUSION

'lhe Pl/'v'accine was well tolerated and safe for all io
antigen doses evaluated in the flavivirus-nabs colxln Solic-
ited systemic Al:s were reported in all groups with no
apparent increase v ith increasing dose strength and intensity
was ntild to moderate Local solicited AEs reported were
also null to moderate in ultensity acruss ihc groups. Unso- 31

lic)tcd symptoms werc reported with sinular frcttucnctcs in
thc lout s(Udv groups. Ovcldllr lhc vaccine was unnlUUO-

enic in flavivirus-naive subjects and a positive dose-rang-
ing response was observed.

Further Items of the Invention: 40

I. A vaccine or immunogenic composition comprising a
dose of I pg to 40 pg of one mltigcn from a Zikui virus.

2. Thc vaccine or tmmunogcnic composition ol'ny one of
1(em l. whcrcui thc Zika virus compnscs at least Onc
non-human cell adaptation nnitation

3 A v'Iccllle ot'nununogenlc conlpositloo of Itenl 1. thc
Zika virus having 0 mutation at position 98 of SEQ ID
NO: l„or at a position correspondin. to position 98 of
SEQ ID NO 1.

4. Thc vtmcinc or inmlunogenic composition 01'item I Or 2, 0

whcrcin thc antigen is a punticd ulactivated whole virus.
5 the vaccine or imnnulogenic composition of itmn 4,

lvherein the main peak of the purified antigen in the size
exclusion cluomatogmsphy is more than 83% of the total
area under the curve in the size exclusion chromatogm- o.

phy.
6. Thr: I Bcchlc or lnulliulogc'nlc conlposition of 1(cnl 5,

wherein Ihc antigen ts an ulacliva(cd whole virus oblain-
able front a method wherein the /ika viols is treated v ith
tiimlalin In an amount that ranges from about 0.001% v/v ro
to about 3,0oio v/v from 5 to 15 days at a temperature ttmt
msnges from about 15" C. to about 37" ('.

7. Thc vtmcinc or inmlunogenic composition 01'item 5 Or 6,
whcrchi thc lilac(Inn(cd whole'. vllus 18 chcnucellly llldctl-
vatcd. 61

8 I'he vaccine or immunogenic composition of itmn 7,
lvherein the inactivated whole virus is chemically inacti-

vatcd with one or morc of a detcrgcnt, I'onnalulr betu-
propiolactone tl)pl,), binary ethylamine tl)EI), acetyl
ethyleneimine, methylene blue. and psoralen.

9 I'he vaccine or immunogenic composition of item 8,
wherein the inactivated whole vinls Is chemically inacti-
VIIICd w 1th tound lilt ul B BIC(hod WhCrcln lhc ZlkaVII US IS

treated with formalin in an amount that ran es from about
0001% v/v to about 3.0% v/v from 5 to 15 days at u

tenlpemuture that ranges from about 15" ('o about37''0.
Tlm vaccine or Immunogeluc composition ol'any onc of

items I to 9, lvherein the vaccine or imntunogenic com-
position comprises a dose of about 2 pg of purified
inactivated whole vinis

11. The I accine or inununogenic composition of any one of
items I to 9, lvherein the vaccine or imntunogenic com-
position comprises a dose of about 5 pg of purified
inactivated whole virus.

12. The vaccine or inununogenic composition of any one of
ltCIUS I 10 9. whCICIU IhC I BCChlC Or lllltuUtlogCIIIC Conl-
posltion comprises a dose of about 10 ug of purified
inactivated whole virus.

13. Tllc vdccllu: or hnnlullogcnu: conlposltlon of 1(cni I,
whcrcul the at least Onc non-human cell adaptauon muid-
tion is in /ika virus Non-structural pmteln I /N)1).

14 'lhe vaccine or immunogenic composition of item I,
wherein the at least one adaptation mutation occurs at
position 98 of SEQ ID NO: I „or at a position correspond-
ing to position 98 of SEQ ID NO. l.

15. Thc vacculc or imnuinogcnic composition Ol'any one of
items I to 14, wherein Ihc at Icas( onc adaptation mutation
or nnitation is a 'I'rp9N(ily nlutation.

16 111e vaccine or immunogenic composition of any one of
items 1-15„ lvherein the at least one adaptation mutation
or mutation enhances genetic stability as compared to a
Zil 0 virus lacking thc at least onc atklp(alton mutation.

17. Tlm vaccine or Immunogeluc composition ol'any onc of
items 1-16, whcrcul thc al least onc adnp(alton mutation
or nlutation enhances viral rephcatlon as compared to a
Zika vinis bucking the at least one adaptatton mutation.
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18. Thc vaccine or inunuuogciuc composition ol';my onc of

iten&s 1-17, wherein the /&ka vin&s does not comprise a
mutation i&1 I invelope protein I I (I Inv)

I') lhe vacc&ne or imnnu&ogenic composition ot item I,
wherein the non-human cell is a mammalian cell.

20. The vaccine or inununogenic composition of item I,
whcrcin the uon-human cell is a monkey cell.

21. Thc vaccine or &nunuuogciuc composition ol'&em 20,
tvherein the monkey cell is fmm a Vero cell line

22 'I'he vaccine or immunogenic composition of item 21,
tvherein the Vero cell Ime is a %VI IO Vero )0-87 cell lu&e.

23. The vaccine or inununogenic composition of any one of
iteins 1-22. wherein the Zika virus is an African lineage
v&rus or an Asuin l&neagc v&rus.

24. Thc vaccine or inunuuogciuc composition ol';my onc of
iten&s 1-22. wherein the /ika virus is an Asian 1&neage
vin&s.

25 'I'he vaccine or imn&unogenic composition of iten&s I to
24, wherein the Zika vinis is from strain PRVABC59.

26. The vaccine or immuno enic composition of any one of
items I-2S. I'urthcr compns&ng an adluvant.

27. Thc vaccine or &nunuuogciuc composition ol'&em 26,
tvherein the adjuvant is selected from the group consisting
of aluminum salts, toll-like receptor (11,R) agonists,
monophosphoryl lipid A (M I.A), synthetic lipid A, 1&pid A
minletics or analogs, MLA derivatives. cytokines,
saponins„nu&ramyl dipeptide (MDP) derivatives, CpCi
ohgos, lipopolysaccharidc (LPS) of gram-ne dtivc bactc-
lld. poll'phosphazcilcs, clllidslolls, vl&osolncs. cochhuitcs,
polyflactide-co-glycofldes) (PI (i) microparticles, polox-
mner part&cles. micmparticles, liposomes, ('omplete lire-
und's Adjuvant (Cl&A), and Incomplete Iireund's Adju-
vant (IFA)

28. The vaccine or inurn&no enic composition of item 27,
wi&Crt:111 thC Bd)UVdllt H till t&IUlullli&111 Salk

29. Thc vaccine or &nunuuogciuc composition ol'&em 28,
0 hcrcin thc ad) u van& &s selcc &cd from thc group consisting
of alun&. alun&inurn phosphate, alumiinnn hydrox&de,
potassium aluminun& sulfate, and Alhydrogel 85.

30. The vaccine or inununogenic composition of itein 29,
wherein the adjuvant is aluminum hydroxide.

31. Thc vaccine or &numinogcnic composition of item 30,
V;hCrC&11 &1&C VBCC&l&C Or &lull&U&iogcluC Co&upi&S&&loll Ct&111-

prises 100 pg to 600 pg alununum hydroxxlc, or 100 pg
to 300 p aluminun& hydroxide, or 150 ug to 250 pg
almninum hydroxide, or about 200 9o aluminum hydrox-
ide,

32. The vaccine of any one of items I to 31, wherein the Zil a
v&rus &s a clonal &solatc, u& pan&culdr lrom a plaque
purilicd clonal Z&ka virus isolate.

33. The vaccine or &nunuuogcruc compos&uon of any one of
items I to 32 further compusing a phosphate butfer and a
polyol, such as a sugar, such as sucrose

34. The vaccine or inununogenic composition of any one of
iteins I to 33 comprising
a dose of about 10 pg of purilicd u&activated whole virus
about 200 pg alum&num hydroxnle.
a bulli:r: and opt&onally
a sugar such as sucrose.

35 I be vaccii&e or ilninunogenic composition ot aily o&le of
items I to 34. &n the foun of a dry substance or aqueous
Ctll&&PCS&tit&11.

36. The vaccine or &nunuuogcruc compos&uon of any one of
items I to 34. &n Ihc lorn& of an aqueous composition wilh
a volume of from 0.1 to 0 8 ml, or about O.S ml.

37 A method of treat&ng or preventing, in particular pre-
venting /ika vin&s infection in a subject in need thereof,

comprising aihnmistenng to the sub)act thc vaccu&c or
immunogenic composition of any one of items I to 36

38 A method for inducing an immune response against a
/ika antigen in a subject in need thereof. comprising,
administering to the subject the vaccine or imnn&nogenic
composition of any one of items I to 36.

39. A method of prcvcnting Zika v&rus discase u& a Ibtus or
newborn &n aced thcrcof, compos&ng adnunistcru&g to a
preyim&t subject or a subject tlmt intends to become

&0 preyim&t or tvon&an of childbeanng potential the vaccine
of any one of items I to 36.

40. The method of preventing Zika vin&s disease m a subject
in need thereof. con&prising adm&nisterin to the subject
0&C VBCC&l&C Of ally'lio Of l&C&1&S I &0 36.

41. Thc method of dny onc ol'tems 37 to 40, whereu& thc
subject is pregnm&t or intends to become pregnant or is a
woman of childbearing potential

42 I'he method of any one of items 37 to 41. wherein
administration of the vaccine or &nununogenic composi-

10 tion induces a protective inunune response in the subject.
43. Thc method of &&em 42, whcrcin tlm protcctivc &numu&e

rcsponsc induced u& thc subject &s grcatcr thtm a protimtive
immune response induced &n a corresponding subject
administered a vaccil&e or imn&unoge&1&c composition
comprising one or more antigens from a Zika vinis
lacking the at least one non-human cell adaptation muta-
tion.

44. The method of any one of items 37 to 43, wherein
ad&&ill&&st&&it&0&1 Of thc VdCC&lit: or &&Ill&&UI&ogCI&IC Coll&pi&S&-

tion induces the genemtion of neutralizing antibodies to
/ika vin&s in the subject

45 1'he method of any one of items 37 to 44, wherein the
administration of the vaccine or &nununogenic composi-
tion utduces the eneration of neutralizing antibodies

&i tilcrs to Zika v&rus in a sublcct of grcatcr tlmn 10, or
grcatcr than 50, or grcatcr tluu& 100, or greater tlmn 200 or
grcatcr tlmn 1000. Or greater than 1500. or greater than
20(X), or yester than 20(X), or greater than 3000, as
deterniined by the plaque reduction neutralization test

do (PRNT)
46. The method of any one of items 37 to 46, wherein the

ad&&ill&&st&&it&0&1 Of thc VdCC&lit: or &&Ill&&UI&ogCI&IC Coll&pi&S&-

t&on induces the gcncrauon ol'eutral&z&ng ant&bodies
t&ters to Zika virus u& a subject of greater than 300. or
greater than 500. or greater than 1000, or greater than
15(X), or greater than 20(X), or greater than 3000, or
greater than 5000. or greater than 10.000. as determined
by the reporter virus particle neutml&zat&on assay (RVP).

