CHI MERI C VEST NI LE/ DENGUE VI RUSES CROSS REFERENCE TO
RELATED APPLI CATI ON This clainms the benefit of U S.
woe@vit3i7ohal Application No. 61/049, 342, fil edP@pPUBE1009/041824
30, 2008, which is incorporated herein inits
entirety. FIELD The disclosure relates to chineric
flaviviruses, particularly chineric Wst N le
vi rus/ Dengue virus constructs. Further, it relates to
met hods of using these chineras in diagnosis of
flavivirus infecidpmvand CCRESSSNIEARNGEAL ¢ TRESE%e
virus vacci ne efficacy. BACKGROUND Dengue virus (DENV)
is the nost inportant arboviral cause of norbidity and
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the four DENV serotypes (DENVWIHLD4) |argely because
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neut r al iTAF digcloneepeldica to elimerie flawvsusesepagidcuhygty chimeric West
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actual ly increase the risk for nore severe disease

dur e sdleHdary i nfection due to a phenonenon known

as anti body nedi ated enhancenent, which occurs when

ant i bodi es agai nst one DENV serotype bind in a

non-neutral i zi ng nannertBA(IﬂJR@b%ﬂ)cles of anot her
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20 Wé%rs ﬁ?é%ly because vaccine production is hampered by the fact that neutralizing

antibodies to one serotype do not effectively neutralize the remaining DENV
serotypes (Halstead and O’Rourke, J. Exp. Med. 146:201-217, 1977). In fact, low
levels of these antibodies may actually increase the risk for more severe disease
during secondary infection due to a phenomenon known as antibody mediated

25  enhancement, which occurs when antibodies against one DENV serotype bind in a
non-neutralizing manner to DENV particles of another serotype. This binding
allows increased infection of Fc receptor-bearing cells, such as macrophages, which
can change the infection profile of the virus or cause a release of chemokines
leading to dengue hemorrhagic fever or dengue shock syndrome (Halstead and

30 O’Rourke, J. Exp. Med. 146:201-217, 1977).

West Nile virus (WNV) is a member of the Japanese encephalitis

serocomplex in the genus Flavivirus, family Flaviviridae. Until the mid-1990s,

S 1-



Asi a. However, since 1996, WN encephalitis has been

reported nore frequently in Europe, the Mddle East,
wmerovhat7n7 and western Africa, and Russia. WV BOEU§A9/041824
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R s S e
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and E protein from DENV. In some embodiments, the chimera includes a first
nucleic acid molecule including a 5’ non-coding region, a nucleic acid encoding
non-structural proteins, and a 3’ non-coding region from a WNV and a second

25  nucleic acid molecule operably linked to the first nucleic acid molecule, encoding at
least a portion of a C protein, a prM protein, and an E protein from a DENV.

In some examples, the chimeric flavivirus includes at least one nucleic acid

or amino acid substitution which improves chimera characteristics (such as
increased replication in cell culture or decreased infectivity or transmissibility in

30  mosquitoes). In particular examples, the amino acid substitution is in the DENV

prM protein, DENV E protein, WNV NS2A protein, or WNV NS4B protein. In



prM protein, DENV E protein, WAV NS2A protein, or WV
NS4B protein. Inadditional exanples, the chineric

WO b@9oiis471us i ncl udes at | east one nucl eotide PCT/US2009/041824
substitution in the 5 or 3" non-coding region. In
further exanples, the chinmeric flavivirus includes at
| east one am no acid substitution in the DENV E
protein, wherein the substituted E protein exhibits
measur ably reduced antibody cross-reactivity. Al so
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IOVOCé t i gures.
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the chimera e nutations introduced to create the

Sag¢qomyiapging dlgness. change the DEN2 amino aci d sequence.
Figure 2 shows the plaque phenotype of chineric
WN/ DEN2 virus seed recovered from C6/36 cells. The

anplified viruBRSEE®DRESCSRIVEIGN OIHT}HIDKZEWHNGSO
visualize plaques. Fig. 2A shows ues forned hy. the

chi mer i Eienke DENDSChPMalC diasiaayofe P @émphilpgyiyus. The
20Fi ghlél‘?ﬁad SIS ﬂlle%gmgtfa? Eéﬁ‘:ﬁgn&y(b% HRE3L kT, PiStefdd and

51gnalase cleavage sites, arrow and triangle, respectively), prM, and E proteins of the
DEN2 16681 virus in the WN NY99 virus backbone. The enlarged sequence
alignment shows the Sacll restriction site (underlined) that was introduced in the
cDNA clone to create the splice site to engineer the chimera. The mutations
25  introduced to create the Sacll site do not change the DEN2 amino acid sequence.
Figure 2 shows the plaque phenotype of chimeric WN/DEN2 virus seed
recovered from C6/36 cells. The amplified virus seed was plated on Vero cells to
visualize plaques. Fig. 2A shows plaques formed by the chimeric WN/DEN2 virus
on day 8 post-infection (p.i). Fig. 2B shows plaques formed by DEN2 16681 virus
30 ondayS8p.i.
Figure 3 shows the plaque phenotype of WN/DEN2 virus recovered from
C6/36 cells or Vero cells on day 5 p.i. at the indicated passages. (A) wild type
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Figure 3 shows the plaque phenotype of WNW DEN2 virus
recovered fromC6/36 cells or Vero cells on day 5 p.i.
wa@roovhat7ihdi cat ed passages. (A) wild typeVWV NMODUS2009/041824

(LLCG-MK2-1); (B) wild type DEN2 16681 (C6-1); (O
WN DEN2 (C6-1); (D) WV DEN2 (C6-1/V-2); (E) WN DEN2
(V-3); (F) WWDEN2 (V-10. Figure 4 shows growth
curves in Vera cells of the wild type WNV NY99 (w
WV), wild type DEN2 16681 virus (w DENV-2), and
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chinmeric flavivirus. The chinera contains the
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pr sVEIDENDN208D, IEDEMAMMDE%D\I heeddN NY99 virus
backbone, The enl arged sequence al |O%nment shows
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quinquefasciatus, and Aedes aegypti mosquitoes. Open bars, DENV-2; shaded bars,
WNV-NY99; solid bars, WN/D2 C6-1 seed.
Figure 8 is a schematic diagram of a WN/DEN chimeric flavivirus. The

chimera contains the prM signal sequence from the indicated DEN virus (between
25  the NS2B-3 protease and signalase cleavage sites, arrow and triangle, respectively),

and prM and E proteins of the DEN virus in the WN NY99 virus backbone. The

enlarged sequence alignment shows junction between the WNV C protein and the

DENYV prM signal sequence in the WN/DEN1, WN/DEN3, and WN/DEN4

chimeras.
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chi meras. SEQUENCE LI STI NG Any nucl eic acid and am no
aci d sequences listed herein or in the acconpanyi ng
wGewaasoe7 | i sting are shown using standard | et PEF/US2009/041824
abbrevi ations for nucleotide bases, and three letter
code for amno acids, as defined in 37 CF. R 1.822.
In at | east sone cases, only one strand of each
nucl ei c acid sequence is shown, but the conplenentary
strand i s understood as included by any reference to
the di splayed strand. SFQURNYGSLISTRAE 2 show the
nucl eic acid and am no acid sequences, respectively,
of a redoybiunzntacwkstd dhine /ADdrsgquesnesdivitarercaciifil DENR .

The start .and sto sitions of the rtjcul a enes
andCEPBRBYAG Seficp Hu i s shonmesiniga g apbitvinggps for
| Dni¥Potidd B, 4nSAeW 16E BHStRIamiRehdd2B8dSHAn 3FICIF R. §
sequences, respectively, of a reconbi nant West

5Ni L &2De hyaidcast sarhe pases onihanestrand obergh svelgicpeid seiquense is

o L o AR B PS03 R M e

nuedealipl@eiddtrandl anmi no aci d sequences, respectively,
of a reconbi nant West N | e/ Dengue-3 chinmera. The start

and st opERYE) NOsnk awst 2 sl Breruickein agid grdhagingggid sequences,

pr ] [ j.I ; I

L PRefy of st FERANIENADDIR e QAR N BER2 Hhe stan
10 sequéstop positiesyuedahd patiyylarodenas arecpoizinsaithddsinera are shown in

Ni | e/ Dengue-4 chinmera. The start and stop positions of

t hd@P&rlt i cul ar genes and proteins of this chinera are

shown i REGA ROL: 3 T@Ph Show tRlRlclei 3G PR8Il RfSeneEs,

NCRs, structural proteins and nonstructural proteins
i NrAAREDERD, o ifdOBNbinaahy Wi BENdn g heries BEQ HeB3tdiGend s@op

e BpLteRA e POy ettt FE Ep R A n AR BRbh R AT Bable 1.
15type DENEQLEPRDsVS b6 siRFRHPUMNERS acld adgnthd asiadqiidi@es,

nucl eic acid and am no aci d sequences, respectively,

of reshectinslyDEf\RrashimtrrancWestr Nide/Demgper Peinmsra. Thhegtadt angl stop
S TR T T M
type VWSKPOI® MOsUB andSECIWWHIGRIClcldbacid gndlémsmb@vldt aguences,

nucl ei ¢, acid_and am no aci d sequences, respectively,
of Tespectiriypeia respmpEant Westy lNide/Dengue-4 chimera. The start and stop

20  positions of the particular genes and proteins of this chimera are shown in Table 1.

Table 1. Start and stop positions of NCRs, structural proteins and
nonstructural proteins in WN/DEN2, WN/DENI1, and WN/DEN4 chimeras

Region Nucleotide start/stop position Amino acid start/stop position
(SEQ ID NOs: 1, 3, and 7) (SEQ ID NOs: 2, 4, and 8)
5"NCR 1-96 --
C 97-453 1-119
prM 454-951 120-285
M 727-951 211-285
E 952-2436 286-780
NS1 2437-3492 781-1132
NS2A 3493-4185 1133-1363
NS2B 4186-4578 1364-1494
NS3 4579-6435 1495-2113
NS4A 6436-6882 2114-2262
NS4B 6883-7647 2263-2517
NS5 7648-10362 2518-3422




SEQ I D NOGs: 17 and 18 show the nucleic acid and am no

aci d sequences, respectively, of the WV DEN3 chineric
wWaR0943478EQ | D NGs: 19 and 20 show t he nucl ei cPErUS20891041824
am no acid sequences, respectively, of the WV DEN4
chimeric virus. DETAILED DESCRI PTI ON Lack of an ideal

DEN ani mal nodel is a major obstacle in vaccine and

t herapeutic devel opnent for DENV. | mrunoconpet ent

out bred m ce do notsuccunb to wild type DENV

| TSP &Mﬁ@a&ahrtmwsaaueﬁ P OlHfihb At SH @ position

| ¢ B@s: A3SahdY) evi de ”E(§§Q b fw‘i)lsffztF fand 8)
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h;\vg’eNE:\iﬁ;n used fo 36%’\1®§9{6\HCQ modaeal S- but t hese

LI B Moo T — I ToOTT

ani mal s are usually high cost, difficult to work wth,

angapies, ”@&r{zﬁﬁiétﬁ GsitiShs b QPR QHEARH Fgm di! e
405n GKRGLHIGHTD Rind i th w&mw& E& or

INi“ %&é"}f: IS”‘EIS ) eﬁtgrﬁt‘i %c{liyﬁuu' \/ iArwlg&acgﬁii artfstop pos1t10n

Sickness! | et hal( Q n 0: 6)
sUOCHELE il | v used as! Aot ection markers in WAW--

resed? ch|usi ng smal 97-4% mal nodel s| such as, nidé9

hangir®r s| and birdst54Pus, chinerijc WN DEN vil2m38S

di scihpsed herein nmgp7lgivi rul ent and/ or genepat-ess

sfgnig i cant viTem g53A43) Ce, (herefore they 6gd7he

u\>eq'\1§1ls ne chalt %? 3(&%%8 0 assess the ef 777@a y300T

—NNL PYH L~ ol + kb~ P il

SN AR ST A MRS A A T

L

mbrDS2Bohl y and + SBWI2t i ters than WKV inldedid92
cll tN¥®es| This makddd3ddd@| oprent of di agnostlf#t@3-¢itla|

ant N§éA pr oduct i orb4dAeéb8dbagnosti c tests for 2DENLGfbr e

dil fNSd¢Bl §{ t han for68MN.64The chi merj ¢ WN DEN226 r-0SES

desaqusded herei n gemi-apyseDENV antijgeni ¢ strgsiazgx) on

tn%rﬁ]@l{ ace of tnﬁ)3\5|7rll@§9@art| clesfwnile retal nl ng

certarm VWKV repriidall OIT Tedatur es \ UL,II dsS ll:‘pllbdlIUll
to high titer). The disclosed chineras can thus be

5 used as SEQUIENNDIsk@ asdI1 0 sigat theviutldR def ardesting gc@EMﬁences,
andi dat e vacci ne efficacy and for develo B
f aﬁSE?CUCYP lywBf @&t Protain/ PEM DENVORIhg HO'E YRS EN2 16081 virus.

Abbr evi @EW‘TDSN@E.’\III DRPEMG RENY nuERAR MldTafino acid sequences,
respectively, of the WN/DEN2 chimeric virus.

SEQ ID NOs: 13 and 14 show the nucleic acid and amino acid sequences,
10 respectively, of the C protein/prM junction in a wild type WN NY99 virus.

SEQ ID NOs: 15 and 16 show the nucleic acid and amino acid sequences,
respectively, of the WN/DENI chimeric virus.

SEQ ID NOs: 17 and 18 show the nucleic acid and amino acid sequences,
respectively, of the WN/DEN3 chimeric virus.
15 SEQ ID NOs: 19 and 20 show the nucleic acid and amino acid sequences,
respectively, of the WN/DEN4 chimeric virus.

DETAILED DESCRIPTION
Lack of an ideal DEN animal model is a major obstacle in vaccine and

20  therapeutic development for DENV. Immunocompetent outbred mice do not
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E: envel ope gl ycoprotein ELI SA: enzyne-|inked
i mmunosor bent assay HMAF: hyperi mmune nouse ascitic

WO baopd347FA: i mrunof | uor escence anti body assay PEWDS2009/041824
nonocl onal antibody MJ: nmultiplicity of infection
NCR: non-coding region pfu: plaque formng unit p.i.
post-infection prM prenmenbrane protein PRNT: plaque
reduction neutralization test VD50: 50% virul ent dose
WN: West Nl eWNV: West Nile virus WV DEN: West

N Le/cDRBAYSvild tg#’éD‘Em\nﬁﬁé’ctlloh so KSRl HIkESDf gl;dﬂ@c”u‘%,sﬁch as

noted, technic terns are used according t
c 0 ﬁm@dtty @mtawrmlagae nDedviddnt iromsceafitec wrtdoypetRENY dhallenge.
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Encycl opedia o | ecul ar Bi ol ogy, publlshed b

y
5Bl éhrm»@lpmt Scinehiple dasd expemmnw( 1By 9ris3k- a@@atsgepgljale NV
Rob eét on ?n'\(/leé/u%red%bge St1 hNatljsl §W1szs Eﬁ' 1%'1 cpl%l}?ngss succumb to wild

Bi Ot 6¢ nprehensi ve Ferencé)

b}peSWBIdf iihYec‘bfﬁiﬂ Biekhéss hiethslit Tyl 8ed vireh®9 Jevlel BN been successfully
1 56081-569-8). In order to facilitate review of the

vaﬂﬁeéw nedfBeinRkersdr WINY rrspgtchrustg, smatenfrapl raadaligsuch as,
explial ﬁaﬁlgl%ﬁs old BIPRCITHE n%lﬁ{é% FEDENYiHRE i QB may

A protein (of protein co es one
10 robe V'ﬂoleypz&mdrcgeﬁemmb?sgtﬁfmdamai/ﬂrgmiaﬁn aded thzyefore they can be used as

e RS TR oo oo IR OB | SHERGES PHEite 1 he

kappa, aREgon, althh\Rh t%{YEEN\ﬁ%H wae B ﬂé%‘vmﬂ@sd DBENV
const ant regi on genes, as wel as the nyri ad

i nmpiuo@e@bmblil movaslpabl andrte gowm tgemdlzan WiNphin @Iﬂa:luttsrear éhis
clas ilesf (Iieeveloprnent of diagnostic viral antigen production and diagnostic tests for
15  DENYV more difficult than for WNV. The chimeric WN/DEN viruses described
herein contain DENV antigenic structures on the surface of the virus particles while
retaining certain WNV replication features (such as replication to high titer). The
disclosed chimeras can thus be used as a DEN-like surrogate virus for testing DENV
candidate vaccine efficacy and for development of faster or more effective DENV

20  diagnostics.

| Abbreviations

DEN: Dengue
DENYV: Dengue virus

25 E: envelope glycoprotein
ELISA: enzyme-linked immunosorbent assay
HMAF: hyperimmune mouse ascitic fluid
IFA: immunofluorescence antibody assay
mAb: monoclonal antibody

30 MOI: multiplicity of infection
NCR: non-coding region
pfu: plaque forming unit
p.i.: post-infection
prM: premembrane protein

35 PRNT: plaque reduction neutralization test
VDsp: 50% virulent dose
WN: West Nile
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having one “light” (about 25 kDa) and one “heavy” (about 50-70 kDa) chain. The
25  N-terminus of each chain defines a variable region of about 100 to 110 or more
amino acids primarily responsible for antigen recognition. The terms “variable light
chain” (V1) and “variable heavy chain” (Vy) refer, respectively, to these light and
heavy chains.
As used herein, the term “antibodies” includes intact immunoglobulins as
30  well as a number of well-characterized fragments. For instance, Fabs, Fvs, and
single-chain Fvs (SCFvs) that bind to target protein (or epitope within a protein or

fusion protein) would also be specific binding agents for that protein (or epitope).

These antibody fragments are defined as follows: (1) Fab, the fragment which
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j Oiaﬂ%d9rblﬂdlﬁ§<§% 49 a ligand (e. g., an antigen or epitope). The affinity of an
antibody binding site X for a ligand Y is represented by the dissociation constant
(K4), which is the concentration of Y that is required to occupy half of the binding
sites of X present in a solution. A smaller Ky indicates a stronger or higher-affinity
interaction between X and Y and a lower concentration of ligand is needed to
occupy the sites. In general, antibody binding affinity can be affected by the
alteration, modification and/or substitution of one or more amino acids in the
epitope recognized by the antibody paratope.

