FLAVI VI RUS VACCI NES Background of the Invention
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nosqui toes or ticks. Several flaviviruses, such as

yel | ow fever, dengue, Japanese encephalitis, tick
borne encephalitis, and West Nile viruses, pose
current or potential threats to gl obal public health.
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worldwide due to a dramatic growth in its prevalence. The disease is now endemic in
more than 100 countries in the Americas, Southern Europe, Asia, and Australia. Two
and a half billion people, two-fifths of the world’s population, are now at risk of
infection. Over 50 million infections and 24,000 deaths due to dengue are recorded
annually. Dengue virus has four distinct but closely related serotypes, serotypes 1-4.
Infection with one serotype generally induces life long immunity against that
serotype, but only confers a transient protection against the other three. Worse than

providing only transient protection, sequential infection with different serotypes has
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virulence properties, so that the vaccine virus has lost its neurotropism and
viscerotropism for humans or animals. In the case of yellow fever virus, two vaccines
(yellow fever 17D and the French neurotropic vaccine) have been developed (Monath,
“Yellow Fever,” In Plotkin and Orenstein, Vaccines, 3™ ed., 1999, Saunders,
Philadelphia, pp. 815-879). The yellow fever 17D vaccine was developed by serial

passage in chicken embryo tissue, and resulted in a virus with significantly reduced
2



10

15

20

25

30

weaodshato2t he vacci ne virus has | ost

One approach to devel opi ng vacci nes agai nst
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| thyie mis¢e€otropism. These flaviviruses can be, for example, yellow fever virus (e.g.,
a yellow fever virus vaccine strain); a viscerotropic flavivirus selected from the group
consisting of Dengue virus, West Nile virus, Wesselsbron virus, Kyasanur Forest
Disease virus, and Omsk Hemorrhagic fever virus; or a chimeric flavivirus. In one
example of a chimeric flavivirus, the chimera includes the capsid and non-structural
proteins of a first flavivirus virus (e.g., a yellow fever virus) and the pre-membrane
and envelope proteins of a second flavivirus (e.g., a Japanese encephalitis virus or a

Dengue virus (e.g., Dengue virus 1, 2, 3, or 4)) including an envelope protein
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The invention provides flaviviruses including one or
nore hinge region (e.g., hydrophobi c pocket region)

wounu@tioszne t hat attenuate the viruses by, e.g. PCT/US2005/005949
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has had its safety established for >60 years, during which over 350 million doses have
been administered to humans, (ii) induces a long duration of immunity after a single
dose, and (iii) induces immunity rapidly, within a few days of inoculation. In
addition, the vaccine viruses of the invention cause an active infection in the treated
patients. As the cytokine milieu and innate immune response of immunized

individuals are similar to those in natural infection, the antigenic mass expands in the

host, properly folded conformational epitopes are processed efficiently, the adaptive
4
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Fig. 5 is a graph showing growth kinetics of ChimeriVax™-DEN1 PMS (wt
prME, P7), ChimeriV ax™-DEN]1 (containing an amino acid substitution from K to R
in the envelope protein E (E204 K to R), P10) Vaccine, WT DEN1 PUO359, and YF-
VAX® in HepG2 cells. m: WT DEN1 (parent PUO359), ¢: ChimeriVax™-DENI1 P7,

A : ChimeriVax™-DENI1 P10, and e: YF-VAX.
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Fig. 3 shows the results of independent RNA
transfection and passage series of ChineriVax(tm-JE

woi2005982020 FRhL and Vero cells. The energence oPCT/US2005/005949

nmutations in the prME genes by passage |evel is shown.
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Proc. Natl. Acad. Sci. el plOQElgh: 6986- 6991, 2003

usi ng the honol ogy nod re
The invention provides flaviviruses (e.g., yellow fever viruses and chimeric

flaviviruses) having one or more mutations in the hinge region (e.g., the hydrophobic
bocket) of the envelope protein, methods for making such flaviviruses, and methods
for using these flaviviruses to prevent or to treat flavivirus infection. The invention is
based, in part, on our discovery that viruses having certain mutations in this region are
attenuated. For example, we have found that viruses having hinge region mutations
have decreased viscerotropism (see below). The viruses and methods of the invention

are described further, as follows.
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(DS nodeling 1.1) from Accelrys Inc. (San D ego, CA).
B: Close up of the marked area in Awith K amno acid

A fromthe E—protein nodel of the nutant DEN virus
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|‘HSCFW§"°P1‘FWge regi on of the envel ope of a wild-type

i nf ectd@ifonal BNRGvirBesthat chiBe ARidlih thehfeatibrOidsudd ahe or
an i nfectious clone of another wl d- téﬁe Vi ruI ent

yiepsasilp-perpe flayiviriees, suphias Jeanser diverRbalitn Depgts (rEotypesl et
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h t /
e i BRTB: LB Tar E TRO Bl 2,
Vﬁ}&ﬁ&lbmnr(ﬂpll&mlsm argass, bhithe mpdacaftwumﬂ virg ih¢hese organs can

Ve e G P RSl B85 08,

dpedreRmgthd ﬁv&bﬁ‘@:rdpfsm of these viruses by mutagenesis can thus reduce their

abilities to invade the brain and cause encephalitis.

In addition to the viruses listed above, as well as other flaviviruses, chimeric
flaviviruses that include one or more mutations in the envelope protein hinge region
(e.g., the hydrophobic pocket) are included in the invention. These chimeras can
consist of a flavivirus (i.e., a backbone flavivirus) in which a structural protein (or
proteins) has been replaced with a corresponding structural protein (or proteins) of a

second virus (i.e., a test or a predetermined virus, such as a flavivirus). For example,
7
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vi scerotropi sm Additional flaviviruses that can be
used in the invention include other npbsquito-borne

wohensiogzuses, such as Japanese encephalitis, Bemgse05/005949
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(serotypes 1-4), Murray Valley encephalitis, St. Louis
epncephal itis, 0Ci 0

Vst N | Kuyhj i r hal iti .
o SRR paReR b A pacEhorid e (v YR BAT S ok whicn
Cai ipeMlanEB IORAN of the ERkEkrus hbe b&ineplacsd vatckebaM bid B,

Russi an Spring- Sunmer encephalitis, Kyasanur Forest.. .
DPeisnsef Eﬁﬁﬁ’R‘_’ﬂ‘ie_PFBtr‘PWéé‘?-%a § B ViFl (g aparese cnccphaliti
POMRS $286 N e Gird) br anOBREV @l Qi¢h akBMiSsH B8 mefMiGed o), the E
pr viruses; as well as viruses frqn1the_FEﬁ$C|y|rus
geietein plavhjch hasephinge iegiowmptation ps dorcbedthsesie Therdhipagic

h Hfssed %%e%%ng?l %l??’ éo%ﬂirﬂlftigﬁ bf Vihiee rﬁ%fe&%@?ﬂr% 'vir-tll-pfgainst

viscerotropli sm ese viruses may not cause
dybichmomiusity &s soughittissthe véugescofdhe ippagizd strudturel nrefein(s).
replicgtjo | FUS: I R, ik e
and 1 oGP ROaT Prol STl B IR YR RGPS ok e or
syietisventi@ertkagilioy fehe huinse ezweinespais Y BI 7D, irewhick itheupsiks

by nuta esi s can thus reduce thejr ilitie 0 .
ot SRRE T S et b SR i ePRbroleid SR prprein
t QinélB@iny b hitfe sndtitiohed dedefivel hedn Veflahothsr falvivéras, such as a
flaviviruses, chi r%c f& Vi Vi ruses that.ianudﬁ"one

o DERGHES T (A ERFsL> PR &) PRABFS 5B BRI e NG giFti St
( ©0is endePieallipsdi@p Mol PARK@hdepBdlRis ivitas, Wl & dthertfRAGivirus,

i nvention. These chineras can consist of a flavivirus

( Puck as ope pEthREsIEedrabaYs- Hor geamnle, thg-follpwime shimsgie flagiviruses,

PRI erd @Ep It Witk ARsicRe ¢ Ppd GRS E€BI1ibA(ATCC) in
corresponding structural protein (or proteins) of

a
s dbroptay Vinginie U.8.A. underdhg teggps of th Berlapest drsalirndisranied a
S UEihstdatd Pffgﬁ%lgl\é"k({,) 4598, cEiPbe EXA S iRs & R iAvenbaD

consist o one flavivirus (e.g., a yellow fever
v iGhiregrici Yellghw Béver hED/PengugnkypE 2pfiots éY%@EN--’-t AECC accession
fl avivi / it s
B SRS ORGS0 L PME E pti
ViSAUl4$-142-Viirps (FpEN A4 8; AREEHIvadstiph sumberSTCOWR:239H). eDetails

o Rt

r egérmﬂe,rimtmbﬂnatiomi;amﬁsmohb BATAENI03 394 el ROIN/HEHG/32821, and in
Vi tuses ca de,. y nmbi.nat i of. viruses.,

P ERa A OreRh Pud BB RErReRoh Wt oy 8 En,

| SefelRfced@tirifi én 0 ediifey.i NnSerted structural protein(s). A

speci fic exanple of a chineric virus that can be
i ncl udéd is motedaboyaauitatéens dfat igdndlyrpd i theivirpses of the present -

%?ﬂeﬁ%‘%ﬂc ﬁt\éﬁ[latg kHEW?mX&Go‘&', ag, &a%&\%isiﬂg th@l:r]\ZQBroiteriM! §Hede e
mutations can be present in the hinge region of the flavivirus envelope protein. The
polypeptide chain of the envelope protein folds into three distinct domains: a central
domain (domain I), a dimerization domain (domain II), and an immunoglobulin-like
module domain (domain IIT). The hinge region is present between domains I and II
and, upon exposure to acidic pH, undergoes a conformational change (hence the

designation “hinge”) that results in the formation of envelope protein trimers that are

8



protein and the E protein have been replaced with the
prM protein and the E protein (including a hinge

woub@toszmo as descri bed herein) of another fl avPermngsgs/005949
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such as a Dengue vi rus (serotype 1, 2, 3, or 4)

Ja ane haI Vi I st |Ie Virus,
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V Iréddptor—ﬁﬂ'edlatﬁﬁ eBdde§tosik] BMbMb fitSconfdibtichal @ABgd thelh&te®is are
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Fever Denglie I rus
aecids 6ind pomasretingMPGE» WHdLHIB)er fadviths eneelope Meteims)y can be

F E SAL4- 14- 2 YE/
BSOS A2 R e
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S TR R R SRR, S AR T d BB bRng fRerope
Chpeordie emirdtackl 204 & to W),f which 63 8RRy ddpRbic SRS, of tiatingf

whi ¢ch i s i ncor.pqrated rence herein . in its
eﬁ?&‘?"eﬂf‘ Chﬁ@eﬁlgﬁ?u"di’lé‘b? “&‘ﬁk‘)‘{}’ég hgret P%ﬁ‘}%ncteﬁﬁltse%démo a yellow

| F&JeH G viebto RBul ih Hﬁ&ﬁlaﬁkfn tAlg‘o sCHRAbel VI8 Bl @fcovery that
attenuate the viruses ., decreasing their

vitye Bbstitption leads trge §]éefﬁ"%ﬁnd{1 W&‘HW o dhesnaelapr profein, Hech

hig gidregiceN aPhydrdiRen bbRtihy bdthSentihé %h%?@pe%&kﬁiep andT%%ther in
pol ypepti de chain of the envel ope protein folds into

t Fhee‘éﬂ iyBe pratain ehmnmied and replpged avithansieinmamelegwldrintpipctions

diyf T A @dnRRs. 6 Dafdnbiati ANGsutbhe fr

[ m’runog?%bu I n-1i t(geborr%g% doma, n E}?isc])lrrgllg T F’)ls Sulizﬁletutmn ®

hidngte thesginow mtsraptncélsenlnlclbeltm@ﬂne dweiim of the grateinh fin e ghre-

u

e ?ﬁéﬂ%zm% RS AR 2, DL TEL 500

t ifesuirmf mh mﬁnblfan@wub tegestpedt Fhis discoveey thus hla)t\lldes anew ba51s

ar, v h fusi f v 1 a Y0 b
SRR G R PR, SPGB By o

e ﬂvel us;s;ltto) mc&asﬂntramokmlnmetemomém rmﬁtelhgdmbhdﬂiaptgkﬁt, teBding to

prot ei ns e in.the Nuner Qus

Cdutaie: Bl of flon hubeipuadifhoRins heshe et reg: b

i hgdrophobiy, pokkét, sxatditgao tthvantia,iifkdudSubstitutibdy mISI2K,

a - e Vi Rey et al., Nature

3%0%(1552%%’ ﬁ%@%&%gﬁ]@%@a Pﬁ%égg i no acids, or

cl osel whgdtiohi® tihtietBadd fh tHe hinge region using standard methods, such as
site-directed mutagenesis. One example of the type of mutation present in the viruses
of the invention is substitutions, but other types of mutations, such as deletions and
insertions, can be used as well. In addition, as is noted above, the mutations can be
present singly or in the context of one or more additional mutations.