47. The method ol'any onc of &terna 45 aud 46, whcrcin such
0 titcrs arc achieved 28 days aficr tlm adm&nistration.

48. The method of any onc ol'itcnm 37 to 47, wlmrmn severe
adverse events are avoided.

49 'I he method of any one of items 37 to 48, wherein fever
of 39'. and higher is avoided.

11 50. The method of any one of items 37 to 49, wherein the
couctntrdtion ol neutralizing antibod&cs genera&ox) &n thc
sublimt is h&ghcr tlum a conccntrauon ol'cutrahzu&g
ant&bodms gcncratcd in a correspoudu&g sub)&mt athnuus-
tered a vaccine or immunoaenic composition comprising,

to one or &nore antigens from a /ika v&n&s lacking the at least
one non-human cell adaptation nu&tation.

51. The method of any one of items 37 to 50, wherein the
vaccine or &nuuunogm&ic compos&tion is adnun&stared by
a route sclccted Irom ihe group consmung of subcutane-

Si OUS Bdllli&IIS&ldt&011, tra&ISCU&BI&COUS Bdlllillistidlloll, llltld-
dermal administration. subdermal adnunistration, intm-
n&uscular administration. peroral administmtion,
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ullranasal Ishnuustrauou, buccal adnnmslrallon, inlrap-
eritoneal administration. mtravaginal adminisrmtion, anal
aihnimstratlou and ullracmnial admilustrauon.

52 1 he nlethod of any one of items 37 to 5], ivherein the
vaccine or umnunogcnic composluon rs Iuhnimstercd by
intmmuscular or subcutaneous adnlinistration.

53. The met]aid of any one of items 37 to 52, wherein the
vaccine or lmmunogenic composition is administered one
ol'lofc tunes.

54. Thc me]laid of uny onc of items 37 lo 53, wherein the
vaccine or inununogenic composition comprising a dose
ol'0 pg is administered one tune.

55 1'he method of item 54. wherein 14 anrgor 28 days after
Ihc Bduuulslfatlou of lhc vlicculc ol uuulUuogculc coul-
position the generation of neutralizing antibodies titers to
Zika vinis in a subject of greater than 200 or of greater
than 250 is induced. as determined by the plaque reduc-
tion neutralization test 1PRNT).

56. Thc method of item S4. whercm 14 dnd/or 28 days after
the admmistmtion of the vaccine or immunogenic com-
position the generation ol neutralizul mllibodies liters lo
/ika virus in a subject of greater than ] 000, or of greater
than 2000 ls induced, as determined by the reporter vims
particle neutralization assay (lfVP)

57, The method of any one of items 37 to 53, wherein the
vaccine or immunogenic composition comprisin a dose
ol'0 pg is aihntrustcrixi as a lirst (prime) Imd a scwond
(boost) adnunlslratlon.

58 'I he method of itenl 57 wherein the prilne and boost
administration takes place fnlm about I to about 16 v eeks
'IPBit.

59. The method of item 57 and 58. Ivherein the second
(boost) adminlstmtion is administered at least 28 Iktys
after Ihc Iirst (pmnc) administranon.

60. Thc method ol'ny onc of Items 57 lo S9, whcrcln 14
mid/or 28 days aller the boosi aihnuustrauon of the
vaccine or imnlunogenic composition the generation of
neutralizin antibodies titers to Zika virus in a subject of
~Beater than 1000„or of rester than 1500, or of greater
than 2000. or of greater than 3000 are induced, as deter-
mmcd by lhc plaque reduction neutrahzation test (PRNT).

61. The method ol'ny onc of Items S7 to S9, wherein 14
Iuul/of 28 ilBvs dllcf lhc boost Bduuulstlatlou ol thc
v;lcciuc of hulrlUuogculc couiposrtloll thc Bcucl ltlou of
neutralizing antibodies titers to /ika virus in a subject of
greater than 3000, or of greater than 5000. or of greater
than 10000 are induced, as determined by the reporter
virus particle ncutrahzauon assay (RVP).

62. Thc me]laid of uny onc of items 37 Io 61, wherein the
sub]ccl is from a Zlka cndcnuc region.

63 'I he method of any one of items 37 to 62, wherein the
subject is front a /ika endemic region subject to an
outbreak.

64. The method of any one of items 37 to ti1, wherein the
sub]col is from a Zlka non-cndcnuc region.

65. The method of any onc of ilenw 37 lo 61, wherein lhc
sub]col Is from a Zika uon-endemic region lra veil mg to an
endemic region

66 1 he nlethod of any one of items 37 to 65, ivherein the
subject is fiavivinls naive.

67. The met]aid of any one of items 37 to 65, wherein the
sub]ccl is Hisparuc.

68. Thc me]laid of uny onc of items 37 lo 6S, wherein the
sub]ccl is Latino.

69 'I he method of any one of items 37 to 65, wherein the
subject is American Indian
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70. Thc method of dny onc ol'tems 37 to 65, whereul thc

subject is Alaska native
71 1'he method of any one of items 37 to 615, wherein the

subject is Asian
72. The method of any one of items 37 to 6/5, wherein the

sub]ect is Black or African American.
73. Thc method ol'ly one of items 37 lo 65, whcrcul lhe

sub]iwt is Native Hew mian.
74 The method of any one of items 37 to 65, wherein the

la sub]ect is white
75 The method of any one of items 37 to 74, wherein the

sub]ect is 18 to 29 years of age„ in particular wherein the
sub]ect is a woman of childbearing potential.

76. Thc method of dny onc ol'tems 37 to 74, whereul thc
sub]iwt is 30 to 49 years ol'gc ln parucular wherein thc
subject is a woman of childbeanng potential.

77 111e vaccine or immunogenic composition of any one of
items I to 36 for use in a method of any one of items 37
to 76.

lo 78. Use of the vaccine or inuuunogenic composition of any
ouc of llcuis I lo 36 ul lhc ulduUfdctUIC of d ulcdlcluucul
for thc method of any onc of items 37 to 76.

79 1'he vaccine or imnnlnogenic conlpositlon of item 32,
wherein the plaque purified clonal /ika virus isolate was
plaque purified from cells contacted with an inoculum
comprisin a population of Zika vinlses.

80. The vaccine or inununogenic composition of item 79,
whcrcin Ihc cells dre non-human cells.

81. Thc vaccine or lmmunogenic composinon ol item 79 or
lo item 80, v,herein the cells are insect cells.

82 I he vaccine or immunogenic conlposition ot itenl 81,
wherein the insect cells are mosquito cells

83. The vaccine or inmlunogenic composition of item 79 or
item 80, v:herein the cells are manuualian cells.

16 84. The vaccine or lmmunogeluc composluon ol'tem 83,
whcrcul Ihc mmnnuihan cells are monkey cells.

8S. The vaccine or lmmunogeluc composluon ol'tem 84,
wherein the monkey cells are front a Vero cell line

86 1 he vaccine or imnnlnogenic conlpositlon of item 85,
do wherein the Vero cell line is a VVHO Vem 10-87 cell line.

87. The vaccine or inununogenic composition of any one of
items 79 to 8S. whermn thc population ol'Zlka viruses was
hclclugcncoUs.

88. Thc vacculc or Imnninogenic composition ol'any one of
items 79 to 86, ivherein Ihe population of /ika viruses
conlprised a /ika virus clinical isolate

89. The vaccine or inuuunogenic composition of item 88,
wherein the Zika virus clinical isolate is from strain
PRVABC59.

O 90. Tlm vaccine or lmmunogeluc composition ol'any onc of
items 79 to 86, v:herein the population ol'ika viruses
comprised a Zika virus that had been previously passaged
one or more times in cell culnire

91. The vaccine or inununogenic composition of any one of
s. items 79 to 89. wherein the inoculum compnsed human

scnun.
92. Thc vacculc or Imnninogenic composition ol'any one of

items 79 lo 90, v hcrcul the lnoculum compnscd one or
fuorc Bdvcufitlous,'lgclrts.

6i! 93 I he vaccine or immunogenic conlposition ot itenl 91,
wherein the plaque purified clonal Zika virus isolate is
substantialiy free of the one or more adventitious agents.

94. Tlm vaccine or lmmunogeluc composition ol'any onc of
items 79 to 92, v hcrcul lhe plaque purilicd clonal Ziha

66 vlrUs Isohltc B II houlogcluiUs gcucnc popidlnlou.
95 A nlethod of treatin or preventing, in particular pre-

venting /ika virus infection in a subject population in
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ncni thereof; composing adminis&crm lo indivnlual sub-
jects ot said subject population a vaccine or immuilogenic
composition comprising one antigen froin a i'ika virus,
ivllcl'cln. Illc v'lccinc ol'ninunogcnlc cii&&lpiisitiotl is
administered as a first (prime) and a second (boost)
administration about I to about 16 weeks apart. and
whcrcin Ihc udmuuslrdtion of the vaccuic or nnmuno-
genic composition induces 14 mid/or 28 days aficr the
boost administration geometric mean neutralizing anti-
bodies titers in a population of at least 20 flavivirus na'ive
subjects and/or at least 20 i'.ika virus semnegative sub-
jects of ?neater than 300. or greater than 500. or greater
than 1000. or rester than 1500, or greater rhan 2000. or
grca&er than 3000, as detcnuuied by thc plaque reduction
neutralization &cst (PRNT).

96 A method for inducing an inunune response in a subject
population in need thereof, comprising administering to
individual subjects of said subject population a vaccine or
inununogenic composition comprising one antigen from a
Zika vinis, wherein the vaccine or immunogenic compo-
sition is adminis&crcd as a first (prune) mid a second
(boost) a&hninistration about I to about 16 weeks apart,
and wherein the administration of the vaccine or inunu-
noaenic composition induces 14 and/or 28 days after the
boost administration geometric mean neutralizing anti-
bodies titers in a subject population of nt least 20 fiavi-
virus naive subjects and/or at least 20 Zika virus sero-
ncgaui e sublccts of greater than 300. or greater tluin SOO,

or grcd&cr tlrdn 1000, or greater thtm I SOO, or greater than
2000, or greater than 3000, or greater than 5000, or
greater than 10.000. as determined by the reporter vinis
particle neutrahzation assay (lfVP)

97. S& method of treating or preventino, in particular pre-
venting Zika vinis infection in a subject popuLsrion in
need &hereof; composing admiiustenng to individual sub-
lcc&s of said sublcct populauon a vaccmc or inmtuno enic
composinon compnsuig one anti cn from a Zika virus,
ivherein the vaccine or immunogenic composition is
administered as a first (prime) and a second (boost)
administration about I to about 16 weeks apart and
wherein the administration of the vaccine or imnnmo-
gcmc composition induces 14 mid&or 28 &Liys aficr thc
boos& a&hninistrauon a scroconvcrsion mlc of 100% ut a

population of ut least 20 Zika virus seronegative subjects.
98 A method of treating or preventing, in panicular pre-

venting /ika virus infection in a subject population in
need thereof. compnsing administering to individual sub-
jects of said subject population a vaccine or inununogenic
composinon compnsuig one anti cn from a Zika virus,
whcrcin the vaccutc or unmunugeiuc composition is
a&hnimstcrcd as a sutglc dose or prime aihmmstrauon, and
ivherein the adniinistration of the vaccine or immiuio-
genic composition mduces 14 and/or 28 days after the
single dose or prime admmistration geometric mean neu-
tralizing antibodies titers m a population of at least 20
I?Bi&virus naive sublects and&or at less& 20 Zika virus
SCI&11&Cgal&VC SUb)CCIS 01 g&CB&cr illa&1 10, OI griuitCI !hail
50, or greater than 100. or greater Gian 200. or greater than
250, as determined by the plaque reduction neutralization
test (PRNT).