In one example, antibody binding affinity is measured by end-point titration

in an Ag-ELISA assay. Antibody binding affinity is substantially lowered (or
-9-
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suchimeric protein. In other examples, a chimera may include a chimeric genome,

25  such as a flavivirus genome, which is composed of sequences from two or more
flaviviruses. For example, a chimeric flavivirus genome may comprise nucleic acid
sequences from more than one flavivirus genome, such as a West Nile virus and a
Dengue virus. In some examples, a chimeric flavivirus includes nucleic acid
sequences encoding one or more proteins from a first flavivirus and nucleic acid

30  sequences encoding one or more proteins from a second flavivirus. In particular
examples, a chimeric flavivirus is composed of a nucleotide sequence encoding the

non-structural proteins and a C protein from a West Nile virus genome linked to a
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variant protein and determning ability to replicate
(for exanple as described in Exanple 2), by producing
virus containing a variant protein and determning its
neurovi rul ence or neuroinvasi on properties (as
described in Exanple 6), or by testing anti body
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Flavivirus cross-reactive antibody: An antibody that recognizes (that is,
specifically binds to) an epitope found on a peptide from more than one species of
flavivirus. Flavivirus cross-reactive antibodies are classified as either complex
cross-reactive or group cross-reactive antibodies. Complex cross-reactive antibodies
recognize epitopes shared by all viruses within a complex, such as the JE virus
complex or the DEN virus complex. Group cross-reactive antibodies recognize

epitopes shared by all members of the genus Flavivirus.
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sub- conpl ex cross-reactive mAb 10A1D-2. (see, e.g.,
Roehrig et al, Virology 246:317-28, 1998; Crill and

w@ang34797 Virol . 78:13975-13986, 2004). Fl avi RCT/US2009/041824
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non-structural protein: There are seven non-

structural (NS) proteins of a flavivirus, NSI, NS2A,
NS2B, NS3, NS4A, NS4B, and NS5, which are encoded by
the portion of the fIavivirus genome that is 3" to the
structural proteins. has been inplicated in RNA
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How ey, F%Vlrué-h&pb@ﬁ%?al Wo'télh‘a%ereaa%jse%h kbfStructural (NS)
991-1041, 2001). Finally, NS5 protein is an

Rl\lp\dﬁgemdﬁmﬂa@mmo OISy MS&&ENSQBONS é,CN S%@é&@i};@nd NS5, which are

o30S i fnE PSS RSB 83 BBy proteins

f OW Hal b%ngﬁ‘ﬁﬁ’t’eﬂ'% RNZY B ECA0AQRH Ras ls;een@ﬁ@wn 6 B@éecreted from
74:733-740 Fl avi virus structural B%oteln

capdedicd mﬁmﬂpﬁl@ﬁﬁﬁlﬂﬁr@’ﬁ@ q pt-Miruaha: Ewael-3pa 108) Mackenzic er
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prot’e avivi rusgenones’ co
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1-5). The protein.is Ieaved b V|rus d host .
dep?q}%e,pwlﬁ B PRI R PO En A Sk anctions as an

Pr QN Relf @5 d B 8isdd thFnweRPSik4 RAGA |dﬁr1ﬁ@?epBEMcfﬁrt@1 al., J. Virol.

proteins are enbedded in the surroundi ng envel ope

( RUSS&08-3&16,dRI9)TH¥hile the exact functions of NS4A and NS4B remain to be
elucidated, they are thought to be involved in RNA replication and RNA trafficking
(Lindenbach and Rice, In: Fields Virology, Knipe and Howley, eds., Lippincott,
Williams, and Wilkins, 991-1041, 2001). Finally, the NS5 protein is an RNA-
dependent RNA polymerase involved in genome replication (Rice et al., Science
229:726-733, 1985). NS5 also shows methyltransferase activity commonly found in
RNA capping enzymes (Koonin, J. Gen. Virol. 74:733-740, 1993).

Flavivirus structural protein: The capsid (C), premembrane (prM), and

envelope (E) proteins of a flavivirus are the viral structural proteins. Flavivirus
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Togavi ruses: Biology, Structure, and Replication,
Schl esi nger, ed., Academ c Press, 1980). The E protein
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celPdgeosseropiaymAera! ChRANRRICe Y ThRS e MR her reavq%pe and
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extrachronosomal DNA and RNA, and proteins. Nucleic
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separated, produced apart from, or purified away from other biological components

in the cell of the organism in which the component naturally occurs, that is, other
chromosomal and extrachromosomal DNA and RNA, and proteins. Nucleic acids,
peptides and proteins that have been “isolated” or “purified” thus include nucleic
acids and proteins purified by standard purification methods. The term also
embraces nucleic acids, peptides and proteins prepared by recombinant expression in
a host cell, as well as chemically synthesized nucleic acids or proteins. The term
“isolated” or “purified” does not require absolute purity; rather, it is intended as a

relative term. Thus, for example, an isolated biological component is one in which
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Nucl ei ¢ acid nol ecul e: A polyneric form of

nucl eoti des, which may include both sense and
w@pvAsEense strands of RNA, cDNA, genoni c DNA, PERTS2009/041824

synthetic fornms and m xed pol yners of the above. A

nucl eotide refers to a ribonucl eoti de, deoxynucl eotide

or a nodified formof either type of nucleotide. The

term "nucleic acid nol ecul e" as used herein is

synonynous with "nucleic acid" and "pol ynucl eotide.” A

n ugleBiilo féhfjcdﬁfﬂoﬁgﬁ’tl i€ nlove Mﬁ‘i&"ﬁbél Mlaﬁtthé lﬁ@ %glcllpc nﬂ i9in its

| ength, "tnl ess ‘ot herw se specif erm I ncl udes
si ngfuesl cavicondoumb wethgt a ealld edother pmdmtloﬁmsseh Preferably,

ol ynucl.eot i de. i.ncl ude. either or both natu o
OGS BTG SPHE G e B G eompRE o taL hat Togy S0%.
n afsﬁt'h&is' ay lefa§t010% 2 GO Orat [&15‘[ 9384, bk Btdader! Qﬁfih@? fotd) Biological
nucl eoti de |inka Pr enenbr ane proteln (prM

5pr eemperjent ¢Olﬂ¢lﬁ\¢%ﬂiermspaéitmt ur aI pr ot ein. The prM

pr ot ein usé}e?p adll Qﬂo%(éu@t g é%l erlc 0 Sél?(ﬁ};cpe Ol%l%h %nha?l

I ntrace precur sor rane

pr Mdhsdchotti avedaddoarsit @iabd dtZads bliGRHAp EDINey, BefbiHicTINA, and
transport of the immature virion to the cell surface.

vhenthetie formuandenixed polanarnplelde abovselh nugleptidgrpfers to a
pf%s%hgu% 1d8'c€e%¥ cie%u QSr %ﬁﬁ%d%ﬁﬁ ?E&Eﬂ&t bggﬁé@ou e,

e Vi ra enve evi ewe
10 RI dée tdrm: “nlﬁbleioctssldvﬁnblmlclﬂgy as ied hercand siylood yeyous edsh. “nucleic acid”
Li p ||L and 991- 10 2001)
Re a@ ﬁ%l%ﬂé Aohigisie amyﬂm‘ia i iy aﬁiqaéfcllﬂ Reisesigdlength,

i's uﬂl%s SabW;i §p¥01ﬁ€&: UTHE R GhclD@S shh Tg?ee%’lg A6@ 1L RBhnded forms of
by an artificial conbination of two otherw se

s e@é‘iﬁat adadgyreiotide oiy mmrmtéer aithiosh nattiiafly @palmng and
oGRSy R TRAR CaRIRT PN AT R g pon By

151 setakrgf fRICRIALIinRhgRUC] ei c acids, e.g., by genetic
engi neering techni ques such as those described in

Sanbr ooRremembraneprofein (prddaurotainkcl A dlartyiruastregserebproroyn. The
Lagg\r% éjir%tr%{llllqﬁ’rgg a%prx;&)lilaéé)égS k pgg% thaqﬁ@,% gtgegp&lul%%recursor for

t efha heabihe (M proteial pevdss bﬁl&lv&l st thd &tpréainedbidgn
al tered solely by addition, substitution, or deletiaon
of trgnsrj)gfttq fohe MEursaHeyfo thg e¢lbppfage, then the virus exits the infected

20 m)l ?? Lﬂhee N gfb%lﬁ & élgé:“\)%{i 1§ Yre Jﬁﬁreﬁ\/l%&) gr}ﬁlclﬂelg Of tWQiral

nucl gic & sequences, or two am sequ ces
i s cexqopegRedicived tirel.imgletiach laed Riaw I ﬂzdlys bﬁblag;arl(mp@and

SCRRnCe Sy SRS SSVRLSL S AR TR Sohslent ! 1Y
Recombinant nucleic acid: A nucleic acid molecule that is not naturally
occurring or has a sequence that is made by an artificial combination of two
25  otherwise separated segments of sequence. This artificial combination is
accomplished by chemical synthesis or, more commonly, by the artificial
manipulation of isolated segments of nucleic acids, e.g., by genetic engineering
techniques such as those described in Sambrook ef al. (ed.), Molecular Cloning: A
Laboratory Manual, 2™ ed., vol. 1-3, Cold Spring Harbor Laboratory Press, Cold
30  Spring Harbor, NY, 1989. The term recombinant includes nucleic acids that have
been altered solely by addition, substitution, or deletion of a portion of a natural

nucleic acid molecule.
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frequently neasured in terns of percentage identity
(or simlarity or honol ogy); the higher the
w@2reas7age, the nore simlar the two sequenceBCHDE£2009/041824

Met hods of alignnment of sequences for conparison are

wel | known in the art. Various prograns and ali gnment
algorithns are described in: Smth and Waterman (Adv.
Appl. Math., 2:482, 1981); Needl eman and Winsch (J.

Mol . Biol, 48:443, 1970); Pearson and Lipman (Proc.

Natl. Ag n%@ kden? 2%@5111;1%%%) bet%&giv&bsn&‘i‘é;c %é Pquences or
{Cene, 73 237 44, 1 ); Higgins and Sharp (CA

5: 1Bd amBo atbQB@)queI@@s pecxmcssadl in teidocof the slmalaﬁasbe;tween the

16;: 10881-90, 1988 [,
P G D T G R S A e e T
24 fl%glze‘n@%' a3l in Rkh§ 6f"f9@rc&ftag’é' idélNey (WrRireARY or h@m&logy) the

19-2 94) presents a detailed consideration of
5 seb,tgélnt@e aricghteeh thampreodeilanbc Reerstqugyces afceul at i ons.

The al i | s er MIIer
117 17 R P o RN R T g iyl i in he
Nattt. VAgiads prsgtams%d%ﬁéﬂm&*ﬁ‘%gorﬂ&ﬁﬁ)urel'&ycrh)%dlﬂlS e8mith and
perform sequence compari sons (Internet Pro

4]

19862terpanitldpetips dfaiing: 48I3e191§40’\ﬂ8¢6‘é1|1€tn§ﬂno@d wgﬁcg.(zé Mol. Biol.,
1 93214222@&%%&5 Qﬁ‘dﬂ a3rrbENGAS G HRKE: %%Cﬁﬂ@ef%g) Higgins

ar es nt| re sequences ag ai ns
10 an amh Bharp (ke 7&%&% canRpaiiegins egi Shsrpc(CAIBdS@S,I 5 151 53, 1989);

Lo PG A5t ol GISSAE N RED b érah & oAl

We@%sl’cze 8: fést 65,1892\ 6hy Pedr@n &%@R@k‘ﬂ?% Blor.2. @@7 @P' 1@94).
sequences of greateér than about am no aci ds

" BlAdsthud esdq (NrtwesGerfeunt:t ilﬁbﬁ9,cléh94bpree¢1m msi@dllquamgldt:ﬂaaon of
def aul t CBUI\/B% nttn%t I xné.het to defa ltt araneters,
( g SPUERS s R menERsiody andihomalogycalellationsi q e gap cost

150f 1). Whealiglrhaniads ASGN (AR drsvilifeevel pidwn | ﬁmum@) or
0 am no acids), the alignnent should be Eﬁforrre

uslﬁ@&%(PeatsaeﬂnctL@e@ﬁme s Natludesdh 8¢i, 8Eadt4o344%g 194 may be
PA
OB T3t S5hohe A AL IRLOR BBy ERR. R Peaon

coapd@thiedniivayisy eNVirginay afab@abhes3” fversidns0wd3e mleafsé aains Deecmber
NCBI web site; see also Altschul et al, J. ol ,
2189%03 AlgGN guparey G FRIUSHcED AEAINIUSNE a@t@nehlle DFASTA

20 568 R R ey e m fuipgggpecive
25183884s dfd2vailddy on drdniéhengt thno NG\‘&iXid/ehslteGeﬁdmrmthe@ for
T AR T 5 a8 S ST RT3 S0 s v
“Blast 2 sequences” function can be employed using the default BLOSUM62 matrix
set to default parameters, (gap existence cost of 11, and a per residue gap cost of 1).
25  When aligning short peptides (fewer than around 30 amino acids), the alignment
should be performed using the “Blast 2 sequences” function, employing the PAM30
matrix set to default parameters (open gap 9, extension gap 1 penalties). The
BLAST sequence comparison system is available, for instance, from the NCBI web
site; see also Altschul er al., J. Mol. Biol., 215:403-10, 1990; Gish and States,
30  Nature Genet., 3:266-72, 1993; Madden et al., Meth. Enzymol., 266:131-41, 1996;
Altschul et al., Nucleic Acids Res., 25:3389-402, 1997; and Zhang and Madden,
Genome Res., 7:649-56, 1997.
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i nstances characterized by possession of greater than

75% sequence identity counted over the full-length
walkdognsegmt with the am no acid sequence of speRCT/U82009/041824

protein using ALIGN set to default paraneters.

Proteins with even greater simlarity to a reference

sequence will show increasing percentage identities

when assessed by this nmethod, such as at |east 80% at

| east 85% at |east 90% at |east 92% at |east 95%

at | easbr&%% s @& u"f\talén%?@ ro?e%@&f%%@@ﬁ@més?@f‘ﬁr’o&dms drfin some

addi ti on, uenqc dentity can be conpared over the

fu ﬁﬂstdnecmﬂarwfermnéby) possatstonbifreniéang thion®i“a seqienedidentity counted

di scl ose n roteln When significantly |ess .
tharere et B BB BaE G R RERY gpeciic proten using
SeqUalSesct fedurily, arﬁkﬁ@f@%so POSESInS RAHERCE Srabtcr kinkiVeRitE &) d Y
possess at | east I230% sequence identity over short

5wi neferracaofequence gvill sheiw mgyegs gecentage identtics wlait 4spéseed by this
9 S&eahodeg‘ cth a%%t ea é lVeatS feag%g%, a{ legﬁgﬁ% %? loé% %90%’ a lteagt 95%,

or- at Ieas deen erS|m

t het kaft oREN6LatI e 99%%6@&1@@1 Ria6tyl dealditiyn Q;\é@lienaél £‘dént1ty can be
short wi ndows can be determ ned usi ng LFASTA; net hods

ar 6oy ed pradhafulk lgesteBpngripkgth émdmedoafal%wﬂthe fligclpspd fusion

arhro\%lhé appreci ate that these sequence identity
ranges are provided for guidance only; it is entirely
10 possi bl aVidnatigrsficanriglloss shaprthé eranteduontd iogpsingeumgated for

obt ai ned that fall outside of the ran provi ded.
Si AFIUSPCHEIRYIBRP MRS SIUSPERSV ﬁdyplﬁaﬂ& RAsgesy at lgast §0%

ar §e(ﬂ1%§63 1HQ@£Qy b4 BbALEhMWLEF RI-IERARK . ‘{I‘goksrégé &ﬁhé&@ identities

hat' two nucleic acid nolecules are clos related is
t haf attlbast 84k, atdbast QO%SatHyast 9%2%6%097%;:98%)1@@1 leastoFo

str,i ngent co di tions Ielc aci d sequepces t hat

> e R BT tURe RiSrR SoRa SeERprOREd over such
15 engRFEws ddins @hn B@H&@rrﬁﬁbdjuﬁﬁg UEASTA; i ds Qrd B8cribed at the

degeneracy of the genetic code. It is understood that

ch svibsitpuOne peskald mdﬂ@@qufelﬂ@@p@awt%@ah@q‘@ sggugnge identity
thi -ah g§ 2% %? Vl@ld ft09 ﬁﬁ) rdglgc%c %lyg u‘rblts eRtlr%ly aéquglgleﬁthgt sltrg)ngly significant

sequences enco

p r b@blogs Sl &6 obtalriedithg failibitside 6f’[h¢|r81ﬁge¥ @fd@wdatmllar
granl sns, a cat egor% t hat, i ncl udes both human and
E

OMQleEN CARGAREN WD S0 RUESic aFids as pigrdsscribad Brsote i oip,
20 hoﬁﬁ&'ﬁ tls%q t,:a X edtpgﬂgzo%%ﬁ a&'id ik 965 -Iérc‘fll&%bpnr e [TR8 is fhat the

"trans orne IS a ce Into has
I ntwodwtedles hybridize to each other under strlngent conditions.

Nucleic acid sequences that do not show a high degree of identity may
nevertheless encode similar amino acid sequences, due to the degeneracy of the
genetic code. It is understood that changes in nucleic acid sequence can be made

25  using this degeneracy to produce multiple nucleic acid sequences that each encode
substantially the same protein.

Subject: Living multi-cellular vertebrate organisms, a category that includes
both human and non-human mammals (such as mice, rats, rabbits, sheep, horses,
cows, and non-human primates).

30 Transformed: A “transformed” cell is a cell into which has been introduced
a nucleic acid molecule by molecular biology techniques. The term encompasses all

techniques by which a nucleic acid molecule might be introduced into such a cell,
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a nucl eic acid nol ecul e by nol ecul ar bi ol ogy
techni ques. The term enconpasses all techni ques by
waokioehs€thucl ei ¢ acid nol ecul e m ght be i ntrodeCBEUSI009/041824

such a cell,including transfection with viral vectors,
transformation with plasmd vectors, and introduction
of naked DNA by el ectroporation, |ipofection, and

particle gun accel eration. Vaccine: A preparation of

i mmunogeni ¢ material capable of stinulating an i mune

r e%ﬂﬂﬁr?% trAECRLS WEh&Gral OLctd G RYRRiSPRith plasmid vectors, and
anmel i orati on,

or treatnent of’ |nfect|ous or ot her
t y pemdottiah fombed DNAeby pleumaetion, hpefectical amdbyarticlc Igude
attenuated or killed m croorgani snms (such as bacteria
oraVWr , or antigenic proteins, peptides or DNA
derived sfawmet et pAHaticH 6ﬁﬁﬁﬁl®%ema%€a&aﬁl t&paBlovdfTsHin@Mting an
organi smthat has %een nodi fied to produce a |ess

S vi HuMEne resperee, dskministovest fion Bleaevantion ameliokasionbtn traaymens of

el i antlb di at e |t ai.
o ok PP SR R i oo e DT Ay GG

Vi awé@@tedmr &tlmr@awwgantmt(smsbﬁe@nk bt Vieghewy, bhantlgemc
chem cals or heat, but elicits antibodi es agai nst the

vi PUItAL PePlides oF DA §enivoddfaum Hisen. iy aipnuatad WegiRe is a virulent
pr 8%% Niln anh %%%&Y&%B@fehY@éro%ﬂge L gﬁ%ﬁﬂ fSrrﬁ mﬁ%%eless

nistration vary accor
10 vacataing t;hekmﬂ:tht;nﬁyehan@nuﬁedlemmddeéitmediated ngemtntp agamst the
i nhal ati on or q@r r forns of ad nlstratlon Vacci nes
maylra@ Fini‘sk Fi YasEineHs 4 RTYEUIParTU e nhgtosreaptygr that has been

| MYHRE v&ﬁ?&f%ﬁﬁ@als Sleas HuPLinGs %él?od‘?é&%'g%@tecﬁe vilent
technical and scientific terns used rein have the

sanemneannmglé@nmmnnumWthmUemstm@d&mycQMEV@ﬂmowﬁmnhry

S| Hbeaefplg?ltl% Eegplsgnrsesdt lgle&gﬂs of a&ﬁx&ms&h@% ?aﬁ'g |ra§c‘éog 1|B§ W%ﬁ Vaccme but
15 r e ?Qﬁ@lﬁdéﬁ‘ﬂb&ﬁ&lcﬁp ﬁfg@&‘ﬁonc {r@arati¥n bPSiheRtoess 6F Nk M sH8tion.
arly, the word "or" is intended to include "and"

u n N@ggn@maxbm@@xmlmr@émty apadivyantde beet draimypunc resfogse.
further to be understood that all base sizes or am no
acid sizes, and all nol ecul ar wei ght or nol ecul ar mass

val ues, Unilasebthkpristigdlgihed, aditethinival ael YRapfit @@ﬁns @S@i herein
approxi mate, and are provided for descrlptlon
puBRYSHE PUR Mepring At cApPPnyatdein®od datosa o ordarr?ay élleéla the art