The viruses (including chimeras) of the present invention can be made using

standard methods in the art. For example, an RNA molecule corresponding to the

genome of a virus can be introduced into primary cells, chick embryos, or diploid cell
9



acids (and correspondi ng am no acids in other
flavivirus envel ope proteins), can be nutated

weacoesrod2mg to the i nvention, and tested for PCT/US2005/005949
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0801 0 B A SRR s
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niitsantiad MedpanEdre’ SFﬂHﬁﬂEﬁEMED omitaining 7i56% lablese:mﬂues% hahan

one _ or .. nore e V r
PR R or A BNy B sBRar, HeSveb e, R Sroseg somimly
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o B e Th el e IR ity eSein & ARt ngreg and fmulaied,
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h gfekeARYiei tHe Edhéio yellow fever virus.

The vaccines of the invention can be administered using methods that are well
known in the art, and appropriate amnounts of the vaccines administered can be readily
be determined by those of skill in the art. For example, the viruses of the invention
can be formulated as sterile aqueous solutions containing between 107 and 107

infectious units (e.g., plaque-forming units or tissue culture infectious doses) in a dose
10



such as Vero cells (Yasunmura et al., N hon Rinsho 21,
1201- 1215, 1963). In this nmethod, a nucleic acid
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genone of a virus is introduced into the heteroploid
cells, virus is harvested fromthe nmediumin whjich the
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armaceut i cal Sci ences th edjtio

CHIF4P enhanes R mMURREERPPTH ﬁs’élFﬁCH&at vacme%ﬁs ths carpﬂsq be ysgd with

t W SR8, 6 (HRCATRIE 8 Syiru H&l%tefdbbﬁ@ﬁmaéc%alf@ﬁtﬁuﬂoﬁéﬁ%pw
M ni mrum Essential Medium Earle's Salt

c Ol caspl 2disvanfsseely aethe Rept-dabsle el &f# BB

O lert{&ibns &P ﬂTQ&bﬁb@&e& QS/ Q@Q{;Jﬂ'tst qh ad&iﬁ&? ‘é@l{es chdWRing dytbRERs

can sinmply b luted in a physiologically acceptabl e

s d1atieave ﬁdju\samé wtlaéle% e b igseste e thervirgsesr (Thas, geres @n@émg
bﬂﬁes 4fdn g@ eSF, 9X Y] q2 ltLhﬁ’» B 148, %n B ﬂlspﬁed together with

ni st ered and fJrmul for exanple, In the Sa

nr@cncngn argigen peney tol drermck ewe¢011167tnat\ra@&,ts pnegnhancgd imepyne

c ed. .suspe Iq

(T et SARRRRR ey oG8 AR ARy R oottt

i hfmgotak dr mir¢dsaltrésporsgs.rer i ¢ yel | ow fever virus. The

vacci nes_ of the invention can be adn1n|stered usi ng

met hod®! theeee afrdengie Yirusmggipst which gptipal vaggipption can involve the

gmemllo@hﬁmaﬂwgaﬁsml foli€o MBS BBRSscRstPbeR] thE BRiGRriE Huses of
e readil
the present invention can be used in the formulation of tetravalent vaccines. Any or

all of the chimeras used in such tetravalent formulations can include a mutation that
decreases viscerotropism, as is described herein. The chimeras can be mixed to form
tetravalent preparations at any point during formulation, or can be administered in
series. In the case of a tetravalent vaccine, equivalent amounts of each chimera may
be used. Alternatively, the amounts of each of the different chimeras present in the

administered vaccines can vary. Briefly, in one example of such a formulation, at
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be determ ned by those of skill in the art. For
exanpl e, the viruses of the invention can be

woanisszaRed as steril e aqueous sol uti ons cont aPaQTmg2005/005949
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bet ween 102 and 107 infectious units (e.qg.,
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adj uvabetails dfithdiclasaclegizagion oQBR K anpile ‘ﬁhayrhutdﬁlcfjﬁ]ﬁt:lmdﬁl in the
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residues can be substituted with, for example, arginine.
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all of the chimeras used in such tetraval ent
fornmul ati ons can i nclude a nmutati on that decreases
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can be mxed to formtetraval ent preparations at any
POl yHeritidhial fedudfsul ati on, or can be adm nistered in
seri| els. n € case of a tetraval ent vacci ne,

€ G : H ] : R : 9% o
AlNiffaBah i vel y, the amounts of each of the di erent
chtmeras present in the adm nistered vacci nes can
vadupmapy i ef |y, in one exanple of such a fornulation,
atl eas .fold Jess of e dengue-2 chinera (e.g., 10,
50, 10 ,"%E‘b"él," y8b°‘% C%G{@"Jla%%? © qngerhalids ¢E) vacripe t o

t l€hiateli¥axWHENBaRSonstittédbPinget BHPb Bhe bl FARRMYrin @fe
thﬁ dengx]?-s i4 gengue-S, and dengue-4 chi neras can be
eJUFRAIFE N Sof L4 voestp. sty wmiron fllrlenstapN4, clerisef YF 17D
avinugFsbe NTFBEUBeshs ﬁlﬂg/ (PRhﬁf&ﬂH fEd]to .reﬂ%gﬁieﬁ?e &ea small-
decreased as well. For exanple, In additi 0 usl ng

| BLYUYERY serianggiapinek Mat>Lesaming a¢id nuitdtion ot B279, heverting
dengrsidud G iR 2 4 £ Broy thd Qrild 290, or. 500 fold
| ess) can be used rel atit\l}é%lg%eea]nglg%ﬁ%g'-Afll’ﬁlﬁ%Vlruswasalso
d epRyiactal bshiitgwlitgeted mutapeests. Thé LW memsionfs lodaged in a beta-
denaua e BT . o0, . 100, 200, or Q fold
| ess) can & Ig%lgfﬂé?%iplr (\;/tgmt vovgicﬁ & r&%ﬂ%f}glpﬁoraarég‘dependent
d ey orananonsh Phrepgadyringviras perenatiobfrémltst dndssonef infohBe

d - n -4 chjnmeras can. be used relative to
h Egg@gsr%%%ﬁgntgﬁfzﬁ?}éeﬁlain }I}deﬁwggtetraﬁgﬁe?tfoema%gQ studies in FRhL or

d&siorcalid, equtdtions gppearpd mo st feqdenlyda hthgt BEbAMALGy Bhino acids
anount s of dengue- 3

d - chijnera rel ati.ve to the, )

RO B 2t DEER bR nshifly i Gisopiiormlbmparatiresion.
dEbcE2 Wadvediradansdd sip@ifidaRCinb@est ih RedrBEridicBBE Jetermined by
%{) i | S of ‘t@rtl] . characterizati on of one exanple .ofe a
P30 PV Gigetpotion ip Rucilgmies &1 bulistepetisteayris raus
poshlteyQ m&z@omienﬁihﬁﬁhﬂ%oﬁﬁﬁrﬁ_ﬂ% 6F Rsffs v@thyrﬁ‘&h%% the
fevgé.ég\]a anese encephalitis chinmera, are provided

b&° "5 SEP JOPTaR I DRPY forap tidettiagiof flevizer vicrige

yehliidited RY 86k SIPIAE Met879qR REL &V as delritdlh %hqgsn ?&%o

Vi r usﬂz{]vel ope proteins incl'ude one or nore mu RtT ohs

t RAEGER Feplisdiopin mepksys.qisi viramia andentibasly demslsgnmafkesusth a
bk dt@Pismb Werel syt RantRl redfStal 41 Qf nvel ope
pr ot ej npof ) der?gsugzl- T g'érngueflzal,s 9%?8%%%%%2?9?\4%?’"{1?%

| ysine at position 202 of the envel ope protein of

dgmg@m;’d which is two am no acids shorter than the

enve qlgje proteins of the other dengue serotypes, is

subst ithas@dy ef chite¢rest vimisesThais sffbyded new dRighBtntof B molecular

Y &Tagal ' with argi.ni ne. Ot her residues
near eﬁ\rlu el?%ggﬁdaéﬁwn‘% 9%&8‘%% r%%rovﬁlg?ﬁ?)%wielﬁ)ﬁ’ment' or example,
molecular clones of positive-strand alphaviruses (Morris-Downes et al., Vaccine

19:3877-3884, 2001; Xiong et al., Science 243:1188-1 191, 1991) and flaviviruses
(Bray et al., Proc. Natl. Acad. Sci. U.S.A. 88:10342-10346, 1991; Chambers et al., J.
Virol. 73:3095-3101, 1999; Guirakhoo et al., J. Virol. 75:7290-7304, 2001; Huang et

al., J. Virol. 74:3020-3028, 2000) have been modified by insertion of structural genes

encoding the viral envelope and determinants involved in neutralization, cell
13
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dengue-3) can also be nutated to achi eve decreased
vi scerotropi sm For exanple, any of am no acids
conmbi nati ons of these am no aci ds eamnuse05/005949
nmut at ed. Specific exanples include the follow ng:
p03|t|on 202 (K) . and 204 (K) of dengue- 1, den
aftRChR AR SN, SRE nElizatipy. iﬁ?ermca%m o these clelmfgwlruses is
des@dfe oy %@@&mﬁg&uﬁﬁm @Sn-éétﬁﬁé ﬂeﬁﬂhﬁ&p‘fés&é& byftRE
exanpl e i ni ne erimental Results |

Fear@rtﬁlﬁ’gplan\@bl&;e thngeis e iprqtengrprRehadonee Benss ﬁff"fé Spﬁ»%@ve
8blo 1§P£Hh c?étnlééc% ?5 E‘ng'i'iﬂe?ic YfthdeQWel deMeBhined by both

panese ncep vaccl ne i
( ﬂaleudnmn avdxecipignt JiE)s grass. cﬁyrpstnpadn@ corisiyudtnwih nideptige

86889 d&{ : eglcc%ssa}c]% s ﬁ?e td r?g'éx{le% m‘é O%Bﬁlg tdS ﬁ{g%eét %Lﬁ 'ﬂ%r_fu&c}ilsnal

Vkdlessof ikdind Suind) @minio aéldtrahduehmsmmléma gnd &thbgtionel | s | ed

to the_energence of. a snal ue, vi.rus c i ni a
L ot CUREE  BEne ol GIR LRy PS8 B Bl fes
t Iﬁbgl dh%&bﬁid%ldfsfrﬁﬁ’mma ﬁaél)dofllélpa&emenbémamld (dﬁwlﬂetaam no
acCl sSsimil ar us was al SO CQ structe [ . .