99. S& method of treating or preventino, in particular pre-
venting Zika vinis infection in a subject popuLsrion in
need &hereof; composing admiiustenng to individual sub-
lcc&s of said sublcct populauon a vaccmc or inmtuno enic
composinon compnsuig one anti cn from a Zika virus,
ivherein the vaccine or immunogenic composition is
administered as a single dose or priine administration, and

whcrcin thc adminisudtion of the vaccine or inununo-
genic composition induces 14 and/or 28 days after the
single dose or prime administration geometric mean neu-
tmsiizing antibodies titers in a population of at least 20
flavivirus naive subjects and/or at least 20 Zika virus
seronegative subjects of ~Caster than 300. or greater than
SOO, or greater than 1000. or greater than 2000, as
dclcmnncd by lhe rcporlcr virus particle nculrahzalion
assay (RVP).

io 100 A method of treating or preventing. in particular
preventing /ika vinis infection in a subject population in
need thereof. comprising administering to individual sub-
jects of said subject popuLation a vaccine or immunogenic
composition compnsuig onc antigen from a Zika virus.

I Wl&CIC&il &1&C VdCC&ilc iir Iiliinllilogcil&C CoillpoS&i&011 IS

adniinistered as sin le dose or pnme administmstion and
wherein the administration of the vaccine or imnnuio-
genic composition induces 14 and/or 28 days after the
single dose or prime administration a semconversion rate

20 of liO!o. 70%v. 80% or 90!o in a population of at least 20
Zil a virus scronegative sublix&s.

101 Thc method of any onc of items 9S to 100, whereui Ihe
vaccine or imnninogenic con&position comprises a dose of
I pg to 40 Ug of the antigen. &vherein the antigen is an
inactivated whole vinis

102 The method of item 100 or 101, wherein the Zika virus
comprises at least one non-human cell adaptation muta-
&1011.

103 The method of item 101 or 102, the Zika virus lmvuig
io a mutation at position ')8 of Slip Il) NO I, or at a

position corresponding to position 98 of SI)Q il) NO: I

104 '11&e inethod of any one of items 101 to 103, wherein the
antigen is purified.

105 The method of item 104, wherein the main peak of the
is piiilf&Cil Bill&go&1 Ill IIIC SIBC CSCIUS&011 Chroiil&llogldphv'S

morc than 85% of'lhc total arcs under thc curve in Ihe size
exclusion chromatography.

106 11&a inethod of items 101 to 105, wherein the antigen
is an inactivated whole vinis obtainable fnim a method

dc wherein the Zika vinis is treated with formalin in an
amount that ranges from about 0.001% v/v to about 3.0%
V/V I&oil& 5 lo 15 ila)'S dt II lcllipC&dlii&C thai IdilgCS foll&
about 15'. io aboui 37'.

107 Thc method of dny onc of itcnw 100 &o 106, wherein thc
subject is from a /ika endemic region

108 1'he metlmd of item 107, wherein the subject is from a
Zika endemic region subject to an outbreak.

109 The method of any one of items 100 to 106. w herein the
sublixt is from a Zil d non-endemic region.

o 110. Tlm method of i&em 109. wherein thc subfcct Is I'rom a
Zil a non-indnnic region Irai cllutg lo an nidnnic region.

111 'I'he method ofany one of items 100 to 110, w:herein the
sublect is flavivinis naive

112. The method of any one of items 100 to 111, v herein the
o. sub)act is 18 to 29 years of age„ in particular wherein the

sublixt Is a woman of childbearutg potnttial.
113. 11&c method of dny one of items 100 to 111, whcrcin thc

sublixt is 30 to 49 years 01'gc in parucular wherein thc
subject is a woman of childbeanng potential.

io 114. Vaccine or ininninogenic composition comprising one
antigen from a Zika virus for use in a method of treatin
or preventing. in particular preventing Zika virus infec-
tion in a sublcc& populauon ui nixd thereof; compnsuig
a&hninistcnng &o indivnlual subjects of'aid sub cc& popu-

Ss ldll&111 d VIICC&1&C Or Iilin&UI&ogcn&C CoillpoS&&1011 Co&lip&IS&rig

nile antigen from a /ika virus, wllerein tile vaccine or
Iinlr&111&iigen&C CiiinpoB&tlon is,'ldmiil&Ste&Cd Bs B fll'st
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(prime) mid a second (boost) Bihnuuslrauon abou! 1 (0
about 16 weeks apart. and wherein the administration of
the vaccine or inlmunogenic composition induces 14
mid,'or 28 days after the boost adininistration geonletric
nlean neutmhzing antibodies titers in a population of at
least 20 flavivinis naive subjects and/or at least 20 Zil a
virus scronegativc sub)cela of greater than 300. Or grcatcr
than 500, or greater than 1000, or greater lhan 1SOO, or
greater than 20(X), or greater than 3(X)0„1s determined by
the plaque reduction neutralization test (PRN'I') IB

115 Vaccine or immunogenic composition comprisiag one
antigen from a Zika virus for use in a method for inducing
an inunune response in a subject population in need
Ihcrcof. compusing mhnuustenng lo uldu Blual sub)cela
ol'aid sublcct populanon a vaccine or unmunogmuc
composition comprising one antigen froin a i'ika virus,
lvhcl'cin. Ihc v'lcculc ol'nnuulogcnlc ciuupilsition ls
administered as a first (prime) and a second (boost)
administration about 1 to about 16 weeks Spurt. and
wherein the administmtion of the vaccine or immuno- Io
genic compositiou Induces 14 mid/or 28 days aficr the
boost ildnunlsudtlon gixuuclrlc ulmul ncutltlhzulg Bnu-
bodies titers in a subject population of at least 20 flavi-
vinis na'ive subjects and/or at least 20 Zika vims sero-
negaiive subjects of greater than 300. or greater than 500,
or greater tlmn 1000. or greater than 1500, or greater than
2000. or greater than 3000, or greater than 5000, or
greater than 10.000. as dclcmlincd by lhc rcportcr virus
parliclc ncutrahzauou assay (RVP).

116 Vlccinc 01'nuuunogcnlc conlposlilon coulpilslna onc 10

mltigen from a /ika vmis for use in a method of treating
or preventing, In particuLsr preventing /ika viols inf(x-
tion in a subject population in need thereof. comprising
administering to individual subjects of said subject popu-
lation a vaccine or unmunogenic composilion comprising Is
onc antigen 1'rom a Zika virus, whcreul lhe vaccmc or
umnunogenic composiuon is adnunislcred as a lira(
(prime) and a second (boost) administration about 1 to
about 16 iveeks apart and wherein the administration of
the vaccme or immunogenic composition induces 14 do

and/or 28 days after the boost administration B serocon-
vcrsion rate ol 100% in a populanon ol al least 20 Zika
vlrUS scloncgatlvi: sUblccts.

117. Vacculc or unmunogmuc composi(ion Fompnsin Onc
mltigen from a /ika vmis for use in a method of treating
or preventing, In particuLsr preventing /ika viols inf(x-
tion in a subject population in need thereof. comprising
administering to individual subjects of said subject popu-
ldfion d vacchli: or Unulialogcnlc conlposlfion conlprlslng
onc antigen 1'rom a Zika virus, whcreul lhe vaccmc or o

umnunogenic composition is adnunistcrcd as a single
dose or prime administration. and wherein the adnliins-
tration of the vaccine or immunoaenic composition
induces 14 and/or 28 days afler the single dose or prime
administration geometric mean neutmlizin antibodies 11

tilcrs ul a population of al lcasi 20 flavivlnis naive
sub(cuts and/or at least 20 Zika virus seronegatwe sub-
Iccss ol greater than 10, or greater flrdn 50, or greater than
100, or greater than 200, or greater tlmn 250, as deter-
mined by the plaque reduction neutralization test (PRN'1'). (o

118. Vaccine or immunogenic composition comprising one
antigen from a Zika vinis for use in a method of treating
or preventing, In particular prcvmlung Zika virus inli:c-
tion ul a sublccl populauon in need lhercol', comprisulg
aihnimstcring lo indivulual sublecis of saul subtext popu- ss
)ation B v;Icchle CF Unultulogcnic conlposlfion coulpl1slng
One;lnfigcn fi'onl a /Ika virus, wherein thc v'lccinc

01'UUIUnogcnlc

conlposlnon Is Iidnlhuslcrcd as B sulglc
dose or prime administration. and wherein the adminis-
lranon ol the vaccine or inununogcnic composinon
induces 14 and/or 28 days after the single dose or priine
admuustratlon gcxlmeuic mean ucutrahzing antibodies
titers in a population ot at least 20 flavivirus naive
sub)acts and/or at least 20 Zika virus seronegative sub-
jects of of greater than 300, or greater than 500, or oreater
than 1000. or greater than 2000, as determined by the
rcporlcr virus particle neutralization assay (RVP).

119. Vaccine or inununogenic composition comprisin one
antigen from B Zikd I irus for usc in a method of treatulg
or preventing, in particular preventing /Ika vinis infec-
tion in B sublccl populauon ul nixd thereof; compnsulg
adnlinistering to individual subjects of said subject popu-
lation a vaccine or inununogenic composition comprising
one antigen from a /ika virus, wherein the vaccine or
imnuulogenic composition is administered as single dose
or pnme Ixlmuusu dion and 0 hcrcin thc admiiustrauon of
the vaccine or inununogenic composition induces 14
and(or 28 days after thc single dose or prune adnunislrd-
tion a seroconversion mare of 60%, 70%, 80'%r 90 /8 in
a population ol't least 20 Zika virus scroncgauvc sub-
jects.

120 Vaccine or inuuunogenic compositiou for use of any
one of iteins 114 to 119, v herein the vaccine or inunu-
nogenic composition comprises a dose of 1 pg to 40 ug of
the antigen, ivherein the antigen is an inactivated whole
virus.

121 Vacculc or inuminogcnic composition lbr use of item
120, lvherein the Zika virus comprises at least one non-
hunliul Cell Ildaptdtlon UIU(dllon.

122 Vaccine or immunogenic composition for use of item
120 Or 121, the Zika 1 irus having a mutauon Bt position
98 of S)(O Il) NO: l. or at a position corresponding to
position 98 of SEQ ID NO: 1

123 Vaccine or immlulogenic conlposition filr use of items
120 to 122, wherein the antigen is purified.

124 Vaccine or inununogemc composition lbr usc of item
123, lvherein the main peak of the purified antigen in the
size exclusion cluomalography is more Ihan 8S% of thc
total area under the curve in the size exclusiioa chmma-
Iogliiph)(

125 Vaccine or immlulogenic conlposition filr use of items
120 to 124, v:herein the antigen is an inactivated whole
viols obtainable from a method wherein the /ika vinis is
treated with formalin in an amount that ran es from about
0001% v/v to about 3.0% v/v from 5 lo 15 days al a

temperature that mn es from about 15" C. to about 37" C.
126 Vaccine or inuuunogenic compositiou for use of any

one of items 114 to 125, wherein the subject is from a Zil a
cndcnuc legual.

127 Vaccine or imnumogenic composition filr use of item
126, whereul thc sub(em( is from a Zika mldcnuc region
subject to an outbreak.

128 Vaccine or inununogenic composition for use of any
one of items 114 to 125. (vhereul the subject Is from a /ika
non-endemic re ion.