207 e}&&ﬁﬁﬁ“t‘ﬁm ARE s@t@%glotﬂgg.efﬁ]e gﬁ@ﬁﬂ?&ﬁsﬂ%ﬁ%ﬁd’ “the” include

erence in their entrrety pur poses
Ge pbBaslkccRomessilen chiosxt denly iodiegtehetherwisa rSarmlarly, the word “or”

i ncor por.at ed reference in their entir
nefShla d%‘LYfP ﬂglii%? i%'ﬁs ugliepy ‘#‘SFOIHPXte‘é‘i?FI\YdP@ﬁ%/w% @t'h?%% eis
de%ﬁfﬁe@ﬁﬂb%&%&s‘fbcﬁﬁﬁatbﬁl BiseszbdbriAEndhas tsiz@@ af¥ all molecular

testing of the
weight or molecular mass values, given for nucleic acids or polypeptides are

25  approximate, and are provided for description. All publications, patent applications,
patents, and other references mentioned herein are incorporated by reference in their
entirety for all purposes. All GenBank Accession Nos. mentioned herein are
incorporated by reference in their entirety. Although methods and materials similar
or equivalent to those described herein can be used in the practice or testing of the

30  present disclosure, suitable methods and materials are described below. In case of

conflict, the present specification, including explanations of terms, will control. In
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present disclosure, suitable nethods and nmaterials are
descri bed below. In case of conflict, the present
W@ p®eis47eat i on, includi ng explanations of ter mBCT/WB1009/041824

control. Inaddition, the materials, nethods, and
exanples are illustrative only and not intended to be
limting. I1l. WNVDEN Chineric Viruses D sclosed

herein are chineric flaviviruses that include
non- codi ng regions, non-structural proteins, and a C

Pr Qli&tidn, ftﬁ@ﬂﬂa%s f'ﬁ@ﬁilo% ah&884m Mﬁe@%tﬂ'l&@raﬁtle &n1P%aM not intended

protein and E protein from DE I n sone enbodf nent s,
t héo bhiimeme. i ncl udes a first nucleic acid nol ecul e
including a 5° non-coding region, a nucleic acid
encoding a C protein and non-structural proteins, and

a P 'WNmEﬂI'@HmE&EHVﬁuMsom a \West Nile virus genome
and a second nucleic acid nnleculeﬁﬁgerably linked to

Sthe fir$tisohared bpreinatse ghimsiriedlaveirusescbiingues nereeastingaregions,
ol E)n g{%ucgura?pl% elnsD cﬁ 8{%% %ﬁﬂ%ﬁ} a{u}i] LA Fl:g)lglq%n of 8 prtM

Vi rus genorre. n par ar examnp l'es; e nuc acCl

molpagethasd Erlﬁ@tréim@omIIEmVMhastdn&emb@dlﬁieﬁ@ f chidger¥W¥ludes a
genone are replaced with nol ecul es having the
cofife spelaiiasy! velgadndrdudingadt MN-oENNE et Nuglpic ggigeencoding

eX QP Hfin b ace dMV}ARthEQﬁ#ot%ﬁﬂﬁqﬂca% qf &aln%%lgg?fot g IV\;;]est Nile

is also rep sequ
10 cowires gonodicragd REkhb glanw e ao@dl mleztu&odpa%ﬁy hleedad khedfirstenucleic

flavivirus ud| non-codi regi ons and .
noASidihqleg gPCOA- t # P%%OY}\RE/g g p&?te}%@tE protein from a

po 0 [ r
b BN %Sagﬁ%%ﬁe‘@n%%%‘%ﬁ?@%‘&h@e PR Ry rpodine

fi thetprivuaidell praaanslonbr &¢NNegenowk adi reglascbwith ol codhishgving the

I t
oy S gng i seciesec st BRAA U Rl R H S Hhwlssethe pe
15 an digfalSe§@Mde BEHe BV VAC iptbtBM i 5196 RopPRRed alih)hd ?M 8%nk&equence
the Tirst nucleic acid nolecule, encoding at |least a

popfﬂ@woﬁﬁﬁwnéﬂgﬂﬂﬂﬁVmﬁn@ﬂprM protein, and an E
protei n ﬂc%%g'\% SRARNE pﬁvm(lsuseg Z??Hlud3 ﬁ%ﬁl@ gg(cf{ggle ions and

t he nuc e|c aci enco ing

of nbietriWiappideits Bée WEBM aced ot dTp(Pr‘ﬁble 6fih €Sprbt@iﬁ pgv[ protein,
the correspondl g sequences from the DENV genone.

%%l WYs Bisares &mbe mﬁ@tsmvcl@@wcwéﬁa fiFpt
o TR NG LA g0 Do
k nmm—slrmcttlﬂabpmtdlns(, seda 3enan- cocﬁbgfeg'edn fadm aBMBIMVggenome and a
! nfseec%%d Ill.[l)lClglC a31d6nslglecule operably linked to the first nucleic acid molecule,
encoding at least a portion of a C protein, a prM protein, and an E protein from a
DENYV genome. In a particular example, the nucleic acid encoding the C, prM, and
25  E proteins of the WNV genome are replaced with molecules having the
corresponding sequences from the DENV genome.

In some examples disclosed herein, the WNV genome used in the chimera is
derived from a particular WNV strain, such as NY99 or KEN-3829. Additional
WNV strains are known in the art (see, e.g., Ebel ef al. Emerg. Infect. Dis. 7:650-

30  653,2001; American Type Culture Collection (ATCC) catalog numbers VR-82, VR-
1267, VR-1507, VR-1510). In particular examples, the WNV genome is WN/IC-

P991 (such as GenBank Accession No. AF196835 (incorporated by reference as
- 18 -



653, 2001; Anerican Type Culture Collection (ATCC)
catal og nunbers VR-82, VR- 1267, VR- 1507, VR-1510). In
w@a0wigarhar exanpl es, the WAV genone is WV | CPEOI/US®0641824
as GenBank Accession No. AF196835 (i ncorporated by
ref erence asincluded in GenBank on April 27, 2009) or
Wi th nmutations as described in Kinney et al., J . Gen.
Virol. 87:361 1-3622, 2006). W\V genone sequences are
publicly avail able. For exanple, GenBank Accession

NO$n 1y d3 +2 B8 3B ani D2 A RAT L7 2659’5%%911 mffaf0f’aescribed in Kinney et
AF260967, AY660002, AF481864," AY268133, AF404757,

AY26813n. KiF2b8969] 1-Ap32 2008, AY262283, AY490240,
AF260968, . AY603654, D00246 2294, . 68667,

AY765262" ?ﬁ%ﬁ?%@n&%&rwﬁ@ﬁv WE@g-n A AR, &jcgBank
ac 'A@c@s@fa)ﬁmﬁ%F 1@'68353%%8% 1 2K E2(284 P,WEH@W&Q 60967,
reference as included in GenBank on ril 27, 2009. In

5 f uPHESH00@X S 804, 2 GRRIY3 e 5 7.0h Y £ 6idl SR oAF 2WOAgAF3 17203,

regi onG t of €} a j f

tne R BADT G A FooBEPA BS54 BROSls FBadh Jr ok,

| easit763764, aall AYeHTL S B8elor WV lpeidsihic Q¥ eicdrnt degaénck all of
a publicly avail able WNV gengne sequence. In

t h
di SeNABE IFCPERT PG D redpichesraadnclugrd IDQng@hawp?i& 21.r2989- In

a‘ 1 =

or @nggégaél%g Vi g%&s&l ’ﬁgéﬁgn'}%}lgfan‘%?gé?lgst’&@g%ml
10 gepon@npantioo pdtetnhe thie BN Genomd bt &ast I9Eh, 1t &ast 96%, at

sequenc from i ngl NV geno whil e in other

ox it 0o, & ISRy Og%hl?ﬁ%D%B% Rieere e H‘&é@lys%’d‘&%ﬂe NV

fr emdnifoscRlicd@r € DENV genones. The DENV genome may be

a Wldtype strain or an attenuated (or vaccine)
strai n. In theslmebosed Baypivass climeraDEy DFENo gendnse SEND ¢ Dengue 1

DB bt TN kg BN apftastd IRy rus. m some
15 DEM(arﬁ]?@:Q hSHERN@bnRigottibiad fafe BENbsddMimdrds fchdeoquences
DEN3 (for exanple, wild type DEN3 16562 strain or

at friepuasiaglc HHENSV pevmg oy IERnn-of)er grarmptng thid BENSgappime, portion

wld t 6.0 PRK:-
S R T RSN Ok o e
e. g.wilddype stReh or NpsttenDatdd ordadeiagyht@in/ 98 séB8 exarhples, the DENV

particul ar _exanples, the DENV genone is a wld type
( n&AoRee SRR (T)gr e, witdgiype B oSERpaipgs gttequatpdPEN-2

20 o DR Sl PP 0 s S o DR RPOZ) g G gonuec
DEN1 PDK-13 strain), DEN3 (for example, wild type DEN3 16562 strain or
attenuated DEN3 PGMK-30/FRhL-3) or DEN4 (for example, wild type DEN4 1036
or attenuated DEN4 PDK-48). Additional DENV strains are known in the art (see
e.g., U.S. Pat. Nos. 5,939,254 and 6,793,488). In particular examples, the DENV

25  genome is a wild type (non-attenuated) strain, for example DEN2 16681 (such as
GenBank Accession No. U87411, incorporated by reference as included in GenBank
on April 27, 2009).

DENYV sequences are publicly available. For example GenBank Accession
Nos.: NC 001477, AF180817, and U88536 disclose DENT1 nucleic acid sequences;

30 NC 001474 and U87411 disclose DEN2 nucleic acid sequences; NC 001475,
AY099336, and AF317645 disclose DEN3 nucleic acid sequences; and NC_002640
and AF326825 disclose DEN4 nucleic acid sequences, all of which are incorporated
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DENV sequences are publicly avail able. For exanple

GenBank Accession Nos.: NC 001477, AF180817, and
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sequence, the prMprotein and the E protein from DEN2
16881014, pnérabléfdmlféd tq yneheic agidmppleculs havingi paguprce encoding the

fl r
L o PSRt e DR SRl TGO B Wit iy BHRLE] G651 virus
10 an geiyme. elspactckaaply, the chamttdictilavnatus éxa Il @EN2 teémera having the
dlsclosed chinmeric virus has nucl.eic acid an
acicleisggidrademipo peid sgqugneg shepvnyin §§{Q @% me(&sfFSPeCUVeIY
9% ad%ﬁﬁ&?a@éﬁan%ﬁ@ IR didlloded %ﬁﬁne?ﬁ%lﬂug ‘ﬁ% hlfc?élc Qéld 'EH& @rmno acid

to the sequences disclosed in .
oth@nwmwb@dbﬂﬂﬁbg@atheméhﬂhetk@ﬁﬁwawwvbau§@%>@r@dbmﬁéw%

ool L SR g o

15 NoN- st r REbiheAEmBIRANBAR Sth@@lﬁn&rl@ rfﬁb&hrﬂsésr&m&em&ﬁfﬁﬁclude a
virus genone operably linked to a second nucleic acid

ro lfles @ltl@le@r?@tﬁormlgcwlh enghrdvngihg SEapd ot eameodingigenpEng cncoding
DE n
se@%% ﬁﬁc éLd'r&%§ g&$eg§?m é%%% es the prﬁP é Iqeomxddy

setjuent® o eosmdenuolN aciDEN&culrentiidg Wierpid gRIND pﬂ)tems from a
Particul ar exanples of WWDENL (SEQ ID NGs: 3 and 4)
EEpor B Vires gereme) Inspmaegyapenes. thssesqng nNd@lc acid

207 ﬁ{b@ c%)e &*Ek&@% & %Iﬁ\g glgghlssﬁl Qe%%g ﬁlaﬁ{ e?D'ENlI BE@%d bt P@Ml virus

exan'p Meric viruses’ are at
95%{@ncﬁne I Rrattul 26Xamates lo€ 8N/ THNY) (SHQ 12 28Ds: 9884 40rWalV/DEN3

e o TR AN TR RAG o RESI58%) et s

disclosed herein. In additional examples, the disclosed chimeric viruses are at least

95%, at least 96%, at least 97%, at least 98%, or at least 99% identical or more to the
25  sequences disclosed in SEQ ID NOs: 3-8.
The disclosed chimeric flaviviruses can readily be produced by replication in
host cells in culture. Methods of producing viruses are well known in the art (see
e.g. Fields Virology, Knipe and Howley, eds., Lippincott, Williams, and Wilkins,
2001; Flint et al., Principles of Virology, ASM Press, 2000). Host cell lines are
30  preferably easy to infect with virus or transfect with viral genomic RNA, capable of
stably maintaining foreign RNA with an unarranged sequence, and have the

necessary cellular components for efficient transcription, translation, post-translation
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The di sclosed chineric flaviviruses can readily be

produced by replication in host cells in culture.
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(see e.g. Fields Virology, Knipe and How ey, eds.,

Li ppi ncott, WIlIlianms, and WI kins, 2001; Flint et al,
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2f &1 cell's (human), Hep& (human), and PDK (dog).
Suitable cell lines can be obtained fromthe Anerican

10 Type Culli sumee Seinipgey therdi{cRBECYhinidbio B BEIEN WAusdsreslanie in cell

exanpl es, the discl chimeric WN DEN viru
re ﬁvllﬂtrapé)r? F?Pé‘glf fhat ﬁﬁﬂvléu%r EO&%@@EE Plagugs IpERed by WN/DEN
Vi EHiSRSic ViiEesSH AN on@eﬁ%ﬁﬁ&reﬁ ?s‘h@ﬁ gs B/ 3% DEN, cells) sooner than

chimeric viruses may formon cell cultures (such as
CGDB\I wrrusee(sauck eb htdyass omfn@y tmdaisEthmﬂ days.dour daysordsie days

d f d ,
71 vaS gttty bERGr Smalidr RN G Rl ) form
15 WNPEN (240jul®thia DEN Uﬁrﬁ@s nrayr &EQRIPI, ?[e@lﬁés féhﬁg&'8§ chifRbic

DEN vi ruses. For exa | aques forned chimeric
VWMOEPEN viryeos déickspd @alnﬁéatsefqmnméa}qm)thﬁ ﬁﬂeazq lpest A5frmtarger to
ar 0.t o i

R0l AR BT ALBER TPl APPSO BHERL A e

t hrsle, foat-tbld forrfofdbup td MBfFl@lagerpr up to 10-fold
larger). I'V. WV DEN Chi neras and Vari ants Thereof The
di scl osure al so provides flavivirus chimeras having

20 Oy O NAS BN VRS 53 SaPlnRTRARE! d substi tuti on

i nsertion, tion, or conblnation thereof, such t hat
the res [nhb ldrsglosm msbqardn\a'éesl ﬂmrn\omc&hnimnakmfmg a&tel arsnork mucleic
some .exanpl es, npraved.characteri sti

c hFHE 95 2R a&&i SBW&OWHW@ BISEPT-6 CP) mam%ﬂw%ﬁuch that

anq{eq%sultlng chimera has improved characteristics. In some examples, the improved

characteristic of the chimera including one or more substitution, insertion, and/or

25  deletion includes, but is not limited to, increased virus titer, increased replication
rate, increased plaque size, or increased stability in cell culture compared to a wild
type virus. In additional examples, the improved characteristic of the chimera
comprising one or more substitution, insertion, and/or deletion, includes increased
infectivity or virulence in a subject (such as mice or non-human primates) or

30 decreased infectivity or transmissibility in mosquitoes as compared to a wild type

virus.

-21 -



del etion includes, but is not Iimted to, increased

virus titer, increased replication rate, increased
W@k@guse7¢1 ze, or increased stability in cell cRCT/URM09/041824

conpared to a wild type virus. In additional exanples,

the i nproved characteristic of the chinera conprising
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5 ( sqelturaks Dﬁ@l&sa@fs‘,b@se\wqhnsluﬁi are rwabl knowa i Hor nrystanne&; gfdtocols are
cultur techni es ar nd
P in SBlStook ol SR B CGR BRe P SR 2
al ed.(e6l. -3, Ubldecpﬂ rHa@b@nLarwrat&ylmbsgr ablarspridaMiabor, Riyg 1989.
vol. 1-3, Cold Spring Harbor Laboratory Press,
C0|T e gﬁpﬂl% n}%iﬁ@p@ponq\mvolllgg@ sulps{Eutigngyi augtor more amino acids for
no | f )
B S
10 physlicdcdoesarealveanbitoutics atcliet yato lpwe peninad smpakdaes éhe activity

socal | ed conservative substjtutions are |ikely to haye
i ARGHEY Stmﬁ%tb% b %Etalg&r?k?m oEIBRYeSTbR LSS BRcTall

re t t
ge%ieélrngfﬁﬁy a)&%?%t?%ﬁre%ﬁ%%o‘fﬁk@r{ﬁ% ?%?26%4 i thé)ﬂ%a of the substitution,
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for, ex a sheet conformation, (b
¢ neneCBITBUE uy R e Sicnr kG b KRR SER Bl or
15t ac@erativ@sutifitutiehs 48 8hdwh Kelgly. t he si de chain.
Exanpl es of conservative substitutions are shown

be|OMI Crlglnal R95|due Cbnservatlve Substltutlons Aa

As i C : ub%tutlons
> Ala Ser

Arg Lys

20 Asn Gln, His
Asp Glu
Cys Ser
Gln Asn
Glu Asp

25 His Asn; Gin
Ile Leu, Val
Leu Ile; Val
Lys Arg; Gln; Glu
Met Leu; Ile

30 Phe Met; Leu; Tyr
Ser Thr
Thr Ser
Trp Tyr
Tyr Trp; Phe

35 Val Ile; Leu

The substitutions which in general are expected to produce the greatest

changes in protein properties will be non-conservative, for instance changes in
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Hs Asn; G n He Leu, Val Leu He; Val Lys Arg; Gn; Qu
Met Leu; He Phe Met; Leu; Tyr Ser Thr Thr Ser Trp Tyr

wag9/184517 Phe Val He; Leu The substituti ons whPCHUB2009/041824
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general are expected to produce the greatest changes

in protein properties wll be non-conservative, for
i nstance changes i nwhich (a) a hydrophilic residue,
for exanple, seryl or threonyl, is substituted for (or
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ﬁ de chain, for exanple, phenyl al ani ne,

is lwgstttutedtf@ro(w by) %Imle%gw}legﬂ’q@e riesidusator eyaraplsi gletamyl or
ch l,e Cl iLtion t ar .
ot O (SR BB PRy o Be B 6P By AR i i

V\P\léﬂlil?ﬁﬁté‘chfomr&@) of@hétaking aQiﬁd?de’Hahﬂ GorrBtbudblep pIS cliYy
accrue upon passage in cell culture that result in
v ar i ant n addipien () thigeted $nytagsnesic tpapraducsriagipnts of thyuksckqsed

d eI etions {Eh Hﬁer% lclzl rgtﬁl zﬂﬁédgﬁﬂﬁg?ﬁat\ﬁrﬁfﬁi S gu i 8{1 ot N in

cuktlu cﬂtmaém&gae&lt ar earinegdsdnye dah desitabkochbyaceeiquiesn déucleic acid

anal ysi s of virus anplified fromisol ated, Ia ues .
of 31[1 %mmora&gf %@étgutlgl}.ﬁd INSSHHIORS: OF H@lﬁﬂ%@r Eg ACHUE 1 chlrnerlc viruses

I Nfi8GLd QUBHURNES sdoRs GRNBIR ewn%u\éycs@hﬁ@ﬂé@aﬂﬁ&él@@ﬁtﬁe virus

t hat have 1 nproved characteristics (such
r epmphﬁtdl tomtisolhticd Iplagueseof the meg¢tandmambe emgihgared into

| aues RS ARRRy btV OBSBL TP TP Pavsiorareg

onghdrAEtEGRick PcRbs fépﬁ@e&io‘h&@ hshStitBSdr producBBn 6f utiffm large

chinmera in the cell type.
plaques in cells). Consistent mutations identified from multiple seeds or isolated
plaques are one indication of a desirable substitution of the chimera in the cell type.
Previous studies have successfully identified substitutions which occurred in cell
culture and engineered these into different chimeric virus constructs to produce
chimeric viruses with improved characteristics (Huang et al., J. Virol. 77:11436-
11447, 2003; Huang et al., J. Virol. 12:7300-7310, 2005).