s FYanigation dtag alaﬁwfléb%wées?fsw RO BI GIYATORE &*aﬁy iftiguished the
| egaluedd mv@ustfe&@ﬁhﬁ&{t Wild- ng@IE'Nhﬂl@yahﬁgdlﬁ@ (&fro3d &L, 7.

protein, which is responsible for H dependent

cMmobﬂﬁ&%@ﬁ%ﬂoeﬂa%%vw?n%éa%@ﬁsu*ser 1@?@ Y TEyRItiRg 63ah

t %‘ca‘ﬁ%ﬂ Qﬁgg%r LOLRsdr bR Y AR ReGhendd aﬂdﬁe@&ﬁlﬁﬂn%ﬁk kffects

I n 1 ndepe t transfection-passage studies in FRhL or
Venocuotindenont Ao Su psaneinpbby e e ajgenehy e o v
hi

e S R e

| byt AtetuateigieiTeveThiensER Or 4 @seiusas veregeqisted tarestore a

o Pt R e R e PRHB L el Ben BB CTLAER

bymy] e\acﬂempabﬁmd}mgge ih Nirolbasusithb i éyammaﬂaaswdndnng after IC
sensitjvity and conparability of results with nonkeys,
tﬁ‘é"cglﬁﬁ?éhng nouse is an appropriate host for safety
t est i nth @flerftd axtlote futtherthe ﬁlnn&omﬂmie dathe £279determinant, we

oL S JDeE210. LR LS NS LSt Lot D

Viabi#ifibSto dfebe 3ndebulily id Sviding nfit@ ﬁﬂ&ﬁﬁnlﬁafys IC inoculation of
Vi scer ot.ropi.sm re signifi can%IﬂXVlreduc d _as,.conpared

t ke 1wt1%ql¥ ped aga, e P’E‘ﬁf vIirus an other live vaccmes, and

quantitative pathological examination of brain and spinal cord tissue provides a

sensitive method for distinguishing strains of the same virus with subtle differences in
neurovirulence (Levenbook et al., J. Biol. Stand. 15: 305-313, 1987). Suckling mice
provide a more sensitive model than older animals, since susceptibility to neurotropic
flaviviruses is age-dependent (Monath et al., J. Virol. 74:1742-1751, 2000). The
results confirmed that the single Met—> Lys amino acid mutation at E279 conferred an
increase in neurovirulence. This mutation is located in the ‘hinge’ region of the E
protein, which is responsible for a pH-dependent conformational change during virus
penetration from the endosome into the cytoplasm of an infected cell (Reed et al.,

Am. J. Hyg. 27:493-497, 1938). Importantly, the suckling mouse was shown to
14
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The study of chinmeric viruses has afforded new
insights into the nol ecul ar basis of virulence and new
For exanpl eCT/US2005/005949
nol ecul ar cl ones of positive-strand al phaviruses
(Morris-Downes et_al., Vaccine 19:3877-3884, 2001;
Xpigdigt 8¢ srulencsprofile thesss meggys: 1Bpsed py dhe)defgstion of a change in
f h&YMﬂu[éﬂé@&n&@Feakb @goﬂ{ mutaP &P% phBpdse ﬂﬁ?@‘l@ su&ql'ng mouse is
S. A 88:10 -10% Chanbers et al
\falr mprowlate:;l@sﬁomfmy testD 9f ﬂ@mﬂrla rAcong Panéldates Jor Virol .
731%§%%m 04, 2001; Huang et al., J. Virol.
74 28, 2000) have been modi f i ed by insertion of
st r uct Wheé exfenesg smucwdilegee! ﬂne E\ZV  alutgivneppgedan tiave the
volved in neu n, . . :
cgﬁ’H"é‘ﬁ ﬁ%ﬁ%‘fls"f’%@?‘gﬂ as%eés‘w‘rﬁ r‘ﬁ%ﬁr‘?aﬁ%‘l Yigspia gygantibody
I e9pdnS@ini richkeys, hdresied @hrkee bf thiswitallsal (Wang ety DIGeadviyl.
non u ral _proteins and the non-coding termn
egﬁiéggéggbﬁwéﬁe parental strain, while the structura
proteins fromthe donor genes afford specific
immunjty. The bi ol ogi cal characteristics of chineric
vMeatpsigls agd Mefodsr i ned by both the donor and reci pi ent
Vi ssgenes. By conparing constructs with nucl eotide
sequence differences across,the donor genes, it is

possi bPevelepmentefdag ClimeriVae ﬁﬁﬂ?ﬂp@rb&gaw qening a cDNA copy
| gy Ltk %ﬂbﬁbge géhbﬁie P\?P‘i&*ﬁsnrh{ S8 dNirol. 73:3095-

attenuat i on. I meric ye ever (YF) virus
t RHL, 19850 o a@p@mlahlms pF MDD geemsc fs@'qblnm&ﬂ wartetfgopsgeted in two

b2 g eatdacile OF ARBRRERGL S RBNA b iy e st

ago, 66 hiptaamid MBS N ardifein HYG+&0Bé d)lahmdafﬂl\éﬁﬂ)at@dedi&ely.

Vv EP‘?J Ze)? gﬁqocﬁﬂﬂélr {empfrates\y(e\#\é ogeglert?%a §§ 111 g@ BT?nat? ﬁeestnctlon

v ifa grha@ncderfvad fromshese plesnidd, | YIE skqbsh des methin the Y&IV and

ol RSl b BrmiRy By nrpred S A D ovE o

f edquities) gesattink tin fii @éhetalt‘leﬁ? of ‘ﬂF:EGi IWYJR (heMH-Er) ﬁﬂi:YFEbmJE (E’

{ FEPlihr Tt Bl gt Frd decy e rouaeiLRaY RatFHT b v

abhdnuctaes N dnd Bs\jyﬁ'[ Shpispraste fag@ierds WS ulgate@wmna DNA
required to restore neur ovi r.ul ent phenoté %&
was

otf&ase;j Y vap fh@eﬁtmmw eRZFMPE0 MLPW JRPICTIPERy

e pideaaerd a@Sﬁd}ﬁ&g&eﬂ Fl“ré‘risfe@{:lmlplﬂ'icf Rtaj-rﬁégusauﬂ{'@mt?
succunbi ng after I C inoculation. In order to explore

f Gelistygith ﬁlﬂéelfgw Aoreaperfesmed by elegieonoyatipng §t1m1mtﬁa §pntaining
V‘@lrﬁma%stgﬁ' 'W'H?x{ éﬁo Xtﬁ’fcjéfew &éé%%§e&@@fgegér£lﬁ}¢&£@) Allarified

his am no acid resi
by low-speed centrifugation and sterlle-ﬁltered at O 22 ym. Fetal bovine serum (FBS)

50% v/v final concentration was added as a stabilizer. The virus was titrated by
plaque assay in Vero cells, as previously described (Monath et al., Vaccine 17:1869-
1882, 1999). The chimeric virus was sequentially passed in FRhL or Vero cells
(Vero-PM, Aventis Pasteur, Marcy I’Etoile, France) at a multiplicity of infection of
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vacci nes, and quantitative pathological exam nati on of

brai n.and, s cord tls es a 1]
et R A gt E et Fen LS Pocefhs TEEREA S yes
\Arottbmswﬁbxlnexvénﬁstmeﬁtqe@mmy RIERWIBH R T hbBYC SR TRtater,
ﬁ% al . . Biol. Stand. 15: 305-313, 1987). Suckllng
prOV|de a nore sensitive nodel than ol der
animal s, since susceptibility to neurotropic
flaviviruses is age- dependent (Mnath et al., J .
Viitotirecra. magenasss1,  2000) . The results confirmed that

the siQgheclNBli cgl% ATLROVES LalibR B 1@%1%1@2]32979 was.

conferred an I n ase | n neur |ru ence. I's mutation

i gerlepatert tebligo-dirbated thitaggaesis zsgieecrlhyﬁ (Atreydeetpit.of. 8lim]. 75:934-
onf t]

CRika00 R, BRERS IR pRS R T PP R R S SR PR =

t gmecrygtotpframmudéotﬂes 1198 ec 2452 (Cetilia (eﬂﬂewnelogallm TOT7, 1091)

217 4 7, 1938). t ant | th kl
AR A Bhre RSP kB s
r heisgithe rIBTﬂSRMﬁer sﬁaﬂﬂﬁtéﬂﬁnﬂgﬁl@néﬁi EﬁE(Dl@ﬂteéP{ , PaloCA18)) @2 ) lafid
neyrovirul ence conferre n mu I ON we

BBt prrRs B 8 T RSP ndogRt PRt host

f Plashiak SeYe Je@chtdAticdks the Bvbyibd USvoraE Blal@e ©AREhEReS%as the
for neurotropi sm Wile enhanci ng_neurovirul ence,

t he
ESTEINSFERIATYIRION PTEEPR EPOBIPREFE thE2 Bhpbiationwes the tUbéhmed

v ﬁ%ﬁﬁﬁ@bES’/@E BIRmiA Mt BRENSSATEYA 006) Qqeeahywa@ ”Vﬁol%?ﬂ
anti bod ¥dres ponse in nonkeys, accepted markers of IS

VilBLFOF7.di0P D(uiae ghred¥hehand ERgl (Kasd) rogtricgpn sites: Avspgibpyzefifull-
19&1@&1 Dmtaﬁ& 54 Far %}gﬁ&/ﬁ%&%ﬁé{hﬁ %Sdeﬁﬂ)@h szlg)ﬁ&fver

he~Chi nmer1 Vax - acci ne ‘began by cloning a
c ENA @tnSfelqeorlet\terfecell& web baframed geing hipotctity FGibI@BRIL).us
(Chanmbers et al., J. Virol. 73:3095- 3101, 1999). To
acconplish this, YF 17D genom c sequences were
plepagdted in two plasm ds, which encode the YF

Peruenc e LTS Al e B 0B
YRivber2) tranlﬁ@fpﬁetc tivhs/pbkﬁbrmé?uk/tﬂr $WHpC@RAV§I§dTmaﬂ§cﬁ§ta§‘£(ﬂﬁ“)
gen e | 1.0 a i at restriction

7 ragn Brectrped dirs Brefaolebe) JRliee ey Roetrolivess
Wl(PﬂBinGget) hgd Mhg-PCR' (KV PR Perkin-Elmer/ABI). RT, PCR, and sequencing

primers were designed using YF17D strain sequence (GeneBank Accession number

K02749) and JE-SA14-14-2 strain sequence (GeneBank Accession number D90195)

as references. PCR products were gel-purified (Qiaquick gel-extraction kit from
Qiagen) and sequenced using Dye-Terminator dRhodamine sequencing reaction mix
(Perkin-Elmer/ABI). Sequencing reactions were analyzed on a model 310 Genetic
Analyzer (Perkin-Elmer/ABI) and DNA sequences were evaluated using Sequencher
3.0 (GeneCodes) software.
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YFMb. 2 pl asm ds were replaced by the correspondi ng JE
(SAl4-14-2) pr-ME sequences, resulting in the
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E) plasm ds. These plasm ds were di gested sequentially
with restriction endonucl eases Nne and BspEl.
Ap”&%ﬁﬂfsarwﬂrna@rfdﬁﬂ%owcé% ligated with T4 DNA |igase,
CDNA V\@ﬁgt | H635 @grevﬂef-fgml in %W?@atﬁgf Rloh@Wer cugcures of Vero

transcri on, NA was pro from an
p reeliro tAdter adaomﬁlgm eﬁwm ughg 8l powiicubdioalat YREs @hy delingere

d Gk ré!&e'ilhg{] e rde A rb@%!@ ARSecBR! S ﬁ?\%gg%dded

eIe ropora erna rning viru

h a;mwtemhgd Yinmtraloyd. o$mﬂrh+drlu&<ﬁrf platluamduoublsmut&dlzation tests were
cl.ar b

cIROTRY e st festlel MoRnt ey SHeER 1555024000

bOV|ne serum (FBS) 50% v/v final concentration was

qg S a st b|||zer The virus was titrated by

pl’aqlt @@5?” ﬁ Vero cells, as previously described

(Monat r&idps 8f 8 to 193EHAIVE Webk SRGER ﬂé@@rac&@ogﬁhmsm{%

chinmeric virus was sequentlall%)passed in or \Vero

ce@qr@ar(tv@i* AL Bwwers ptulate syt Mwa%lynm%ﬂl@ SA14-14-2
Fr@m}lv@{wamwbﬁsw&g Gmh )(dd%E 4loné %ﬁmﬂo of @Rﬂ&‘i’c’ik "f%@&

