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vomting. After three to four days, these synptons di sappear. In sone
patients, synptons then reappear, as the di sease enters it&luy@oedl | ed

toxi c phase. During this 20 phase, high fever reappears and can lead to
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anot her exanple of a flavivirus. Dengue viruses are 30 transmtted to
~humans by nosquitoes (mainly byFéddtheeqignt i ) and are the cause of a
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Dengue (DEN) virus is another example of a flavivirus. Dengue viruses are
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growing public health problem worldwide. Fifty to one hundred million persons are
infected by Dengue virus annually, and rates of infection as high as 6% have been
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flaviviruses is viscerotropism which is the propensity of the virus to

i nvade and infect vital visceral organs, including the |iehlyZpéiney, and
heart. Viscerotropic flavivirus 20 infection can result in inflammtion and
injury of the liver (hepatitis), kidney (nephritis), and cardiac nuscle
(myocardi ti s})‘ | eading to failure or dysfunction of these organs.
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: exhibit both properties (such as Kyasanur Forest disease virus). However, both

neurotropism and viscerotropism are present to some degree in all flaviviruses. Within
the host, an interaction between viscerotropism and neurotropism is likely fo occur,
because infection of viscera occurs before invasion of the central nervous system, Thus,
30  neurotropism depends on the ability of the virus to replicate in extraneural organs
(viscera). This extraneural replication produces viremia, which in turn is responsible for

invasion of the brain and spinal cord.




prME. Summary of the Invention D sclosed herein are flaviviuses including
one or nore hinge region nutations that reduce viscerotrof#idn2006t he
flaviviruses. These flaviviruses can be, for exanple, yellow fever virus
(e.g., a yellow fever virus vaccine strain); a viscerotropic flavivirus
selected fro the consi sti.n ngue VJI’US st Ni.le virus,
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f1avi Vi 1 USpinh i em icAR LAy éu&?'ré&gl%lé h& fa@aﬁésgyeﬁasifeo&rfvﬁ%ﬁ&{ﬁ%ﬁ;ﬁce proteins of

afirst flavivirus vir ever Vvirus pre- menbr ane

and envel SFECPEVacHS) hgye been %eéém (Mma% VY ellp Fever, gin Plogkinand henstem,
encephal i tiascingk, Btﬂsd 01999 SRRAEH) @hivadElpiSa, (B. 1 5-87DENBYElO ekt 17T vadeide OF 4))

including 14, Ju 006. n envel 0 rotei n nutation.that decreases
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exanpl e, arginine. The invention also provides vaccine conpositions that
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have, but dénguesWeptiNyle, ang Omgkehastoppiginfever viesés, amangiothers. | nf ecti on, or may have
the flavivi r%ll&@f&&%éd%m@%ﬂ%f fladififists YR HR& sttt dRReigsS e of the

vacci nes of tgﬁlnventlon inthe treatnent of flavivirus infection and in
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met hods  oflavivigds ﬁiuﬂgmﬁrlf%d‘éblrs USntAlRgrenReHrant @mj pfotag, wwmlﬁ@ﬂptedufhgrﬂont 0 a
fIaV|V|ru§l @Irmtat t.hat

sults i crea tro ism.. Further,
di scl osed S P RELhOFs A, |pEPg%lfslafe§Pr?f{]cer%l \?P’\’?s?aﬁﬁn PR ®REer vi rus
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whet her t avi vir e regdi on tation ecreased
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decr eased scerotropi sm they provide an add|t| onal |evel of safety, as
conpar ed If%ﬂghelr non-nmutated counterparts, when adm nistered to patients.
Addi ti onal advantages of these viruses are provided by the fact that they

can include sequences of yellgw fever. vi ru strainYFl 7D (e.g., sequences
encodi ng capsid and non-struc%ﬁ%ﬁ@%} which (i) has had its safety

established for >60 years, during which over 350 mllion doses have been
adm ni st ered ;04 . i) hg, I . nity after a
singl e dose, an %I Il ; are(ﬂ ucesS%%lgmnlét0ﬁeL apl %ﬁj@é,e%g\l}a%?%u?afrtfo}és ew days of

i nocul at i fefpce Mﬂcea&@mm@ﬁthe favevingses.lihess flavivinsescan be, farexampleeyallowfevsnuse an
active i n\hﬁﬁtégaweﬂb“t RGer Vg GsheRAMiA) N iScerofiSpil ISVl QietBerdth feeu and innate

i nmune r esponse . Q
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




i mmuni zed individuals are simlar to those in natural infection, the
antigenic nmass expands in the host, properly fol ded conf otalyi2o0al
epitopes are processed efficiently, the adaptive imune response is

r obust, and nennry is established, Myreover, in certain chineras of the

|nvent|on r M. and r i NS derlvdfro the target v S contain the
critical glggspr?t%?mu%?(%&t%i&?c{??ef TG f’pl%%m& 3%1 hg"lﬂ% M. In one
aspect of. CQShef Prngesevitus,itevswatipoean be, Hereganipl:, jprileysthe dt Renfueauvelipe asinoonpr i si ng
one or ML p&itoR ReE b THY b Q08 cdn'be SEHEBYHY, ?’gﬁ"ﬂnﬁgﬁéﬁ“@ nge region of

the flavivirus, wherein the flavivirus_ into vh e nutation is
" introduced comprimionalsy P’PW@%‘EC’?“}P@P?‘BRHS*F%‘V@F“ ipelpdeany QilbeyimEEs st rai n YF17D,
or (ii) adesbﬁﬂimmanﬁﬂdaa\mmmu@wmmmama&r ﬂla@ﬁlad“ands M&heds bf uct ur al
pr ot ei ns l.Low fever virds. and th rane nveloe rot ei ns of
a dengue \%{rugﬁﬁmﬁ&mﬁ? EVITUs %fﬂ 6% %Y éaaspect of
t he pr eseremposiientojtippationh datieritstrqated piingitiesy mfrﬁ}t)mwymbt lpmdtu@e m}iSh

flavivi rugf&aa@ﬂgemehmm@% & ?hﬂe@&ﬂaam%&eu&g into the flavivirus
hat results in decreased

an envel ope  hi |on mut at 1 on
vi scerotr w?lwr‘L WC‘(I?C)S useAH thenesipeial gdnversiop iy edieatment o HEEfs el | ow
fever vi r isectiacat] rethShrepatarionsf needichrineny foicsutH @ivdovdsy US conpri sing the capsid

and non-str Uﬁfsyglaélos&m% ﬁaﬂédé%% réd‘xgighQMw&.\l}g @v%viﬁggum%gg (s Menbr ane

and envel ope rus or a VI T US; and (1)
said envep ﬂﬁi@“ﬁlﬁ p getatiagha resplg imdectsasef gisqerogropism. Fuviber, glisclaseil ag ndiods sel ect ed

from the gfigunsaRMsVidis (. gta 1@%&5@@@09%&{0&%%{3%&%&1&&&@0 aci ds

48-61, 127-131, .and 196-28 w fever virus; aci d. 202 of

dengue- 3 Wfﬂl&'&g(l>latﬁ°&“%?ﬁ%“%ﬂeﬁa¥%%aﬁa$era% O & Tvvitys AR 00 Jelrninge g - 4

virus. 14wBahey th2 006viiOIn0iBdidBE Hﬁgﬁ@@%xbﬁﬂ@ﬁ@lﬂsl@cﬁsh@ﬁs&eﬁﬁbmm&gs and _

advant ageéonﬁiareh%ﬂhm(\ﬁ%‘s% 3thﬁ Pa%ﬁ ent fromthe follow ng detailed
t

descri ption, raw n% alms Brief Description of the
Drawi ngs 5 Fitp eﬁzwwvw %aw@éloaa@@dwawg@m@cw@wgwg gsfregiednen’ VaxTM JE