In some embodiments, the chimeric flavivirus encodes a polypeptide that
includes one or more amino acid substitution (or insertion or deletion) of one or
more residues of the Dengue virus prM or E protein, such that the chimera has
improved characteristics. In other examples, the chimeric flavivirus encodes a
polypeptide that includes one or more amino acid substitution (or insertion or
deletion) of one or more residues of a WNV non-structural and/or C protein, such
that the resulting chimera has improved characteristics. In additional examples, the
chimeric flavivirus includes one or more nucleic acid substitution, insertion, or

deletion in the WNV 5’ and/or 3’ non-coding region, such that the chimera has

improved characteristics.
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Previ ous studi es have successfully identified
substituti ons which occurred in cell culture and

wepgondered these into different chinmeric viruBCT/US2009/041824

constructs to produce chineric viruses with inproved
characteristics (Huang et al., J . Virol. 11:1 1436-
11447, 2003; Huang et al, J . Virol. 12:7300-7310,
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In some embodiments, the disclosed chimeric flavivirus encodes at least one

amino acid substitution in the DENV prM protein that improves virus characteristics.
In one example, the substitution includes a substitution at amino acid position 149 of
the DEN2 prM protein. It is to be understood that substitutions at the equivalent
prM protein amino acid positions in DEN1, DEN3, or DEN4 are also contemplated.
Furthermore, substitutions at the equivalent position are contemplated even in
situations where the wild type amino acid is different from the amino acid in the
wild type DEN2 (for example, DEN2 prM protein includes Phe at position 149,
while the equivalent amino acid is Thr in DEN1 and DEN3 and is Ile in DEN4). In a
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phenyl al anine). In further exanples, the am no acid
substitution includes a substitution at am no acid
position 203 of the E protein (expressed as in DEN2),
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substitution includes a substitution at am no acid
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8 SR s AR DN e PEC PREIOAS GHOIEBOR e DEN

LopAl RaBaNaiged mEipg acid (for example, et Thr,
Gy, or He), such as an am no acid residue that is

found ain furthceeanyadse tite qradistd ommienictfheivimp amasles at least one

hal i.ti | f | e, J _
endanmaiaid pEsGRIRL Mo, of faCkoE b kb e ToP A Gerugy protein
Muf foR¥x a1k aYS ENSRO NGAH, S8l NSIA, NISBBagaNS 5 st protein of the

embodi ments, the disclosed chimeric flavivirus may
endO¥ that improstes ghes elravteratrd Eulssamplgt the ﬁhimﬁr@at{qw@fus may
th %nt%%ean r Mn%Pedan%ng o 1tdes|ugscﬁt tli&}s %tl ggﬁ-st%cz%%gﬁﬁ%teiﬁ %2@ that
chirWert &M Paviovi 08 fay encode two or Snor e no aci
sulpsilylihdrtase Vérub fitck epliablof Fdvt, ot Plaue size, drieayfstqbildtcgirowth of
For exanple, the chinmeric flavivirus may include at o

| edhsrdigghesed ghimerasdin geld gulwrrt it J5Re FHRmpics, tERIENG G sybstitution

I( SUEY iAGudy ﬁl@éﬁtuﬁéfrﬁldp% én% §1eﬁ1|0%60f \aaﬁ% 8f ﬁ?%é%ﬁ%ra&%3ﬁ or

east one am no aci ubstitution in 't
pr 6128Ci, 1{cd0 olfi Nt ARed i) 149T ) ahdiPhdbar (sectaasHiods). Oter variant
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anf WEMEEES TBLSCLT DUR PoHOrciHERR N 1 B HBHG R ROl NS 1. NS3.

| €38d/0PRE4 ROThELd Hektis dhayHiRE $irfls characteristics, for example increasing
temperature sensitivity or decreasing infectivity in mosquitoes. In particular
examples, the substitution may include Gly53 of NS1 (for example G53D). In other
examples the substitution may include amino acid positions 249 and/or 251 of NS3
(such as P249T, P249H, E251V, or E251Q). In still further examples, the flavivirus
chimera may encode one or more substitution in non-structural protein NS4B (such
as Thr241 of NS4B, for example T2411).

In some embodiments, the disclosed chimeras may include at least one

nucleotide substitution, insertion, or deletion in the 5’ and/or 3’ non-coding region of

the WNV backbone, such that the substitution, insertion, or deletion improves virus
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t NE@R¢in@oniBY Be SHASAIE U HBRSn hRidoRidNitfonR ﬁr?b@Nl DEN3, or

non- struct ur al protelns, or non- codlng regi ons.
DEN4 are also contemplated. Furthermore, substitutions at the equivalent position

25  are contemplated even in situations where the wild type amino acid is different from
the amino acid in the wild type DEN2. Particular amino acid substitutions include,
but are not limited to, W101F, G106A, G106L, L107F, F108W, F108M, F108V,
F108L, L135W, or L135K. Additional examples of amino acid substitutions which
reduce antibody cross-reactivity of flavivirus E proteins are known in the art (see

30 e.g. WO06/025990; incorporated herein by reference). Chimeras that include

mutations that reduce E protein antibody cross-reactivity may also include one or
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In particular exanples, the chinmeric flavivirus
encodes a DEN2 E protein including N203D and an NS2A
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the chinmeric flavivirus encodes a DEN2 E protein
i ncludi ng K1221, S186F, and N203D, a WAV NS2A protein
i ncluding 49T and F94L, and a WAV NS4B protein
including T24 |I1. The disclosure also provides WV DEN
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viruses includi ng Sequence variants are we known in
t héinging afftaity Examdl protareinebidingoincas seoss pmgnovciubstitutions. A

N A PO SR LA R TP el
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Beaty et al, nostl c Procedures for _Viral,
Ri KRQwh 1] e artam Berpeinhlitratnga e s ELp a%@ competition

Legpﬁaﬁg%n%h EquSA(aggﬁlj_% 59513& @Ilalg"g Jdll(gﬂli{}éltﬁﬁgéés , n ua {afore®

Assocli at1 on ro ogy
bmfmqbléﬁamgrreso@em tychnfpaddralmnqHste 8schdBQ%ic. Fuang 2@13 35-40,

i 1095 g Dy 11 Bt R RS Q04 g dorne cbodiints th
antibody is a polyclonal antibody or a mAb. A specific, non-limiting example of a
polyclonal antibody is polyclonal anti-DEN2 murine hyperimmune ascitic fluid.
Specific, non-limiting examples of mAbs include 4G2 (ATCC No. HB-112), 6B6C-
1, 1B7-5, 1A1D-2, 1A5D-1, 1B4C-2, F4540, D1-11, 9F10, D2811, 2H3, 9A3D-§,
3HS, 1F1, 8A1, or1H10 (see, e.g., Rochrig et al., Virology 246:317-28, 1998; Crill
and Chang, J. Virol. 78:13975-13986, 2004). Antibody cross-reactivity may be

assessed as described in Example 10.
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infectivity in mammal s (such as mce) or nosquitoes
can be carried out as described bel ow (such as

WE@Ips4es7 4, 6, and 7). Reduction in anti body PCT/US2009/041824

cross-reactivity can be determ ned by conparing

anti body binding affinity of an anti body for the wild
type E protein with antibody binding affinity for an E
protein including one or nore anmino acid

substitutions. A reduction in antibody binding
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di !aIPellntonél Midi uiteiltef capattah), dfaﬁ(tenedtagansthEManahom phenol red

V\nglpﬁ %S? {Qg%e@éﬁ\{)géﬁﬁ ggicg QQI{)Q lactose (Ii % Ttereg into a sterl‘la'e container.
Details of a method of virus production are provided in WO 03/060088. Virus
particles may be purified as discussed herein (see, e.g., section VIII), for example,

by ultracentrifugation through a sucrose gradient and sucrose cushion.

VI.  Detection of Flavivirus Antibodies

The present disclosure further provides a method of detecting a flavivirus-
reactive antibody in a sample (such as a sample from a subject, for example, a blood
sample), including contacting the sample with a chimeric virus of this disclosure
under conditions whereby an antibody/polypeptide complex can form; and detecting

formation of the complex, thereby detecting flavivirus antibody in a sample. An
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produce the viruses enploys heteroploid cells, such as
Vera cells (Yasunmura et al., N hon R nsho 2

wa2m203471215, 1963). In this nethod, a nucl ei cPEEUS2009/041824
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nol ecul e (e.g., an RNA nol ecul e) corresponding to the
genone of a virus or chinmeric virus is introduced into
the heteroploid cells, virus is harvested fromthe
medi umin which the cells have been cultured, and
harvested virus is treated with a nuclease (e.g., an
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s i |
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cells inoculated with virus alone). A reduction in the number of plaques in the cell

culture inoculated with the chimeric virus-sample mixture as compared to the
control culture (for example a decrease of at least 50%, 60%, 70%, 80%, 90%, 95%,
or 99% compared with the control sample) indicates the presence of a DENV
neutralizing antibody in the sample.

Enzyme immunoassays such as IFA, ELISA and immunoblotting can be
readily adapted to accomplish the detection of flavivirus antibodies in a sample
according to the methods of this disclosure. An ELISA method effective for the

detection of the antibodies can, for example, be as follows: 1) bind the chimeric
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can include any biological fluid which could contain

the anti body, such as cerebrospinal fluid, blood, bile
wWeb@sis471ser um saliva and urine. O her possi bPE@I/US2009/041824

exanpl es of body fluids include sputum nucus and the

like. I'n one exanple, the presence of a Dengue virus

anti body can be detected in a sanple froma subj ect

utilizing a disclosed chineric flavivirus in a
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t he det'ection of avi virus anti bodies in a sanp
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15ChicR@igegvirus or virus particles to a substrate; 2)
contact the bound chineric virus with a fluid or
ti ssue danficeirannelpgicherhninue dat copbiyusc)l e detdgtactiomel
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co : roe e :

B A B e P
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e B LS OSSP B SR SR R SRR
SPGhp RIES 4l thé RALARIFH Lo PRASYIEHRMUrQ!. The amount of inhibition
of mAb binding is measured relative to a control (no antibody), allowing for
25  detection and measurement of antibody in the sample. The degree of mAb binding
inhibition can be a very specific assay for detecting a particular flavivirus variety or
strain, when based on mAb binding specificity for a particular variety or strain of
flavivirus. mAbs can also be used for direct detection of flavivirus in cells by, for
example, IFA according to standard methods.
30 As a further example, a micro-agglutination test can be used to detect the
presence of flavivirus antibodies in a sample. Briefly, latex beads, red blood cells or

other agglutinable particles are coated with a chimeric flavivirus or virus particles of
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the like. Exanples of detectable noieties include
fluorescein, fluorescein isothiocyanate, rhodam ne,
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m cr ospher e- based i munoassay), horseradi sh peroxi dase
(for either light or electron m croscopy and

bi ochem cal detection), biotin-streptavidin (for |ight

or electron m croscopy) and al kal i ne phosphat ase (for

bi ochem cal detection by col or change). Anot her
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al so be used for direct detéction of flavivirus in

cells by, for exanple, IFA according to standard

me ds. .a further L e m cro-aggl uti nation
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Wi N?) t7|@94 Q?b HEY& P uﬁgﬁt%”{h@ﬁl i§ nﬁé(}%?@g)glgegxggépél oL Gluation of

I n yét’ anot hér exanple, a m crosp
[ rrmmhx%s DENiémadcmeﬂ,sl&dause odﬁirﬁbﬂrnmm qongeemne miaf do not

Inl gl:llcl(g\él gg éVl@él boggﬁéf b a Sean q% Ig%éhlfeﬁ%t% Isgfﬁcwnt viremia for
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m xed The efficacy of candidate DENV vaccines may be tested by inoculating
subjects (for example, mice or non-human primates (such as rhesus monkeys)) with
a candidate vaccine, followed by challenge with a virulent DENV strain. The
disclosed WN/DENYV chimeras may be virulent and/or generate significant viremia
in non-immunized mice, therefore they can be used as the challenge dose in
previously inoculated subjects.

In one particular embodiment, a set of subjects (such as mice) is inoculated

with a candidate DENV vaccine (for example, DENV2 PDK-53 strain).

Administration of the candidate vaccine strain virus may be carried out by any
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with a sanple, such that antibodies in the sanple that
are specifically reactive with an anti gen encoded by
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virus-anti body conplexes are allowed to react with
fluorescent-dye | abel ed anti-species anti body (such as
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conaTicdensby lslér@nzasalgadnumstramm (e.g\Nby uye ofsdropper.19wab, or inhaler
I_bWFfl deggé'J s rht l acc?aflca%lggﬁ}ﬂé)u ndlg‘[a anam‘lgizcau gn%alatt%r ed

evalua n of can e vaccl nes e ou
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chal I en e and do not generate sufficient virema for

e ol Aigndinshugingclatly solik pasdelepinddicugpyrtigled cpatagnipgthe virus
Thﬁs %{Qér é&xusgfen& ,ecg'g{e e%(%ﬁ%%ﬁtg%&% E&ﬁ%ﬁl&ﬁe‘r@sﬁﬁgﬂe

i noculatin for
n 0 paﬂﬁmlmn Irpa patrabmsr Equgiie, alse sﬂb@tssarmmk&ly&)i)mmmhto@eally with

candi date vaccine, followed b | en
vi METCa VIERN 2 yERig) eﬁuchrﬁ%pfwsglé%g@ée M%ERNM‘HPHLE Angeulations

ma t r
R0/ T2y LB USE o

C h al leevt oo dosles, ifourpraels, sugit weekro t,thlm wdelsubij motes. | n

i t h
o o Subide g PR bR R v Rl A ST R S B or
ex iRl osdMPasPRKthaBd st rd@teﬁhmeﬁ\@ﬂhﬂ]i%nﬁlﬁé BPHf @fla\tlgﬁus

candi dat e vacci ne strain virus Hg be carried out by
anykimarapiselosadahescin (foe pmmig aYONHD I cmeasp.aiuch pg et ¢nspded by

i( S#ﬁg OP§EQ rﬂ)rﬁﬁg r1I t30§] ) f%féquﬁé g su19a%§e pee%{od of tlme to allow

ntranuscul ar injécti
bi iduniey Badeyt on&lﬁtdvatwmm@i tb&ievéll@p I(subatas anlcadt t\fvbl ezevkg fsur
(typ|caII carrled in the pharnaceuti cal fornulatlon)
t o "Rk iy Merdee waeksi eranogh pl heehallgpgegtose Reyber us

t gm@xﬁlmgéttéﬁg’??ég%{f% Qﬁfa%legf%ﬁ ueggclg@hg '}lgogg gtr)‘('iveb Xndb&}}}t{o%ﬁ? fl

i nhdineristoved bk tldz&plﬁ&l dra chffﬂhﬁjﬁﬂ&&&ﬂtthecmccﬁlanmgjdi@bl &nllowing the

' nt ﬂﬁ{]eggg ldés% su%J ectsy arle &%%&tggeh%gr development of morbidity (such as fever,
rash, vomiting, loss of appetite, rough fur, hunched back, lethargy, unbalanced or
irritable movement, dehydration, weight loss, or signs of paralysis) or mortality. In
addition, blood is collected from subjects after challenge for measurement of
viremia levels. A decrease in viremia levels, signs of morbidity and/or mortality
compared to a set of control subjects which is not inoculated with the candidate
vaccine (for example, a decrease of at least 10%, 20%, 30%, 40%, 50%, 60%, 70%,

80%, 90%, 95%, or 99% in a test vaccinated population compared with a control

population) indicates the effectiveness of the candidate vaccine.
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adm ni stration, such as by creating respirable

particles of a pharmaceutical fornmulation (including
whoiok/136017 d particles and liquid particles) coP@HUSINY041824

the virus as an aerosol suspension, and then causing

the subject to inhale the respirable particles. In a

particul ar exanple, the subjects are inocul ated

intraperitoneally with vaccine virus in a vehicle such

as phosphate buffered saline. Miltiple inoculations

( swqly, %oﬁﬁeﬁ&%ﬁiuﬁﬁm b’?rlﬁqfaﬁ‘h?lgs @Bhtalﬁﬁ%%eﬂgﬁg PN #nd E

suitable period of tine, such as at |east two meg ks,

f olrotegsks, ei ght weeks, twel ve weeks, or nore.

Subj ect t hav een test vac ated are .chal | ed ..
wth a gk Gt Rt Be ap Ttk (60 BR 158 & o §EeGuantcs
debeimdinetiass édﬁta@fﬁ@'@ﬁ\l‘a )prqu(ofﬂmaﬁﬁ 'E\/prﬁﬂéﬁlscz!ﬂs' WHd %ﬁe and

di scl osed herein (for exanple a chi nmera, suc

5 as stmeisd SNV Y geweroly @E@u@lm efficicatly &, CU(btiure7)

foll ow d of. LB LQnah how i
based on t odss of goll%%lgl Iplglﬁc%ouon L, \év \évB Ji the he art SCq s copes,

t Wr&v@ﬁzw&;rﬂc@ubn.mpleﬁamprm% 3“‘ eﬁﬁﬁinYSpv\i\%%KSL%@)'
nore). The challen?e dose nay be adninister

suiframpies pbethodnef gty PumsEon Mslude igymynept métmwrl cation,
IS AL R I{lﬁﬁjop Sééngiérﬁn%n%&clﬁngé Elgﬁﬁedfbtgreg)gﬂ}t Eﬁld?él filtration.

t he vaCC|n 1'owin
10 s u bj J ect $n ameeemmlet amagthddis dammhd)pﬁ}ﬁnﬂu@ﬁg i atiidlys containing
as

fev vom ting, | oss of. appetite, .
r o Hg‘Fequ rﬁ?ﬁ%@g/f (W) Posiar gy, m?}hﬁ%naﬁ’ééﬁpwﬁucmg the
ir "chltafbl?ﬂc%aml%g&rﬂlscléjs%ﬁ Yot h%ell%lt%tsyktgﬁs sucﬂras s} c881C6/36,
of paralysis) or nortality. In addition, blo IS

collLéecMd, OHBHKSWHpeEhSCdﬁUm¢nﬁ%mmiwﬂ@eVVNﬂDENchnnmaand

TR g B stent St TR ar GroRSRE R oy halmphlRed] 2 days. 3

15t0 dayss 8ldapd, 5CRP, 8AUayS WRj10 &b Ss gwm ﬁi@eﬁﬁtaﬂ@tsuélﬂé%ctﬁé ad1eéellture
wi th the candi date vacci ne or exanp a decrease of

at medawn, cm%num)%: cgm%rlm%s 150314;60‘69 %1d m%ensd%y (o 73 C7)
95
. 5%160331'[812 % eV pg:lase Sahtu?{%n % ﬁl%%ﬁ)u H{ ﬁ eéh rﬁ{lgegtgo%l overa

Of gtddéene esﬁldlh dmuerosa ©€ gneet‘dl/béwssﬂ[rﬁ @atﬁhﬂe (gf‘adiléntf’tﬂdefel g dObijeski
Virus Particles Cbntalnlng Dengue rM and E Prote
Thé! ¢hi/nBead itilsE dkdd dfeilha ﬁwca Ak e ley SEgo 96C6/36 cells are

20" aR{rdli¥d REA %E{\@MH%WWN/}%N r&' SnPReLG] gagn\cl\lne Wjth DEN2

cont al ni ng pr ot ei ns,
t ypeMand/oaEtpeotaat ie guidiEdd/ stralns generally do not

oL Lot Do i S0 20 GRSt o
SCQRERiplace of proteins prepared by other means (such as recombinant expression in
mammalian cells, yeast, or E. coli). For example, purified virus particles of the
25  disclosed chimeric viruses with DENV prM and/or E proteins may be used in
methods of detecting antibodies against these proteins (such as diagnostic tests or
assays to determine response to a candidate vaccine). For example, purified virus
particles may be immobilized on a solid support and utilized in immunodetection
methods such as ELISA, competitive inhibition assays, micro-agglutination test, or
30  microsphere based immunoassays. Further, the purified virus particles are suitable

for use in PRNT assays for detection of neutralizing DENV antibodies.
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Protein Purification: Principles and Practice, 3rd
edition, Springer, 1994). Exanples of nethods of

W@e@vas411purification include i munoaffinity PCT/US2009/041824

5

10

15

25

30

purification, ultracentrifugati on over a gradient, ion
exchange chromat ography, and gel filtration. In one
exanple, a nethod is disclosed of producing virus

particl es containing Dengue virus E and prM (or M
proteins. The method includes producing the chimeric
flavivi Yses, thaglane ngE’l%ﬁ&f WN/DE@I &%En@’v'ﬂrﬁééﬁ grow more rapidly
system such’ as Vera, Co6/ M2, or 'ls.