0.001. Commercial yellow fever vaccCi ne

welS'Lo thedi278 anvtatiomn Ap el guipbes o pyice(Wesr lnequllegred w1th YF-VAX®
Pas affttht. Matide ¥ (HRONAHGP fhe \78§% L PhPs1 d

Site-directed nutagenesis Virus contal ni g a
single-site Met- ALys reversion at residue E279 was

g go-di rect ednmut agenesi s as descri bed
25?%’%%%{‘@’1’9‘}3} . Virol. 75:934- 942, 2001). Briefly,

apl as W&gﬁpﬁ%& ISR ict {TRpnic Fatnzs) were@bsdmeed)through parturition
SA-% rwod%a gene reg*on fro nugleo% §§F 1108 to 2 é
( CARIFT IR ogteimfiters }fsy By e 19915 Tise frgagpulsiple
t Ghtpfsa)bﬁl \ﬁfﬂi’fm s |48 heldllﬁtawhladerﬁpbcﬂgmiﬁsarﬂomlylfedmﬂﬁﬁdcﬁo
er f or ned S|nq e Transfornmer sjt glr.cie .
O of i Gitgh e 10 SelRmosietesjC G ATHL of seria
0 | tblﬁdﬂ :dﬂhtﬁﬁnts bﬂﬁrds ragﬁfﬁﬂl‘éws& forRREs Zﬁlﬂneai arld de@th for 21 days. The
Technol oqi es an Pl a S were
sedyemesge g&?&&% ?tﬁaéedsé S%e)j eeﬂmoae (o plupshwiers grleudigd by
c hengethy@st fdae aﬁIMu&ﬁ:ﬁ r(mkrrm-nba&maa Bt al AVR&HHe0I:3877-3884,
enconpassi ng the E279 mutati on was then subcl oned from

t FE0 bB&myyariate gy val ¢l?ﬁlbutm¢wsreﬂqﬁd apdiopmpared bydeg rgnkest.
et al., Virology 181:70-77, 1991) using the Mel and
Ehel (Kas |) restriction sites. Assenbly of fulllength
A0S t r anscri ption were performed as descri bed

above; Tﬂ@%ﬂ]@e&’neurovirulence test was performed as described by Levenbook et
al. (Levenbook et al., J. Biol. Stand. 15: 305-313, 1987) and proscribed by WHO
regulations for safety testing YF 17D seed viruses (Wang et al., J. Gen. Virol.
76:2749-2755, 1995). This test has previously been applied to the evaluation of
ChimeriVax™.-JE vaccines, and results of tests on FRhL; virus were described
(Monath et al., Curr. Drugs- Infect. Dis., 1:37-50; 2001; Monath et al., Vaccine
17:1869-1882, 1999). Tests were performed at Sierra Biomedical Inc. (Sparks, NV),

according to the U.S. Food and Drug Administration Good Laboratory Practice (GLP)
17



RNA transfection of Vero cells was performed using

Li pofectin (G bco/BRL). Sequencing RNA was i sol at ed
wonrasosnRect ed nonol ayers by Trizol (r) (Life PCT/US2005/005949

Technol ogi es). Reverse transcription was perforned

| SAEGIoRTRIR b doh PR §De OdTH o Bl BEKL> RBFIcyRMpponkeys
RMR AR REE 'Eg%ceﬂvgdl 9 Eﬁﬁ%@)no@?%dn%@?@@ﬁ indiuRER

Per K1 n- EI mer / CR, and guenm ng prinmers

m@b@@é@%ﬁ‘hé@ Vigiass ‘ﬁl@i oFpuithouisthe Eﬂ? Megtleseuigtmanapdh AX®
AGHE ﬁ@fﬁ)ﬂ ne anEQ%?né} %)Ior&@gs thiei 4 ?J-rrc"l’ih{&al signs and

sequence ccessi o er D901

5 r eéaedasdgso SIPGR broghebd, ﬁ@mgh R-(high-pitthed vo@eainadtok, slow
gel - ext t|on it from S
9o R Po-Siirmoufiort R, RRNRRR RN
( Bantklity- tcEktﬁiﬁT hﬁnBIp)aralﬁﬁqdmthm Tigp dlieel scardoreack rrmnhé;ylx dob

on a 31 etic zer. (Perk El ner/ ABl ) and
Orocie B iTE il G oSy, ARt S ot B SR D S the
§ @ﬁtﬂﬁféﬂpld a%in sahd waraiuel agleel sfa&s@yw@md levely }wa& hléaduir@]ﬂafy
ests aque_assays were p rforned i ates 0

10 oierassssy BYefurds uyRe &8 1&%?4 @ gaz(? 5 és %ﬁ&afﬁt 1; Fpmals
A 'v&e‘f@elﬁﬁhiz&ﬂ é)@rﬁlseHWﬂh 1éo'&ﬁ1'ﬂbs@hhé35pﬁ)§det133(§d foll136ve@ Bl InSutral-
were overlaid with agarose in nutrient nmedium On day

4 buffersd Qi doraipking g P ORISPSiREEEF REEIARR iBignssm hwinal gra were
F @fed, %@thﬂeaﬂanhlgiaa&e wuml gam@aﬂlﬁ dN&Irbaﬂlla@y%@Lgsé@Ea Qﬂthe

t est S wer e per or med previ ousl y descri b Monat
etpresence ayhgeyprify of ms@sselg-vam anatorgsyl fowélﬁm% g ecntiggtiel

I o
15 n%%ﬁs ﬁ%fgta% g'e%lgr \I'a%ns’@lgrgq\l\%@@ %é:é‘l? g%er?ggllj qglgig él( I %Q%@t)ﬁclﬁed
30>erH©f(V\€ahg rieali, & Oda/ YEOISARALA9A735, (18R rer i Vax( tm-JE)
constr W h. P ' t
1Qy10 g‘%t%s——t Mm’r‘—_‘%(;gls ‘?‘al? o CQ%’%“E‘%&%%Q%“%“ A fa ?ne(‘ﬁ’njs
wanay bHervbangkdbeldstw t h YF- VAX(r) or di I uent . M ce were

oL R RS PO R S A one
20 V\@haqg@bsﬁbssaﬁ"eéth hetgdte pan be-third oﬁn&ulmnsr der to obtain
From mOERER eI TRPERD GEAnER o1 “DoBER D 1 PR
Weh&leR@Ofoed ondigfuseainflaiinytoryeisdes | but ed to
Grade 4: Overwhelming; more than 90% of neurons are changed or lost, with
variable but frequently severe inflammatory infiltration
25 Structures involved in the pathologic process most often and with greatest
severity were designated ‘target areas,” while those structures discriminating between
wild-type JE virus and ChimeriVax™-JE were designated ‘discriminator areas.” The
substantia nigra constituted the ‘target area’ and the caudate nucleus, globus pallidus,
putamen, anterior/medial thalamic nucleus, lateral thalamic nucleus, and spinal cord
30  (cervical and lumbar enlargements) constituted ‘discriminator areas’ (Monath et al.,
Curr. Drugs Infect. Dis., 1:37-50, 2001), as previously shown for YF 17D (Levenbook
et al., J. Biol. Stand. 15:305-313, 1987). All neuropathological evaluations were done

by a single, experienced investigator who was blinded to the treatment code. Separate
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arjotdagpkic mean of the individual clinical scores
Virema levels were neasured by plaque assay in Vero
cells using sera collected on days 2-10. On day 31,

.animal s were euthani zed, perfused with isotonic

sakasulés 50@cetic acid fol | owed by neutral buffered 10%
e L G e
galIocﬂ&ndmnwmbHF@EBAm%éﬁ@éCmaEn&ES%%Eﬁdhbynm¢mna1ﬁon1
PLRERSEL B0 MAPERY L LU0 MY AR P52
\Natt ars Mﬁleldi approtimateBaL001t iAsduédestiited belos] ﬁtg)atsh@ cswah&ted a
%grllgfe in plaque morphology, which was subsequently shown to be associated with a
T->G transversion at nucleotide 1818 resulting in an amino acid change (Met—> Lys)
at position 279 of the E protein.
Plaques were characterized at each passage level and classified into 3
categories based on their sizes measured on day 6 (large, L ~ >1.0 mm, mediuzn, M ~

0.5-1 mm, and small, S ~ <0.5 mm). The plaque size distribution was determined by
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I ight microscopy. Genome stability To ascertain the
enet| c stai?| lity of the YF/JE chineric virus, andto
se%ﬁ"e PrYPcothot spots' in the vaccine genone that are

sus cepialihlids envdtigd hRB andRdnhinBh®primates were conducted in
accordance with the USDA Animal Welfare Act (9 C.F.R., Parts 1-3) as described in

the Guide for Care and Use of Laboratory Animals.

Virulence for weaned mice

Ten female ICR mice 4 weeks of age were inoculated IC with approximately
3.0 log;o PFU of FRhLs3, 4, or .5 virus in separate experiments; in each study 10 mice
received an equivalent dose (approximately 3.3 log;o PFU) of commercial yellow

fever vaccine (YF-VAX®, Aventis Pasteur, Swiftwater PA). None of the mice
20
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siviras neasured on day 6 (large, L ~ >1.0 nm nedium M
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distri i?h@grﬁt FERSTIgSR IS g AUge 89 8@@%4 E8hhouryscapfpigmg the
FRALR sit8fdeRAKIBBED LYJ) btB2BOMs Abt6en Bl Stk 4108139 15 #04%4
S plaques. At FRhL5 (5th passage), a change in plaque
S V2Er @eé&%ﬂ@&}aq}wﬁh}ﬁ Hutating aeRrady ayirsens) 1of10
. A 0 .
B OBt g gty
srdpgio By thesASTof the HRberiis yagtherien (h¢3 daxsh tharfiat of the

VIFRUS, GiennstdRy.ed a single nutation at E279. The full
genone consensus sequence of the FRhLs chinera, wth

car ef ub seepndesparonent wes siberanentis perfoed & Yeyify gamticallydlht a
t t.hi ' 2sent.. i n
g iy L, SSLACHALE AR BESL
FRI¢e3 Invihfs experényend betbired anicket days abdge want imbeudated Iowittagreded

ol LRI B BP9
Met->Lys), or a YF/JE chimera in which a single mutation E279 (Met->Lys) was
introduced at by site-directed mutagenesis (Arroyo et al., J. Virol. 75:934-942, 2001).
The LDsy values of the two viruses containing the E279 mutation were >10-fold lower
than the FRhL; construct without the mutation (Table 2) indicating that the E279
Met->Lys mutation increased the neurovirulence of the chimeric virus. There were
statistically significant differences between the viruses in the survival distributions
(Fig. 1). At the lowest dose (~ 0.7 log;o PFU), the YF/JE chimeric viruses were
significantly less virulent than YF-VAX® (log rank p<0.0001). The viruses with the
E279 Met->Lys mutation had similar survival curves that differed from the FRhL3

virus no mutation), but the difference did not reach statistical significance (log rank
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%erei nt 8 mce were inoculated IC with FRhLs (3.1
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ChimeriVax™.-JE FRhL; (E279 Met) and FRhLs (E279 Ly s) were 0.29 (+ 0.20), (p=
0.00014 vs. YF-VAX®) and 0.54 (+ 0.28), (p=0.00248 vs. YF-VAX®), respectively.