FRAL3 (1 avigRrotip ygl?%{il@bnﬂhuﬁﬂﬂ 1&8@5&&@&% aie@gmﬁemﬁmkat@) Pl aques
ranol

wer e stai ned u5|n nti-JE t1.S anti-rabbit
| gG hor sefHBFPA S, E@TE%IE?E)&‘“@?S ?‘Q ‘?l[:\?‘{%gagﬁﬁ‘o eé?)ﬂéw?ﬁffwi ng survi val

di stri but pmvndecﬂjry tl’réFfadt/mN(the)y camiticludehriesqrendeyabytllow) feve oiret sruia VB 7Die.gh  and
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- | ogi ¢ PFUor i’ Xgars, ZIB?H%BHWFW&@ gtiljion dopes|hgyys h@eﬂﬂ@ﬂﬂ%ﬂéﬁ tohpgaosA@ -2.7 1ogin
PFU. Fi 0. induck®a 1@@@4@1& afmlﬁﬂﬁf)ﬁmf Didinph trkey Sildgiii) ﬁi@ﬁ&ﬁhﬁﬁmwﬁpl i rus dose,
showi ng S‘f_‘%ﬂ § dﬁg%g u? d ;)[gr(ﬂ.}ﬂl el 1li nes f. or \glﬁlthuses Wi t heé%RhLS) and
wi t hout ( 3 Hot: U SPe YagHRe iTfes egm‘éefﬂﬁ?qqaa‘(‘sl conpari son.
The F1t hl4stive infegionasheltBato@paticnte é\s thercgtokine milien 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

immune response is robust, and memory is established, Moreover, in certain chimeras of the

invention, the prM and E proteins derived from the target virus contain the critical antigens for

protective humoral and cellular immmunity.

In one aspect of the present invention, there is provided a flavivirus comprising one or

more attenuating mutations in the envelope protein hinge region of the flavivirus, wherein

the flavivirus into which the mutation is introduced comprises (i) intact yellow fever virus

vaccine strain YF17D, or (ii) a chimeric flavivirus comprising the capsid and non-structural

proteins of a yellow fever virus and the membrane and envelope proteins of a dengue virus

or a West Nile virus.




15 potent (virulent) than FRbL3 (p<0.0001). Fig. 4 shows the results of

i ndependent RNA transfection and passage series of Chi neridMayPOBEIE virus
in FRhL and Vero cells. The energence of nutations in the prMe genes by
passage level is shown. Fig. 5 is a three-dinensional nodel of the
flavivirus en (o Q ns of
mutations in %4%9@& ee\('ér:(t@aﬁl?flEe nggﬁé%‘%g?oﬁg&lgmg? ﬁ%‘g@qtrx‘%&(’% OfPro \l—(llﬂi!ﬁ_ or Vero
cells. Tﬂ@i*éeq yegime, the mtth@i hEperivg ingpducgigyro mE(ﬂaawmus(a&tenmlope hihg©Ar S982;

S o= gt aflain Y209 4008 (o0l SHlectE, B BT Qugits’ L0

for aut mtaefdfeh@wfﬂvcrgswﬂmem storirberial ciinegic Byvivine compiivng; thé caBedMsld ( Segnent
Mat ch 25 Nogle r n p, Palo
Alto, Ed.u%PQ g%ar #%Fgﬁggﬁﬁéﬁlaﬁ%%n ’!egﬁe%l‘é’?‘%\?ﬁg‘i) vg ﬁgé \%e%ggs (e.0.,
yel | ow f@d@guwvmlageaswaﬁd%bmrnmanct(n) bdidenivelopaisegs)redianinvigti@riepesentior e

mut at | ong, &l d@Ridbkd rimIREEEBIEHsidD 6 B EELARS SR oo uAIRD BRAY 10T MBI NG
such flaviviruses, and net For hese flav [O prevent or
to treatadds#$i6yi i< 31.andE96-29. ofTﬂ@mﬁgtf@thar(lmp acil 262 ofolesgueidrvitubie

fl.avi vi r ol e hinge region of the

envel op.(ra%%%gl ?Ieﬁ aﬁm{?ﬁ’g‘i\f;eﬁgv%é ka éﬁgﬁi‘ﬁ%%g‘y 4%@% WO 03/ 103571 PCT/ US03/ 01214

shown plays a role in determning viscerotropism The viruses and nethods
of the invention are described further, as follows. One exanple of a
flavivirus that can be used in the invention is yellow fever virus.

Mut ati ons can be nmade in the hinge region of the envelope of a wld-type 5
i nfectious clone, e.g., the Asibi infectious clone or an infectious clone
of another wild type, virulent yellow fever virus, and the nmutants can then
be tested in an animal nodel system (e.g., in hanster and/or nonkey nodel
systens) to identify sites affecting viscerotropism Reduction in
viscerotropismis judged by, for exanple, detection of decreased virem a
and/or liver injury in the nodel system (see bel ow for additional 10
details): One or nore mutations found to decrease viscerotropi smof the
wld-type virus are then introduced into a vaccine strain (e.g., YF17D),
and these nutants are tested in an aninmal nodel system(e.g., in a hanster
and/ or a nonkey nodel systen) to determ ne whether the resulting nutants
have decreased viscerotropism Mitants that are found to have decreased

vi scerotropi smcan then be used as new vacci ne strains that have 15
-increased safety, due to decreased | evels of viscerotropism Additional
flaviviruses that can be used in the invention include other nosquito-

4a




borne flaviviruses, such as Japanese encephalitis, Dengue (serotypes 1-4),
Murray Valley encephalitis, St. Louis encephalitis, West NJuly2086njin,
Roci o encephalitis, and Eheus viruses; tick-borne flaviviruses, such as
Central European encephalitis, Siberian 20 encephalitis, Russian

Spring- Sunmer encephalitis, Kyasanur Forest D sease, Orsk Henorrhagic
fever, LWABYMEI1, Powassan, Negishi, Absettarov, BEAASE%Y4L Apoi, and
Hypr viruses; as wel | as viruses from the Hepaci virus genus (e.g.,
Hepatitis C VirUsper fhbres Bl adVARES Sk HSETl\ B G0 BOMELRLARENS Ly 1o I nfect
vi sceral organs e viscerotro flese ViTUSEs may not cause
dysfuncti on é?ﬂowmﬁd?ml?‘ié%‘é%ﬂn e Garings. apdithe elasr epl i cation of 25 virus in

t hese organs can cause. virernia and thus contribute to invasion of the
central nervous system Degli_‘ngéi ng thef\ v': scerotropi smof these viruses by
mut agenesi s can thus reduce™ invade the brain and to
cause encephal it ifg. 1 bhowaﬁld;u‘esmaﬁantsﬁ)h&lcvduytmﬁﬁerﬂvméﬂth@aﬁge as well as

ot her flavivi | [E%i Vi nor e

mut at i ons thgtah‘%g%a?eel% e Visc P?%lesgr#ezrﬁg % | nc{ggﬁﬁgﬁﬁsngﬁhe i nvention.
These chi ner a@-@alnﬁse@mﬁlwefb‘fy apti-fapbit[pG-herseradish peroxidgsehackbone  fl avivims) in

which a structur alg, @{thsc%ieE'of(gEhfnthﬂcﬂJn%'sﬁl%)«al Bﬁﬁb&%ﬁﬁsrbfwmﬁé@% wth a
correspondin structural protein ( protein second virus (i. a

test or a prEge We‘if?nﬁ?i“%g’“‘h’g’ﬂc‘f‘ﬁh“%a ’ﬁ“‘?ﬁ"%ﬁ?ﬁ%’?m E8F 48k anpl e, t he
chi mer as man oﬁ@ﬁb&]:t&hmﬁhfm(ﬁulﬁecﬂlﬂ{ thbﬂﬂx@oa?dﬁﬁ&o%&vﬁlamgomlﬁpra&ﬂyt&ﬁ%/ 01214