Then cdtursarat te higifee Giteslthan DENAVMM@ENHﬁad mmapandles containing

n ed for, sufficient ti f or rus roduce

g)',ﬂ@ Bﬁ% aé‘d/oé nr tgg)ts aze Ype for@rai%mn tf@;g\g\/ g%tl%?%sgses for
8 drys ant@end icHRAY ProdubtiSHRRS RRRNS vaSHEO cAidah8 af€lube of virus
culture medium containing the chineric virus is

cobhigistes dorafhthashuyred edotbip PRGE dutpiineansional sfivetuyd, epg cpitope
part] gmgs are then purified through

ul {18 trifugation over a gradient (such as sucrose

or glycerol/pot assi umtartrate gradient). See e.g.,

oijeski et al, J. Gen. Virol. 22:21-33, 1974. In a

patXi é‘@?%lr““@%&?ﬁﬁﬂ@lty%ﬂérrél*s@@ﬁlbél%el | s are infected

with the y&ﬁ ;}3@@1: I

parti cl e W t“%%%zﬁ@ an QHAJ é;%gc?g?r nblﬁg%whﬂfe Cude .

Pu yidny eefastianis arpiaﬁz[m biptens ondsquiries gradENatpralivestdrsEor WNV.
S Bty AT Hen e s o e BGRAHRARRPA ) By

ex ewalsﬂrmnml loh&8r &8} ﬁoso}a%%etofgr I\Eeth&%l fhr detFi@fining
exanpl e, purified virus particles of the disclosed

chiwhethicta virnusasnfict or DENVIsIrtNMddrydy mpsdEitprspea@dsTs stram are
be,used, in E gs ﬁf et ecting anti bodi es agai nst
thg&%"‘”ﬂ;} $ ﬁ NHC 4L di agnostic tests or assays to

determ s vﬁa%ﬁcﬁ%§ﬁpfeotoade@é‘%ﬁﬂﬂléjﬁtt& Y G6deBRhimdrRIviruses can infect
exanple, "purified virus particles may be i mmobilized

on daaepypridCsqudpnietasaintisu€i pipieas o athicrmosatit Weeicsmosquitoes
”e‘c£h°9e fod ({‘od%%aﬁironrQ' thin %%Etéu&k y&, h LRIk %Pgéﬁéu%%ﬁfatam
m Cro-agglu at1 on tesr, or “m crospheré SM5a

| mileRORSSeYIscellFbiid Sffbrinbied calok flicep b\l/dordbl sr Paintrathosic
are sujtable for use in PRNT assays for detection of
nechalarlelil Wgthmdwraﬁ@mawge%mﬁdﬁﬁés abppd I §u1Q " Hew)-

odi scl osggk %&Yﬁ%n@ﬂ&! ok &to%é 3B/ %Eﬁﬂ’eﬁ%ﬁ%n& RS, Whidguts

cuI ture an gher t ters than Vi ruses,
punnd/oekicads ams:oﬂecrted azideﬁxaddnte&hem acgtoDENM a¢y) M a%d/ or E

pr ot e| ns S for pro i.on of DENV anti gens.
Us Burafegmefdsiuds @3%15&?@ hefeddy iprEedrPEsHocEfic APRE Pithg pan-
of AuAGRLOE p‘?&@ﬁlﬂ Aabsdy, 3 ééséﬁ}ZOBr ¥ér6ﬂ3‘r§e-@ﬁéc§ﬂic°£1§%ofif%£ such as

further study of protéin folding, three-di nensional
st BHSH(DEN2).add @3N op8A3 (DEN3) or 1H10 (DEN4). A fluorescein-

conjugated antibody (such as goat anti-mouse IgG antibody) is used for secondary
detection. Tissue immunofluorescence assays are read using a fluorescent
microscope.

Decreased E protein immunofluorescence in mosquitoes infected with
chimeric WN/DEN virus as compared to control samples (those infected with
DENYV or WNV) indicates that the chimeric virus has decreased infectivity and/or
transmissibility in a particular mosquito species as compared to the wild type DENV

or WNV. An increase in E protein immunofluorescence in mosquitoes infected with
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mappi ng. | X. Mosquito Infectivity and Transm ssibility
Aedes aegypti nobsquito is the major vector for DENV,

wakiovasqZut ex qui nquefasci atus and Cul ex pi pi enBCT/US2009/041824

nosqui toes are the natural vectors for WAV. The
di scl osed chineric flaviviruses may have reduced or
elimnated infectivity and/or transmssibility in one
or nore nosquito vectors. Methods for determ ning
whet her a virus can infect or be transmtted by a
MGl W N@@Eﬁsvu‘% as E&ﬁbﬂe@foecdﬁ%m elﬁ scﬁgﬁchoefs tﬁdﬁe ihfected
inthe art. By way of exanple, to rm
d| SGIhIREN Vatri WM) enagi indis st th cvhﬁnacmc )mrusal@gytptrea,se@nfectmty
ui nquef asci.at.u ns, or. other nos
BB ARG Rt s BB s T Susiisn ko e wild type
VI[H§¢W§HQ@N€S a 1:1 mxture of cell supernatant from
infected cells and defibrinated calf or sheep bl ood)

5or by intrathoracic inoculation with medi um containi ng

virus (%"ﬁg If‘ol?o it ngampélg %%rov?c?edp[ ul%ustlra c%ﬁ%ﬁ%aﬁlcular features

contr ol rmsqw oes ar anest IZG

di es@et @fbodindayt $hesrec%6<@mﬁ1&§ gesul@hét tedohatededdo @Rt the invention
fixed in either acetone eads) or_4% paraf or mal dehyde

( mieigaPayticyls f@ﬂap&w@roenﬁgpdﬂrﬁﬁﬁﬁéﬁcab%scence assay with
a panflavivirus E protein antibody, such as 4&, or
serotype-specif ¢ antibodies, such as 3H5 (DEN2), |FI

10(DEN'), 8A3 (DEN3), or |H EXADERLES A

15 chi meri o WINWSYBSInfRE6RASEKE

25

30

fl uorescei nconj ugated anti bo such as goat
anti-nouse | gG anti body) i sk {é'@é'eflor secondary

detection. Ti sy, MR bLANGBAANCEnRIGIY Fidse I ead

using a quorescent m croscope. Decreased E protein '
i mrunof Whmreasmet@a@smbmenﬁmum@mﬁ nflemtad Wist Nile/Dengue-2 virus

h I
(1 RO LR 8RO T (D T S BEKPRET ¢ ne
(:d@;flgﬁdtéd/éstW@P%l clone) in a two
transm33|b|I|ty|na articular nosquito species as

medjsytstﬁm Wes wicd d PN RNy cortaipri/nudpotides d éa 2493 and

vi Ehch. el bR RTEREE LB TBRlbe SR RER . Gen.

samplog 8 7(3U¢I3623, 20065 eSlt@ﬁl@é&@ﬁnmag&heQEWpWNW)AsU&Ms
i ndi cate that the chimeric virus has i ncreased

i npedermadipingiby OrikGhapse® Sl sity-difeqted mufpgprasiii(Stratagene,
W\%g Yol SOREIAAPS AR E HuliQottd2§ 414 Ldls LYPE BORRQlat

nucleotides 2424-2429 of the WNV genome. Using similar site-directed
mutagenesis, these sites were engineered in a DEN2 16681 infectious clone (D2/IC-
30P-A; Kinney et al., Virology 230:300-308, 1997) to generate D2IC-30P-NBX
clone. Restriction digestion with Sacll and BspEI was used to cut the prM and E
genes (bp 398-2430) out of both the DEN2 16681and WNYV infectious clones. The
prM (including the DEN2 prM signal sequence at the end of the C gene, which
serves as an anchor for the C protein during polyprotein processing) and E genes of
DEN2 16681 was ligated in the pWN-AB-Asc plasmid, replacing the WNV prM
and E genes with the DENV equivalents, to create pWN/D2-AB.

Full length genomic cDNA was prepared by cleaving pWN/D2-AB and
pWN-CG at the natural NgoMIV site located at bp 2495 of the WNV genome. The
two plasmids were then ligated together at the NgoMIV site and transcribed using
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The foll ow ng exanples are provided to illustrate
certain particular features and/ or enbodi nents. These
we@x@apb4es? shoul d not be construed to limt thePCT/US2009/041824
invention to the particular features or enbodi nents
descri bed. EXAMPLES Exanple 1 Construction of W\ DEN2
Chineric Virus This exanpl e describes construction of
a chinmeric West Nil e/ Dengue -2 virus consisting of the
prMand E genes fromDEN2 in a WNV backbone. A WAV
NY%A B84 Rus Wlﬁfﬁp{c‘éﬁé @%@Q)g?e% Muéﬂs&l %& Figure 1 shows a
clone) in atw plasmd systemwas used -%c
contheimatid dmgedne of tha ¥ NIDEN2 2U@icra (WNﬂARD @@ tho mrmtimeuetween

" BN Ripinga DR 357 it Bt b Vb

mut agen%bz%q{an@mtﬁﬁvﬁmama o€ P Tefr USY Mfhird R C6/36 or
Qui kChange(r) Multi site-directed nutagenesis kit

5 ( Sivezr @@é mesre transfesttechwiticye tmsm@éﬂ@% S@éqctromrlaéomt Infectious
22%@ ggog%e%%ﬁ él- andostatra%%Pealon Viud emg%%{ed 35T6/36-0

enomne I'rig Si m

si beddi gt cradt fage hasifscted 0686 csild,@ad welveroe@ gihBe edcetlered
in a DEN2 16681 i nfecti ous cl one D2/ | G- 30P-A; Kinne

et figm trayjsfestedgyero SeHBoheo@36-Dagd)V arerOgessrgre used to infect
P KRN0 BLRANEpBRR LR (i (Rl OB AR 114 Wb B8 oas

was uséd to cu genes
10 398- 2430) vetify e gbmtrhle advardolz NP thbﬁﬁ&]mmdl JAlveriag fvirat Rbidswas

cl ones D i ncl udi ng the prM si
seaﬁfé%%f‘éifg tdé/ll SHes bing e AgERE KMQ&%@% iﬁ\%éfglegglaaﬁf*) and

anghaiA l%auétbevefe elta@édrhsmgg}é@ qlteﬁ)ﬂMy@ﬁ@tr%@RT PCR system
proceSS|ng and enes of 16681 was ligated 1

t h eR pAR-A4ip 1 188 SCphas i cignapefpd, akS). nRCR peodivs vaMdancztlyEsequenced
N N G e N

15pV\N/D2 AB and pWN-CG at the natural NgoMV site

| ocated at bp 2495 of the WAV genone. The two pl asm ds
were then |igated together Bxample 2NgoM V site and

transcri b% &Hlméaﬁ]%r%%&ieé)??atn% ;lr?z Iittratg(FIP i’ ﬁ

Technol ogi es, OWS a Ssc

di agr anmafs dxhﬁapléwe@ﬁl\@s el Pl @utioMBF DRYNAVEND blarnerlc virus in
Junctl on between the WN C protein and the DEN2 prM

si §9610 @éq‘{ﬁéﬁ@%l HA®F- prM protein. In vitro

tr tion was carried out at 37 C for 2-3 hours
20 ddsP
anm/d% or

Three T75 flasks of C6/36 and Vero cells were infected at a multiplicity of

infection (MOI) of 0.001 with each of the following viruses: WN NY99, DEN2
16681, or WN/DEN?2 virus (produced as described in Example 1). Viruses in either
3 ml of Ye-Lah medium (10 g yeast extract and 50 g lactalbumin hydrolysate per

25 1000 ml water) containing 2% fetal calf serum (C6/36 cells) or 3 ml of Iscove’s
Modified DMEM (e.g. Gibco-Invitrogen, Carlsbad, CA) containing 2% fetal calf
serum (Vero cells) were added to the monolayer when the cells were 95-100%
confluent. Following infection, flasks were incubated at 28°C and 37°C for C6/36
and Vero cells, respectively. Flasks were rocked every 15 minutes for 1.5 hours for

30  wviral adsorption. After 1.5 hours, 27 ml of growth medium was added to each flask
and the flasks were incubated at 28°C for C6/36 cells or 37°C for Vero cells for 10
days. Every 2 days an aliquot of 300 uL was removed from each flask and
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Vero cells were transfected with the transcri bed RNA
by el ectroporation. Infectious virus was collected 4-7
wa@l2009/1pst transfection. Virus was desi gnat ed BGI/US2009/041824

C6/ 36-0 seed when recovered fromtransfected C6/ 36

cells, and as Vero-0 when recovered fromtransfected

Vero cells. The C6/36-0 and Vero-0 seeds were used to
infect C6/36 and Vero cells, respectively, to obtain

the C6-1 and V-1 working seeds. To verify the genone

ac eHhBm¥d Witht 300 &Le&ﬂ\é@cfv%ds ISOIETR Eé‘ﬁam‘i’ﬂgf Po, R WHSerum. All
extracted from 1 virus using the Q7Aanp(r) Kit

( Qebgerts War, St(Vﬁdl MD%C ugA)thegnebubObiAtipatodiby pque aﬁay on Vero

(rbioho st s Eovie! SFheFhyeBr MRy Be el h & con
Pr eRheGH S e\éﬁbﬁslﬁlﬂ I 8@t Hed Hﬁd&&ﬂuﬁ@th@%%ﬁe’f %eﬁhﬁr&@@&ﬁﬁvhen

sequence of the chimeric WW DEN2 vi rus (SEQ ID NGO 1).
5 Ex argslueing cmmmdw“ﬁwmp@dwcmgs:hmmq isusisopdsafhg culture

Titr on in Thi,s X3 rib

! o EPRELOR ke PRooBighIT sEHAI 61 0E3EHLBE Pl yansely

Ver o ceMirdsisi@ples b@femﬁi&edr by plaquie/ &sﬁ}‘ @SWSronell@GB&@l ’clOCfold
Vero cells were infected at a nul ti

i nfdetiensef eminys sampicpyerepade @&Aﬁl @ﬂlu@rﬁe 19% mﬁmeﬁ@h dilution
vi
(a5 e ¥ obT R P o P it O e m S, confuent
10 e| hhmola&emdf odro ‘éel-ld.&?nl]msadmgmném@l@, yhastwaz incabitedatB 7°C in an
| act al drol ysate per 1000 m water
coﬁ MASRNSTG © gg}“ @Pa o dz3 oty OB dsuPHQY. %'?ateg wfre rocked
of ebérg% ?mﬁuﬂ)gp% drs6e (FAYER ﬁl%nglayé;;| BERot Y blf. 09&Lvirus

ontaining 2% fetal calf serum (Vero '
c ehll®)yptiveral \adbkedere ovtihad mothal @y ef 0.Btergatdse oveldysconireng a

bR ARcoSEe e spalrhiy SR Ribro Bty FE e inan

151 egesshhaeloy 5‘%F¢©§ko? tNEheichRd lﬁ@&se‘FﬁﬂUwﬁ% iRdubati S v$e‘P1Vs were
1.5 hours for viral adsorption. After hour s, m

of oyt ithsapthas b heier iy cua o lae coists B neutral red 0

f IR s@lz\geﬂ’la eg.c?l%%ts %vg:regrt%a}g §19<11_:{)/8 ue%B w%@ CS Ilé%(? th]% rfolfl'3 Lying Tday

for ero ce

300 L wagut ebivied ahd edriat paRagd c&f&he &ﬁﬂﬁﬁu‘ﬁlﬁl Vigd CWISI \has
300 nL of |scove's DVEM contai ni n% 35% fetal calf
t

sepeermgdy Qqejofdlet erargraauss FpadthatV-1 sodday N3 wasHegfated from
20C O%ﬂedtltpaet‘loh' 'ia{t@taﬁg X tBl ea. ARR DY ﬁ%ﬁé V@foac ‘Il:lg"l ll"ﬁe mﬁﬂfr@ fedium

pl aque titrati'on of eac |quot vira
ki hetvegsd fromethsilaskeMas designated as V-3 seed, and was serlally passaged
through Vero cells seven more times to obtain the V-4 to V-10 seeds. Additionally,
the plaques produced from the C6-1 working seed in the Vero plaque titration plate
also showed a small portion of larger plaques among the pin-point size plaques.
25  One large plaque was isolated from the plate (as C6-1/V-1) and used to infect a flask
of fresh Vero cells to obtain C6-1/V-2 seed.
PRNT tests were performed by incubating viruses with serial dilutions of a
WNV hyperimmune mouse ascitic fluid (HMAF; M28548), a WNV E protein-
specific monoclonal antibody (MAb3.67G), a DEN2 HMAF (VS0090), or a DENV-
30 2 E protein-specific monoclonal antibody (MAb3H5) at 4 °C overnight. The

following day, samples were added to Vero cells in 6-well culture plates and

followed by overlay procedure as in the plaque titration method described above.
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type was established, and al so used to determ ne the
proper seed harvest day when produci ng chi nera seeds.

woB@e/1pr7oduci ng chimeric virus seeds, the cul t BEBUS2009/041824

conditions were proportionally scaled up to | arger

tissue culture vessels. Virus sanples were titrated by

pl ague assay on Vera cells. Serial 10-fold dilutions

of all virus sanples were made in BA-1 diluent. 100 niL

of each dilution was added to one well of a 6-well

Ui S@YBaIeHLbH Fifer Rla@UBtcARMERLNHAGr &t &P Qﬁti%ﬁ?ﬁﬂﬂ@&?!h@b’@écreased
of Vera cells. Follow ng I noculation, plates were

i nplagatsdry #tleB780 % mwompamt nw SpherclketititiGte@sfadthelinput virus in
hours to all ow virus adsorption. Plates were rocked
evg}eysaﬁ’@aﬁ?aﬂut es to ensure that the nonol ayer did not

dr we@Qul,. After virus adsorption all wells were

overlaid with 4 ml of 0.8% agarose overlay containing

5a bal andbd VERIRENDchinicon vamel repbicatath cifisitintnandregched high titers

wer e~ Acu t 37C | t phere of 5% for
R CHAPERPL A Phrad Wil ie 3o TR DBlaR ol oip gssessed
ovei Vatotellh.t Mit@o of tirrwatkitle soéd AB1088 PaB¥ES ina¥erd Beélls (V-1 seed)
al so contains 1.5% neutral red to visuallze

Pl atasgbausried logapTaim- Siominsey! t@élﬂeeplé%‘lﬁﬁléeooﬁthéllﬁgggglsbz 16681
Folh QWG ay Vi@e@%@'e{oﬁ&hl@}th@ @hiﬁégirc Skrr?glg I/ @#&g @2’?9&%@98 plaques

the chimera in Vera cells was pe

10 | arlge wetagueslafgonthahhike D211 66&€kdinisas dayR) pawasnfegwingp £9 (Figure

frgmthe titration plate, and d.to infect. a fl ask

of 2?’P€§ﬁ11£@?%1?66 éhain_éﬁe FeREEreRIMEINGY NP OO Ve e ek the
t highofd @BKkn¥aInI8S s BfbcAsn.V- 3 seed, and was
serially passaged’ through Vera cells seven nore tines

t 0 obt aPhqueewttedituelixsd addseedercd Addiy b priakfter pasdage in C6 or

Cer R o BTGy BT e Ul PR 59 2

15 PONE6SINViAls Wtk dRIudRl #0HR S aMERREerirhént BbrtoR@afborS | WV NY99

pl aques. One | arge plaque was 1solated fromthe plate

( apraggcad hrgp)plaggs aisdad Xt i-i wikideno plagueaskerovisihlefn DIEY-3 16681
cel]s.t aj - 1[V-. PR , r :

oot B B e R R AR N Pt g o ot
of (Pabl\B). hyperi nmune nouse ascitic fluid (HVAF;