The discriminator area score and combined target + discriminator area score
for ChimeriVax™-JE FRhL; containing the Met—>Lys revesrsion at E279 were
significantly higher than the corresponding scores for ChimaeriVax™-JE FRhL ;3
(Table 3).

The main symptom in monkeys inoculated with YF -VAX® was tremor;, which

may reflect lesions of the cerebellum, thalamic nuclei, or gdobus pallidus. No clear
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The FRhLs virus was 18.52 tines- nore potent

( Yrrenegarivit

All monkeys in all three groups developed homologous neutralizing antibodies

31 days post-inoculation to yellow fever (YF-VAX® group) or ChimeriVax™.-JE
(ChimeriVax™ groups), with the exception of 1 animal (FRhLs, RAK22F), which
was not tested due to sample loss. However, the geometric mean antibody titer
(GMT) was significantly higher in the monkeys inoculated with FRhi; (GMT 501)
than with FRhLs (GMT 169, p=0.0386, z-test).
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Virgpua/vises Wlpeﬂl gweléeya geu ubcutaneous or mg‘acerebral

routes. The clinical scores of lesions in monkey brains inoculated with either virus
25  were statistically lower than that of the control virus, YF-VAX®. Both mutant and
parent (non mutant) viruses grew to a significantly lower level than YF-VAX® in
HepG2, a human hepatoma cell line. When inoculated into mosquitoes
intrathoracically, both viruses grew to a similar level as YF-VAX®, which was
significantly lower than that of their wild type DEN1 parent virus. A comparison of
30  the envelope protein structures of parent and mutant viruses revealed the appearance

of new intramolecular bonds between 204R, 261H, and 257E in the mutant virus.

24



vi scerotropi smof the E279 revertant, as reflected by
virem a. The WHO nonkey neurovirul ence test includes

wquensiosedbi on of virem a as a neasure of Vi SCePOTAUSPIOSNVSI49

det e
10 @

15

20

25

30

(V\brl d Health Organi zation, "Requirenments for yellow

glagrla Sacglliiﬁ "1 Requi rements for Biological Substances
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Vero cells.

25



wahaos@s2i2nt er esti ngl y,

10

15

20

25

30

Fig. 3. The FRhL passage series B resulted in
appearance of the E279 reversion at FRhL as descri bed

FRhL cells also resulted in the appearance of a
mitakd,@n (Thr->Lys) in an adjacent residue at E281,
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sel ect in Vero.cells.were.in in 1l or within

* R e EabaRubbica sHERSN- VPR Rst ekl

MUt etifBg 13 BadeurdVirtdefice (ExpeiheneY)adf Chirge Vaa™-DENa dithiées
nmouse neurovirul ence test and were found to be

aVithgr Bfthout the EApdmugatiopelnethy fishginsrimaniniess makensi(Hgeasa
Hi 98106 Se b WAt Arh AW BN (R RS Bg%thé’ 8E QW whereas in the
fever-denguel virus (ChineriVax(tm-DEN ) was produced
byecopd erpamenienerholys mepnkeys| (8/ogpadiaRidlarshweie indseldted by
f i i The.. : s
e P s S L v
c andiadaltility wi thesustmank¢yat ¢yoomolg@imonifaye wersl chgsge fanihé secand

(cRreg} S al ctpatRat i CoRB B AR AT kR Ret prr

VIVAIE® wHe perv&ned tiddvit@e €dskurt blitabllBy PRABS &@@moRius hldhieys as
cl one to produce the vaccine, a single amno acid

s abgIcemeRtdpr thasuso R) occurred at E204. The same

mut ati on was observed in another clone (clone E). This
mut ati on has been found to attenuate the virus for 4
d@ypasinenglickl i ng mice inocul ated by the intracerebral
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antibody analysis. Prior to assignment to the study, animals had been given a
complete physical examination, including abdominal palpation and observations of
the condition of integument, respiratory, and cardiovascular systems, as well as
evaluation of a standard panel of serum chemistry and hematology parameters.
Throughout the study, animals were observed for changes in general appearance and
behavior (at least twice daily), body weight (weekly), and food consumption (daily).
After the last sample collection on Day 31, all animals were returned to the SBi

animal colony.
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Vero cells used for vaccine production were obtained
froma qualified cell bank (Aventis Pasteur, France).

Col | ecti on (Manassas, VA). Three-tines plaque purified
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m)rtallty récord € virus concentrations
agcpﬁemeémq»@@cuﬂaém@ ae Rayl eupomPaysl-Hafos vivemie audysis; midhad

Vi
E)éblafggi.: @bé H&s@%d%@ £§f méa@tﬁgﬁiglﬂ o'f Hetﬁraﬂhﬁ? ?%}bﬁe}?jl%%’(pnogge‘ ero
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BB e s RO o UL 002 b

( Bsspey amdemmmyd of highpatieslogia kit dings EAE Swidy Batksogist (liver,
spleen, heart, kidney, and adrenal glands). Histopathology of the brain and spinal
cord was performed by a neuropathologist according to WHO requirements for YF
vaccines. The histopathological evaluation was performed in a blinded manner.
Lesions in the meninges and the brain/spinal cord matter were scored using a scale of
0-2, according to the following observations: Grade 0: no visible lesions; Grade 1;
(minimal), 1-3 small and/or one large infiltrate, mostly perivascular, a few small foci
of more diffuse infiltration, unconnected with blood vessels; and Grade 2: (mild),
more than 3 small and/or 2 or more, large perivascular infiltrates, several foci of
cellular inﬁltratiqn, unconnected with blood vessels (some neurons may be involved

in these foci of inflammation). The degree of neurovirulence was estimated for the

target and discriminator areas. For cynomolgus monkeys, the substantia nigra and
27



woneswisziced wi th chi neri ¢ DEN

10

15

20 “9fo

25

30

with or without the E204 nutation. In the first
experinment, rhesus nonkeys {Macaca nul atto) were

whereas in the second experinent cynonol gus nonkeys
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neri Vi one E, Vero P6); and oup
3 dil@frinrod |S¢r\m>4(lltlbnimm% oPye plaghesr{BRYYs0). The day of
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virema a and on Day 31 for neutralizing
rPB@JV’eHﬁga’r’ggfé cﬁfgl or to assignnent to the study,
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o &S ExelPeH gn%én%mﬂ%!gwwosﬁ (Gembie & 0825 fasks at
I 891t ALY anFiRfce @bt QOB 610,601 MSCRASsVAEMISEN BHIS,
eval uation of a standard panel of serum chem str and
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red.

Mosquito transmission

F4 generations of a laboratory established colony of dedes aegypti from
Puerto Rico were inoculated with ChimeriVax™-DEN1 PMS (P7), ChimeriVax™-
DEN1 VL (P10), or control parent (YF 17D and WT DENI, strain PUO359) viruses.

Mosquitoes were cold anesthetized and inoculated intrathoracically (IT) to preclude
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25 | niNetrovigalensa propacisa nbetrods elipnds obPEYNE chisews|in sucklieg mice

G ade zburﬂqg]glag %r Icﬁ?%ﬁﬁ'ﬁhe%oﬁr@@“ PN1§ fo%pct?on%ll; BELE

| ar ge perivas trates, sever
chimera, 10 different clones (A-J) were sequenced to identify a clone without any

amino acid substitutions. All but 1 clone (J) contained 1 or 2 substitutions within the

envelope protein E. Representative clones were evaluated for their neurovirulence
30  using 4 day-old suckling mice inoculated by the IC route (Table 6). All clones,

except clone E, exhibited similar neurovirulence with AST of 8.5 to 11.3 days, which

was significantly higher than YF-VAX® (8.3 days). Clone E, which contained 2
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infected at an MJ of 0.001 with Chineri Vax(tmn - DEN

P e i’ (4 IAY n Nt 1 -
5 e VUil S P labp g e

| YEFeeds itlor withesttdid 8dmutotibhssn mn@ymhddted\by the BBSotar ee
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t QB Vi | Nf et Vit and sa t e.stored
o BB e b S b lon BT o RBE B i s by
20 omndvi@r dsereition pesivd) go ageardde reabtiangasai biaicad Bignd) esekr al
%mu ﬁghorbo tranﬁﬂtsS|on F4 generations of a
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As shown in Table 7, all 4 monkeys inoculated with DEN1 PMS virus (clone
25 1, Group 3) became viremic, whereas 3/4 and 2/4 monkeys inoculated with clone E or
uncloned DEN1 viruses, respectively, became viremic. Viremia was detected in all 4
animals of Group 3 until the last day of sample collection (Day 11), whereas no
animal in Groups 1 and 2 was viremic beyond Day 5 (the level of detection 1 log;,
PFU/ml). The mean peak virus titers were 0.75 (1.5 for viremic animals), 1.3 (1.7 for
30  viremic animals) and 2.5 log;o PFU/ml for groups 1-3, respectively. The mean’
durations of viremia were 1 (2 for viremic animals), 1.5 (2 for viremic animals), and
8.5 days for groups 1-3, respectively. The magnitude and duration of viremia in

Group 3 monkeys were significantly higher than those of Groups 1 and 2 (see
30
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10

Three groups of monkeys (n=6) were inoculated with ChimeriVax™-DEN1
PMS (P7, E204K), ChimeriVax™-DEN1 VL (P10, E204R), or YF-VAX® (as a
control), by the IC routes. Animals were monitored for 31 days for clinical signs and

30 then sacrificed for pathological evaluations.

31



10

15

20

25

30

using 4 day-old suckling mce inoculated by the IC
route (Table 6). Al clones, except clone E, exhibited

weizoasioazozmeur ovi rul ence with AST of 8.5 to 11. BCTAR2005/005949

whi ch was significantly higher than YF-VAX(r) (8.3
gﬁdyséa C one E, which contained 2nutations (one
JE"&bt i de change at1590 fromA to G resulting in a K

to R aulsshdield Boul Qi EhiflefivaotioEN £ Mg indt (GRRPA )

fromAto T, which was silent), was si gn|f| cantly less
VPreaieatiemid sthesiration plovireminvacgeaerelly distdeyswitingmkiiters

| h

Fabighip 44 £.5,9 181 £ DI Ol oh D nilah ok D0 s 339008

BENVmbmxﬂmha nwas dghtean afHe dagodr aKlet 1@) RFige b5 mbuiteyon.