129 Vacculc or inuminogcnic composition lbr use of item
128, wherein the subject is from a Zika non-endemic
region travelling lo ml mldcmic region.

130 Vaccine or inuuunogenic compositiou for use of any
one of items 114 to 129, wherein the subject is flavivinis
naive and/or /ika virus seronegative
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131. Vdcculc or unnlunogcnlc conlposltuul lol usc of Bnv

one of items 114 to 130. wherein the subject i ~ 18 to 29
years of a e. in particular wherein the subject is woman
of childbearing potential.

132. Vaccine or immunogenic composition for use of any
one of items 114 to 130. wherein the subject is 30 to 49
years of agc in particular 0 hcrcul thc subject is w oman of
cluldbearing potmltuil.

133 A method of treating or preventing, in particular
preventing /ika virus infection in a subject population in 10

need thereof, comprising administering to individual sub-
jects of said subject population a vaccine or immunogenic
composition comprising one antigen from a Zika virus,
v;hcrchi thc v dec ale 01 unnuuulgc'nlc coulpo situal ls
aihninistercd as a lirst (prune) and a second (boosti
administration about I to about 16 weeks apart. and
wherein the adnlmistratiicn of the vaccine or immuno-
genic composition induces 28 days after the boost admin-
istration geometric mean neutmlizing antibodies titers in
a population of at least 20 flavivirus naive subjects and/or 10

at least 20 Zika virus serouegativc subjects, wluch arc at
least 10 times, or at least 15 times, or at least 20 limes, or
at least 25 times higher than the geometric mean neutral-
izing antibodies titers induces 28 days after the prime
administration. as determined by the plaque reduction
neutralization test (PRNTi.

134. The method of items 133, wherein the vaccine or
uumunogciuc composluou comprises a dose 01'1 pg to 40
pg of lhc Iultlgcn, whcrcul Ihc Bnllgcn Is Bn BIBctlvau:il
whole vinis. ui

135 'I he method of item 133 or 134. wherein the /ika vinis
comprises at least One non-hulnan cell adaptation muta-
110n.

13(i. The method of item 133 or 134. the Zil a vinis having
a mutation at posluou 98 ol'EQ 1D NO. 1, Or at a li
position correspondulg to posiuon 98 ol'EQ ID NO. l.

137. Thc method ol Bny oue ol Items 133 Io 136, wherein Ihe
antigen is purified

138 'I'he method of item 137. wherein the main peak of the
puritied antigen in the size exclusion chromatography ls 40

more than 85% of the total area under the curve in the size
exclusion chronlatogldphv.

139. The method of Items 133 to 138. whcrcm Ihe antigen
ls mi inactivated whole virus obtainable lbom a method
wherein the /ika vinis is treated with formalin In an
mnount that mnges from about 0.001% v/v to about 3 0%
v/v from 5 to 15 days at a temperature that ranges from
about 15" C. to about 37" C.

140. Thc method ol Bny oue ol Items 134 Io 139, wherein Ihe
subtixt is from a Zlka cndcnuc region. 0

141. Thc method of Item 140, whereui the subtcct is from a
/ika endemic region subject to an outbreak

142 The method Of any one of Items 133 to 139, v herein the
subject is from a Zika non-endemic re ion.

143. The method of item 142, wherein the subject is from a 11

Zlkd Ixnl-cndcnlu: region II'Ilvclhng to Bn clxh:nuc legion.
144. Thc method ol any ouc ol items 133 Io 143, whcrcin Ihc

sublcmt is flavlvlrus naive
145 I'he method of any one of items 133 to 144. wherein the

subject is 18 to 29 years of age, in particular wherein the cc

subject is a v, oman of childbeariitg potential.
14(i. The method of any one of items 133 to 144. wherein the

subtixt ls 30 to 49 years of agc ul particular whcrcui the
subtixt is a woman of childbedruig potential.

147. Vacculc or inunuuogcluc compusiuon comprismg Oue si
antigen from a /Ika vinis for use in a metlxld of treatina
or preventing, in particular preventing /ika virus infec-

tlon in a sublcct population ul ncmd thcrcol; compnsulg
administering to individual subjects of said sublect popu-
ldluui d viicchic or unnlunogcnic conlposltlon conlprlsulg
onc antigen thorn a Zika iirus, whcrcin thc vaccule or
nnlTB01i1gcnlc conlposltlon ls,'iclmnustciccl Bs B fn'st

(primej mid a second (boost) administration about 1 to
about 16 iveeks apart. and wherein the administmtion of
the vaccine or imnuinogenic composition induces 28 days
after the boost administration geometric mean neutraliz-
Ing mitlbodics uters ul a population of at least 20 flavi-
virus naive sublccxs and/or at least 20 Zika virus scro-
negative subjectg lvhich are at least 10 tinies, or at least
15 times, or at least 20 times. Cr at least 25 tmles higher
than the geometric mean neutralizing antibodies titers
induces 28 days after the prime administmtion. as deter-
mined by the plaque reduction neutralization test (PRNTi.

148 Vaccine or immunogenic composition for use of item
147, whcrcui Ihc vaccuie or nmnunogenlc composition
comprises a dose of 1 pg to 40 pg of Ihc antigen, wherein
the antigen is an inactivated whole vmis

149 VBcclnc ol'Tuniulogcnic conlposltloo fof usc of Itcnl
147 or 148, wherein the /ika virus compnses at least one
noo-huulBB cell Bclaptatioo Burt;Itlon

150 VBcclnc ol'Tuniulogcnic conlposltloo fof usc of Itcnl
147 or 148. the Zika vinis having a mutation at position
98 of SEQ ID NO: l. or at a position corresponding to
position 98 of SEQ ID NO. l.

151 Vaccine or immunogmnc composition lbr use of items
147 to 150, whcrcm thc miugcn is puulicd.

152 Vacculc or inuminogcnic composition lbr use of item
151, wherein thc main peak ol'hc punlicd antigen in thc
size exclusion chronlatocraphy is more than 859tr of the
total area under the curve in the size exclusion chmina-
tography.

153 Vaccine or inununogenic composition for use of items
148 to 152„1vherein the antigen is an inactivated whole
virus obtainable from a method whcrcln thc Zika virus Is
Ireatcd with formahn ul an amount Ihat ranges from about
0001% v/v to about 3.0% v/v lrom 5 to 15 days at d

tenlpemture that ranges from about 15" ('o about37''54

Vaccine or inlnnmo enic composition for use of any
one of items 147 to 153. Ivherein the sublect is fnlm a
Zika endemic region.

155 Vaccine or immunogenic composition for use of item
154, ivherein the subject is from a Zil a endemic region
sublect to an outbreak.

156 Vaccine or inununogenic composition for use of any
one of itcnw 147 to 153, whercul thc subfcct is from a
Zll II non-cndcnuc region.

157 Vacculc or inuminogcnic composition lbr use of item
156, wherein the subject is fmm a /ika non-endemic
region tmvelling to an endemic region

158 Vaccine or immunocenic composition for use of any
one of iteins 1-17 to 157, wherein the subject is flavivirus
naive and/or Zika virus seronegative.

159 Vaccine or inununogenic composition for use of any
one of items 147 to 157, wherein the subject is 18 to 29
years ol'gc. ui partmular whcrcin thc sublect ls woman
of cluldbcaring po tenue 1.

160 Vaccine or inuuunogenic compositiou for use of any
onc of Items 147 to 157. wherein the subject is 30 to 49
years of age in particular lvherem the subject is woman of
childbearing potential
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SEQUENCE LISTING