backbone fl ayjv u I the prMand E
prot ei ns of ;{%Qbﬁl?lﬂ%%ﬁz\??appmxﬁ%%g lglﬁ/egh"eﬁégpﬁnég!é%ﬁﬁ n”?qll &E&f M and E proteins
of the second, t &% 3 isiagtash (fecsrpssion amlydiempuality v vigis (idke, 4howingaipdimese
encephal i ti SsIXﬂeEMﬁpa:\M‘éhnMo!rﬁmL@swﬁ (FRAY; ﬁﬁ%@&&ﬁ&w&emw as any of

t hose nentioned herein)(the E prot e| n o a hinge Tegion nutation
as 5 descri b&yerHien aliowjns strfisdicad eupaiispe The PRILe girus s 15652 HEepdn s om any

corrblhtnat |1c5tnh96tenV(virhl81&ﬁrhanFRh§f(@f0@b(21yd the virus agai n;st whi ch :Am*runl _t%/_ is
soug i's e sourc nserte r.ot ei specific
exanpl e of a chi #@r?@w\'ﬁ 'ff§s tﬁ‘gﬁdﬁlﬁﬁdeﬁtﬁwgﬁfgﬁ]%ﬂpiwge i%’é‘)é(‘ﬁ‘ nes of the
invention i sChimeriVaM-IHvifueiu &R0l ¥ero véls.cTheemerzenaé of mudEdng Bthd N whi ch the prM
protein 10 aﬁg@%gﬁsgﬁ?&&%ﬁ%%h@mg@nbeen replaced with the prMprotein and

the E protei nut ati on as described herein) of another
~flavivirus, suchFigs3 ﬁamgu@nwnﬁlugodel(oé@rmeml@e gigcopioieing) ,  Japanese

encephal igi seeﬂaaluﬁnshmﬁgmwubﬁ of Infitthfons ,§mehiagé&bg%ono%a&%@m%l tis virus, Mirray
Val | ey encep I|t| el an%l ot her fIaV| vims, such as one of those
li sted above &fﬁﬁ)l"% arp fells. 115 peaRReeaT B ithavelope elverprolin G@s, which were
- 15 deposi t_edJamAtS%z Emmrdtdaﬁuaiyg?e6ﬂﬂ75m e98ZPlis@Bnkd® ofeAFGEE) | N Manassas,
 Virginia, %’i\}anua 1%&%{%%&%&%“§7@39F&b‘§aﬁ$5taslnr£p% #; and granted a

deposi t date
automated homology modeling building by the method of SegMod (Segment Match

25  Modeling) using LOOK software (Molecular Application Group, Palo Alto, CA).

Detailed Description
The invention provides flaviviruses (e.g., yellow fever viruses and chimeric -

flaviviruses) having one or more mutations that result in decreased viscerotropism,
30  methods for making such flaviviruses, and methods for using these flaviviruses to
- prevent or to treat flavivirus infection. The mutation (or mutations) in the flaviviruses of

the mvention is present in the hinge region of the envelope protein, which we have




1998, can be used to nmake viruses of the invention: Chineric Yell ow Fever
170/ Dengue Type 2 Virus (YF/ DEN-2; ATCC accessi on nunber #DOg2088 2593) and
Chineric Yellow Fever 17D/ Japanese Encephalitis SA14-14-2 Virus (YF/ JE

Al . 3; ATCC 20 accession nunber ATCC VR-2594). Details of malting chineric
viruses that can be wused in the invention are provided, for exanple, in

I nt er naSHAPLppl i cations PCT/ US98/ 03894 and PCTPEEER¥#B21- and Chanbers
et al., J. Virol. 73:3095-3101, 1999, each of which is incorporated by

ref erence heg, A onish ions that are

i ncluded in t%%ygﬁ*sotgnu o “%M?céseﬁg gﬁ %ﬁ%sé%tg}? \c{)%mdoaegéjtrfggse

Vi scerotropl@mumﬁfe@ﬁ‘én@ﬁ&ﬁﬁbqfés Oilﬁiésse mut ati ons are present in the hinge

region of the f|@ﬂde‘i&dgﬁe&lﬂ%ﬁ@ﬂhﬁ&ﬁ%@hﬁdmﬁb&m@ﬂ:{oﬂﬂ%ﬂldwd’&eﬁhal n of the
envel ope praqtein fol

i nt e disti central domain
(domain 1), %‘“ﬂl%ﬁ“ﬂ%ﬁ?wﬁﬂlﬂﬂﬁ?‘wﬁ(rﬂ%}%? ﬁ‘ele?")e “Eﬁwﬂ‘im’%mnogl obulin-1ike
nodul e dosmi ﬁe(tﬁﬁumnél, elg), thy Asiffitiefectibuis plge: ar eginfetioisclqne efseviier wdd-ween domai ns |

and |l and, J O Bl B S il At RLAOR B0 B GPRRI T | 00

change (henc the I on I nge i nvo usi-on of viral and
endosomal nmﬁ@mﬁ@smlalmt@randhrm@mmm@k%’ﬂW)Fﬂe@e@bfb’éﬁeﬁ?f&mﬂat ed endocytosis.

Numer ous envgl.gRgpRM R&uﬂﬁh%ﬁr&o?ﬁﬁ bed U, fhiRari}iid) @echicd@e ON i ncl udi ng,
for exanple, amno acjid

. and, 196- 283 | | ow fever virus
(Rey et al. #ﬂ%‘iﬂ%ﬂf‘?%h"wﬂt}@?% | syBestfserlisisp (f‘i‘?%h Kelt ure 375 291- 298,
1995). Any Q{etat[s!)tee@ o Bibid BB Edne foundb desteds @isyeroitifismoofMighivilg-npetine  aci ds (and
correspondi o.acids in other fl rus.enve ins), can be
- nut at ed accoa?ﬁ%dn%ogu%’@%aﬁvgm?s%m(e%qﬁlﬁe) agle?emulmgg?rg%ﬂ%ﬂgng decrease in
vi scer ot r opi ammimalvpdeltsysemde.g ain a banstepaid/of amankey dridelgesteme idgamingi ng st andar d
methods, - SUGHS: bl kA AodUARARHo o, MRBRIBRE Buffw e ype of

nmut ati on pr esent In he viruses of he Invention |I's substituti ons, but
ot her types 161’8%ﬁ%ﬂ‘@ﬁ@m@%?ﬁﬂé}?ﬂ&‘e‘ﬁﬁwaﬁﬁwa%SFﬂ%“é‘F“E]i‘aB‘?]s can be used as
wel | . |1 n1ﬁddh&réa§ya,saf@§ dhétoﬂééﬁe%édﬁm\b@ws&@&oﬂm ations can be present singly

or in the contex ddi t i opa nut at | ons. The .viruses
(i ncl udi ng chi me *°“§53‘?‘ﬁ‘85‘*g&&*§8ﬂ’€ tﬁ?‘f“@ﬁ Cak "geéa}?’?ﬁﬁgsql’} ing 10
st andar d mtﬂondﬁammte&eu@mﬂapaﬁaﬂer@mﬂmlsé}eng;n(sﬁthw;pMMme corresponding to
the . 9ENONE By Ponchlidtfs, SELouRSndo b RIWESnd begmﬁidcg%ﬁ%?hgﬂslaﬁd chi ck enbryos,

or diploid ce nes, rom ernat an of whi ch) progeny
virus can tﬂ@ﬂuswﬁusmmﬂﬂoéﬁﬂmm@ﬁ:ﬁ@ ammgmpme@@hﬂm%m to produce the

vi ruses Q(ﬁmle‘ﬁﬁhalﬂﬁst BhGR —GifkndeS encpH s, K%&aﬁ(@?&es@ﬁiséa& O@sunura et al .
Ni hon Ri nsho 2 1201 121 I n th| s. net hod Jr5 nucl ei.c aci d nol ecul e
l%‘vs%?&ﬁ