N R T e

idaecioh af \eﬂzmmtv@s?gsen?lgny ggkgz% st\g%% %gkglgfgi ﬁnélgb' t&bﬁnklhm 1@410
L r

%Wéﬁﬂ éT%élﬁf& Tog Hteé‘i‘ PFalé HiFeTRigeEsilghd.- 6afﬁﬁ"19€é‘§° g%\ﬂh) logio

PEUBhD NN £38id JurhtR8SL YIS rduyse(etdapMFvﬂffmﬁ%Mh{ajs) {Thbtt 10).

days ol d mce (see statistics i

sel ecdd mepkepy m@%@tﬁﬁ%\wﬂo’ﬁt\h‘bx% (SuPup Ackecaree vikgnis. Tho
o lﬁﬁéﬂbf‘ﬁreﬁla ght %ﬁtg%h% p lQ 61:%% r&ldglgbr%g gx%?{loﬂ, FH \gﬁ%h Q]V‘%gl titer

_U

correlate
wif b ok opil siab vbserril & daysgbstrindoutatiom Gdloiviigt 4/days of

AR 400 340 2 B8 Pt o) PR, (TR T

Viaae e/ witesiew i 2.2 figs Padn Lyand niegre ernaivinbe0df viremic days was

ZH G55 B el e Rl O Proma Bt T B el ve

rsigamnttyi mghey tHaﬂ $3r61ﬁf2) NFBat Gro8p MYPREYES compaedlivith Geshp 3

nt.Q 3 P &@Anl mal s i n_each group received a
é?fﬁg‘(%x .‘/(the éurla bRy thy et desofijinpmg wessggaftant

\Gef3f the Vi mﬁié beht FRSAY Snd BEtioh b BFH L RBind irsd @Oy 5 was
Tabl e 7. 2‘% a 1 nonth observation period, no’'teést

aiF’@liaéltcéYFéanX r gipfistigresse Table @i cal si gns, f ood
consunption or body weight were found. Viremn aand
neut r &P% al} grgursnmprisy yirerais pigms weradelono ang 1GGmpeseIC LDso

%iueé(egmﬂkt@a/t% ;g RACHH BdEHhdWaldoo REN crLYb g / %L %@hga&oé et

beca viremc, whereas 3/4 and nkeys
|aho%m¢1agsezﬁ7v\36t3l=ﬁ7él 598), Esmctlmml fom%ﬂ-%@ﬁ@),whahmﬂle

I
rl‘ﬁ?ﬁ%(?]ﬁ&l% Ia(\:/ & ?éble k%i? OF mdlng rPolilkey gn grgg]i\{va &a yreg?n% éna%lingre
clodnl 1984 d)f(the (nM;eyé)]tbters mks@ecelaslym eatablivhed undef3he WISO1 and

r«aodﬁlrsm\e/rlltg or yellov? ¥everd1 7Ba%.cc§ne( the level of detection 1

Immunogenicity

All monkeys seroconverted following treatment with YF-VAX®. On Day 31,
PRNTSsg against YF virus ranged from 640 to 2560. One of the YF-VAX®-treated
monkeys had cross-reactivity with heterologous DEN1 in a PRNTs assay on Day 31.
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| Mistopalh®ldpiANiddings were minimal to mild splenic lymphoid hyperplasia in 4/6,
3/6, and 6/6 animals treated with ChimeriVax™-DEN1 (P7), ChimeriVax™-DEN1

(P10), or YF-VAX®, respectively. Lymphoid hyperplasia was considered secondary

to immuno-stimulation in this study.
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25  Growth of ChimeriVax™-DENI virus with or without the E204 mutation in
mosquitoes
The rationale for this experiment was to assure that ChimeriVax™-DEN]1
mutant vaccine will remain safe in the human host and will not replicate in
mosquitoes even if it is reverted to WT sequence in a vaccinated individual.
30 Replication and dissemination of ChimeriVax™-DEN]1 viruses were evaluated in

mosquitoes. Aedes aegypti mosquitoes were inoculated by the IT route with

ChimeriVax™-DEN1 PMS (E204K P7), ChimeriVax™-DEN1 VL (E204R, P10),
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wouo@rms2020 r us nakes three new i ntranol ecul ar ( RCTHRISZN05/005949
t he sane Enononer) bonds; between N of 204R and N and
O at ons of 261H and 257E (3.01, 3.07, and 2.78 A
The. i

o R S e L PR e

neu raafspH Anot her |nterest| ng observation is that

t NBsHifd8 ClTAbRkey | S&d DL TTUT BiMical | T[US IndividuaIlARE Group mean
conpared tq its posit]on in Weeskt uct ur enibtopsthasédical Sddrk

position in Figs.| 7B andg () Meaipiuven 1| Teﬁgﬂpai'sbsmma-()f Target +
the amino gcid dilf f er pritfdk |isgorehMedd prargadi [torsireas * | Discriminato
Chi neri Vax(|t m) - JE FR1I/32%nd9a¥yisA¥Pi Vax(t n) - JE FRLS areas

[ R TS + h uwhl i clhaod “omj'ror'r\no aof i | SA1A 142

VIYFVK)(@‘”" T bml \JII\..MA mebl \YAYEe ) 1\’0I J R T .I.—ro‘s(r 1.26
ValmhdR, W |kflssy Pe WE| Sigsai|ns, fparent 5@8:“14,0.@nd 0.13
Nakiayaesago Vi [rRssm Chinmel i Max (|t m) -»bE FRhL3coand FRbLS 1.20
vi ruses wer|B7g¥quiented 4rqss t¥eir enMOre geh?@mes antes

the nutatioffoaf! B279 wa¥the oy diffé&Pence §Bung. o7°

Virus E E E%ég E?E E%E 10 %8 176 ;07 2270344 | 264110

279 315 439rfebermelr i Max (. JE FRhL3 F KsoV |A 3)@ H{M Vio7
t

R E279 Met [RNi2Rer| Vax 1-JE FRWLS F K26 A S @5H K V R
E279 Lys JENSHf4. 1472/ pfR1 F KW T 5 W MV BIE 1.41

SA14-14-2 FER2 F K vV A SiGIH MY R JE SR141 54 Ell To

S BamGvE KeaibanviNakay alres g € ot P 650K A KoosT drey ko
Moiadianiet  al Rreshi rplvogy 458:|348-360, [198d. Tabl @a2. 0.57
Nelatt 0912t | elReesM of uckBiing m c®@ of Choseer| Vasegt n) - JE0.44
viruses witATeAH V\A:ﬁhauEJ;a mut a} on gt #2790 ahg Yk 1797
vacci neTabl |g, g Neug opa jﬁ,ol ogi Cf;ﬂ eval gt i jon @11‘? 0.05
nonkeys i nojeadosit ed # C| weoh |Chi mayr i Vak(bew) - JE &HRhLS, o007

FRALS5, or y@eyetw fever 219D |(YF-NAX(r))oend newsopgi edoos

on day 30 plg;?gfnocu'f ati § ' Bacl{’ tit ragggon 2 ‘@5| ni|cal %28

. — =y A | r\r\r\ ant i ﬂh029

SCor e- 0_ n ea\al UIIQ, L T yeeul L;Uulo, IIU &&SLI IU’Oﬁ LB U”O.ZQ

pi tched voilee, inpactivyegisljow mavi ngl 3 tfendio, 0.20
i IFOeId ((lesTRE [YDWRX® 0.037/0.025 0.00008 0.00191 0.00014

Chimerivax™.- RT628M M 4.20 1/0 0.50 0.57 0.54

JE, FRhLs RT678M M 4.19 110 1.00 0.12 0.60

Lot # 99801 RT581M M 4.17 1/0 1.00 0.46 0.73

RR726M M 4.32 1/0 1.00 0.66 0.83

RR725M M ND® 1/0 1.00 0.33 0.67

RAJS5F F 4,27 0/0 1.00 0.14 0.57

RT769F F 4.44 1/0 1.00 0.58 0.79

RAK22F F 4.24 110 0.00 0.12 0.06

RT207F F 4.49 7 1.00 0.22 0.61

RT490F F 4,34 1/0 0.00 0.04 0.02

Mean 4.30 0 0.75 0.32 0.54

SD 0.11 0 0.42 0.23 0.28
P-value (t Test) vs. YF-VAX® 0.024/0.025 0.00154 0.02436 0.00248
P-value (t Test) vs. ChimeriVax™-JE FRhL3 0.343/1.00 0.10942 0.03223 0.03656
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shaky novenents, |inb weakness; 4= inability to stand,

paral ysis, noribund, or dead. The maxi num score on any
wdayosaszh2o he mean score over the 30- day obser vRCTAIS2005/005949

period are shown. 3 Substantla nlgra Cbrpus striatum

-.. a H ala ala

p&|CTnIc M:Srg Oﬂdkuaﬁfﬁﬁoug%at 3d'1$at|r/g|zalﬁlgh plthlBaJoﬁJThact|vé\|slovJ na\tmg 3= tremor,
t hrﬁﬁ?ﬁ@é‘ﬁens Ilm ea ness Q— bilit I’%ﬂ.r en |ar¥1 u% d T {
ayada[hé sc r@M&E 0 déy Hﬁa&fﬁr?o&rei ef] Tmmgrr ﬁg?j
S st d Ia nin’E L ¥ VAX

&ﬁ%/ﬁtl %%frlt &f rgraE t}v jljgélgm @Im; ﬁ’mé?ﬁ égievelsy irem a,
r @@sm}s rTohivesjesd, hatroeredasit, thpdrig YA AXE anvlEninbAEK Trn )E vses.
ChiMfHe¥f vax(t m) - JE FRHL3 and FRHL5 viruses (for dose
i nocul ated, see Table 3). YF-VAX(r) Control 1 - = No
detectable virema; in nost tests neat serum was
tested, the cutoff being 1.0 logi o PFU/ nL); in sone
cases, neat serumwas toxic to cells, and serum
diluted 1:2 or 1:5 was used (cut-off 1.3 or 1.7 |o0gl0
PFU/ mL). 2 For the purpose of calculating nean titers
and standard deviations, 0.7 was used in place of
<1.0, 1.0 was used in place of <1.3, and 1.4 was used
in place of <1.7. 3 Conparison with YF-VAX(r) by MeSt1l
2-tailed 4 Conparison with ChineriVax(tm JE FRhL3 by
Mest, 2-tailedTable 5. Nucl eotide and am no acid
sequences of uncl oned and vari ous cl ones of
Chi neri Vax- DENl viruses and their in vitro (Vero
passages) genetic stabilities. a: Fromthe beginning
of the genonme. . Fromthe N-term nus of indicated
protein; nunbering according to Rice et al., Science
229:726-733, 1985. Clones with 204 nutations are shown
in bold letters. Table 6 . Neurovirul ence of various
cl ones of ChimeriVax(tm-DEN1 viruses in 4-day old
m ce inoculated by the IC route G oup ChineriVax(tm -
AA Dilution Dose No dead/total ASTC DEN1 Change (BT)Db
(% dead) Days 1 Uncl oned None Neat 5.0 11/11 (100) 9.1
1:10 4.1 11/11 (100) 10.2 2 Clone B E251 (V>F) Neat
5.8 10/11 (91) 9.8 1:10 5.0 11/11 (100) 10.2 3 Cone C
E311 (E>D) Neat 5.8 11/11 (100) 8.5 E351 (Vv>L) 1:10
4.9 11/11 (100) 9.5
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4 Clone E E204 (K>R) Neat 5.9 3/11 (27) 13 1:10 4.8
1/11 (9) 14 1:100 4.0 1/11 (9) 15 5 Cone J None Neat

W0 2605h%2c2d (100) 10.8 1:10 3.0 11/11 (100) 11. BCTAUBOMS/005949
1 8 9/1 1 (82) 11.3 6 YF-VAX (r) NA 1:20 2.5 12/12

%%IEAO \é g%] o r@%%ﬂxs&,‘?’n Epry%tfr?ogéul%e&’ kv rcfr Y%f\@@%@ £° Ghiasi/ax™-JE

Sl r@@ie LT BT S%Eahlem bol d

e conS| dered statistically signifi cant b :