M28548), a WAV E proteinspecific nonocl onal antibody
( MAb3. 67a geromEngalupnasr as\phtrdarsh for the Gb-brquking sged as well as the

20 g\r/ gérrg%l gfﬁ?&ﬁﬁshégegg%g\%@% gngb, AR ("M%bc%hlé%lalzst dsetalcl)&lge of the

25

30

ay, sanples were a
Ve Cé- c et showedbronmiutation lkcomparep kathe pasend West Ndevend DYEN-2

A R RN N

t hen @RAL BRiclRREL BOSIY o R E G TH N I et TIRE REESSHSEQ ID NO: 1
A>G@G) and one missense mutation (nucleotide 1558 of SEQ ID NO: 1; A>G),
resulting in an amino acid change from N to D at position 203 of the DEN2 E
protein (amino acid 488 of SEQ ID NO: 2; E-N203D). The V-3 passage had two
silent mutations (nucleotide 1566 of SEQ ID NO: 1 T>C and nucleotide 2973 of
SEQ ID NO: 1 T>C) and three missense mutations, nucleotide 1558 of SEQ ID NO:
1 (A>G), nucleotide 3638 of SEQ ID NO: 1 (T>C), and nucleotide 3772 of SEQ ID
NO: 1 (T>C). These missense mutations resulted in amino acid substitutions in the
DEN?2 E protein E-N203D (amino acid 488 of SEQ ID NO: 2) and the WNV NS2A
protein, NS2A-I149T (amino acid 1181 of SEQ ID NO: 2) and NS2A-F94L (amino
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pl aques by at | east 50% conpared to the back titration
results of the input virus in the sane assay. Results

WA b@IMBYTDEN2 chineric virus replicated effici entT/ySzne041824
reached high titers in C6/36 cells (8.6 logio pfu/m
for C6-1 seed). Plaque formation was al so assessed in
Vero cells. Titers of the working seed after one
passage in Vera cells (V-1 seed) was about 4-5 logio
pfu/m . Conpared to the plaque size of the parental D2
16@%% 1206 o RENDIOVHY, UBRSYV 110 V&I Soweh l4SsilehNRuGhbi®BhLAcotide

N2 virus fornmed plaques that were nuch | arger
t hahoG &SI ID6E811 Vi-Cusudertiday9® pOSEQIIRNQt 1 dRCE piclyotide

o800 1Rt ety <89 Gl s bEQLBEAER) C o
dayni®) fRIY mhﬁér%@&ﬂt@ﬁmn@k%d%fﬁ VA STl |l§@SjCa1Fd1558 A>G
measur ed fter Wlgassage in Ver o

5cePpsl TFCgif/ﬂé 'éﬁc awl|7604 ¢pd, yibgembgree a&\mg@Q JDM (MINWFhe
ggees%l}tan d {nl:i)%ilzoNéczld %Q 6118 %s ASI%EHSWW mg% lp "rfg uocfl et@e 1%115%61% Kutation

pl aspiasd ﬁﬂixdd&Mc@oﬁdds, restﬂﬁhg ¢ mﬁnmdagws@pmm K(l 25211/&{[ @mino acid
for DEN-2 16681 at this ti ma_F

i néPeaseEQrlB) N@w@r?gldé‘&@ﬂfi T8kl &%@a@@é%m véSEQcIQ NQ:2).
(Table ke Eﬁqb(i)ﬂgﬁﬁ?%n n\lf@g s2 zi‘b@elqvaOe{ndt\la %) that

C6-1 working seed as wel | as t e serial ‘Vero passagée
10 S e eadss dededhdes Ifom sapdra€ovitus\2edsTdeeived fismnadepcadat ere@iments.

e showed no rrutatio conpared to .t he
par mm%%tﬁs ?Qﬁ ISt rﬁut@/ﬁl%@@é ﬁ?ﬁp rdhe ?l}m\ﬁ&sadaptmg
dekd #edrerd RAI g@t’u%ésv'ﬁnsgﬁﬁ%tlﬁﬁ? M 'a'[k%cgh%l(’l\)@y ﬁfclre%ﬁ‘é the glaque size of

nmut at i ons (nucl eoti de 3291 of
8468 aimSEM MordN@lls 1fusth@) suap«zrtlog ets nffs@mserumgrmom Vero. In

L S R S s

15t hals iffeaBil PR APt RBudEioth 8BV el SO réddIth inZarger plaques
E- N203D). The V-3 passage had two silent mutations

( ngempared dethe$861/412 srd. (ThefaK 132ITsgater (whieh elomingtes the
29 f ree msse .
e e L

nueduentonder BEBB. of SEQ ID NO 1 (T>C), and nucl eoti de
3772 of SEQID NO 1 (T>C). These m ssense nutations
resulted in am no acid substitutions in the

20  Table 3. Plaque size and sequence of successive passages of WN/DEN2

Virus Passage Amino Acid Mutations Plaque Size at
History Protein Mutation Day § p.i. (mm)*
WNV NY99 LLC-MK2-1 N/A N/A 5.18 +/- 0.37
DENV-2 16681 Co6-1 N/A N/A Could not be visualized
WN/D2 Co6-1 None None 0.48 +/- 0.08
WN/D2 C6-1/V-2 E N203D 1.05+/-0.16
E N203D
WN/D2 V-3 NS2A 149T 1.55+/-0.20
NS2A Fo4L
E K122I/K
E S186F
E N203D 1.78 +/- 0.43
WN/D2 V-10 NS2A 49T
NS2A Fo4L
NS4B T241T/1

* mean + standard deviation
N/A: not applicable
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DEN2 E protein E-N203D (amno acid 488 of SEQ I D NO

2) and the WAV NS2A protein, NS2A-149T (am no acid
wWa1BY171BEQ | D NO 2) andNS2A- F94L (am noaci dPARES2009/041824

SEQ ID NO 2). The V-10 seed showed 4 silent nutations

(nucl eotide 1566 of SEQ ID NO 1 T>C, nucleotide 2973

of SEQID NO 1 T>C, nucleotide 3600 of SEQID NO 1

T>T/C m x, and nucleotide 6181 of SEQID NGO 1 OJT

m x) and 6 m ssense nutations (nucleotides 1316 A>T/ A,

1508 CT, 1558 A>G 3638 T>C, 3772 T>C, and 7604 CT,

all nunbered as in SEQID NO 1). The resulting am no

aci d chdhgemvahdishonf tha wildidlee 81d chiwoend virkses wiessstesiséin both

t | | t '
i YaP SeHoPapech VerkEoh Vieqair i e BBk v
NONY@9 8nNDNNAB2 134414t thé am@uRplidity? 5@1%f&f10§§@dlpamner was

2). The E-N203D nutation was found in tw seeds

5 ( o@etmrlmngd fnd Ovlagy (Figere AhveMeldiape SANEAN KOG feeeheﬁetsanwl@um
i n d%’e% oglﬁgﬁ/@p%d c{agr ta.ndt et@t% 81 gf)ecFraBldﬁl 1nbsu Sc’equerptld%ys

I CU

cr WM}ENI 10 fiedabb rf&roaecadﬁﬁfamgﬂh @itdr ib? d¥ena6.8ebg, pfu/ml),
cultures. This mutation may al so sl |g? I ncrease

t he
pI hyenls foceased plightlyHn figer Byiday VBr IVNEIENZ Vidipndief- 1V seeds
SoPOLNE ey L RBLGA, S, B0 8 ML gl
10 NS2dptetBElyabgl dNS2AnE4fth rerabiniod Sy corsent: (yith ashgamdrau
o s ey 16 NRURAELE St oot T L r b
MUt Bk Rim (0 o€ Bareb | tzm glﬁig‘?ospﬂmﬁ% gBENV Y9 660RLISS rdbhdd its

protein amno acid 122 Ver a
Cc elmaxadupttlt@rgﬁ Mot pﬁvimi)cut dE),ENan Tcandiecd3fairBl @asistest theoughout
g}? ence of successive passages of WV DEN2 mean
DRR145i on NAT not appl i cabl eThe growth

15 k' net i CanQlfs réfIRatibd £ ¢6/PE cARGhEWEARIat EhiMicib FE]/IWENR viruses all
tested in both Vero and C6/36 cells. Vera cells were

| nfeachepaaktitere f spproximarghDER0 g VR miyG9gure S). bERNarzo that of
t f t
FOBN G o) S e T4 RLUE K koS L 80 Gl ROk for

\N\I‘mel\br% se@:a@helmk ¢Hu$1eﬁaxirﬁ@¢méalch@rpe(a& t8erk 00day ¢op.0/ sﬂnilar to
by day 2 and the titer dro@g)ed rapidly in subsequent
day$N VALY BENDhe/V 18 seed spaghasiopaak siction day §. arddpashmyary pigpilar

L D
seeds appoacdiadidhedutrabization ARNTY) ¢rsss wae petfogddd on WNV
PT Yo, BEv20 068 AINIDET C6-1, WN/DEN2 C6-1/v-2, WN/DEN2 V-3,
and WN/DEN2 V-10 to determine their antigenic profile (Table 4). Although, the
endpoint of some of the PRNT titers was not determined, all the chimeras had a
25  similar neutralization pattern to the wt DENV-2 16681 by all 4 tested antibodies.
The traditional PRNT of the DENV-2 16681 virus usually takes about 8-10 days due
to the slow growth and tiny plaques produced by the virus. On the other hand, all
the WN/D2 seeds tested showed plaques by day 5 p.i., resulting in faster PRNT.
The similar PRNT patterns to those of wt DENV-2 and the rapid plaque forming
30  ability make WN/D2 chimeras suitable as a surrogate DENV-2 virus in diagnosis by
PRNT.
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respectively) by day 4 and then remained fairly
consistent (wth a slight overall increase) through

wWa@l2009A8471N DEN2 C6-1 grew nore sl owy, reachi PQI/US209/041824

10

15

20

maximumtiter at day 6 (84.8 logio pfu/m). DENV-2
16681 al so reached its maximumtiter (5.5 |logio
pfu/m) at day 6 and remained fairly consi stent

t hroughout the renmining days. Virus replication in
C6/ 36 cells showed that chineric WV DEN2 viruses all

reqghRdy, PFRNT‘dsEz%F of WIN/BIENPS|iIRER e | 0910 pfu/m
(Figure 5), simlar to that of DENV-2 16681. WAV NY99

i @

reached a peak| titer of 9.6 | ogi BRPflw/ Fiter* Except for

the V-Vfpuseed, | aWNvhe| olNWER-Specifict IS asEN®aCheHEPBAK E-Specific
titers at day |6 BMAE 5ini | arag o VWV NM8BAF The MABQMAD3HS)
s¢ed reached peaV28s4gel qMAlBy678,) and (Visehoe very

sif m lvarv gvosvt hj pned4ol e t o thadeoof DENV-21606681. Pl agye
reduction neutfalizatipn (PRNT) tests were perforned

on MENVRYEGS1 DEN-620 16681, VIBDEN2 (C6- 13120W/ DEN2  >2560

Co-—1/ V-2 VW DEN2 \.3 | and \WN.DEN2 V10 t o determine

t hei VNAM Codni & prafil g (Taf)]izé(n) Nt HSigh, the 2360

EMPIIALCEOfVSOITE Jho e PRNTOR) t €T ST Werss gt >2560
determned, al|] the chjneras had a sinlar

neut mal/DZat3 on| patsiern| t o theswt DENV- 25126681 | by al-l25€0
tested antibodies. Theltraditional PRNT of the DENV-2

1(:68WN’(IP?r\ﬁ§0usual<l6§}0takes ablggé 8- 10 d§§1:,20due to tha560

sl-ow-grewt-h—and—ti-ny—plagues—proguced—by—the Virus—On
© e GHRHEN R il op He AR B Cd e e dthoT e
pI aques by day 5 p.i., resulting in faster PRNT. The

simlar PRNT patterns to those of wt DENV-2 and the
rapid pl aque form ng abilitkxample AN D2 chi ner as

sui t abl e_as Surso -2 Virus i i agnosj s b

o Tar BRrt e SERRY BN fntntias avifh Sp I Haddns

G eat eStl"h%"HxhﬁE%Yde@éﬂBﬁs tRNin e cllesdt@nsiedo PVAIDEN 2B himeras
at | east 50% Characteristics of WN DEN2

dwwﬁmaglgvﬁpwﬁSMmcmp@i wmuteiesons Thi s exanpl e

deﬁ}; ;lkyss the in vitro characteristics of WN DEN2

chiét%E cont ai ni ng specific introduced nutations.

Met hods ToGuifthurtnietifynaél chivnctio aVSIDPRL iveruYWr RENRingi t6 wmmalian

f orcella(cjl?l utr!csn Scg:hltrnoelrlrg%rorirlrsa‘al'ucts WN/D2-E203 (containing E-N203D; amino acid
488 of SEQ ID NO: 2), WN/D2-2A (containing NS2A-149T and NS2A-F94L;
amino acids 1181 and 1226 of SEQ ID NO: 2, respectively), and WN/D2-E-2A
(containing E-N203D, NS2A-149T and NS2A-F94L) were made. cDNA fragments
containing the E-N203D mutation, or NS2A-I49T and NS2A-F94L mutations were
RT-PCR amplified from the C6-1/V-2 seed or V-3 seed (described in Example 2),
respectively. The fragment with E-N203D was cloned into the 5’-plasmid
containing chimeric WN/DEN2 cDNA from nt 1-2445 (pWN/D2-AB) to obtain new
mutant plasmid, pWN/D2-AB-E203. The NS2A mutant fragment (including the
silent mutation at nucleotide 2973 of SEQ ID NO: 1 T>C) was cloned into the wt 3°-
WN plasmid containing WNV cDNA nt 2440-10996 (pWN-CG) to obtain mutant
pWN-CG-2A. WN/D2-E203 was constructed by ligating pWN/D2-AB-E203 with
wt pWN-CG by NgoMIV junction (nt 2495 of WNV). WN/D2-2A was constructed
by ligating wt pWN/D2-AB with pWN-CG-2A by NgoMIV junction. WN/D2-E2A
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cell cultures, chineric constructs W\ D2- E203

(contai ning E-N203D; am no acid 488 of SEQ ID NO 2),
wWORD23LA (cont ai ni ng NS2A-149T and NS2A- FO4L; PEIUR2H09/041824

acids 1181 and 1226 of SEQ ID NO 2, respectively),

and WV D2- E- 2A (cont ai ni ng E- N203D, NS2A-149T and

NS2A- FO4L) were made. cDNA fragnments containing the

E- N203D mut ati on, or NS2A-149T and NS2A- F94L mut ati ons

wer e RT- PCR anpllfled fromthe C6-1/V-2 seed or V-3

seqfs (figs6 1%@5’11 < ARPREL) 3V ith W?W Idys QAYb NB&MIV junction.

f ragnment 03D was cloned into the 5°-pfFasm
cofinch chlmgrlo Wirnewagregdy dENGomDNAs fecterhWero ¢el3448 the working seed

2--AB) t.o obtain n mut ant pl asm d, )
O B SR ER 6% Yok e R TP bl i Eineteption g tp Vero
th@ensg l ent nutation at nucleotide 2973 of SEQID NO 1

T>C) was cloned into the wt 3" - WN plasm d containing
5 WNeoNA nt  2440- 10996 (pWN-CG to obtain nutant

W CG
vy 5o B eSO PR TR SRR B el R
Zmﬁ%ggﬁsg\éhh&ilaﬁéfdlca%eaﬁu re@ﬁﬁﬁtﬁh{i/ﬁt\/%@o f)ells| i b Bi¥enMimutation
W 0 uncti on
DO AR SERADENG %@w@g’w@gm% 2 apd WN/D2-E2A
p\/\blir%} t nﬁ%atm%s\{n ojcﬂchi 8{1]/% r@ VCG ﬁﬁgmld used

recover ed omtrans ected s an
10 seedth(e‘ykdc)eswdf deaiemgvthesashimxsasrade after one passage of

the transfection seed tp Vera cell ults Full )
genore & @aﬂe ASARYO1S ?aﬁg clynpery é‘%"f‘@dh?t lri%agtmgﬂaraa plaques in

addi'elfd QRlihdH RS8R ﬁabeQoﬂg las(éEﬁ ﬂqgut‘é%' Plques produced by
replcatlonln Vera cel a silent "nutation

nt t1R9F chioferSEQuidibeNasily Vlsﬂ'ai@d h@gasf épond "Iiho[rebmsm rnlxed plaque

W/ -Aan - Vi,ru t hi s nput.at.i.on. was
PRt In e PP et Rt o SRR s g ill evolving

15 Usefivim 6el1§ AbREESShh cHRidryYd Wih EH%@NzO!@DHi@Jt@t%n g@é’ﬂé@ to be
assays using each chi mera showed that all produce

| afgee stpbladu¥sroeellyera cel l's than the original WV D2-
C6-1 seed (Figure 6). Plaques produced by these
chinmeras could be easily visualized by day 4 p.i.
There was a m xed plaque phexghyket i n the WV D2- 2A
seed, which may indicate this virus was still evol ving

in Vera deetesminaign\od Mosgyite Infgctity of Y NPENE ChimesD
20 MUt ati ofpANREARRALQIRE dA UGG ARBh S 1 286 of W NDEN2

chimera to infect DENV and WNV mosquito vectors.
Methods
Infectious bloodmeals were made using freshly prepared viruses with an
approximate titer of 10" pfu/ml in a 1:1 ratio with defibrinated sheep blood. Aedes
25  aegypti, Culex pipiens, or Culex quinquefasciatus mosquitoes were allowed to feed
on infectious bloodmeals provided in a HEMOTEK membrane feeder. Bloodfed
mosquitoes were held at 28 °C for 10 days. Midguts and heads were dissected, fixed
on slides, and stained via immunofluorescence using the pan-flaviviral monoclonal
antibody 4G2.
30  Results
Aedes aegypti mosquito is the major vector for DENV, while Culex

quinquefasciatus and Culex pipiens are the natural vectors for WNV. The
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Exanpl e 4 Determ nation of Mdsquito Infectivity of
W DEN2 Chi nera This exanpl e descri bes the

wa@ledoensd7mat i on of the ability of WW DEN2 chi meP@r/uU82009/041824

5

10

15

20

25

30

i nfect DENV and WAV nosquito vectors. Methods

I nfectious bl oodneal s were made using freshly prepared
viruses with an approxinmate titer of 107 pfu/m in a
1:1 ratio with defibrinated sheep bl ood. Aedes
aegypti, Cul expipiens, or Culex quinquefasciatus

NMOSONITSIRGS CHer Ehifikta qjcht chlésed%g Vo bAT-8 a&i}'tlﬁ% $nutations) infects the

bl oodneal s prOV|ded menbr eder.
BI oudguw of ﬁaéaqmutnqesfamuws hed dedts a28y0iGnfagrattdfh rdaly:sslrmlar to that

st 8?}5@1 tane : vaYl[&ﬁ t\’elglgl(ﬁléﬁlt‘e% e)ogugséestlng the W\/ non-

pagndtandl gféﬂe§in ﬂl’i@'&ﬁﬁﬁ&@ airus'ﬂlﬁbtvle Q%Yﬁéhﬁ?effé@@ﬁﬁhﬁf%ctﬁﬁﬁ&&hese
aegypt i gglto i's &or vector for DENV, whil

QJlrIe»sqlqmeﬁq f)vagm ﬁ]lel}gNéllaE @ﬂ%l«l@smaé inifar dow msfectlon rate as
n\alt}]# rlﬁé I tﬁlg utV\Wu(e[x J2 apdens S%e I%g;’t%lg strurTEf‘urgl ]PEISItVS 2 genes

S any ra ce I ons

t hén me@gﬂﬁer@f;vefaﬂoemoquignﬂ@ﬁlffaﬁ@haﬁ Osleaphibsdes aegy pti
in a pattern nore simlar to that of wld type WV

than wild type DEN2 virus (Figure 7), suggesting the
VWAV non structural genes inE% mera virus have
significant effects in infec |0R of these nobsquitoes.
However, th€onytiridtn dtordditionsd WAADENGC himiericoViruses

infectign.rate as th NV-2 in the_mdgut of Cul ex.
pi pi ens% éslf@‘@’é‘@fl drgcritss the qoppygtion Oégﬁwﬂﬁé’ﬁé‘%esu cquiafping the

chi Wﬁvaoa\ﬁﬁ;cﬁle %ﬁ&‘ bl @gpﬂb{aa?n FBhastNeDER3 Qstl N4,
pi pi ens. ampl e 5 Construction of Additional WV DE

Chinerid thrMs{wluTimgstheiaﬁﬁﬂ eMieigoali sogeentéjeand E genes of DEN4,

const uctl on, of | ruses .caont ai ni t )
b O e TR P AT st Tep Gy W BT g ¥ eenes with
DEWE DER® difuMa(dnfig kdeteite ptne/DENS. pirdd stighdals vaeslbeRE8dted,
and E genes of DEN4, was ligated in the pW\- AB- Asc

pl aserveth wikshtyae WYV tcr@ponsntpend mn@u@@g élse WNYZ NSB& mutations

CENE T el BN A R g TR

andnd®pw N0 @dﬁ“WiE @GQAWtH&B%AHﬁIﬂN @MDJ‘I Site located at bp 2495 of the
WNYV genome. The two plasmids were then ligated together at the NgoMIV site
and transcribed using the AmpliScribe™ T7 kit (Epicentre Technologies, Madison,
WI). Figure 8 shows a schematic diagram of the WN/DEN4 chimera (WN/D4) and
the junction between the WN C protein and the DEN4 prM signal sequence and prM
protein. The nucleic acid and amino acid sequences of a WN/DEN4 chimera are
provided in SEQ ID NOs: 7 and 8§, respectively. The WN/DEN4 chimera having the
NS2A mutations had amino acid substitutions at amino acids 1181 and 1226 of SEQ
ID NO: 8, respectively.