(e.g., an RNEMephasicdsvey Levping Smpeaishs f‘hséﬁaé‘ﬁ'n%?%a TP AR%A s i s
“introduced impoviluke, aheélears@mlsadfd;m&l}l@aclwgtmsl(ag h&patﬁsteﬂ;s)‘ rAom t he medi um

0 whi Nt NG ey Gl Ral I oREE R ) fo e visdBAT SEsSL. fhe ibdeMBoplh 7 €3t ed Wi th &
nucl ease (e.q., an ghdonde

: ﬂlese viruses may not cause dysﬁmctlon of vital visceral organs, but the replication of
25 virus in these organs can cause viremia and thus contribute fo invasion of the central
NIETVOUS systeni. Decreasing the viscerotropism of these viruses by mutagenesis can thus
reduce their abilities to invade the brain and to cause encephalitis.
In addition fo the viruses listed above, as well as other flaviviruses, chimeric
flaviviruses that include one or more mutations that decrease viscerotropism are
30 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 & second virus (i.e., a testora

predetermined virus, such as a flavivirus). For example, the chimeras can consist of a




" that degrades both DNA and RNA, such as BenzonaseTM U.S. Patent No.
5,173,418), the nuclease-treated virus is concentrated (e.igJulyBgosuse of
ultrafiltration using a filter 20 having a nol ecul ar wei ght cut-off of,
e.g., 500 kDa), and the concentrated virus is fornulated for the purposes
~of vaccination. Detalls of this nethod are provided in U S.  Patent

Appl i cat W34 al No. 60/ 348,565, filed January 15PCTHEEL2hich is
i ncor porat ed here| n by reference The viruses of the i nvention can be

adm ni stered, as prj ey %g vﬁ%x‘er%m%%%%n fhSot¥e Children at

risk of infeliTuRe Mty entsfor treating
i nfected pat ilewios haﬁft)freewrempfl with theprMigad %Eﬁ@nﬁﬁf ﬂgﬁé‘PCPWe?t s Bengue

chi meras, thg s aGahd\8S )%&eéa%ndéﬁﬁﬂnslvﬁu@wudmﬁems ohinblreuspduc | sk of Dengue
infection, or can be used as _secan %}1/ H&eﬁ Ehor treatl ﬁ Dengue-i nf ect ed
o B

patients. Ex&AsY elhass meptiened hyren){fed re Bge FEIHY " “dengue-rel at ed
vacci nes anddémibla@ﬁ&ijelrgf'mehﬁmbxfb\mmesaﬁbnﬂﬁbﬁdeat(mc):mﬁiﬁhumimlvulusm in areas in

whi ch Dengue_i h g he Caribbean,
(ii) foreigntf eéﬂ\ggqgﬁr‘gméa(amg h%ns %S/ éb ggrﬁg@; '38?‘8 l?ﬁ patients in
areas of a BengutprepiiEeni c. IVbr eover i nhabr tants of regions into which

‘the disease has be &1ﬁcgﬂ§$fe%?gcﬁr?eﬁgeirlﬁ)&ﬁ?da§iﬂ]ﬁ:hfd€dﬁmewc&ﬁéﬁtoﬂﬂ@-, Chi l e,
- Australia, parts of Africa, southern 14 Jﬁlﬁ% Zoogﬁ%\gﬁ@ 103571

PCT/ US03/ 012 Faentioh i 56 yelpw &vabgatrerageing pireity "WiPted States), or
regi ons im Waidahe § frotbiR ¥avbBeen RPR®H WaElhE Arvpt@enhdiie Brpheeif {idoudieg4 e. 9., regi ons

infested wth, Aed e t. n.be eat ed cc d| n o the invention.
For mul ati on g‘*t’ﬂ“gZL ?’sﬁgsggb%}wr?lﬂé’f?”ﬁ@gﬁ{a ﬁusélécn e ¢ r%frsed out using

nmet hods t hat (selbtyps 82,5t amﬁiéapehehemmtetiehmrus, Nesttiiloviss,Sharuimceut i cal |y
acceptab’ € sgj ﬁa@r&;ﬁs%m@%ﬂ o enckiHils s GRARR 40l Genlbde known and can

readily be a use’in resent i nvention by those of skill in
this art.  (Setthospligped abq%rﬁ‘onwﬁﬂ:@@ﬁﬂbﬁﬁﬂé@ﬂ%@éﬁ%@ﬁ&é&ﬂﬂ( 18s' edition),

ed. AI Gelﬁnaﬁ sﬂ@@@ﬂm thdVRadsicRUBhd @hﬁlﬁ@oﬁ-@hon (M)Watﬁﬁ?s) Virginid, WO SpECI }‘I c
exanpl es, ar e n |um arle's
Salt 10 (I\/E “’éﬁiﬁ ;r‘%%g)y%ﬂ Qaﬁ “?ggg} 'ﬁﬁ té”?‘ﬁ‘i’h al bunin or MEME

©_cont ai ni ng 1@%@mbmwrmud@mwmemmm Chisess GHlow Bévagdl7D/Desgueli | uted in a

physi ol ogi ca e or sterile
buffered sal |lr 2%g%e?Azgg%ﬁeﬁﬂnn@?gﬁf/@u@%g%aaﬁdg%k m ni stered and
f or nul at ed, Weﬁo“ﬁcmr@mlapanpﬁeﬁmlthﬁ%%Vm&mfwl JATCew fever 17D

vacci ne, 8. 9aecesdign funfbbA1CC |y 34S PRAK S RaiGis chitkA&CHGss Gicgleen enbryo 15
tissue, or a fluid harvested fromcell cul tures |nfeqted with the chineric

yell ow f ever usefinfhydnvention atg growiinfe §r Ginglnd IPEPERTA R EHN be adni ni stered
usi ng net hOd$’CT/U898/!BB‘Baﬂ&i’(tT/UMDBmwﬂdChh&xbaﬁétal andronpp3oepsicar e amounts of

the vacci nes 16)99 acr:?:ll o% w ch i§ m%oargora% by re?‘erencé/ hetein in ifs entirety.

As is noted above, mutations that are included in the viruses of the present

25  invention decrease viscerotropism. In one examople, these mutations are present in the
hinge region of the flavivirus envelope protein. The polypeptide chain of the envelope
protein folds info three distinct domains: a central domain (domain I), a dimerization
domain (domain II), and an immunoglobulin-like module domain (domain 11Y). The
hinge region is present between domains I and If and, upon exposure to acidic pH,

30  undergoes a conformational change (hence the designation “hinge”) involved in the
fusion of viral and endosomal membranes, after virus uptake by recepfor-mediated
endocytosis. Numerous envelope amino acids are present in the hinge region including,

for example, amino acids 48-61, 127-131, and 196-283 of yellow fever virus (Rey et al,,




determ ned by those of skill in the art. For exanple, the viruses of the

i nvention can be 20 fornulated as steril e aqueous sol uti ong JolgiR0@H ni ng
between 102 and 107 infectious units (e.g., plaque-formng units or tissue
culture infectious doses) in a dose volume of 0.1 to 1.0 m, to be

adm ni stered by, for exanple, intramuscul ar, subcutaneous, or intradernal
rout es. W%“Sﬂﬂf’d%tl on, because flaviviruses may be cRPHBP¥YS¥ infecting the
human host via the nmucosal rout es, such as the oral route (G esikova et

al., "Tick-bgg I MeTe)VAR dinkGRhogy and
- Epi dem ol Ogy, nat %ﬁ%%l §5 ?égh&%%ldé g&ays 1&5‘1&1%%1 glrglrgég 1988, Vol une
|V, 177-203), aclth{@ld\fcplma@@@nwmmdﬁa aberiflatvmeenvegpeRmcEdasmPout es  as wel | .
Further, the mﬁ&&ala&&amgiotaehﬁ;eﬁﬂw@ﬁak@af&a&sﬁ%@d&aﬁulﬁh&fe@%ﬁm a single dose

or, opt| onal ly, adm n| stration can involv ng dose

fol | owed by AMAJESEEbe miden thp ﬁ er?%‘mé‘ﬁﬂﬁﬁtﬁ“%f‘ie ahpds, é‘m ass‘ tg“i)nt hs |ater,
as det er m feduutagenbss. a}npé)mmplbaﬁth:tmaof:hﬂ&enpraﬁnﬁiimsﬁmhdsofmc t he art.