O Ay,

. ~ Serpm Virus, Titer. z_ay ) R
VI rem a and TeUtTa | I2LI my—anyTropay 1 oS T R ONKEYS 3
| nocrtzadved SC Wih 5 10018 PFEHO.]5 m [of -eqch- - -
Chi HBQFax(t M --DEN1 vi rnuses [|G38up MBnkley-Vilrus Mirema -
e | AN i et id i 432 1 28,7 poren siaa- -
\.JR Loéﬂ rr[ } | VA, o P\JDL_ LI IIU_III al1.I3Ul ug.v . I_ T\l I\Jy \I_\I_\_ R
_WQ—E,T:WZ 34 567 8 9 10 T1zay 31T 1 RI8Z65M . -
Uncl| BFeS8F - - |- - 1 4.0 23 6407R17%P 10F- (NBOOHIR, -- |- -
17 RI7T7T6M  gapn r1767o0 E204 KR 2110 1. _0- - -
. RARF ¥ Ty 20 A 2525 J7 20 . za | -
OoZU ksZziv LL14F -0 -17-"10 4 =»o0- _3_@4L Gyl [050 RISZZLUSVI -
Cl onBPYERF- - - -1-10 %126 2098F 2cE204-K>5R) -- 1.7 - -
MeanTitevs a0l R19261RB1 (719 & 273 (213 | 9950 BP7591 18F
SJQ TEETITTTTISA1 T 087 ToT [T 03 06 | 04 |
== —— - - o120
ChlmenVaxTM-JE FRHL3; E279 Met
Animal Serum Virus Titer' (Logie PFU/mL), Day
1 2 3 4 5 6 7 8 9
RAJO8F - - 1.9 1.3 - - - - -
RT452M - 1.3 2.1 1.6 - - - - -
RARO8F - - 1.3 2.2 2.2 1.8 - - -
RR257M - - 1.9 2.2 1.8 - - - -
RV481F - - 2.1 1.8 1.5 - - - -
RT834M - - 2.5 1.3 - - - - -
RT841F - - 2.4 1.7 - - - - -
RT620M - - 1.6 1.0 - - - -
RT392F - - - - - - - - -
RT288M - - - - - - - - -
Mean Titer 0.8 1.7 1.5 1.0 0.8
SD 0.2 0.6 0.5 0.6 0.3
P-value® 0.696 0.386 0.003 0.065 0.745
ChimeriVax™-JE FRhLs E279 Lys
Animal Serum Virus Titer” (Log PFU/mL), Day
1 2 3 4 5 6 7 8 9
RT628M - - - - - - - - -
RAJ5S5F - - - - - - - - -
RT678M - - - - - - - - -
RT769F - - - 2.0 - - - - -
RT581M - - - - - - - - -
RAK22F - - - - - 1.8 - -
RR726M - - - - - - - - -
RT207F - - - - - - -
RR725M - - - - - - - - -
RT490F - - - - - - - - -
Mean Titer 0.7 0.7 0.8 0.7 0.7 0.8
SD 0.0 0.0 0.4 0.0 0.0 0.4
P-value’ 0.331 | <0.000 | 0.010 | 0.076 1.0 1.0

' - = No detectable viremia; in most tests neat serum was tested, the cutoff being 1.0 logyo
PFU/mL); in some cases, neat serum was toxic to cells, and serum diluted 1:2 or 1:5 was
used (cut-off 1.3 or 1.7 logyo PFU/mL).

2 For the purpose of calculating mean titers and standard deviations, 0.7 was used in place of
<1 .0, 1.0 was used in place of <1.3, and 1.4 was used in place of <1.7.

Comparlson with YF-VAX® by t-test, 2-tailed

* Comparison with ChimeriVax™JE FRhL, by t-test, 2-tailed
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GMI' 3620 3 R182104M C one J,

1.0 1.0 1.7 - 5120 R175108F PM5, P7 -

1.7 2.8

1.01.91.71.71.8 1.7

2.2 1.0

wa@.200508702@2. 0 2.2 1.7 10240 R1821 11M (none) 2. BCBUS215/805949
2.8 1.7 1.7 -

Table $ o tyelefife

0.

10240 R175104F
0240 lerr 8611 S at
aming pidh sequgroes

3.1

&l gaplopeda

24
jstics

V1S §lop

1.3 2.0 2.3

ey0%/5.

ChimetiVgyd) BV b viivses ayddheit in visro (Begriprssagesbacrtia stapilijigs-ues

- shown in haol g nupbers are considered statistically :
irus_ : a cha : c e . omiments
si gnfFreant| “Mnkells ekl D] 2600 Day W& a0 <T"0"
UnclonddOJ LU pZFUS Clabl e o. | Summar y O ViTENT a [SNo Nb Hutations
G 'I;nhl e % Goup Virus No. Viremcl Mean (A ghangp\ nnht .
nclon LNu e heterogenei
% est ed’ (% Pegk L |1g3§r Dur %’ﬂ on 3 Cl %e J ’ ?MDNuwgge heterogeneit¥
(2100) 2.5 8. 5eP7| (1emang) Stexti stijcs EPBr obabisiii { yareig le mutant
1 vs. Goup| 2E0.45%8. 67 G%up 1|vs. Hdroup 3%%0. ggﬁtz‘;ﬁz‘lzs’“”‘a“ts in
Unclondd UUU‘PjSu U £ VP59 PUD Ao G- U_O\ U.dYr d. '2'04V<’-' ucs
shown i n bol ﬁsasun‘%mes ar eseansi der eko 8t atfi sti ¢ %I II e ht .
; R ucleotide heterogenei
SI gni TI Cant,' Ngﬁ \ﬁ7§$rr C améml s | onl 9IM Tabl e 9 Nucleotide heterogeneit¥
Unclondd T E€TTRE and MeUt T dbdoZ| MY AP Gl DOUY TRESROITS[ESo4l T MONKEYS
f ol | BEFEAD |IC Enokcur®d@t| on Wt h VIF 251 | Nucleotide heterogeneity
: fr : G 63 | Nucleotide heterogeneit
Ch,hl f .. ref “gﬁgaa);%t TT') (t P- DWDNE%EOSNI‘ Iz Barely detectable mutan)t,
Clone ACLMITHZIFAMTEEN T El VVa@&o X PDEN G—toV CyiTuses (5 IZQQ D&hain 11 strand, no
PRU/0.25 ni| &achp?® | wiThAYF- YAX(¥P! (4.7 @ogilonasioned
p 3 e anchor; L and | in
PAU 0.25 mi). F2R236M DENL , 3.3 - 2.2 2.3 1 HFZgeioc i
gap left, nt 7080-7220)
Clone B P3, P7, P10 E 1730 GioT VioF 251
Clone C P3, P6 E 1912 GtoT EtoD 311 Domain lll, a strand, no
function assigned.
Clone D P3, P6 E 1730 GioT VioF 251
Clone E P3, P6 E 1590 AtoG KtoR 204 Domain Il, f-g loop of, no
function ass.
Clone F P3 M 788 CtoT - -
E 1590 Ato G KtoR 204
Clone G P3 E 1730 GioT VtioF 251
Clone H P3 E 1912 GtoT EtoD 311
E 2030 GtoT Viol 351 Domain Ill, d strand (L in
D2 and D3; 1 in D4)
Clone | P3 E 1590 Ato G KtoR 204
Clone J P3, P6, P7, - - - - -
(J-2) P10
Cline J P8 E 1590 Ato G (a/G) KtoR 204 | Some parent (a)
(J-2) (cGMP MS) nucleotide still present
P10 from E 1590 Ato G KtoR 204
{(cGMP MS)
Clone J P10 REPEAT E 1590 AtoG KtoR 204
{J-2) from P7
Clone J P20 From E 1590 AtoG Kto R 204
(J-2) P10 repeat NS4A 6966 GIT s 171
NS4A 7190 Gla Vi 246

2 From the beginning of the genome.

al., Science 229:726-733, 1985. Clones with 204 mutations are shown in bold letters.
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F22240M PM5, P 7 2.1 2.51 .91 .7 - 1280 F22276F
(none) 2.2 1 .8 11 - 1280 F22282F 1.7 3.1 2.9 2.5 -

w02683/08220106F 1 .6 - 2.7 2.8 2.6 1280 GMI50 18@B/UR2005/005949

F22203M Chi meri Vax(tmj- 1 - 1 .7 1 .5 1 .3 10240
F22205M DENL , 2.1 1 .8 1 .3 1 .3 - 2560 F22246M VL, P
101.81.81.31- 10240 F22287F (E204K>R) - - 1.6

_Taplezgﬁolepmylepgg of variaus clones @p £hinprp/axk™+ BEN1 viruses in4-day

DEbmicgvnscuigtedpy3heIQmada YF- VAX(r) 1 .9 2.3 2.6 1280

F22239M 1 .1.3.1.3.1 .7 - 640 E222h6M - - 1.8 2 2 - .
IBO® F22280ChimaiVex™- 17240 F22291Pilgtiop, 7Dgseg - No deaxifgtal  AST
F22202F 1 @53“ - - 25@@71%50 1600 St L) st|(:/sdead Days

i J
G 4.8 P yghy 2%0)
ghown in bO'dPoH%LBmerS @2‘31 GRIRSI dﬁNe%fj St@é' st ¢@H 9.8
significant. b : Mnkeys were ingew atesipo n BDay1 00) < 102
B .0 log 10 dRird/ar . Tables11E>D3umesay of5.8i renig1sfioon 8.5
in Table 9 G oup Virus B%1 (WAL) emi1cl0 Meah9 ( AA ¢hah(gey) 9.5
do. tested @Wnefeak ti tB@P4 (XpRat i dyeat 5.9 3/11 (27) 13
1:10 4.8 1/11 (9) 14
1:100 4.0 1711 (9) 15
5 Clone J None Neat 3.6 11/11 (100) 10.8
1:10 3.0 11/11 (100) 11.3
1:100 1.8 9/11 (82) 11.3
6 YF-VAX® NA 1:20 2.5 12/12 (100) 8.3
Statistics (Probability)®
Group 1, 2, 3, 5vs. Group 6 0.001
Group 1, 2, 3, 5vs. Group 4 0.0001
Group 5 vs. Group 6 0.001
% P values shown in bold numbers are considered statistically significant.
® back titration.
“ Average Survival Time.
Table 7. Viremia and neutralizing antibody responses in monkeys inoculated SC with 5 logyg
PFU/0.5 mi of each ChimeriVax™-DEN1 viruses
Group Monkey Virus Viremia (logso PFU/mI) by post-immunization day": PRNT5
(AAchange) 2 3 4 5 6 7 8 9 10 11 Day31
1 R18265M Uncloned S - - - - - - - - - 640
R175110F  (M39 H>R, - - - 1.7 - - - - - - 640
F17572M E204 K>R) 1.3 1.0 - 1.0 - - - - - - 320
F171114F - - - - - - - - - - 640
GMT 538
2 R182103M Clone E - - - - - - - - - - 5120
R17098F (E204 K>R) - 1.7 - - - - - - - - 2560
R18261M 1.7 25 13 2.0 - 2560
R175118F - - 10 - - - - - - - 5120
GMT 3620
3 R182104M Clone J, 1.0 19 17 17 18 17 10 10 17 - 5120
R175108F PMS, P7 - 1.7 28 22 10 20 17 20 22 1.7 10240
R182111M (none) 23 30 33 28 17 17 - - - - 10240
R175104F - 24 13 20 23 17 17 22 3.0 31 10240
GMT 8611
Statistics (Probability)®
Group 1 vs. Group 2 0.0045
Group 1 vs. Group 3 0.0006
Group 2 vs. Group 3 0.0130

a’: P values shown in bold numbers are considered statistically significant.
® Monkeys were immunized on Day 1.
°: <1.0 log1o PFU/mI.
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LoQlO PFU m (Days) 1 ChineriVax(tm-DENL, 6/6 (100)
2.5 4.2 PV5, P7 (None) 2 ChineriVax(tn)-DEN1, 5/6 (83)
wo245hstpb 2.5 (3)b VL, P10 (E204K>R) 3 YF- VAXPCY/USL®5/005949
(100) 2.2 2.8 Statistics (Probability)* Goup 1 vs.
@ oup 2 0.021 Q. 047 Groug 1 vs. Goup 3 0.47 0.025

ary WEGW@SP\OW Tﬁ“@? R.yvalues--shewn in bol d

rﬁfﬁ%r irugr e ¢ nsN&%r\é' tistMedNly significant. b:

Vi r eni é\Aa 'F‘H?Ss %’%}0@ Feak fiest opd?tlﬂ@tioﬁgl cal

=V =X: XS 8 {R@YSpinal cords
i'n non efjol | ovﬁ/ﬁdal’c i no&ﬁa(ﬂ 52)n Wit @

Ch| mer ()) DENl PMS or Chineri Vax -DEN 1 VL
\j ruse I glO 25 m, ) VAX(r) (4.7
IoglO :{}4&% @ t %'(\&Etr
rrbl n
Q;tgt,sq,c F22282F 0 03 0.06 0.045 F222106F O
01 (0 01) 0.445 (0.02) fgP1l (0.02) 2

up I\/bnke arge cri m nator
F@B@Dﬁ% @r&: @6 0. 03 (Chimerioveoe(t m - DOidos VL) F22205M

Area Sc gs 1 F22220M O

I%(t#w‘ﬁgzz% 0 0 DENI. PMB) F22240M

03r6180 P)vsf%]:-:‘rcﬂlpB95 F22246M 0 0.0@530. 03

0.001

P values shown in bold numbers are considered statistically significant.