I 0 NUNEER OP SEQ ID NOS 27

210 SEQ ZD NO I
211 LEHGTH 351
212 TYPE PRT
213 ORGANISM 2

400 SEQUENCE I

Asp Val Gly Cys Ser 'Val Asp Phe Ser Lys Lys Glu Thr Arg Cys Gly
I 5 10 15

Thr Gly Val Phe Val Tyr Asn Asp Val Glu Ala Trp Arg Asp Arg Tyr
20 25 30

Ly Ty H P o A p S P o A g A g L Al Al Al V I Ly Gl
35 40 45

Ala Trp Glu Asp Gly Ile Cys Gly Ile Ser Ser Val Ser Arg Met. Glu
50 55 60

Asn Ile Met Trp Arg Ser Val Glu Gly Glu Leu Asn Ala Ile Leu Glu
65 70 75 80

Glu Asn Gly Val Gln Leu Thr Val Val Val Gly Ser Val Lys Asn Pro
85 90 95

Mt TphgGlyPoGZAgLPoV1PoVZAGZLP
100 105 110

His Gly Trp Lys Ala Trp Gly Lys Ser Tyr Phe Val Arg Ala Ala Lys
115 120 125

Thr Asn Asn Ser Phe Val Val Asp Gly A p Thr Leu Lys Glu Cys Pro
130 135 140

Leu Lys Hz.s Arg Ala Trp Asn Ser Phe Leu Val Glu Asp Hrs Gly Phe
145 150 155 160

Gly V I Ph H Th S V I T p L Ly V I A g Gl A p Ty S

165 170 175

Leu Glu Cys Asp Pro Ala Val Ile Gly Tlzr Ala Val Lys Gly Lys Glu
180 185 190

Ala Val Hz.s Ser Asp Leu Gly Tyr Trp Zle Glu Sez Glu Lys Asn Asp
195 200 205

Thr Trp Arg Leu Lys I.rg Ala His Leu Zle Glu Met Lys Thr Cys Glu
210 215 220

T p P o Ly S H Th L T p Th A p Gly Il Gl Gl S A p
225 230 235 240

Leu Ile Ile Pro Lys Ser Leu Ala Gly Pro Leu Ser Hzs Hzs Asn Thz
245 250 255

Arg Glu Gly Tyr Arg Thr Gln Met Lys Gly Pzo Trp Hrs Ser Glu Glu
260 265 270

L Gl Il A g Ph Gl Gl Cy P o Gly Th Ly V I H V I Gl
275 280 285

Gl Th Cy Gly Th A g Gly P o S L A g S Th Th Al S

290 295 300

Gly Arg Val Ile Glu Glu Trp Cys Cys Arg Glu Cys Thr Met Pro Pro
305 310 315 320

Leu Ser Phe Arg Ala Lys Asp Gly Cys Trp Tyr Gly Met Glu Zle Arg
325 330 335

P o 5 g Ly Gl P o Gl - A L V I A g S M t V I Th
340 345 350

210 SEQ ID NO 2

211 LENGTH 10675
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212 TYPE DNA
213 ORGANISM 232a varoa

400 SEQUENCE 2

gttgttgatc tgtgtgaatc agactgcgac agttcgagtt tgaagcgaaa gctagcaaca

gt t g gtttt tttt 99 tttgg 9 g gttt tggt tg 120

g t gg gg tt 99 ttgt t tg t 9 gg gt g gtgtg g 180

cccctttggg ggcttgaaga ggctgccagc cggacttctg ctgggtcatg ggcccatcag

gatggtcttg gcgat.tctag cctttttgag attcacggca atcaagccat cactgggtct

240

300

catcaataga tggggttcag tggggaaaaa agaggctatg gaaacaataa agaagttcaa

gaaagatctg gctgccatgc tgagaataat caatgctagg aaggagaaga agagacgagg

360

420

g g t t gtgt gg ttgttgg t tg tg g t tgg g 99 ggt

t g gt ggg gtg t t t tgt ttgg g g tg tg ggg 99 t 540

atcttttcca accacattgg ggatgaataa gtgttatata cagatcatgg atct.tggaca 600

catgtgtgat. gccaccatga gct.atgaatg ccctatgctg gatgaggggg tggaaccaga 660

tgacgtcgat tgttggtgca acacgacgtc aacttgggtt gtgtacggaa cctgccatca

caaaaaaggt gaagcacgga gatctagaag agctgtgacg ctcccctccc attccaccag

720

780

g g tg 9 ggt 9 tggtt 99 t g 9 t 9 ttg t 84O

t 9 gt 9 ttgg t t t gg tgg tt 9 g tt g 9 g tg t g 800

ttggcttttg ggaagctcaa cgagccaaaa agtcatatac ttggtcatga tactgctgat 860

tgccccggca tacagcatca ggtgcatagg agtcagcaat agggactttg tggaaggtat 1020

gtcaggtggg acttgggttg atgttgtctt ggaacatgga ggttgtgtca ccgtaatggc 1080

acaggacaaa ccgactgtcg acatagagct ggttacaaca acagtcagca acatggcgga 1140

ggt g t t tg t tg 99 t t t g tg 9 tt tg 9 g tg 1200

ggt g 9 t ttg 9 t g t t tgt t g g 1260

gttagtggac agaggctggg gaaatggatg tggacttttt ggcaaaggga gcctggtgac 1320

atgcgctaag tttgcatgct. ccaagaaaat gaccgggaag agcatccagc cagagaatct 1380

ggagtaccgg ataatgctgt cagttcatgg ctcccagcac agtgggatga tcgttaatga 1440

gg t g tg tg 9 t 9 g 9 gttg g t g tt 9 g 1500

g g 9 tggggg gttttgg g t gg tt 9 ttgtg 9 gg gg 1560

ccttgacttt tcagatttgt attacttgac tatgaataac aagcactggt tggttcacaa 1620

ggagtggttc cacgacattc cattaccttg gcacgctggg gcagacaccg gaactccaca 1680

ctggaacaac aaagaagcac tggtagagtt caaggacgca catgccaaaa ggcaaactgt 1740

cgtggttcta gggagtcaag aaggagcagt tcacacggcc cttgctggag ctctggaggc 1800

tgagatggat ggtgcaaagg gaaggctgtc ctctggccac ttgaaatgtc gcctgaaaat 18 0

gg t tt g ttg gg 9 gtgt t t ttgtgt tg 9 gt t tt 1820

caagatcccg gctgaaacac tgcacgggac agtcacagtg gaggtacagt acgcagggac 1880

agatggacct tgcaaggttc cagctcagat ggcggtggac atgcaaactc tgaccccagt Soao

tgggaggttg ataaccgcta accccgtaat cactgaaagc actgagaact ctaagatgat 2100

gctggaactt. gatccaccat. ttggggactc ttacattgtc ataggagtcg gggagaagaa 2160

g t tgg 99 gtgg g ttgg g tttg g tgt 2220
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gagaggtgcc aagagaatgg cagtcttggg agacacagcc tgggactttg gatcagt.tgg 228o

aggcgctctc aactcattgg gcaagggcat. ccatcaaatt tttggagcag ctttcaaatc 2340

attgtttgga ggaatgtcct ggttctcaca aattctcatt ggaacgttgc tgatgtggtt 2400

gggtctgaac acaaagaatg gatctatttc ccttatgtgc ttggccttag ggggagtgtt 2460

g t tt tt t g g t t tg tg tgtggggtg t ggtgg t t t 9 2520

gg g g 9 tg ggt g gggtgtt gt t t 9 gttg 9 t 99 ggg g 2580

gtacaagtac catcctgact. ccccccgtag attggcagca gcagtcaagc aagcctggga 2640

agatggtatc tgcgggatct. cct.ctgtttc aagaatggaa aacatcatgt ggagatcagt 2 00

agaaggggag ctcaacgcaa tcctggaaga gaatggagtt caactgacgg tcgttgtggg 27 0

atctgtaaaa aaccccatgt ggagaggttc acagagattg cccgtgcctg tgaacgagct 2820

g 99 tgg gg tt ggggg t gt ttt gt 9 g 9 9 t 2880

9 tttgt gtgg tggtg tg 99 tg t t 9 g tgg 2840

cagctttctt gtggaggatc atgggttcgg ggtatttcac act.agtgtct ggctcaaggt 3000

tagagaagat tattcattag agtgtgatcc agt:cgttatt ggaacagctg ttaagggaaa 3060

ggaggctgta cacagtgatc taggctactg gattgagagt gagaagaatg acacatggag 3120

g tg g gg g t tg t 9 g tg tgtg tgg gt tt 3180

gtgg 9 t gg t g g 9 gtg t t 9 t t gt ttt g tggg t 3240

cagccatcac aataccagag agggctacag gacccaaatg aaagggccat ggcacagtga 3300

agagcttgaa attcggtttg aggaatgccc aggcactaag gtccacgtgg aggaaacatg 3360

tggaacaaga ggaccatctc tgagatcaac cactgcaagc ggaagggtga tcgaggaatg 3420

gtgctgcagg gagtgcacaa tgcccccatt gtcgttccgg gctaaagatg gctgttggta 3480

tgg tgg g t gg 99 g 9 g tt gt ggt tggtg 3540

tg gg t tg t tgg tt t ttgg gtg ttgtg t tg t t 3600

ggtgcaggaa gggctgaaga agagaatgac cacaaagatc atcataagca catcaatggc 3660

agtgctggta gctatgatcc tgggaggatt. ttcaatgagt gacctggcta agcttgcaat 3720

tttgatgggt gccaccttcg cggaaatgaa cattggagga gatgtagctc atctggcgct 3780

gatagcggca ttcaaagtca gaccagcgtt gctggtatct ttcatcttca gagctaattg 3840

g gt g g tg tg tgg tt gg t gtgt ttttg tg 9 t t 3800

g ttgg gg 9 tg tggtt t t tggtttt 9 tttgg t ggttgg t 3860

acgagcgatg gttgttccac gcactgataa catcaccttg gcaatcctgg ctgctctgac 4020

accactggcc cggggcacac tgct.tgtggc gtggagagca ggccttgcta ctt.gcggggg 4ooo

gtttatgctc ctctctctga agggaaaagg cagtgtgaag aagaacttac catttgtcat 4140

ggccctggga ctaaccgctg tgaggctggt cgaccccatc aacgtggtgg gactgctgtt 4200

gctcacaagg agtgggaagc ggagctggcc ccctagcgaa gtactcacag ctgt.tggcct 4260

g t tg 9 ttgg tgg g ggtt g 99 g t t 9 g tgg tg 99 tgg 4320

cgcggtcggt ctgct.aattg tcagttacgt. ggtctcagga aagagtgtgg acatgtacat 4380

tg g 9 ggtg t tggg 9 tg 99 gt tgg gt g 4440

gctcgatgtg gcgctagatg agagtggtga tttctccctg gtggaggatg acggtccccc 4500

tg g 9 g t t t ggtggt t 9 tg t tgtgg tg t g 4560

catacccttt gcagctggag cgtggtacgt atacgtgaag actggaaaaa ggagtggtgc 4620
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tctatgggat. gtgcctgctc ccaaggaagt aaaaaagggg gagaccacag atggagtgta 468o

cagagtaatg actcgtagac tgctaggttc aacacaagtt ggagtgggag ttatgcaaga 4740

gggggtcttt cacactatgt ggcacgtcac aaaaggatcc gcgctgagaa gcggtgaagg 4800

g g ttg t t tggg g g tgt g gg t tg gtgt t t gtggt tg 4860

g g t 9 t g 9 tggg tggg g 9 ggtg g t ttgg g tg gg 4820

agagagagcg aggaacatcc agactctgcc cggaatattt aagacaaagg atggggacat 488o

tggagcggtt gcgctggatt acccagcagg aacttcagga tct.ccaatcc tagacaagtg BOBO

tgggagagtg ataggacttt atggcaatgg ggtcgtgatc aaaaacggga gttatgttag 5100

tgccatcacc caagggagga gggaggaaga gactcctgtt gagtgcttcg agccctcgat 5160

g tg g g 9 g t tgt tt 9 ttg t t 99 g tggg gg g 5220

gtt tt t g t gt gtg g t g t gt tg tg t tt g 5280

tccaaccagg gttgtcgctg ctgaaatgga ggaggccctt agagggcttc cagtgcgtta 5340

tatgacaaca gcagtcaatg tcacccactc tggaacagaa atcgtcgact taatgtgcca 54OO

tgccaccttc acttcacgtc tactacagcc aatcagagtc cccaactata atctgtatat 54 0

tatggatgag gcccacttca cagatccctc aagtatagca gcaagaggat acatttcaac 5520

gggttg g tggg g gg 99 tg t tt tg 9 g gg g 5580

tg g ttt 99 t t t t tgg 9 gtgg g t 9 9 g 5640

agcctggagc tcaggctttg attgggtgac ggatcattct ggaaaaacag tttggtttgt 5700

tccaagcgtg aggaacggca atgagatcgc agcttgtctg acaaaggctg gaaaacgggt 5760

catacagctc agcagaaaga cttttgagac agagttccag aaaacaaaac atcaagagtg 5820

ggactttgtc gtgacaactg acatttcaga gatgggcgcc aactttaaag ctgaccgtgt 5880

t g tt gg g tg t g ggt t ttg t 99 g g 9 g t tt tgg 5840

tgg tg tgt tg 9 9 tg 9 gg ggggg 9 t gg 99 000

tcccaacaaa cctggagatg agt.atctgta tggaggtggg tgcgcagaga ctgacgaaga BOBO

ccatgcacac tggcttgaag caagaatgct ccttgacaat atttacctcc aagatggcct 6120

catagcctcg ctctatcgac ctgaggccga caaagtagca gccattgagg gagagttcaa 6180

g tt gg g g 9 99 9 tttgt 99 t tg g 99 g t tt tgt 6240

ttgg tgg t t ggttg t tg gg t t g t 9 9 tggtg tt 6300

tgatggcacg accaacaaca ccataatgga agacagtgtg ccggcagagg tgtggaccag 6360

acacggagag aaaagagtgc tcaaaccgag gtggatggac gccagagttt gttcagatca 6420

tgcggccctg aagtcattca aggagtttgc cgctgggaaa agaggagcgg cttttggagt 6480

gatggaagcc ctgggaacac tgccaggaca catgacagag agattccagg aagccattga 6540

caacctcgct gtgctcatgc gggcagagac tggaagcagg ccttacaaag ccgcggcggc 6600

ttg g g 9 t g 9 t t 9 ttttgggg ttg tggg gt t 9 t 60

gggaatcttc ttcgtcttga tgaggaacaa gggcataggg aagatgggct ttggaatggt 6720

gactcttggg gccagcgcat ggctcatgtg gctctcggaa attgagccag ccagaat.tgc 6780

atgtgtcctc attgttgtgt tcctattgct ggtggtgctc atacctgagc cagaaaagca 6840

aagatctccc caggacaacc aaatggcaat catcatcatg gtagcagtag gtct.tctggg 68oo

ttg tt g tg t 99 tggtt 99 g g g gtg t g t t 860
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aatgggaagg agagaggagg gggcaaccat aggattctca atggacattg acctgcggcc 7o2o