Cpti onal Iy, %g%&ﬁ‘é&‘ﬂts s&r@%& ﬁ&?th%ﬁg%&%?méoﬁ% h %ﬁeieﬁo%gaﬁd%s&ﬁo%sa” can be

used in the. mni's VI ruses invention. "Adjuvants that
can be used teenbemivdackell freddifienasirogish ithoia, (e piatidnecap be preser single | ude, for

exanpl e, | i posAMRloodaf Sehdk kBRIdciYAIARkGE 14 July 2006 WO 03/ 103571

PCT/ US03/ 01214 adj uvants, suc di peptide,
monophosphor yl '%FH“%?S Bﬁ“d%ﬁwmégﬁﬁ%{?s%mﬂﬁwg%@ﬁ@% adj uvants are
~typicall ylwseﬁndaﬁn&mbﬂmcmemmﬂ@mﬂ&eduﬁ cbﬁh@@h&hﬂﬁb&d vacci nes, they
can al so be usngglle atvrl}agéaryg a l(l:cl .eis ﬁ%q(e b OS 9 dl\{méu del i vered Vi a
a nucosal rodte, °fdy exarrpm,0 ora y“m?%ﬁe &&e 8] PEUEN as 5 the

heat - | abi |l e tllmsifrpnvﬁhlﬁ(ordwlsupe(ﬂm@ts dwhnh)wmmnyd@rslcmahqn@nsur@ﬁd LT can be used
as  adj uvant Suoghdt u3lS du Ok o BEDG BroBile B RGeS _I_is'h@@r%pﬂ:nﬁgéﬂs hgye adj uvant

activities can be inserted Int VI I uses. enes_encodi ng
cyt ol dnes, s@Yra<liaypreopn efal, Pi'hmlli-_“mh‘lz} 1201-1218, 19¢)- Juhisnethods? pe i nserted

t oget her l/ﬂtfiﬁudidﬂi’a@id%le&ﬂé@e@?ihw&ed@)@ﬁ&g&ﬁﬂgﬁme\géﬁ‘oﬁieﬂﬁﬁxhﬁ& results in

enhanced i mmune. r 0 to nodul at e ity.direct 10 nore
speci fical | y%%%sd‘gm@%ﬁ%ﬁ?pg@ce Ihm?ﬁ?eé g‘ di gld@ﬁg . In the case
of Dengue Vi reis havaben ngtircdihiredstcdpitus istkatedadd ia neddadife.¢ 2an cadonolease t he

i nduction of 4 ﬂ@ﬁ ' the; denau t he
chimeric vir uses 0 ¥ A@S%L%c%%elﬁﬁ?ﬁ%aﬁé cg%gbe ugqé)zﬁe{ﬁh%gﬁe formul ati on
of tetraval eff¢ Wéﬁ%%?rﬁ?@gdwc@?enwt@(e by uivef elrefilationusipgeditdrn such
tetraval ept Wh@t&@ﬂ&e@ﬁ@uﬂmt ugdesm kﬁi}ltjt ﬁhm@o&&ﬁtedlémﬂﬁcr eases

vi.scerotropi s descri bed herel n he chineras can be nixed to form

tetraval ent E ]H%ﬁ: ’i%eri%’mﬁies%tfﬁ’?"’ﬁﬁtf"ﬁt Dkl pittfs mepadsre s m &S can be

" admi ni Stel’edPatéhtﬁﬁﬂibsﬁlﬁnSenhllNotmﬁiﬂ,aﬁeﬁlaﬁaﬁlaﬁyﬂﬁQ&Mahﬁﬂimm&ﬁ@tm to reduce

t he possi bil 'héréﬁn%r fére)rl interference and thus to achieve a bal anced
i mmune response, tfie “arounts of each of the different chineras present in
“the admini stered beaweﬁeﬁhmwnw::gu.bemam&t«trgd,asmmmgroxélxlambgnf@f such

25 inadulis or children at risk of infection, or can be used as secondary agents for treating
infected patients. For example, in the case of yellow fever/dengue chimeras, the
vaceines can be used in adults or children at risk of Dengue infection, or can be used as

- secondary agents for treating Dengue-infected patients. Examples of patients who can
be treated using the dengue-related vaccines and methods of the invention include (i)
30  children in areas in which Dengue is endemic, such as Asia, Latin America, and the
Caribbean, (ii) foreign travelers, (iii) military personnel, and (iv) patients in areas of a
Dengue epidemic. Moreover, inhabitants of regions into which the disease has been
observed to be expanding (e.g., Argentina, Chile, Australia, parts of Aﬁica, southern




20 a fornmulation, at least 5 fold |less of the Dengue-2 chinera (e.g., 10,
50, 100, 200, or 500 fold less) is used relative to the othlkly2006 neras. In
this exanple, the anounts of the Dengue-1, Dengue-3, and Dengue-4 chi neras
can be equivalent or can vary. In another exanple, the amobunts of Dengue-4
and/ or Denque 1 virus can be decreased as well. For__exanple, in addition
to usi ngW%e¥ % ngue-2 chinera, at least 5 fold | esEBCU¥S¥&pengue- 4 25
chinera (e.g., 10, 50, 100, 200, or 500 fold less) can be used relative to

the Dengue-1 gand HERHHEER:, Gl AERLAST BHited ASH, oPrefibisth WIRGS: ¥y bk he Dengue- 1
chinmera (e.g., 10, 50, 100 200, or 500 fold Iegs) can %@Jused relative to
the Dengue- 3 HevBdhEHmd in efits ey xoejpps infested vathdedeg ageaninh e of t he
Dengue-1 and kenguRoedingbitieivagionan be used relative to the Dengue-3
chinera. It may be particularly desirable, for exanple, to decrease the 30
amount of Dengue-meHFW§P5m?€W§FPVE“PG“FHémﬁﬁﬁﬁﬂ?gﬂgFmﬁﬂﬂﬁﬁé-§:and/or
Dengue-4  ghi s sadaMiar: dth Nub28d blagfheuitilia hicembiedadonbidthsériar ei n i s not
included in the .chinmera. 10 14 July 2006, 3/103571 03/ 01214
Details of th&a"%“’a"rf%‘f‘%c’?F‘%’f’&%‘ﬁwﬂﬁ&ﬁ%ﬁﬁgﬁ%ﬁ%ﬁé’%ﬂg“&“ﬁﬁ %”%ﬁ i ncl uded in
the inventi oimyentidm tylthosand skilbin &tis agtoSet, e gnR@AsEiapfs Phireacentice] Soigecepr ot ei n of a
vel | ow fever 1dapangpe: SNGERAALs e RbIBAR colbRIBNAY Hedb helmw. Al so

provi ded bel ow are ‘details concerning y ow fever/dengue virus chineras,

i n whi ch deng@empips e viswss ate Spyaviagedip Minpis EssertiplMrdvadiarddt Salior e nut at i ons

It hat .decregs e(@h&@%ﬁrgﬁﬁiﬂg]‘cﬁ.%ctdsélmﬁ{iﬁ%ﬂ?ﬁﬁ%ﬂeﬁpﬁibu?lﬁﬂb@mm?ﬁﬁﬁ&@n, t hg

ysine at pos|tjon. of the .envel ope. pr ino ngue- 1, ngue- 2, or
Dengue- 4, or iQéfé%ﬁi W%TL%%gpﬁFgﬁsgﬁﬁﬂﬁghﬁﬁﬂn%ﬂV&ﬁ@%@ﬁbrotein of