®: VViremic animals only.

Table 9. Viremia and neutralizing antibody responses in monkeys following 1C inoculation with
ChimeriVax™-DEN1 PMS or ChimeriVax "-DEN 1 VL viruses (5 logs PFU/0.25 ml, each) or

with YF-VAX® (4.7 logso PFU/Q.25 ml).

Group Monkey Virus Viremia (logio PEU/mI) by post-immunization = PRNT5g
(AA change) day®:
2 3 4 5 6 7.8 9 0 11 31
1 F22220M  ChimeriVax™-  -° 1 1 13 13 1 - - - - 1280
F22236M  DENT1, 3.3 - 22 23 1 - - - - - 5120
F22240M  PMS, P7 21 25 19 17 - - - - - - 1280
F22276F  (none) 22 18 1 1 - - - - - - 1280
F22282F 1.7 31 29 25 - - - - - - 1280
F222106F 16 - 27 28 26 - - - - - 1280
GMTs 1613
2 F22203M  ChimeriVax™- 1 - 17 15 13 - - - - - 10240
F22205M  DEN1, 21 18 13 13 - - - - - - 2560
F22246M  VL,P10 1.8 18 13 1 - - - - 10240
F22287F (E204K>R) - - 16 - 1 - - - - - 2580
F222112F 1 - - - - - - - - - 10240
F222115F - - - - - - - - - - 25860
GMTs 5120
3 F22200M  YF-VAX® 19 23 26 - - - - - 1280
F22239M 1 13 13 1.7 - - - - 1 - 640
F22256M - - 18 22 - - - - - - 2560
F22280F - 1 1 - T 1280
F22291F 1 1.7 28 - - - - - - - 1280
F22292F 13 3 - - - - - - - - 2560
GMTs, 1600
Statistics (Probability)?
Group 1 vs. Group 2 0.016
Group 1 vs. Group 3 0.664
Group 2 vs. Group 3 0.021

P values shown in bold numbers are considered statistically significant.

Monkeys were inoculated on Day 1.
°. <1.0 logso PFU/m.
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F22287F 0.17 0 0.085 F2221 12F 0 0 0 F2221 15F 0.20 O
0.10 Mean (SD) 0.075 (0.091) 0.072 (0.120) 0.073
wWOQ0}3182028 F22200M 0 0 0 (YF-VAX(r)) F22239M OPLT/US29/005949
0.43 F22256M 0.72 1.54 1.13 F22280F 0.22 0.50 0.36
F22291F 0.53 0.25 0.39 F22292F 0.61 1.13 0.87 Mean
(12R)e 10. SEnihEry 2BYirebni® Shdwd).ipTabl®953 (0.4) Statistics
(Gtogpavirdsl ty) G oup INySireficPup 2 Pef92 0. 25 0. 0055
G oup BArhangs)oup 3 Ond)@3ted. (2] 6 B0 O OfrAioNS -
Goup 3 0.034 0.027 0.021 P val ugg, shown imabgl d
nunber shiskByS@NSENET esie §foaj 1 StT eal 'y si gniafa cant .
i s cl aPmedPT Glofte) A flavivirus comprising a hinge
regi onChimeavaxonRDENAL &6 (&uat es 1wes)bl avi vix@®. 2. The
flavi viituR10E2¢4K&RN 1, wherein the nmutati on decreases
the V|¥E€%K®rop|sn1ofwﬁﬁ@0flaV|QQrus 3. PHe
f $takjstigs (Rrabadlity] ai m 1, wherein the flavivirus

VWhat

alos i

flavivirus.

ChibIBl QistobAMbINidH v B |
aRwHy e Hobliaon RiICHIMSVa

VLGS SRl P
i RSY ¢

£

7#‘@@’%’%I | ow fever virus \9198& ne st 19i4q;
Botat ot

Poup

& ?%‘i?é%%ﬂ”s'ﬁ%rﬁé§iat"’t§i"§'l¥a?§é“f@"f"}tus
fever virus; or
4. The flavivirus of claim3, wherein the

I86sh dcBRsF@RRiIMd ARG
™MEHEN 1 SlS bF GMIngHVAK

is a chineric
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is a

and

inal cords in monkeys
MBENUSVL viruses (5

asgl, g0 P8 B, RBED GARE-\AXD (arw&j{ PPRUBRBL® ns of a second

flavivirus conprising an enve

ope protein nmutation

t&ratp Monkey Target Discriminator  Combined

(Virus) Number Areas Area Scores

1 F22220M 0 0 0

(ChimeriVax™- F22236M O 0 0

DEN1, PMS) F22240M O 0 0
F22276F 0 0 0
F22282F 0.03 0.06 0.045
F222106F O 0 0]

Mean (SD) 0.01 (0.01) 0.01 (0.02) 0.01 (0.02)

2 F22203M 0 0.06 0.03

(ChimeriVax™-

DEN1, VL) F22205M  0.08 0.31 0.195
F22246M 0O 0.06 0.03
F22287F 0.17 0 0.085
F222112F 0O 0 0
F222115F 0.20 0 0.10

Mean (SD) 0.075 (0.091) 0.072 (0.120) 0.073 (0.070)

3 F22200M 0O 0 0

(YF-VAX®)
F22239M 0.17 0.69 0.43
F22256M  0.72 1.54 1.13
F22280F 0.22 0.50 0.36
F22291F 0.53 0.25 0.39
F22292F 0.61 1.13 0.87

Mean (SD) 0.38 (0.28)  0.69 (0.57)  0.53(0.4)

Statistics (Probability)®

Group 1 vs. Group 2 0.092 0.25 0.0055

Group 1 vs. Group 3 0.009 0.016 0.010

Group 2 vs. Group 3 0.034 0.027 0.021

%P values shown in bold numbers are considered statistically significant.

What is claimed is:
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attenuates the chineric flavivirus. 5. The flavivirus
of claim4, wherein the second flavivirus is a

wOoap@Eneseo encephal itis virus or a Dengue Vi r us Peeiuset06/do5949
fromthe group consisting of Dengue-1, Dengue-2,
Dengu%_lkiﬁnd Dengue-4. virus. 6.. The fl avivirus of
claim' UIVETS CORPrising 2 age tegionmytadon that atiemmsies the
Fosistusof the hinge region of the envel ope protein. 7.
The flavivirus of claim®6, wherein the second
flavivirus is a Dengue virus and the nutation is in
any o r re of the | SI ne .at e _envel o am no
aci d OS’ﬁ} arY“%'f%t[ 15‘2514 veire f‘)élﬁeg]@é‘%g‘m}&eﬁrﬁ@ égﬁ]il
ahdcefotdprm ¢BBe AOHKirud58, and 261. 8. The flavivirus
of claim7, wherein the nmutation is a substitution of
the lysine. 9. The flavivirus of cl a| m8 wherein the
lysing i ut h .ar n A_vacci ne
conpo?l tﬁloﬁfﬁglg&r%és’l sffcgaglmtfﬁ W}%elr%{}nkl/ ﬁ V§V16?S QApTey AygHoy fever

phvas e Stedd; iy a dteeptaplceltavinisetledted didi @Y grodd comdisting of
met hod of induci ng .an i_mmune response to a flavivirus

iPPngUD ¥HYSe Y est Nile” Yiatsh Beesedibpen ¥irng Kaemnwr Sogast Rgseasepvirus,

E}Bp | m 10. 12.

taﬂe rret%ﬁ%{% %%18?&&50%& e{:}h{r%ﬁeq{avw ent does not

have, but is at risk of devel oping, |nf ection by the

flavivirys,_ ot .is ected by the flavivirus, 13. A

met hod e&}aadeE%Srf&n ialva% STheEein dierimerig favivims comprises the
chssiABARsh- &H@Ma?%f@)gelh@&f PHNE ﬂgﬁvirgé Qirhd%nd ﬂh@gﬁé’—h{eﬁﬁ)rane and

a mutation that ults 1n decreased viscerotropi sm
ﬁnvelmpmmm aﬁecoildaﬂmliﬁ'us gdvepriding s envalidpset profein sutation that
Fe h| n re f.the envel ope protein of the

AHERHALRS €‘SC ! Ni¥hod of claim 14, wherein the

mutation is i n the hydrophobi c pocket of t he

envel opeprotein of the flavivirus. 16. A nmethod of

i dent idf mglaalmna\ﬂf@ﬂaimsﬁl waeudimheceoatidifitdyirghis anfepirede

%ﬁ%hﬁﬁtﬁsn\grus Q aSIBe %Fﬁ’il’u%ﬁ (fteﬁ‘ij %Célgp&g%ao% c%tnspsgng O}. Bengue—l,

I'nge regron o

Meheidd Hagubs, had Ddagud-bawyi rus conprising the hinge
regi on nutation has

6. The flavivirus of claim 1, wherein the mutation is in the hydrophobic

pocket of the hinge region of the envelope protein.
7. The flavivirus of claim 6, wherein the second flavivirus is a Dengue virus
and the mutation is in any one or more of the lysine at Dengue envelope amino acid

position 202 or 204, and Dengue envelope amino acids 252, 253, 257, 258, and 261.

8. The flavivirus of claim 7, wherein the mutation is a substitution of the

lysine.

9. The flavivirus of claim 8, wherein the lysine is substituted with arginine.
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decreased vi scerotropism as conpared with a

flavivirus virus |acking the nutation. 17. The net hod
wofoasioazo 16, wherein the nmutation is in the hPagas2005005949

regi on of the envelope protein of the flavivirus. 18.

The met hod of .claim 1 e e flavivirus. i

, _Wherejn t s a
yel | ow’% ¥?°°Wer°19§1p8ﬁlgﬁnc‘}ﬁ’ﬂl?‘%}sil’t,g tgF Hovriyipgef claim 1 and a

pharmaceutically acceptable carrier or diluent.

11. A method of inducing an immune response to a flavivirus in a patient, the

method comprising administering to the patient the vaccine composition of claim 10.

12. The method of claim 1 1, wherein the patient does not have, but is at risk

of developing, infection by the flavivirus, or is infected by the flavivirus.

13. A method of producing a vaccine comprising a flavivirus, the method
comprising introducing into the flavivirus a mutation that results in decreased

viscerotropism.

14. The method of claim 13, wherein the mutation is in the hinge region of the

envelope protein of the flavivirus.

15. The method of claim 14, wherein the mutation is in the hydrophobic

pocket of the envelope protein of the flavivirus.

16. A method of identifying a flavivirus vaccine candidate, the method
comprising the steps of:

introducing a mutation into the hinge region of the flavivirus; and

determining whether the flavivirus comprising the hinge region mutation has

decreased viscerotropism, as compared with a flavivirus virus lacking the mutation.

17. The method of claim 16, wherein the mutation is in the hinge region of the

envelope protein of the flavivirus.

18. The method of claim 16, wherein the flavivirus is a yellow fever virus or a

chimeric flavivirus.
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