agcctcagct tgggccatct atgctgcctt. gacaactttc att.accccag ccgtccaaca 7080

tgcagtgacc acctcataca acaactactc cttaatggcg atggccacgc aagctggagt 7140

gttgtttggc atgggcaaag ggatgccatt ctacgcatgg gactttggag tcccgctgct 7200

tg t ggt tg t t tt tg t t gtgg t ttttg t 7260

gtgg g t tgt t tg t gg 9 tg 99 9 g tg g gtg tg 7320

gaagagaacg gcagctggca tcatgaagaa ccctgttgtg gatggaatag tggtgactga 7380

cattgacaca atgacaattg acccccaagt ggagaaaaag atgggacagg tgct.act.cat 744o

agcagtagcc gtctccagcg ccatactgtc gcggaccgcc tgggggtggg gggaggctgg 7500

ggctctgatc acagccgcaa cttccacttt gtgggaaggc tctccgaaca agtactggaa 75 0

t t t g tt tgtgt t tttt gggg gtt ttgg tgg 9 tt 7620

t t t t gt g g tgg ttggt g g gtgggg gtgg gg 76SO

agagaccctg ggagagaaat ggaaggcccg cttgaaccag atgtcggccc tggagtt.cta 7740

ctcctacaaa aagtcaggca tcaccgaggt gtgcagagaa gaggcccgcc gcgccctcaa 7800

ggacggtgtg gcaacgggag gccatgctgt gtcccgagga agtgcaaagc tgagatggtt 7860

ggtgg g gg gg t tg 9 t tgg ggt tt 9 t ttgg t gtgg 9 gg 7820

ggg tgg gt t t gt g t g gtt 9 gtg g 9 t 7880

aggaggccct. ggtcatgaag aacccgtgtt ggtgcaaagc tatgggtgga acat.agt.ccg SO4O

tcttaagagt. ggggtggacg tct.t.tcatat ggcggctgag ccgtgtgaca cgt.tgctgtg 8100

tgacataggt gagtcatcat ctagtcctga agtggaagaa gcacggacgc tcagagtcct 81 0

ctccatggtg ggggattggc ttgaaaaaag accaggagcc ttttgtataa aagtgttgtg 8220

t g t tg tgg t 99 g g tg g gt ggt tggggg gg 82SO

tggt 9 gtg t t 9 t t tg g tgt tggg t t tgg g 8340

gaaaagcaac accat.aaaaa gtgtgtccac cacgagccag ctcctcttgg ggcgcatgga 8400

cgggcctagg aggccagtga aatatgagga ggatgtgaat ctcggctctg gcacgcgggc 8460

tgtggtaagc tgcgctgaag ctcccaacat gaagatcatt ggtaaccgca ttgaaaggat 8520

ccgcagtgag cacgcggaaa cgtggttctt tgacgagaac cacccatata ggacatgggc 8580

tgg g t tg gg gggt g g t t t t t ggggt 8 40

tgt gg t tgt tggg tgt ggtg tgg gt gg t g tg 8700

cgacaccaca ccgtatggtc agcaaagagt tttcaaggaa aaagtggaca ctagggtgcc 8 BO

agacccccaa gaaggcactc gtcaggttat gagcatggtc tcttcctggt tgt.ggaaaga 8820

gctaggcaaa cacaaacggc cacgagtctg caccaaagaa gagttcatca acaaggttcg 8880

tagcaatgca gcattagggg caatatttga agaggaaaaa gagtggaaga ctgcagtgga 8840

agctgtgaac gatccaaggt. tctgggctct agtggacaag gaaagagagc accacctgag SOOO

gg g gtg 9 g tgtg tgt t 9 tggg 9 g g gggg 8060

atttggaaag gccaagggca gccgcgccat. ctggtatatg tggctagggg ctagatttct 8120

g gtt 9 g ttgg t t ttg g 99 t tgg tgggg 9 g 9 t gg 8180

aggtggtgtt gaagggctgg gattacaaag actcggatat gtcctagaag agatgagtcg 8240

t t 99 gg gg tgt tg g tg tg tgg tggg 9 tt 9 g 8300

gtttgatctg gagaatgaag ctctaatcac caaccaaatg gagaaagggc acagggcctt 8360
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ggcattggcc t t gt. agtg gtaaaggtcc ttagaccagc 8420

tgaaaaaggg aaaacagtta tggacattat ttcgagacaa gaccaaaggg ggagcggaca 9480

agttgtcact tacgctctta acacatttac caacctagtg gtgcaactca ttcggaatat 9540

gg gg tg g g gtt t g 9 tg g ttgtgg tg tg gg ggt g 9 gt 8600

g tgg ttg g 9 99 tggg t gg t 9 tgg g t gtgg g 8660

tgattgcgtt gtgaagccaa ttgatgatag gtttgcacat gccctcaggt tcttgaatga 8720

tatgggaaaa gttaggaagg acacacaaga gtggaaaccc tcaactggat gggacaactg 8780

ggaagaagtt ccgttttgct cccaccactt caacaagctc catctcaagg acgggaggtc 8840

cattgtggtt ccctgccgcc accaagatga actgattggc cgggcccgcg tctctccagg 8800

gg ggg tgg g t ggg 9 tg ttg t g t t tg g tgtgg 8860

g t ttt t tt g ggg t g tg tgg tg ttt gtt t tgt 10020

gccagttgac tgggttccaa ctgggagaac tacctggtca atccatggaa agggagaatg 10080

gatgaccact. gaagacatgc ttgtggtgtg gaacagagtg tggattgagg agaacgacca 10140

catggaagac aagaccccag ttacgaaatg gacagacatt ccctatttgg gaaaaaggga 10200

agacttgtgg tgtggatctc tcatagggca cagaccgcgc accacctggg ctgagaacat 102 0

t gt tgg tg 9 99 t t ggtg t 9 g gt tgg t 10320

t t gtt g t ttgggtg g gggt t tgg g tg tgt g 103SO

accaatctta atgttgtcag gcctgctagt. cagccacagc ttggggaaag ctgtgcagcc 10440

tgtgaccccc ccaggagaag ctgggaaacc aagcctatag tcaggccgag aacgccatgg 10500

cacggaagaa gccatgctgc ctgtgagccc ctcagaggac actgagtcaa aaaaccccac 10560

gcgcttggag gcgcaggatg ggaaaagaag gtggcgacct tccccaccct tcaatctggg 10620

g tg tg g 9 t 9 t gtgg t t 9 g ggg t gtggtt 9 gg 10 75

210 SEQ ID NO 3
211 LENGTH 20
212 TYPE DNA
213 ORGANISM artrficral
220 PEATURE
223 OTHER INFORMATION. olago I (CpG 1826)

400 SEQUENCE 3

t tg gt t tg gtt 20

210 SEQ ID NO 4
211 LENGTH 18
212 TYPE DNA

213 ORGANISM artrfacral
220 PEATURE
223 OTHER INPORMATION. oligo 2 (CpG 1758(

400 SEQUENCE 4

t t 9 g tg 9 t

210 SEQ ID NO 5

211 LENGTH 30
212 TYPE DNA

213 ORGANISM artrficral
220 PEATURE
223 OTHEP. INFORMATION. oligo 3

400 SEQUENCE 5
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accgatgacg tcgccggtga cggcaccacg 30

210 SEQ ZD NO 6
211 LENGTH 24
212 TYPE DNA
213 ORGANISM artriacral
220 FEATURE
223 OTHER INFORMATION: I go 4 (CpG 2006)

400 SEQUENCE 6

tcgtcgtttt. gtcgttttgt. cgt.t.

210 SEQ ZD NO 7

211 LENGTH 20
212 TYPE DNA

213 ORGANISM artriicral
220 FEATURE
223 OTHER INFORMATION: ol g 5 (Cp0 1668)

400 SEQUENCE 7

tccatgacgt tcctgatgct 20

210 SEQ ZD NO 8
211 LENGTH 31
212 TYPE PRT
213 ORGANISM 2

400 SEQUENCE 8

Phe T)tr Lys Ile Pro Ala Glu Thr Leu His Gly Thr Val Thr Val Glu
I 5 10 15

Val Gln Tyr Ala Gly Thr Asp Gly Pro Cys Lys Val Pro Ala Gln
20 25 30

210 SEQ ZD NO 9
211 LEZZGTH 31
212 TYPE PRT
213 ORGANISM 2 E

400 SEQUENCE 9

P)te Thr Lys Ile Pro Ala Glu Thr Leu Hts Gly Thr Val Thr Val Glu
I 5 10 15

Val Gln Tyr Ala Gly Thr Asp Gly Pro Cy Lys Val Pro Ala Gln
20 25 30

210 SEQ ID NO 10
211 LEHGTH 31
212 TYPE PRT
213 ORGANISM Nest Ntle Virus

400 SEQUENCE 10

Phe Leu Gly Thr Pro P.la Asp Thr Gly Hi Gly Thr Val Val Leu Glu
1 5 10 15

Leu Gln Tyr Thr Gly Thr Asp Gly Pro Cy Lys Val Pro Ile Ser
20 25 30

210 SEQ ZD NO 11
211 LENGTH 31
212 TYPE PRT
213 ORGANISM J p E ph I t V

400 SEQUENCE 11

Ph Al Ly A P o Al 8 p Th Gly H Gly Th V 1

I 5 10
V I 11 Gl

15
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Leu Thr Tyr Ser Gly Ser Asp Gly Pro Cys Lys Ile Pro Ile Val

20 25 30

210 SEQ ZD NO 12
211 LENGTH 31
212 TYPE PRT
213 ORGANISM S t Lo E ph I t V

400 SEQUENCE 12

Ptre Ser Lys Asn Pro Ala Asp Thr Gly Hrs Gly Thr Val Ile Val Glu
I 5 10 15

Leu Gln Tyr Thr Gly Ser Asn Gly Pro Cys Arg Val Pro Ile Ser
20 25 30

210 SEQ ZD NO 13
211 LEHGTH 30
212 TYPE PRT
213 ORGANIStt Y llo F V

400 SEQUENCE 13

Phe Val Lys Asn Pro Ttrr Asp Thr Gly His Gly Thr Val Val Met. Gln
I 5 10 15

Val Lys Val Ser Lys Gly Ala Pro Cys Arg Zle Pro Val Ile
20 25 30

210 SEQ ID NO 14
211 LEIIGTH 31
212 TYPE PRT
213 ORGANISM Dengue virus

400 SEQUEttCE 14

Leu Glu Lys Glu Val Ala Glu Thr Gln Hrs Gly Thr Val Leu Val Gln
I 5 10 15

V I Ly Ty Gl Gly Th ApAI P o Cy Ly Il P o Ph S
20 25 30

210 SEQ ID NO 15
211 LENGTH 31
212 TYPE PRT
213 ORGAttISM Dengue vtrus

400 SEQUEttCE 15

V I V I Ly Gl Il Al Gl Th Gl H Gly Th Il V I Il A g
I 5 10 15

V I Gl Ty Gl GlyAp Gly S P o Cy Ly Il P o Ph Gl
20 25 30

210 SEQ ID NO I
211 LENGTH 31
212 TYPE PRT
213 ORGANISM Dengue virus

400 SEQUEttCE 16

L Ly Ly Gl V I S Gl Th Gl H Gly Th Il L Il Ly
I 5 10 15

Val Glu Tyr Lys Gly Glu Asp Ala Pro Cys Lys Ile Pro
20 25

Phe Ser
30

210 SEQ ZD NO 17
211 LENGTH 31
212 TYPE PRT
213 ORGANIStt D 5
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400 SEQUEttCE 17