WN/DEN1 and WN/DEN3 chimeras are created as above and the junction
between the WN C protein and the DEN prM signal sequence and prM protein is
shown in Figure 8. The nucleic acid and amino acid sequences of a WN/DEN1
chimera are provided in SEQ ID NOs: 3 and 4, respectively. The WN/DENI
chimera having the NS2A mutations had amino acid substitutions at amino acids

1181 and 1226 of SEQ ID NO: 4, respectively. The nucleic acid and amino acid
-43 -



I 49T and F94L. Full |ength genom c cDNA was prepared
by cl eaving pWV D4- AB and pWN-CG (or WN-CG-2A) at the

woa0an3d71NgoM V site | ocated at bp 2495 of theP@WUS2009/041824

genonme. The two plasm ds were then |igated together at
the NgoM V site and transcribed using the

Ampl i Scribe(tm T7 kit (Epicentre Technol ogi es,

Madi son, W). Figure 8 shows a schenatic di agram of

the WW DEN4 chinera (WN D4) and the junction between

£ Neoalbh &os B QNERIDENY chitferDER-BVM SIGNA) 15 RNEBGRq BN
prMprotein. The nuclelc acid and am no aci d sequences

of respSiVEIENAThe W NelD ENA rebimere iindeg therNSEQmubti@s had amme acid

8, respectively. Th [ ving the NS2A
o SURPBRE Heline Ao Ss LN B ol S ER BN S ehge el
1181 and 1226 of SEQ ID NO 8, respectively. WV DEN 1
and WN/ DEN3 chi meras are created as above and the

5junction between the WN C pExample Gand t he DEN prM

signal_.seque and pr M protein i.s. shown.in Fi e 8. <
ThaAmtrsr P d et GiaTlele 0 Re iy Ruldes P Rfipgtip virus
1 chi nemaisasxempleddschitds infetiffdQ A shéssing $hem@irahirulence and
respectively. The WN DENL chi nera havi ng the NS2A
muPeEPBasisRbinghesRf WV AEN phEneiqitirusas(sHeh amiragucgd iy Examples
11%%@2&1}1 6 of SEQID NO 4, respectively. The

nucleic acid and am no aci dsequences of a WW DEN3

10 chieercavirafeecer ovi ded in SEQ I D NOs: 5 and 6,

15

tively. The WN DEN3 ¢hi havi th A .
it At | oSO AhrHS GUPBS LY T aiicorITas it aC Rcrise) or
1178tk AR Aol EQ h RadOld B FSBEANY Shi W DAL Firkric

Assessnent of urovi rul ence an uroi nvasion
Ki mets femdf.1 ghi trd0D@ pii. rQise Jiioiis o kGimpdeais dewolatddesith 1000 pfu of

e i 87 SRR AR 4" 3F ot BRI RERTe O erpd ine (PS) and

(S UChinARisREQINE Rfrachink aRLIRSoA Micddre nfdnifbf-daily for 4 weeks to
Neur ovi rul ence G oups of 10 m ce (such as Sw ss

Ve Hetemnine ey igug slose rMicerheiving)signs of ilinssu(saehee rough fur,

AL e 2 YOV ROy 0

gr wsp, cfsigh® offparalyisis) hroathlafizedl Whd RsllQe pfad tolcaloEdé the 50%
The virus is diluted in 30 nL of sterile phos%hate

0
butireleadasg (VReo) 0ps) WANGDES A gitimsras & degredsed VDso compared to

20 L”%E@{P( gvﬂtﬁg%e ViRGHA iR OB h MRl TR ER iR Rt p¥ DIV .

25

30

Viremia/Neuroinvasion

Groups of 12 mice (such as Swiss Webster, NIH Swiss, or ICR mice) are
inoculated with 1000 pfu of WNV, DENV, and WN/DEN chimera. Virus is
inoculated intraperitoneally in 100 pl of PBS. Atdays 1, 3, 5, and 7 p.i., mice from
each group are sacrificed and blood and brain samples are collected from each
mouse. Brains are homogenized in DMEM and both blood and brain titers are
determined by plaque assay on Vero cells, as described in Example 2. An increased
number of pfu as compared to a control sample (such as a DENV or WNV) indicates
increased neuroinvasion or virulence. A decreased number of pfu compared to a
control sample (such as a DENV or WNV) indicates decreased neuroinvasion or

virulence. Chimeras with higher neuroinvasion are further evaluated in 12-week-old
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determ ne the virul ent dose. Mce show ng signs of
i1l ness (such as rough fur, hunched back, | ethargy,
wawahatteed or irritable novenment, dehydrati onPCT/092009/041824
wei ght | oss, or signs of paralysis) are euthani zed.
The results are used to cal culate the 50% virul ent
dose (VD50) of the WNV/ DENV chi nera. A decreased VD50
conpared to DEN wi |l d type virus indicates higher
neurovirul ence than the wild type DENV.
Vi bR R M@%Q%@ o DERSY @se Yor VThi&nck %Hélféngé st§&%§§
Webster, NH ss, or ICRmce) are i1 noculated wt
10descpbed of ExAK\ple BENV, and WW DEN chinera. Virus is
i nocul ated intraperitoneally in 100 mM of PBS. At days
1, 3, 5, and 7 p.i., mce fromeach group are
sacrificed and bl ood and brgidimprrp! es are col |l ected
from each nouse. Brains are honbgeni zed in DVEM and
5bot h bl oofeterthibatiomof AntibedyaRespgasetonViNDED, Chimenas

assay ok }éee&%%léfel (Legclrri)b?é nge%lic'o%rs ifgretﬂe ig&ter%lxi%g@olne? raélfiﬁ‘gdy responses

i ncreased nu u as conpare 0O a con

s afpméce(dr welter asing | PRI d WNY) WINIDESladh@feriafl CARES®RIdes to DENV
neur oi nvasi on_or virulence. A decreased nunber of pfu
conpdregd Epyoginsgre BN Vsipipiteiciusg] drotars spappwarby Nikaaye
! ng{eﬁﬁfr&ﬁ 'ﬁlﬁg re%ﬂﬁg[ﬂg al36 e DLEE hitthdA fo/ és{ségsﬁ%Ctﬁe protective
Chineras wt I gher neurol nvasion are turther

10 ev affitat edf inmiri2-rageksotodWiNdendestrchewel @piciis. a

surrogate DENV dose for virulence chal | enge study as
descri b&HOT 9 %ﬁ%ﬂ%‘%@n@@wn? SEUTERIAP TR FF collected

ANt RPHY mRRSRANSENE WV DEN EbiRI#S 0 Hiics ?s%ﬁﬁ‘ g@%ﬁgss Webster,

descri bes nethods Tor the determ nati on of anti

r edddrisass, ionIGR cacoraroinbeulatzd iimtedpsrifonod i wittle dOhvut.tof PBS

VWN DEN chi ) t i bodi d E.pr.otei
GO TR o R o Ry NP EN il Ty ine
15 ME@SH @.qi to Tdi(b(ﬁpf@.x @Hé'g@ou?ﬂ &foloﬁﬁiic@ hd R@éulatemﬂhold)of) ®fu of DENV.

assessing the protective efficacy of inmune response

t o MAgR/atgape torascdailypr foupwerlssandprice phavang signs of illness will be
i nQC t] re-i serum bl . np

R o TR TR AR AR L EPa e fom
G owos/ind mid} by ek S thehaidscibWOmsy Mébddse zrouik bf BN ind

or ICRmce) are inoculated intraperitoneall

L CBmPBSY UAES PRSI} anGL GrRF TN QO P P EN Y
203 SUELE JRGLE AR R Ry 005, L
DEMMctivated at 56°C for 30 minutes and antibodies in the serum are determined by
ELISA and/or PRNT assays.
Two days after blood collection, all mice are inoculated with a lethal dose of
WNV NY99 (1000 pfu). The virus is delivered in 100 ul of PBS via intraperitoneal
25  inoculation. Mice are monitored daily and moribund mice are euthanized by
overexposure to CO, gas. Blood is collected from mice surviving more than 21 days
after WNV challenge and antibodies in serum are determined by ELISA and/or
PRNT. Antibody responses and survival ratios in the groups that are first inoculated
with chimeric WN/DEN virus are used to evaluate the protective efficacy of the
30  immune response triggered by WNV non-structural proteins from the chimeric
WN/DEN virus. Increased antibody response and/or survival ratio in animals

inoculated with WN/DEN chimeric virus and challenged with WNV indicates that
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Mce are nonitored daily for four weeks and m ce
showi ng signs of illness will be euthanized. Four
woe®Ra3giter primary virus inocul ation, blood P&I/US2009/041824
collected fromall surviving mce by nicking the tail
vein. Only | ow dose groups of WAV and chinmeric WV DEN
i nocul ated mce, and mce inoculated with 1000 pfu of
DENV are expected to survive. Serum sanples fromthe
col l ected bl ood are heatinactivated at 56C for 30
m Qﬁ' taﬁt?‘oo%l?%s%@ﬁéeb&q Stebtive 1H§n1§§tryté% ﬁl%‘?es‘iilﬁtoq WNWG@I pR¥ein or
ELI SA and PRNT assays. Two days after bl ood
cohbestrugwal prokeims. ce are inocul ated with a | ethal dose
of WAV NY99 (1000 pfu). The virus is delivered in 100
m of PBS via intraperitoneal inoculation. Mce are
nmoni tored daily and noribungsdthgRr gare eut hani zed by
overexposure to CO gas. Blood is collected frommce
S sur viDetergninatien oh‘&ﬁ\I@Ei\I Hathal Doseand\Kyalsatiph oh BENY Y accine
anti bodies in serum are det gﬁﬁn ned by ELI SA and/ or
PRNT. Anti body responses an WM val ratios in the

groups tratexamgld dgs&ibes Aehdds tfedsimgt WNYDIEXE¢Hi @ e MINRENs to
virus are used to evaluate the protective efficacy of

t hevalwaifte afBersyns sandiday PEDY BCCWRY non- st ruct ur al
pr ot ei ngpk oM, 14RE: EX c\ﬁ%%ﬁ‘ﬁs ¥9etelRGEE ﬁ?@g:e by

antlbody response and/or survival ratio In anl m
101 naeulhatieg lﬂ\nv&tebk W/ DEch! (@aith e Singss Wy ehsseraNEH Skhiadsl enlgddmice; 8

wi th WAV i ndi tan anti bo es se .
pr 8RS REE &F m@f%f@s 3 ?@t@é%% {{}0 35 59%Pﬂ166rhe
\r;\ﬁvnfgé ea&gﬁlu{ealﬁoﬁa{ %%ﬂ@mv%&eﬁekﬁe&né?@ @ersmlmtlh Rafble 6) or 107,

EN | hal Dose and Eval uation of NV Vacci ne
Ef 0465 of i spfexahicheved slowich liarstrh dsulied intsipegjtoneally with

WN/ DEN chi ri iruses to eva e.the effic of , .
ot Qo Dt MRESert b PriTaPsiimoe Sypi GReR duiy and

15 Chif®ibufd Wiisdhsre bsthdGL&S Y e%ssmﬂe ¢eCoy gwomé bk feheldose
week old mce (such as Sw ss bster, NIH Swi ss, or

| CF@trﬁItgeswl@ewnﬁQstofﬁbib ngeoinpyuletd s pasilatsdand dhetlerl dose is
%Ige{rﬂgyoﬂ) lé&)ox VI%E I:BQUa(ﬁqub X n]?SO useMDéﬁtegﬁlltl(\:lgll Bl%gd can be

neur ol nvasri on experi ne

EXaﬂl]Déc&dﬁa)fteo VirdDéhalldfiz, to HO@rmink tﬂ@?lreﬁlﬁlla levedy ﬁlditﬁ\é@cfh grdup.
lower. Mce are inoculated intraperitoneally
vi FHEMETE viDE desessruppshighrterenia cRpRrce fed Wflksirtygfr BESV control

20 f gfdub%tfcﬁl as 'lbb-'?glﬁ;c’léb?)'-fdd, 30600-fold or higher) may be used for vaccine
efficacy study.

To assess candidate DENV vaccine efficacy, groups of 4 week old mice

(such as Swiss Webster, NIH Swiss, or ICR mice) are inoculated intraperitoneally
with wild type DENV, DENV vaccine strain, or PBS. Mice in each group are

25  inoculated intraperitoneally with 10° pfu of virus in 100 pl of PBS. Identical
immunizations are given four to six weeks later. The mice are given WN/DEN
chimeric virus at a lethal dose (100 x VDs) or a dose causing high viremia
compared to wild type DENV when they are 12 weeks old. Mice are bled to
determine viremia level and monitored daily for signs of morbidity after lethal virus

30  challenge. Mice with the first sign of morbidity, such as rough fur, hunched back,
lethargy, unbalanced or irritable movement, dehydration, 10% weight loss, or signs

of paralysis are euthanized immediately by overexposure to CO; gas.
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nori bund m ce are euthani zed by overexposure to CO
gas. The VD50 (the dose causing sickness in 50% of the

wor@e/13410tul at ed) is cal cul ated and the | et hal PCDES200%041824

generally 10-1000 x VD50 . Usually 100 x VD50 is used.

Al ternatively, blood can be collected after virus

chall enge to determne the virema |evels from each

group. Chineric virus doses causing higher viren a
conpared to a wild type DENV control group (such as

100- 1 ol ghockAQ01h @bflct k990 QLedniry BRI e RE WSBHEN
for vaccine efficacy study. To assess candi dat e
vackillvegefahil é@uymlc@rsuupﬂngﬂ 148 8whagk aﬁbebrdethalaélakl@lgsh Aalslbodles to

ChCERbEY REGRath Y 1 ik Seiraiee ety BRRY . JaRte Ry thicacy

St bﬁtﬂ&va%n?ﬁ%\ral%&ﬁ bzré gﬁﬁngh@é&a%&lé Sraerliadl @tios of the
intraperitoneal ly wt virus in 100 m of

5 PBSaCCIlIt?éfM grewps mmmmmm@msecw@trgi genpf dercased girxival,

le<CSf' FE!.St%a]e rergbaggv %?Bg ?(@E\l@/ D%g{éo gé)@(ﬁuc(%lo% o%ﬁnce
VI ﬁrﬁi@uate@mﬂﬂaa @ﬂldﬁ@té’\bdcdmb)é@@or@EMVd %@lﬂodtfdﬂigro@ &ndlaates a
weeks old. Mce are bled to determ ne virem a [ evel

an PRV Vegsinsoraadidete spisable oy furthar tessingi Aotiycragsedn survival or no
|
o R Va6 b b e

10 unpadgnoedtiar efficadyttatthe DiftNAé nastine dediydteat i on, 10%

15

wei ght | oss, or signs of paralysis are eut hani zed
i mredi atel y by overexposure to CO2 gas.Blood is also
collected prior to secondarjyd iy zation, |ethal
WV DEN chal | enge, and from m ce surviving 21-28 days
after lethal chall enﬁeutrMIng@dltﬂmdy:AsE}EN or VWV

t th det
P ot cct by Pl ES I RR e S P Sng Wyl anihody response

CORPBENWInYdciiBilof WIS vRis SHinktad dkinkatgl ffeqbdidien
vacci nated groups to the non-imuni zed control group.

| neeeedigatiangsyay@RN ey imasagsteinmentased @cwéltahzaﬂon assay.
i ncr eas -
i nocul as 9%1%{% a cageg%eg bf?g%(e\}lg%g]zlﬁ létggl Ocdggs bé’ S%gmtl dllutlon

CORRMNIL. - 0QPpfiudiVCRIEEN aiEbMmeaCed widd 650 CDENV és 1ncubated with
suitable for further testi No i ncrease in survival

or S¢ig &elcelrdéa@éwnwf/hlqaémaaﬂ‘f@g@ﬂe¢56c‘€>ﬁ‘if inuggspserum specimens

20 no Vé%‘f‘ o th %&@k-s%ﬁ”ﬂ&t&%k gt% g?c’Cél‘Pﬁ 1np[{s?ﬁee§ﬂfu¥§plates

25

30

vaccCl he can
Neud)lltallnlngl agnAnthtocholAss afySero cells. Following 1noculat10n, plates are

incubated at 37°C in an atmosphere of 5% CO; for 1.5 hours to allow virus
adsorption. Plates are rocked every 10 minutes to ensure the cell monolayer does
not dry out. After virus adsorption, the cells are overlaid with 0.8% agarose
containing balanced salt solution and Ye-Lah medium (10 g yeast extract and 50 g
lactalbumin hydrolysate per 1000 ml water). Plates are incubated at 37°C in an
atmosphere of 5% CO; for 1-7 days. Following this incubation, wells are overlaid
with another agarose overlay containing 1.5% neutral red to visualize plaques.
Plaques are counted the following 1-3 days.