Dengue- 3, Wwhi &heptable sdiwtion, awrh rostesitzisdipe ay@rik bnffdrddanling. hie aethesdxayyde, pr ot ei ns  of
the other Den rot 5 -] ' I,Suhysine can be,
for exanple, %ﬁ s?%f%gégﬁﬁFﬁﬁag?g#ﬁ?%g%ﬂ%fﬁggﬁ%gﬁ%g%ﬁgﬁgéghggr envel ope

am no aci d 20%lig®Ererfldp vioergee-a8} clerdied atsesasionof mfretad dirkengmbie hi eve decr eased

Vi scerotrQpi Sfkucl@h A8 BEd el AN R AFittiEe AR ABloR fevercONMbDI Nat i ons of
these am no acids can be nmutated. Specifi-c exanples include the follow ng:

_positign 202 'R§- of Dengue-1; position 202 (E) of Dengue-2; position 200 of
Dengue-3 (K); andThOSkddeOtthe 200htibiOn b2RRirkod v ARAL K aRfyePengue- 4. These

resi dues 15 can be substituted wth, for exanple,ra%glnlne._Experinental
- Results L Yel fugwn pdirsrt and sprredase aepesid deiveoeigeseAmitistersd e 15845 8° a Hi nge
‘Regi on Mt at defimidéd bPuHBRERYE YilFin €1 il ok Eadiplk, | twidiRy @ihe (in¥Edtiod panese

cncephal b fllaciaf i bR B AP PP, roer o,
full-1ength e@giplequediemdf uitsorli#de wiltnug dnfechous desg injarlose volume of 0.1 fo
1.0 ml, to be administered by, for example, intramuscular, sabcutaneous, or intradermal
routes. In addition, because flaviviruses may be capable of infecting the human host via
the mucosal Tontes, such as the oral route (Gresikova et al,, “Tick-bome Encephalitis,”
25  In The Arboviruses, EcoI::ng and Epidemiology, Monath (ed.}, CRC Press, Boca Raton,
Florida, 1988, Volume IV, 177-203), the viruses can be administered by mucosal routes
as well. Further, the vaccines of the invention can be administered in a single dose or,
optionally, administration can involve the use of a priming dose followed by a booster
dose that is administered, e.g., 2-6 months later, as determined to be appropriate by those
30 ofskillintheart.

Opﬁohally, adjuvants that are known to those skilled in the art can be used in the
" administration of the viruses of the invention. Adjuvants that can be used to enbance the

immumogenicity of the viruses include, for example, liposomal formulations, synthetic




fetal rhesus lung (FRhL) cells led to the emergence of a small-plaque virus
containing a 25 single Met3Lys amno acid nutation at E27914 Jun28p@ i ng thi s
‘residue fromthe SAl14-14- 2 to the wild-type amno acid. A sinmlar virus
was al so constructed by site-directed nutagenesis. The E279 nutation is
| ocat ed ta-sheet in the hinge region of the E protein, which is

A upgh

r esponsi a pH dependent conformational chand&T§ePPHS vi rus
penetration fromthe endosone into the cyt oplasmof an infected cell. In
i ndependent 3@ty t@%ﬁ?ﬁ&%%ﬁﬁﬁ&@ﬁﬁ b%néﬁﬁos nﬁaA,\@ro cells,

mut at i ons appear ed npst

requent | i'n hi n% mﬁndEd am no aci ds E266
to E284), rePcrlE@?ﬁPW@m@eﬂ@PﬁgE ﬂ’i"%ﬁ@&‘ﬁ‘P‘F pre P 1Yt“l‘ﬁd al |y i nport ant
region. The E&%ﬂseﬁﬁ\ﬁﬁ&mme@m&dy&nals@wt&mammwmdneasneﬂ:.amse
neurOV|ruIenc survi val Sk on in suckling
mce and 11 if%ﬁ F‘?&gé“‘ﬁ@“ﬁ’éﬁ{%‘%@i""ﬁ“‘%‘? fnﬁ‘ioﬁ%ﬁdj %elgfgéopat hol ogy in
r hesus noik eths heaBabitedoxorpf a0 (11) wmmmvmﬁtﬁmbﬂsyd@f results wth
nonkeys, the cﬁu&bﬁ&ﬂ'ﬂ&iﬂﬁﬁﬁi%&e&eﬁc@ﬁ @ﬁ&ﬁ&?&h&&&aﬁj%taﬁ@ﬁhééﬁ%&y testing of

Vv

flavivirus ccl ne candi dat es for neurotropi sm The E27 s V|rus was

restricted winsdedggthedinuey m’@x&%"éﬁ@iﬁ?@&ﬁﬁ%ﬁ%‘&‘ﬁsw f-hFs ﬂ%?»r as virem a

.and anti body 1, ave, srmgwakwﬁse@édto"geﬂmm@w&gﬁm@ﬂ}enw ProSicgni f| cant | y
reduced as corTP [

E279 t virus of chinmeric
viruses has 4¥f8t H’S‘ﬂtéwef’]?‘i’g Fﬁ’%“n?fffp(?”‘?eﬁ@“grﬁog“& ‘T'ﬁmm B?F%&)éf vi rul ence and
“new prospéct moﬂe@peclﬁ@digtomdd@médrd}umt oifffrcosgeesppise@®, nol ecul ar 10 cl ones of

posi tive-strand haV|r ses rrLs Vacci.ne 19: 3877- 3884,
2001; Xiong et aﬁ“ &i@?ﬁ&@ﬂpﬁ‘fﬁ%@ﬂwlv%ses (Bray et
al ; Proc. Nhlﬂﬁcuonocﬁ'&ﬁinunﬁjngamkﬂa&oﬁ: of 88 dai842ro DB A, chibRBd viruéhafrber s et al .

J. Virol 9-31 Wy VLT
75: 7290- 7304”‘%8%?’“ ‘ﬂ%’]‘ﬂ‘m °%‘t%ga Qﬂ%.fa@lmrag‘f“%?%"%lgﬁE]Sa-‘“‘géé'zg]fy %800y have been
modi fied by Pﬂtmhmemwmﬂ@m‘@lﬁeﬂforgﬁhﬁ@lsEﬂﬁ@@@ﬂq‘ﬁgmlttﬁ'@nwtr al 15 envel ope

and det ergi ”é&k&eéxﬂé&%ﬂ’c@gm'd@xs'&@ééﬁﬁe@hér@xﬁtm'ah;m%émﬁérﬁ@&m% fusion, and
internalization. The replication of these chineric viruses is control | ed by

nonst r uct ur afeTavaleRiPEspsTtions sany Reint durneoramlateny o5 o3 bR AIRINHFEL R SFhy t he

. parental strmﬂmcasMaféﬁtratvklaltSMmbgtoumaéem@oa:ibﬁitﬁﬁ‘vfrﬂﬂmﬂeﬂaﬁedlmor genes afford
specific i |oI characteri stic hiperic viruses are
determ nedm‘rgl %(‘f}l“ef' B‘ﬁo reSpom ’ptleearrﬁ \ﬁorft‘]’%ﬁafet%edégmﬁgezo conpari ng

constructs wh@rammmgdrswm@ecmtaﬁlemnMy,ammgsmhefMOr genes, it

i's - possigjgl ea%ogméauaé%ﬁaasgggmﬁe&%fwﬁeﬁgu%ahm&é) eegsléﬁfSO h@dbool supd ami no aci d

residues in virulence attenuation. Using a imeric vellow fever (YF)

vi rus that i fiGespds sediglativeée i qlicEchifeniess In this erpipley hermenFof B8 strain
~ (SA14-14- _2) Déngda) DRHE3,ARCBRBRL4 dhinferab dB)be cqivilit 84 daehry. In another

“example, the amounts of Dengue-4 and/or Dengue 1 virus can be decreased as well. For

example, in addition to using less Dengue-2 chimera, at least 5 fold less of the Dengue-4