Ile Asp Lys Glu Met Ala Glu Thr Gln Hzs Gly Thr Thr Val Val Lys
I 5 10 15

Val Lys Tyr Glu Gly I.la Gly Ala Pro Cy Lys Val Pro Ile Glu
20 25 30

210 SEQ ID NO 18
211 LEHGTH 29
212 TYPE PRT
213 ORGAttISM Ezha vzrus

400 SEQUENCE 18

Ser Val Lys Asn Pro Met Gly Arg Gly Pro Gln Arg Leu Pro Val Pro
I 5 10 15

VIA GI LPoHGlyTpLyAI TpGlyLy
20 25

210 SEQ ID NO 19
211 LENGTH 29
212 TYPE PRT
213 ORGANISM Zrt:a vrrus

400 SEQUEttCE 19

S V I Ly A P o M t T p A g Gly P o Gl A g L P o V I P
I 5 10 15

V I AGI LPoHGlyTpLyAI TpGlyLy
20 25

210 SEQ ID NO 20
211 LENGTH 29
212 TYPE PRT
213 ORGANISM Nest Nrle Vtrus

400 SEQUENCE 20

Ly Gl Gl Gly M t Ty Ly S Al P o Ly A g L Th Al Th
I 5 10 15

Thr Glu Lys Leu Glu Ile Gly Tzp Lys Ala Trp Gly Lys
20 25

210 SEQ ID NO 21
211 LENGTH 29
212 TYPE PRT
213 ORGANIStt 3 p E ph I t V

400 SEQUENCE 21

Lys Pro Val Gly Arg Tyr Arg Sez Ala Pro Lys Arg Leu Ser Met. Thr
I 5 10 15

Gln Glu Lys Phe Glu Met Gly Trp Lys Ala Trp Gly Lys
20 25

22
9

210 SEQ ID NO

211 LENGTH 2

212 TYPE PRT
213 ORGANIStt S t Lo E ph I t V

400 SEQUEttCE 22

Gl 4 p P o Ly Ty Ty Ly A g Al P o A g A g L Ly Ly L

I 5 10 15

Glu Asp Glu Leu Asn Tyr Gly Tzp Lys Ala Trp Gly Lys
20 25
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210 SEQ ID No 23
211 LENGTH 29
212 TYPE PRT
213 ORGANISM Yellow Fever Virus

400 SEQUENCE 23

A p P o Ly A V I Ty Gl A g Gly Th H P o Ph S A g Il
I 5 10 15

AgApGlyLGI TyGlyTpLyThTpGlyLy
20 25

210 SEQ ID No 24
211 LENGTH 29
212 TYPE PRT
213 ORGANISM Dengue virus

400 SEQUENCE 24

A p V I S Gly Il L Al Gl Gly Ly Ly M t Il A g P o Gl
I 5 10 15

Pro list Glu Hrs Lys Tyr Ser Trp Lys Ser Trp Gly Lys
20 25

210 SEQ ID No 25
211 LENGTH 29
212 TYPE PRT
213 ORGANISM D g

400 SEQUENCE 25

Asp Ile Lys Gly Ile Met Gln Ala Gly Lys Arg Ser Leu Arg Pro Gln
I 5 10 15

Pro Thr Glu Leu Lys Tyr Ser Trp Lys Thr Trp Gly Lys
20 25

210 SEQ ID No 26
211 LEHGTH 29
212 TYPE PRT
213 ORGANISM D 9

400 SEQUENCE 2

Asp Ile Tltr Gly Val Leu Glu Gln Gly Lys Arg Thr Leu Thr Pro Gln
I 5 10 15

Pro Met Glu Leu Lys Tyr Ser Trp Lys Thr Trp Gly Lys
20 25

210 SEQ ID No 27
211 LENGTH 29
212 TYPE PRT
213 ORGANISM Dengue virus

400 SEQUENCE 27

Asp Val Lys Gly Val Leu Thr Lys Gly Lys Arg Ala Leu Thr Pro Pro
I 5 10 15

V I AApLLyTySTpLyThTpGlyLy
20 25

Pyhal is clainled ls
1. Zk method of vaccinating a sinai Zil a virus infection in

luunml subject ln need dlcrtslf,
the method comprising administering to the hnman sub-

Jcc I 0 I acclnc or lnlnlUnogcnlc conlpo9nlon conlpllsnlg
0 dose of from about 1 pg lo about 40 pg ol';m anugcn
from a Zika vinls, wherein the antigen is an inactivated
whnle viols as a hrsl iprime) and a second (bnnsti

administration. Ivherein adnlmislration of the vaccine
or inununo enic composition induces 14 2nd/or 28
days after lhc boost adnunislranon a seroconverslon
rate of al least 80pe in 0 population of ai least 20 Zil a
virus scroncgaule subjects.

ss 2 The method of claim 1. wherein the sublccl is preglwnl
or intends lo becnme pregnant or is a woman of childbearing
potential
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3. Thc method ol'claun 1, whcrcin Ihe vaccine or immu-

nogenic conlposition Is adnlinistered by intramuscular or
subcutmleous adnlinistration.

4 The method of claim I, wherein the vaccine or inlmu-
nogenic composition is administered one or more times

5. The method of cLaim 1, wherein the vaccine or inunu-
nogenic composition compnsulg a dose of 10 pg is adnun-
islcrcd onc tinu:

6 'I'he method of claim l. wherein the prime and bnost
administration takes place fmm alxiut I to about 16 weeks 10

apart or from about I to about fi weeks apart or from about
I to about 4 weel s apart or from about 3 to about 5 lveeks
apart.

'7. Thc nu:thod ol'laun 1. wherein Ihc second (boosti
ddnumsudtion ls admiruslcrcd fmm about 25 days to about
30 days after the first (prime/ administration.

8 I'he method of clainl 1. wherein 11 and,'or 28 days after
the boost administration of the vaccine or imnnulogenic
composition the genemstion of neutralizing antibodies titers
to Zika virus in a subject of greater than 1000. or of greater 10

than 1500, or of greater than 2000, or of greater titan 3000
arc ulduced, as dctcrminix! by lhe plaque reduction neutral-
ization test (PRN'I'i

9 A methnd of vaccinating against Zika viol~ disease in
a fetus or newborn in need thereof. the metlxid comprising
adnlinistering to a pregnant human subject n vaccine or
inununogenic composition comprisiilg a dose of from about
I pg to about 40 pg of an antigen from a Zlka vinis. whcrcin
the antigen is au inactivated whole virus, and whcrcul thc
preanant hunlan subject adoptively transfers a vaccine etTn- lo
tive amount nf neutnllizing antibodies against /ika virus to
the fetus or newborn, wherein the vaccine or imnnulogenic
composition is admirustered as a first (primei and a second
(boosti administmstion

10. Thc method ol'claim 1, wherein adnunislration of the ls
Vaccine or immunogcuic composluon induces 14 mid/or 28
davs dflet lhc boost Bduunlsll'tllloll B sclocollvcl sloll linc of
at least 90'%n a population of at least 20 Zika vims
seronegative subjects

11. Sk method of vaccinating against Zil a vinis infection 40

in a Inlman subject in need thereofi
Ihc method compnsing administering lo tlm human sub-

Iccl d vaccine or lnlluUllogcluc conlpos111011 conlpllsing
a dose of from about I pg to about 40 pg of an antigen
from a /ika vmis, wherein the antigen i ~ an inactivated
whole virus. wherein the vaccine or imnnulogenic
conlposition is admimstered one or more times,
lvherein administration of the vaccine or inununogenic
composluou induces 14 and/Or 28 days aficr a single
dose or prime administration a scroconversion rale Of at 0

least 60% in a population of at least 20 Zika virus
seronegative subjects.

IZ. 'I'he method of clainl I, wherein administration of the
vaccine or inununogenic composition induces 14 nnd/or 28
days after the boost administration. geometric mean neu- i.
trahzulg mltibody titcrs in a population ol't least 20
fiavlvinis irdive sublccts andior al least 20 Zika virus sero-
ncgdlive subjects, which arc at least IO tunes, or al less! 15
tinles, or at least 20 times, or at least 25 times higher than
the eonletric nlean neutralizing antibody titers induced 28 io
days after the prime administration, ns determined by the
plaque reduction neutmlizatinn test (PRNTl.

13. The method ofclanu 1, w harem thc mltigcn is pun ficxh

14. The method ol'clmm 13, whereul Ihe mmn peak of the
antigen when mlalyzed by size exclusion cia omalography Is ss
nlore than 8&"/s of the total area under the curve in the size
exclusion chronlatography

15. 1110 ulelhixl Ol ciBhn 1, whcrcul lhc vticculc ol
inununogenic composition comprises n dose of from about
10 pg to about 40 pg of purilied inactivated whole virus.

16 qhe method of claim I, wherein the vaccine or
immunogcnic composition compnscs a dose of fmm aboul
10 pg to about 30 pg of puritied inactivated whole vinls

17. The method of claim 1„1vherein the vaccine or
inlmunngenic conlposition compnses a dose of fmm about
10 pg to about 20 pg of purified inactivated whole vinis.

18. Tllc method of clmm 1, wherein thc vaccine or
inununogenic composition comprises a dose of about 10 p
to about 15 pg Of punlicd iruictivatcd whole virus.

19. 'Ihe inethnd of clainl I, wherein the vaccine or
imnnulogenic composition compuses a dose of about 2 pg,
or about 5 pg, nr about 10 ua of purified inactivated whole
virUB.

20. 'Ihe inethnd of clainl I, wherein the vaccine or
inununogenic composition comprises a dose of about 10 p
Of pllllfiCd UIBCIIVBICd whoh: VlrllS

21. The method of claim 1, v,herein the vaccine or
huuulnogcluc conlposltlou IUrlhcr conlpnscs Bn BIUnunilul
salt adjuvant.

22. Ibe method of claim 21. wherein the vaccine or
inununogenic composition conlprises front about 100 pg to
about 600 pg or from about 100 pg to about 450 pg or from
about from about 100 pg to about 300 Itg or fmm about I 50
pg lo about 250 pg or from about 100 pg to about 225 pg or
about 200 pg of ml alununum salt as adluvmlt.

23 'Ihe method of claim 21, wherein the adjuvant is
alunlinum hydroxide.

24 I he method of claim 21. wherein at least 75%. or at
least 85'!w or at least 90is. or at least 95%. or at least 96%,
or at least 97%. or at Icilst 98"is. or nt least 99%, or l00'!v of
the antigen are adsorbed lo Ihc adluvanl

25. Thc method of clmm I, whcrcin the Zika virus is d

ckinal ISOldtc., ul pal llCUldr frulu II plBqlIC pUrlfiCd Clollal
lika vims isnLlte

26. A methnd of vaccinatiim against /Ika virus mfection
in a human subject in need thereof.

the method comprising administering to the human sub-
ject a vaccine or mununogcnic composition compnsulg
a dose of fiom about I pg to about 40 pg ol'an anugcn
from a Zika virus, whernn thc anugnl I ~ tm inacuvatod
whole virus, wherein the vaccine or imnnulogenic
composition conlprises a dose of about 10 ug of puri-
fied inactivated whole virus. about 200 pg aluminum
hydroxide. a bufi'er; nnd optionally a sugar.