A reduction in the number of plaques in the cell culture inoculated with the
virus-serum mixture as compared to the control culture (cells incubated with virus

alone) indicates the presence of a DENV neutralizing antibody in the serum. The
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Thi s exanpl e descri bes net hods of assessing

neutralizing anti body response to DENV infection or
WORODEN7YT rus chi meras using a pl aque-reduct i oPCT/US2009/041824

neutralization assay (PRNT) or inmrunost ai ni ng-based

neutralization assay. Serum sanples are tested for

neutralizing anti bodies by serumdilution PRNT. 60-100

pfu of WWDEN virus chinmera or wild type DENV is

i ncubated with serial 2-fold dilutions of

heqtuttda ol aYlﬁB&ﬁr tﬁépg i QHifR8 ATHRUL ARt SBIH R ISRGEhTRR uces the

overni ght “at The virus-serum ni xtures are

i nocmbert @diius ptalqss&m thetestne5(3h at e®rcont ai ni ng a

mocul bt BTG YOO sty bt aphesch hap be measured by an

at RsRRedtan tﬁ%@cﬁ@uﬁrﬁﬁza&oﬁ aBQY! The GnchddAWidéinfibd to the PRNT
adsorption. Plates are rocked every 10 minutes to

5 engther une thestep n’bﬂmsaanélbO@bo@ssomlpn@weB monojsfyeiein a cell culture
vir he rlab
ag gpa% @dvgglif?t él nia}ié‘%b ancgé v ng )eﬁlt by 8 C%aznlac%a-?qfa%nmad of

ros ation
e dietinah(ch€digmyeiats ﬁga@d&feb&@ﬂa}ﬂ mlquﬁlcbugufeaﬁ&cahﬂnwmnﬁbdlum mixed with
hydrol¥sate per 1000 water). Plates are incubated

PYETEY inRdAse i 8}6@1@% %%)@eg thevirgs arbsaﬁst@n Medium or the
Fo lAvﬁé@l ngrfa? i$ redn B AL Ofbsir ncﬁba@fo pg%ﬁ tgd2V31 &a&a) and cells

anot her "agarose overlay contal ning
10 vi sredivicdevigl agtoms. DREINAG upsSbaiie au:mrhteddo tHa:e:eﬂ pldtewiong hour at

1-3 _days. A reductign. in the nunb pl aques in the
ce§7 @uﬁ@tﬁs arg w@a@ gt“é‘bes\XP fqmqw@ ang@P iss-nd clgraical or
as f1GeRRANE fort antt&ﬁsee&mawmﬁ)eh& W RIEE R ths gla@@g&%%h@%ated for

with virus aﬂone i ndi cates the presence
nedf68lminian g7 €nt Tlm)wnmrostahm:dsews ioci Tm‘éme‘i.nticeiloivzrileryg)lates can

an ibod tijter is.i fied as .th hest se

bt e ROiAHER cadueb e tRE abiiihg fov i S pgriment, the
15t heirhiestighy pRaieQrin MR Bifectdd RAG LA KB“mE@uPeBMEI A8 ader.

neutralizing anti body can al so be neasured by an

| mrunost ai ni ng- based neutralization assay. The method
is identical to the PRNT a§§%¥il€?0to the step of
Vi rus-anti body absorption on & honol ayer in a cel

cul ture pl at Angibodeldross2Rexdivity of Chimletic Fvidiouyes! |
plate) at 37C CO2 incubator. |nstead of Ye-Lah medium
with agdhisaapplrdesgibes mpghads fon defermintaaredveioon ofeuitigady

20 ][n % S- %atchv ﬁ)é fof ﬁEI\?\V r@%lﬂsslnﬂg&jiﬁg 859 of Itﬂgreoélhn%'h Acid

OW ng t virus absorption umor t V|ce
oveubsaiyutioss.r enoved after desired incubation periods

e. 2- ells are fixed with acetone.
(DEN% anﬂ%ag\%ﬁé@%&a@d@ae ponelydingane op mgreammgracid
hOHﬁbs‘eﬁun%KQ is E’Jgﬁ%ﬁ%d %ﬁl?er‘??%ﬂ%é’ﬂ(ﬁl S RS Wit aNETPMEN virus chimera

unbound ant’i b and em cal
encoding a DENV E protein, or by recombinant productlon of the DENV E proteins

25  (for example by expression in mammalian cells, yeast, or E. coli). E protein antigen
of the WN/DENYV chimera or its variants containing different amino acid
substitutions expressed in the chimera-infected C6/36 cells is analyzed with a panel
of anti-flavivirus mAbs by IFA to determine mAb end point reactivity of the variant
E proteins. Briefly, infected cells are fixed by acetone on microscopy optical slides

30  orslide chambers. Serial diluted mAbs are added to different wells of the slide and
incubated at 37°C for 1 hour and unbound mAD is then rinsed away by PBS.
Secondary goat- or rabbit-anti-mouse IgG conjugated with FITC is added and
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fluorescent conjugated secondary anti body is added to
the plate and incubated for 30-60 mn at 37C. The

WO pvandEtai ned virus foci in the Avicel overl apCplUsi0e%041824
can be visualized and counted. In the case of using
liquid nmediumin the experinment, the viral antigen
produced in the infected cells can be neasured by
pl ate reader. Exanple 10 Anti body Cross-Reactivity of
Chineric Flaviviruses This exanpl e describes nethods
f Oincflghien 1 7 TRAHELILAHL Mk nAL REEYinGRORTNL G Lhiid s
for DENV E proteins iIncluding one or nore amno acld
substjiigaies is msscddERby EBSr dositive (wallb aretdepoetadrbyi fhmiresdenmtg
one .or nore amno acid substitutions) is expressed
ei THEPSESi nfection of cells with a WV DEN virus
chi mer aA@ﬂ%ﬁ&ﬁkfﬂ% PurlPRMV R/ DERNEiFus sﬁ[‘md@é@ dr€ @@ﬁ%a #&hative form

production of the DENV E proteins (for exa

5 expy @Sf@btnfnantmDEﬂmvéyqlqml @@lhosiy cy@a pn EMSfEnPaé@l )1yhe Hprotein
pr 91% td] Vd@ nthgfw g‘ ryl\!:\{/es atc.a l% a]tEE{ %’thV apralngln S mouse
con al ni ng I ren m no acl %’u% 3{ I oNns

ex Bﬁt@ﬂ%eﬁlru@niﬁhﬁ t6 detaBhiae nfie §ﬁ(ﬁl§blﬁﬁ/e&ﬁw@t9|o|f $hel vairiant viral
anal yzed with anel of anti-flavivirus

| FA
t opa@wl@ﬁnﬁOH@ngﬁﬁ@n@tqy@ i pif Roehuierdr ¢i. Klﬁrelrogr Réo: %%l +&nk998). The
prBEu’?él B?the%ﬁ Lﬁ’mcu{d 39,1“6% 185 ﬁ &l 15%%%% Bof‘ 1D-2,
on"m croscop sl des or sI| ers. r|a
10 di AsSdl, riﬂd@ ?:\,rlél%d,dbﬁ-lﬂwﬁiﬂﬂ),f[emaﬂt 2M&,I 930K, 3HE, i, 8al,
and mciﬁg ed at 37C for 1 hour and unbound MAb is
t h&nd/py away by PBS. Secondary goat- or
rabbi t - §pUIDIER %ﬁﬁnér&@n&%i %@ﬁr%%ﬂ‘&zérﬁn% th HaSe ?élﬂ@é’d antlbody
andi ncubated at 37 for bi nd the nouse
t heroagkdas{ivignaay hb o&miofoc dlragmg‘»ast <B°§eccs1dmynf%fdv1ufsﬁnibytlon w1th a

i Breaap e FEpiEe PP 1 T BN RERY G gt as in a PRNT

15 paﬁﬁs‘a%E ﬁes@rcﬁlrﬁé‘%ﬂi aedlsh Be Mllided ih @TRAVRYru dfagh®id panel, which
anti - ycl onal anti body coated on ELI SA pl ates.

Th éaIEreéu@ﬁt @lsn‘ pasitive resulimandamhanasrihe sneed prdiaccpeacy of flagivirus
%P‘l% ed by ELI SA with a panel of nouse
avi'virus mAbs to determ ne mAb end poi nt
react|V| ty of the variant viral particles, follow ng
the protocol of Roehrig et al. (Virol ogy. 246: 317-28,
1998). Theicppidhe many pessibiperabedimeets teihirtithe priesiplpof the

20 o 8heo%p B chglie sty il R G ptirged gpodiments

8Ahre only examples and should not be taken as limiting the scope of the invention.
Rather, the scope of the invention is defined by the following claims. We therefore

claim as our invention all that comes within the scope and spirit of these claims.
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and/or 1H O WV DEN chinmeras including E protein
variants that have reduced anti body cross-reactivity

woregp9bas7used for di agnosis of secondary flavi vPETIES2009/041824

5
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infection with a particul ar DENV serotype {i.e. DEN,
DEN2, DEN3, or DEN4), such as in a PRNT assay. These
chinmeras may al so be included in a flavivirus

di agnosi s panel, which can reduce fal se positive
results and enhance the speed and accuracy of

f1 vyl Mhips diagnostics. In view of the many possible
enbodi nents to which the principles of the disclosure
may be épwimmhwhﬁdshmmﬂdcwmpmén@gnized that the

illustrat g n@ % %Fe onl. 3?%9 nd shoul )
not be fak&AU&S'q a}c pprgulefamppy 8 4 WEOTRT EHYBA. hucleic
Raﬁﬂﬁ renc&h@% $ COR6te andNRnl ikl %Potbﬁs dabiiare doRXodie region

aims. We therefore claimas our invention
alﬁbﬂh% asbide viais genenchand cope and splrlt of these

cl ains. V\%ec nalnrlycleljc a&pd mﬁelcﬁl gpgr%t)fj hnkeﬁr?or %egg bRl Wid

a first nucleic aci rrsing

NO ot o) Gndodlfti gt least Mpisitieh 6f apiNd p@(ﬁ@ﬁd}lnﬂgi ProfeiPfromel Dengue
and, non-structural proteins, and a 3' non-codi ng

re§IBNEIO8 a West Nil e virus genone; and a second

nucl ei c acid nol ecul e operably linked to the first

nucl eic acid nol ecule, encoding at |east a portion of

a pr M pRofTée chamda & ¢aiod &j whdreianhaWostyile vivuy gesiome is a NY99
genone,. 2. The chinera of claim1, wherein the West

N|I ﬁ%P@@é“ﬁ%ﬂHﬂ%gpgm%3NY99 West Nile virus strain

genorme. 3. The chinera of claim11, wherein the Dengue
virus genone is a Dengue- 1, Dengue-2, Dengue-3, or

Dengue- 4. Jénohmerdof dmen thvinereia thf Deh@icmiris gaweneisa Dengue-1,

th viru rises a 16681 Dengue-?2
viiﬁ@ggggj?%*%%ﬁoﬁgﬁmggwfﬁéyeﬂﬁnera of claim a1,
wherein the second nucleic acid nol ecul e encodes at

| east one amino acid substitution in the E protein,
wher ei n4t A&e shivaars pliglpion i weareiagks Dongugsyinus gerome comprises a

" eRkGabL A Aifus BhAWFoRkze OF stability in cell

5. The chimera of claim 1, wherein the second nucleic acid molecule
encodes at least one amino acid substitution in the E protein, wherein the
substitution increases virus titer, replication rate, plaque size, or stability in cell

culture.

6. The chimera of claim 5, wherein the at least one amino acid substitution
in the E protein comprises a substitution at amino acid position 64, 122, 186, 203, or

a combination of two or more thereof.

7. The chimera of claim 6, wherein the at least one amino acid substitution

in the E protein is one or more of K1221, S186F, and N203D.

8. The chimera of claim 1, wherein the second nucleic acid molecule

encodes at least one amino acid substitution in the prM protein, wherein the
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6. The chinera of claimb5, wherein the at |east one
am no acid substitution in the E protein conprises a

w@eeetis47ut i on at amino acid position 64, 122, EGBUSR0B(41824
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or a conbination of two or nore thereof. 7. The

chimera of claim®6, wherein the at | east one am no

acid substitution in the E protein is one or nore of
K122, S186F, and N203D. 8. The chinera of claim1,
wherei n the second nucl eic acid nol ecul e encodes at

| e 355N ABR G FED ?é#htc&ﬁdn%te' Plaﬂ@@m% M REBHS v cell
wherei n thesubstitution’increases v s titer,

replltwati on rate, plaque size, or stability in cel
culture. 9. The chinera of claim1, wherein the first
nucl ei ¢ acid nol ecul e encodes at | east one am no acid
subst i t gt AR chit @6 AhinkPI®h@EintthefiROAn@SiE YEHWidtkcule encodes
proteins or the C:proteln wherein the substitution

| netleas @sc ginmesacid Wrstltutlelp in enstarevore af the nohstfyetusil pegteins or
Io:] f’msg%oltelf‘loevgheri%%her%u%u ﬁ%lﬂrorg }nac?eafsgseqlréur“s%‘%%srel 1(é&§1egnnvtlte:rgelaque
ankize, aGtabiliyRstdll dlliued) ot Sedeastdiptdctivity aNmsgjueeted
fromthe group consisting of position 49 of

non-structural protein 2A (NS2A), position 94 of NS2A,
positiony2 t :

a conbl%gt?%%Q%PHEm%ﬁ%%ﬂﬁ%ggﬂ%ﬁgﬁgb ]ﬂi%adfﬁﬁﬁﬁﬁuﬁggg

of sallsaturiohG¢levtheé frenmtht lzeoupriongistacgy af pesdsdn 4Udf ram-dtSictural
one or. re of NS2A 149T, Fo4l , nd NS4B T241 :
12 Profsi 2éri msﬁaqna%ﬁfﬂﬂ'\g G081 2R Of P9 @t%%rﬁiemetem 4B
acisig), gk %oﬁ@fﬁ@ﬁbr?@ﬂv%%r'r&%tth&&ﬁ nucleic acid
substltutlon In the 5° non-coding region or the

3' non- codlng region of the West Nile virus genone,

wher ei n ﬁ substlt %lon creases Vvir.us t.it

repl i cat fontf SPECrPERn LT FUCH theamind poif Sitiggian is one or

CUlddié 85 NOPAJEST aSES FOMN eal ING4RY T2 1Mosqui t oes. 13,
The chi mera of cIa|n11 wherein the second nucleic

acid nDIecuIe encodes at | east one am no acid

SUbst 1481 80 ikl Do B RO Sl DncilBE BLDNRS, SUBBId e

E-protein exhrbits reasur abl y re uced

Cr osmpfi€sat icustlopic nhédlcic Lokl subktivetién @fthe b andan- do'ﬂlngl\ﬂ:gfoﬁl dt the
the at | east one am no acid substitution in the E
pr ét@inrfmémﬁﬁg@é &f theW s tYifeurius gereme iy hisgein ghegsubstitution

po?ﬂc‘féaggk viflks tlﬁe K 13’&150'11 %1% plaiu?b 31zegBr aﬁﬁgan&?fl c r‘Eulrgfor

two or nore t 0 av ng
a deabskcindaiticitg @gmenqeatosel ected from

13. The chimera of claim 1, wherein the second nucleic acid molecule
encodes at least one amino acid substitution in the E protein, wherein the substituted

E-protein exhibits measurably reduced antibody cross-reactivity.
14. The chimera of claim 13, wherein the at lecast one amino acid

substitution in the E protein comprises a substitution at amino acid position 101,

106, 107, 108, 135, or a combination of two or more thereof.
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the group consisting of SEQID NGs: 1, 3, 5, 7, and

nucl ei ¢ acid sequences at |east 95%identical to at
wo e@st3one of SEQ ID NGs: 1, 3, 5, or 7. 16. TPE&I/US2009/041824

chinmera of claim1, having an am no acid sequence

selected fromthe group consisting of SEQ I D NGs: 2,

4, 6, 8, and ami no acid sequences at |east 95%

identical to at |least one of SEQID NGs: 2, 4, 6, or

8. 17. A method of detecting a Dengue virus anti body

in a safpl ¢n QMR SthGET ’hagﬁﬁg%rﬂu%leﬁgam&%h%e' sBRctel$rom

sanple wth a virus encoded the chinmera of claim1l

t o tfeogrowaconisrstisg sﬁﬁﬁQanNQs ulr é 5.i'heudihetléin gmd sequences at least

3??32@@%@#@1%¥§gﬁ%y F&gggéﬁf#%yrﬁéyge?ﬁ ‘cul ture under

conditions sufficient to allow virus replication;
counting pl aques, counting inmunostained foci, or
5 msas uri g Fhe ghimers ofdein Buevingantnene aid sequenemglected from
eﬁ%lo{l] t Iglesmrll :ng%Qﬁfe)vlgbg% %; C%E d alfnlno c%cP segugnces at least
vme_m 1aeralo_dle©raea@@t_ dnR of SEQUITNEs: Df4, |6l aqgies, nunber of
foci, or viral antigen |level as conpared to the
control culture indicates the Dengue virus antibody is
present {kn : - '
eff|cac§vo ]ggggﬁngafa&%Engu %P?ﬂ%QQgggﬁhg?E&H&eﬁnnla
10 conyiyjedj cogaprisimgini zi ng a set of subjects with the

candi dat e Dengue V|r S vaccin wai ting ci ent
time for an CHHRGIES RS HMRE W ad\@%l@&%@ﬁﬁ%@

t hey R LRES-pldBesi@t i ng the subjects with a virus
encoded by the ghlnera of claim1; waiting sufficient
time for viremcalatinpn bus:d;ﬁptyblarrwﬁlokayﬂmeﬂa:lultUm with the virus-
develqg aggconparlng virema, norbidity and/or

“the subjects with a set of non-inmuni zed
15control subj efhBatipl 68 c&1RSulBE uRRe BondIG6H! sAERGenitd Bllow virus

the test
replication;

counting plaques, counting immunostained foci, or measuring viral
antigen level in the culture; and
comparing the number of plaques, the number of foci, or the viral

20  antigen level to a control culture, wherein a decrease in the number of plaques,

eeﬁl@pnﬁ@ of claim 1

number of foci, or viral antigen level as compared to the control culture indicates the

Dengue virus antibody is present in the sample.

18. A method of evaluating efficacy of a candidate Dengue virus vaccine,

25  comprising:

immunizing a set of subjects with the candidate Dengue virus

vaccine;

waiting sufficient time for an immune response to develop;

challenging the subjects by inoculating the subjects with a virus
30  encoded by the chimera of claim 1;

waiting sufficient time for viremia, morbidity and/or mortality to

develop; and
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virus, wherein a decrease in virema, norbidity and/or
nortality as conpared with the control subjects

WO pba3u7es ef fi cacy of the candi date Dengue viPQEUS2009/041824

5

10

15

20

vacci ne. 19. A nethod of producing virus particles
expressing Dengue virus prM M and E proteins,
conprising: culturing a virus encoded by the chinera
of claiml1l in a cell, wherein virus particles

conpri sing one or nore Dengue prM M or E proteins

are produced, 015:1 r%tcxl%]lfe‘ﬁﬁa %éﬂ’ép(ﬁfy%ﬁ%tmcfrfaﬁ@ dtBe %J Lets with a

cul ture contaln e chinmera; "and purifying the
vi setof pan{lmuiuaszeﬂ mmtml hebjsclp@«rhmltlmnmot 12®n iWocuiatddewtth the test
acid chinera qur I SI Nng: i nuc id no

c ok SYHRE 18 2 SeC e 1R SHFRE: ];rl'@%l?lgﬁy SEeL Bodfi sl Pon St with

engRtonfio NQABjREsIiHEEMEQETRAGE SRS ean@ﬁﬁt@l)é’ngue QRu§ Q& .
region froma Wst N le virus genonme; and a second

nucl eic acid nol ecul e operably |inked to the first
guccl Slr g ¢ 2|C:q mret[%w? 8%' ducnrllgcg: g%l%sn]%rg élg | %p%sfsmg engbgglr&)sfeprM M,
Vi bhi$ EGeSents, comprising:
culturing a virus encoded by the chimera of claim 1 in a cell, wherein
virus particles comprising one or more Dengue prM, M, or E proteins are produced;
collecting a supernatant from the cell culture containing the chimera;

and

purifying the virus particles from the supernatant.

20. A nucleic acid chimera comprising:

a first nucleic acid molecule comprising a 5° non-coding region, a nucleic
acid encoding non-structural proteins, and a 3’ non-coding region from a West Nile
virus genome; and

a second nucleic acid molecule operably linked to the first nucleic acid
molecule, encoding at least a portion of a C protein, prM protein, and E protein from

a Dengue virus genome.
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