25  chimera (e.g., 10, 50, 100, 200, or 500 fold less) can be used relative to the Dengue-1
and Dengue-3 chimeras; at least 5 fold less of the Dengué-l chimera (e.g., 10, 50, 100,
200, or 500 fold less) can be used relative to the Dengue-3 and Dengue-4 chimeras; or at
léast 5 fold less of the Dengue-1 and Dengue-4 chimeras can be used relative to the
Dengue-3 chimera. It may be particularly desirable, for example, to decrease the

30 amount of Dengue-1 chimera relative to the amounts of Dengue-3 and/or Dengue-4
chimeras when the E204/E202 mutation described herein is not inchided in the chimera.
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25 exam nation was made of the role of 10 am no acid. nutations that

di stinguished the attenuated JE virus fromvirulent, w | d4dy@0E Nakayama
virus (Arroyo et al., J. Virol. 75:934-942, 2001). The virulence factors
were defined by reverting each nutation singly or as clusters to the
wld-ty ce and determining the effects on _neurovirul ence for young
adul t p‘ggﬁﬁﬂﬁgﬂl ated by the intracerebral (10 r odtC& PP 0" 30

pl aque-formng units (PFU). Al of the single-site revertant viruses

remai ned highly BLLRGHAL Gitect@Dlich SMRE éﬂaﬁﬂ@oﬁ&n@&h&f indude®Rlagues were
required to restore a neurovirul ent henot y one S|ngle site

revertant (E2REn§Rs; whithpequsaipasitiop (A of “ES"@PH% °'B¥1°%P%H%nge in virul ence,

with 1 of 8 Wcﬂ%&eﬁﬁmpﬁﬁﬁﬂslﬂm&&taﬁ{pﬂvﬁeﬂﬁbﬂﬁuhﬂ% pavidedbaloddreJul y 2006 WO

- 03/103571 PCTé #}51,03/01214 ﬂ n orglder to. e | ore. f);l hc%r etvggseweﬂctl onal role of
the E279 det eT'il hant e ¥ SHPAT &0 ChrHBerT ¢ YRS E P dSes That differed at

thi s ani no$ acmotemsemhdmelefoomorb h:eiations ﬂamdbqrqase@@cqrmmamsfe oparzapiadti tis in

- suckling miceg mdm%%ﬁsmégpbms%ﬁmg@n@% PR ES DenduS 1 TRMGeNEl ¥ used as
a test for saf eﬂgﬁnﬁ% avivirus and - [i've vacci nes, and quantl tative 5
<)

pat hol ogi cal %% ﬁheé‘fsmb?-@P%t‘“&ﬁ@P %fﬁieﬁlﬁ’lebﬁed’l“ﬂﬂq odepmed Wikhdes a
sensitive netiheg hab ac1ailsﬁ&neMIt§emﬁbg)pspr6tahmﬂﬁi)ﬂl&rimn@asao@@ef #s with subtle

- differences in n 00k Bi ol and. 15:
305-313, 1987} “‘éﬁé ﬁﬁéfh%gjy B‘%&iﬂ& or FXAp e S“%é‘%‘l?‘?%“’ﬂl%“"ﬁ% 2 han ol der
~ani mal s, $0 ncesikesegphiclopd antine atid 2600200 IEpiue-3f daaslsotienuged i s age- dependent

(Monath et al achxix}e dé@réa&li V‘S“é%“&}%wﬁg%%g%’%%m‘dg Uht 5. confirmed that 10

the single Met am no aci con erred an increase in
neur ovi r ul encem W@ ofihesg enigmadids candhe aritaged | Speqifipeexamles gnslude thyyi on of the E

protein, whi cliidung: b&ﬁ:@@ﬁlﬁl(ﬁj & DbfYuc-& ﬁhﬂ@@ﬂﬂﬁﬁ@engﬁ@@fp%ﬁ&tzb@&m change
during virus enet (rfﬁlel on dosaone_ into t t opl asm of an

i nfected ceII f‘“dé’ﬁsm"ﬂfﬁoo?m’ K)@'fzﬁ%%)-%@?ng“e“@ S MPort ant 1y, the
suckl i ng mi)u%nmabsﬁﬂl@&mﬁ,ﬁ)ra(aﬁﬂk,&tgﬁlﬁhe virul ence profile in 15 rhesus
nonkeys. Based on the detection of a change in neurovinilence conferred by
a point nutation, we propose that the suckling nouse is an appropriate
host for saf &wﬂi@ﬁ)f fl avi virus vacci ne candi dates for neurotropism

Whi | e enhanc'mena%%&m@_l@@ﬁﬁegﬂahﬁséﬁlz&amalagw@%&e@&@d to have the
opposite effect on viscerotropisn as neasure y decreased virem a and

anti body 20 M‘été%nse i n monkeys, accepted markers of this viral trait
(\Wang et 20 . ,Sudmaken. Virol. 76:2749-2755, 1995). Materials and Met hods

Viruses p§50fDeve' ORI i Goh e T B i i lce0aN by cloning a

(ChimeriVax™-JII} was constructed by insertion of the prM-E genes from the aftenuated
JE SA14-14-2 vaccine strain into a full-length cDNA clone of YF 17D virus. Passage in
fetal rhesus lung (FRUL) cells led to the emergence of a small-plaque virus containing a

25  single Met->Lys amino acid mutation at E279, reverting this residue from the SA14-14-
2 to the wild-type amino acid. A similar virus was also constructed by site-directed
mutagenesis. The E279 mutation is located in a beta-sheet in the hinge region of the E

~ protein, which is responsible for a pH-dependent conformational change during virus

penetration fiom the endosome into the cytoplasm of an infected cell. In. independent

30  transfection-passage studies in FRhL or Vero cells, mutations appeared most frequently
in hinge 4 (bounded by amino acids E266 to E284), reflecting genomic instability in this |
functionally fmportant region. The E279 reversion caused a significant increase in

neurovirulence, as determined by LD50 and survival distribution in suckling mice and

11




the entire 11-kil obase genone of YF 17D virus (Chanbers et aL, J. Virol.
73:3095-3101, 1999). To acconplish this, YF 17D genom c sHgubrR0es were
propagated in two plasmds, which encode the YF sequences from nucl eoti de.
(nt) 1-2276 and 8279-10,861 (plasnmd YFS' 3'1V), and from 1373-8704
(plasm respectively. Full-length 30 cDNA tenpl ates were
generatgﬂggmsf ation of appropriate restriction ftPgtE{H% Y"erived from

t hese plasnm ds. YF sequences within the YF 5 31V and YFMb.2 plasni ds were

repl aced by ( 5 ﬁigﬂﬁige@ﬁts resulting in
the gener atf))gﬁ g%ﬁ@mﬂ%}‘%n%% I\]/%{%% ﬁ%‘% QN%G%??J%&( ‘) pl asm ds. These
pl asm ds 13 Withmenksys, MW%%F%%@WWP%%W@TZ%@%#@ dPyest ed

sequenti al | yyadiiteRRadafitid fofdelr@ffop@id CRUDI €BE & fus M testilétell vt pdshect tADPTr Opr i at e
fragnents were |i

d with T4 DNA. | sted withnol enzyne
to allow tr&HEe ?H%%°nﬁm%a%@g@&%8%F%%%’ ;%6 pr onot er .
Tr ansf ect iSonvigtrotrapispl) wérd sifrficahilyrdies:d ss comprged(td-EATR Metatub.s with ful | -1 ength
RNA was performed by 5 el ectroporation. Supernatant containing virus was
harvest ed when cytopathic effect was observed (generally day 3), clarified
by | ow speedBaskgmeund f ygati on and sterile-filtered at 0.22 pm Fetal bovine

serum (FBS) 50% Yﬁe\émhymtunﬁmﬁﬁ @ bARERd WeB: aasmazecu&mdaisl i zer. The

virus was titrated by aque assa Vero cells S eyi ously described
(Monath et aff m%%‘?ﬁdﬁ‘g"li“?sl’i A %’?g'ﬂge"i t %ﬁféé“é‘ﬁ W@F‘i virus was
sequent i abl ycldds facsitivestrand dptlatires (MetioDo@les Sal( Veecine PNJB7AIAL | s Past eur,