27. Thc method of claml 1, wherein adminlstrauon of Ihe
VBCCIUC 01 IuunllnogCIIIC CoulpOS111011 10 lhC hUUIBII SUbp:CI

docs uot result in Ihc sublcct basing a severe advcrsc event
as a result of the administmtinn

28. The method of claim 27. wherein the severe adverse
event is a fever of a temperature of 39" C. or higher.

29. The method of clainl 1, wherein the subject is from a
Zikn nldnnic region or Ibom a Zika nou-cndcmlc region
trilvclhng to tul cudclnlc rcgloll

30. Thc method of clmm 1. w hercul thc subl act is 18 to 29
years of age or 30 to 49 years nf age

31 'I'he inethnd ofclaim 1. Ivherein the subject is a female
subject.

3Z. The method of claim 9„1vherein the vaccine or
huuulnogCIUC CiiulpoS111011 ls Bdnlllllsu:rixl by'llrallllISCUIBI
Or subcutaneous admimstralion.

33. Tllc method of clmm 9, wherein thc vaccine or
lluituulogcnic conlposlfioil Is Bdlnllllstet'ed orle ol'nure
times.
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34. The method of claim 9, whcrcut lhc vaccine or
inununogenic composition comprising a dose of 10 pg Is

ddluullslclci! ouc nuux
35. 1 he method of claim 9, wherein the prime and boost

ddnumsudtion takes place fmm about 1 to about 16 necks
apart or from about 1 to about 61 weeks apart or from about
1 to about 4 weeks apart or from about 3 to about 5 v eeks
'IP'irt.

36. The method of claim 9, wherein the second (boost)
111

adnunistrdtion w admitustcred from about 25 days to about
30 days afier the first (prime) administration.

3'7. Thc method of clean 9, whcrcui 14 and/or 28 days
afier the boost aihninistration of the vaccine or inumuio-
genic composition thc generation of ncutrahzm antibodies
titers to /ika virus in the pregnant human subject of greater
than 1000„or of greater than 1500. or of (tzeater than 2000,
or of rester than 3000 are induced, as determined by the
plaque reduction neutmlization test (PRNT).

38. Thc method ol'clean 9, wherein ddnunistration of thc
vaccine or inununogenic composition induces 14 and/or 28
davs dfter thc boost aduuuislt'ilnou a sclocouvclsiou fille of
at least 80%, or at least 90%. or at least 95%, or 100% in a
populauon ol't )cast 20 Zika virus scroncgauvc subjects.

39. 'I'he method of claini 9, wherein administration of the
I accine or immunogcuic composiuon induces 14 mtd/or 28
days after a single dose or prime adininistration a serocon-
version rate of at least 60'io ul a population of at least 20 Zil a
vinis seronegative sublects.

40. The method of claun 9, wherein administration of the ill

I accinc or immunogeiuc composition induces 14 and/or 28
days after the boost administration. geometric mean neu-
tralizutg antibody titers in a population of at )wist 20
flavivinis naive subjects and/or at least 20 /ika vims sero-
ncgdlivc subjects, which arc at least 10 tunes, or al less! 15

times, or at least 20 times, or at least 25 tiines higher than
the geometric mean neutralizing antibody titers induced 28
days after the prime adniinistration, as determined by the
plaque reduction neutralization test (PRNT). da

41. A method of vaccutaling against Ztka virus discase in
a fetus or newborn in need thereof. the method comprising
ddnumsicnng lo u prcguiml luunan subject a vaccutc or
immunogcntc compositiou compnsutg a dose ol'rom about
1 pg to alxiut 40 pg of an antigen from a /ika virum wherein
the antigen is an inactivated whole vinis, and wherein the
pre nant human subject adoptively transfers a vaccine effec-
tive amount of neutralizing antibodies against Zika virus to
thc fcuis or new born, whereut thc antigen Is punliciL

42. The method ol'clmm 41, whcreut the mmn peak of the o

antigen when mialyzed by size exclusion cia omalography ts
niore than 8&o/o of the total area under the curve in the size
exclusion chrontatography

43. /t method of vaccinating against Zika vinis disease in
a fetus or newborn in need thereof. the method comprising o.

ddnumsicnng lo u prcguiml luunan subject a vaccutc or
immunogcntc compositiou compnsutg a dose ol'rom about
1 pg to about 40 ps of an antigen from a Ztkd virus. whcrcin
the antigen is an inactivated whole vinis, and wherein the
preanant huntan subject adoptively transfers a vaccine etTtx- io
tive amount of neutralizing antibodies against Zika virus to
the fetus or neivborn„wherein the vaccine or inununogenic
composiuon compnscs a dose ol'rom about 10 pg lo about
40 pg ol'unlicd Inactivated whole virus.

44. The method of claim 9, whcrcut thc vaccutc or ss
immiuiogentc composition comprises a dose of tnim about
10 pa to about 30 pg of purified inactivated ivhole virus.

126
45. 111e method ol'laim 9, whcrcin thc vaccine or

inimunogenic coniposition composes a dose of fmm about
10 pg to about 20 pg, of purified inactivated whole virus

46 lite method of claim 9, wherein the vaccine or
inununogenic composition comprises a dose of about 10 p
to about 15 ug of purified inactivated whole vinis

47. Tltc method of clmm 9, wherein thc vaccine or
imnnutogenic composition compnses a dose of about 2 pg,
or about 5 pg, or about 10 8 of purified inactivated whole
voila.

48. 'lite inethod of claini 9, wherein the vaccine or
inununogenic composition compnses a dose of about 10 pg
of purilied inactivated whole vinis

49. A method of vacciuatuig against Zika virus disease in
a fetus or newborn in need thcrcol; the method compnsuig
administering to a pregnant huntan subject a vaccine or
inimunogenic composition coniprising a dose of from about
1 pg to about 40 pg of an antigen from a /Ika viols. wherein
the antigen is an inactivated whole virus, and wherein the
pregnant human subject adoptively tmsnsfers a vaccine eflec-
tivc amount ol'neutralizuig antibodies aganwt Zika virus to
the fetus or newborn. whcrcin thc vaccine or inununogciuc
cmnposition further comprises an aluminuni salt adjuvant.

5(l. lite method of claim 49. wherein the vaccine or
inununogenic composition coniprises front about 100 pg to
about 600 pg or from about 100 pg to about 450 pg or from
about from about 100 pg to about 300 iig or fmm about 150

pg lo about 250 pg or from about 100 pg to about 225 pg or
about 200 pg of mt alununum salt as adluvmit.

51 'lite method of claim 49, wherein the adjuvant is
aluniinum hydroxide.

52 the method of claim 49. wherein at least 75%. or at
least 85'!o. or at least 90io. or at least 95%. or at least 96%,
or at least 97%. of at lcilst 98oio. or at least 99%, or 100'!o of
the antigen are adsorbed lo Ihc adiuvanl

53. Ss method of vacciruiluig against Zika virus discase in
a fetus or newborn in nccd thereol; thc method compnsuig
administering to a preg/tant human sub)act a vaccine or
inununogenic composition comprising a dose of from alxiut
1 pg to about 40 ug of an antigen from a Zika vinis. wherein
the anti en is an inactivated tvhole virus„and v herein the
pregnant luinuut subject adoptu cly trausfi rs a vaccutc cflbc-
tivc amount of ncutrahzuig antibodies ugainst Zil,a virus to
thc li:tus or newborn. whcrcin the Zika vinis Is a clonal
isolate, m particular front a plaque purified clonal /ika virus
isolate

54. A method of vaccinatin against Zika vinis disease in
a fetus or neivborn in need thereof. the method comprisin
adnutustcnng lo a pregnant lntman sublixl a vaccine or
imnnutogenic composition comprising a dose ol'rom about
1 pg lo about 40 pg ol'dn antigen from a Zika virus, wherein
the antigen is an inactivated v hole vims, and w:herein the
pregnant human subject adoptively transfers a vaccine etTec-
tive amount of neutralizing antibodies a atnst Zika virus to
the fetus or newborn, wherein the vaccine or immunogenic
composition compnses a dose of about 10 pg of punliod
inactivated whole virus, about 200 pg uluminum hydroxide.
a buflbr: mtd optionally a sugar

55 1'he method of claim 9, ivherem administmstion of the
vacciflc of iiuiuiiilogciuc colripositiotl to thc pt'cgtlaiit huiuall
subject does not result in the pre~oant human subject bavin
a severe adverse event as a result of the administration.

56. The method of claim 55. vthcrcin the severe adverse
event Is a fcvcr of n tcmpcraturc of 39'. or higher.

57. St method of vacciruiluig against Zika virus discase in
a fetus or nev,born in need thereof, the method comprising
administering to a preg/tant human sub)act a vaccine or
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immunogcnic compositiou compnsuig a dose ol'rom about
1 pg to about 40 p of an antigen from a Zil 1 viuis. wherein
thc antigen is m»nactivatcd whole virus, and wherein the
preanant hunlan subject adoptively transfers a vaccine etfic-
ule amount ol'neutralizing antlboibcs agauisl Zika virus to
the fenls or newborn, wherein the pregnant lnunan subject is
front a Zika endemic region or 1'rom a Zil a non-endemic
regloil lr;IVClllllg to Bil CildCiluc I'Cglou

58. /8 method of vaccinating against Zika viuis disease in
111

a fetus or newborn in need lhercol: the method comprising
aihninistering to a pregnant human subject a vaccine or
immunogcnic compositiou compnsuig a dose ol'rom about
1 pg to about 40 pg of an antigen from a /ika viruw v herein
thc antigen is m»nactivatcd whole virus, and wherein the
preanant hunlan subject adoptively transfers a vaccine etfic-
tive amount of neutralizing antibodies against Zika virus to
the fenls or newborn, wherein the pregnant lnunan subject is
18 to 29 years of age or 30 to 49 years of 1 e.

59. Thc method ol'clean 1, wherein Bdnunistration of thc
vaccine or imnlunogenic composition induces 14 and/or 28
days after lhe boost administration a seroconversion rate of
at least 95!'6 or 100%.

60. The niethod ofclaim 11, wherein administration of the
I accine or immunogcuic composluon induces 14 mid/or 28
days after lhc single dose or pruuc adnunislralion a scro-
comersion rate of 80% ui a population of at twist 20 Zika
viols seronegative sublects.

61. Thc method ol'claim 11. whermn adnunistralion of thc
vaccine or inuuunogenic compositiou induces 14 andlor 28
days atter the single dose or prime administration a sero-
conversion rate of 90% in a popuLation of at least 20 Zil a
virus seronegative subjects.

62 '1'he method ofclaim 11. Ivherein administration of the
vaccine or inuuunogenic compositiou induces 14 andlor 28
days aficr the single dose or prinu: adminmtratlon a scro-
conversion rate of 95% in a popuLation of at least 20 Zil a
virus seronegative subjects.

63 Tile method of claim 26. v herein the sugar is sucrose
64. The method of claim 54. lvherein the sugar is sucrose.
65. The method ofclailn 39. wherein administration of the

vaccine or inuuunogenic compositiou induces 14 andlor 28
ilay'S ilftCI tllC SlllglC iloSC Ol plllllc iidlllllllsllBlloll a SCro-

convcrsion rale of 70% in a population ol't least 20 Zika
virus seronegative subjects.

66. 1'he method of clainl 39. Ivherein adnunistration of the
vaccine or inununogenic composition induces 14 and/or 28
days atter the single dose or prime administration a sero-
collverslon rate of 80!'6 in a population of at least 20 Zil 1
virus scroncgalive sub/cuts.

67. Thc method ol'clmm 39. whereul administration of thc
vaccine ol'illiuuilogcilic composltloll iilduccs 14 Bud/ol'8
days after the single dose or prime administnstion a sero-
conversion rate of 90% in a popuLation of at least 20 Zil a
virus seronegative subjects.
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