Marcy |' Etoi rance) I cappr oxi matel y
0. 001. Com‘re%og} gﬁm efaﬁ chb%\?éﬁﬂ?%gg\g’ég% Mﬁﬂ%‘{(‘b@{/@% 2&?&5 obtai ned from
Aventi s- Pastﬁuer«(aﬂdcrrBﬁw SRABEL LB ShamiBeyph alu § FYirpl: Fibhter, PA 15

Si te-direct e@g@‘@uﬁ&ﬁaﬁémx"&u&u% ﬁ%lba%h,@b@lgﬁém bt%'Jer%ﬂt?%d‘i@I'*LyS reversion
at residue E279 was generated by oligo-direc muy a%]enem s as descri bed

(Arroyo et afd28 ZQOO)W?'Eﬂe“m?‘Bﬁ‘@ ﬂWW“°Wge%??“@ ngtheid| asmi d (pBS/ JE
SAl4-14- 25 ceRdlae ﬂidﬂﬁteﬁ:hﬂnﬂ mvShed Ifneldplizatibn, g@inQachagit, diionfahdm nucl eot i des
1108 to 2472. cili .181: 70-7 91 sed as 20
tenpl ate for™ %&’Mﬁ’ﬁ ctrg%“ﬁﬁ? ;{éh@ﬁec chl%?e%ﬁg?ﬁzargllbé% C)nsm@m;ragrrred usi ng the
Tr ansf or ner E'otelasmiilmmmmﬁgem@mssdwiheﬁa@h@hﬁmmhﬂﬂmmmw@lo CA) and
0' i gonucl eOtgrggm Mtﬁ&foﬁo@)ﬁ%& hesd &ﬂic%m&h&%@%&ﬁ@féh%&a@ém@@ and | sl and,

. Plasm ds were sequen acr E'region"to verify that the onIy
change was t?féhl@f’r@wwadmﬁlﬁhoﬂlﬂwﬂ@@wﬁwm@ﬁﬁtm@’ﬁrﬁythe E279

mut at i on PeaSconpRRe SHHRRLE aaﬁlmfcre@me bdgon S oddaocp h AR BonbiHokks, s PYFMG. 21 JE
SAl4-14-2 (Cecl lia et al 70-77, 1991 SI n the Mel and NO

(Kas 1) restFFEl pAsestoute fa&c&%lﬁﬂﬁ% S g e leigdy

transcri pti omdwen@tion.

Using a chimeric yellow fever (YF} virus that incorporated the prM-E genes
from an attenuated strain (SA14-14-2) of Japanese encephalitis (JE), a detailed
25 examination was made of the role of 10 amino acid mutations that distinguished the
. attenuated JE virus from virulent, wild-type JE Nakayama virus (Arroyo et al., J. Virol.
- 75:934-942, 2001). The virulence factors were defined by reverting each mutation
singly or as clusters to the wild-type sequence and determining the effects on
' neurovirulence for young adult mice inoculated by the intracerebral (IC) route with 10*
30 - plaque-forming units (PFU). Al of the single-site revertant viruses remained highly
attenuated, and reversions at 3 or 4 residues were required to restore a neuroviralent
phenotype. Only one single-site revertant (E279 Met->Lys) showed any evidence of a

- change in virulence, with 1 of 8 animals succumbing after IC inoculation,
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performed as descri bed above; however, RNA transfection of Vero cells was
performed wusing Lipofectin (G bco/BRL). 30 Sequenci ng RNAlAnaly 208®] at ed
frominfected nonol ayers by Trizol (r) (Life Technol ogies). Reverse
transcription was performed with Superscript |l Reverse Transcriptase (RT)
and a | Bg @ grot ocol (Life Technol ogies), followed ‘?/f RNasel | treat nent
(Prorreg‘& WESTh 14 July 2006 WD 03/ 103571 PCT/ USOZBFSRA A Hng- PCR (XL PCR
Perki n-El ner/ ABl). RT, PCR, and sequencing priners were designed using

YF17D strain seq %ﬁﬁrté%mﬁe@a:ﬂ.%né%&ﬁ&iaﬁaemmmw%ﬂ&“@nd JE- SA14-14-2

strain sequence (CGeneBank Accession nunber D90195) as references. PCR
“product s mr@ﬁWWm?WWWWtW%%FtWﬁ@W% fortefrom Q agen) and
sequenced 5 Ui i d4bse TRkFIMRA ihok ikl fitniGRl IERematbnoeaatke@n M X

(Per ki n- El mer,/ ABI uencin ctLons re anal .nodel 310

Genetic Anal 9“2’8?“‘%553?65@2" ﬁ’ﬁ@g}‘y&%ﬁﬁmgﬂ%ﬂ“ erg eqvﬁ%cncés%\% g%fé% uat ed using

Sequenchers 3.1@théleE e Conlmation oRhofit anvd spinal ool tRfvagudda s sasibveansthod®ut ral i zat i on

tests Pladue ARidfindhfs &%es&ﬁé%dnﬁs@nﬂ%f&m%ﬁhﬁe&&ﬁu}éﬁ@@m ayer cul tures
SO

of Vero cells t1on VI rus hour i1 ncubation at 37C, the

cel I's were ovbevertiogk et gf. ﬂlB“&g%ﬂééé 3B IR Depuckling igRIOvidRe |YY 4, a second
orerl ay Wgs fs@mde ﬁsutamanmzaa&nﬁf& , shBduscptibiBdo neﬁﬁ;&bﬁi%ﬂﬁlviviﬂsbs% o

pl aque-reduction neutr a ned, as vi ously
described (MFR&fgRendgRt( % @%Wis’ﬁm\%gég g@@z%"f@%‘% m%f@%dgt{ég nouse nodel
- Groups of 18 tthe silr@lefh@ﬂ‘al.ﬂ aﬂummd(mﬁitdn htmmﬁrre(d'ﬁaumasemFar ms, Inc.

Ger mant own; t [ JE SAl4-14-2
20 (Chineri Vax"lmQIWYA'AEA:?Ein!nplg3 org%g Wﬁ lléh&%geg? 42 8&?’&81 %Pdli—tﬁf ﬂ;) or w thout
(3.1 logic Pﬁ@))ﬂns{bhéor@ﬁ@emmcm@mamnﬂdm@ldummpewmt}?ﬁé@n@ére i nocul at ed

- Wi th YF- VAX( re},ao%me,ﬂdomggﬁspxas.%%mﬁfe@céuqkéee\éﬁeﬁ AR, H;ngmmgand death for 21
days. Suckli 213 pouse nm Pregnant femal e é{T@COﬂI c Farms) were

observed t hr ot E&’P‘Fﬂﬁ'ﬂﬁﬁeé‘f?@“ﬁmﬁ*&’ﬁs ?"H‘tBB’[e‘HFtﬁ‘el"F‘c‘l’?“é?‘ $™suckl ing mice
of. exact &ge.rhsSuGJ{dukd?g Bmaaanﬁlémammloﬂwaﬁgekﬂﬂeﬁxev@lenhmnﬁamwbﬁ n a 48 hour
interval were d and ran distri.buted t n groups of up
to 121 m ce. PEPE Lem Gk r':’pf"sr‘?oc ?Ckgn%%“elfﬁlaﬁﬁoffr{%ﬁmﬁgs%?el al tenfold

di l utions of testiwaxs flavidmf victimwedidhter forgicgrpimopafo. i | | ness and death for 21 days.
‘The virus 30 i NOCHR M Gnd e vidulehde Ahc3270 mitaich GiplAla SiRseme LD5C) val ues were

cal cul ated by the
. _ opposite effect on viscerotropism, as measured by decreased viremia and antibody

tl

20  response in monkeys, accepted markers of this viral trait (Wang et al., J. Gen. Virol.
76:2749-2755, 1995).

Materials and Methods
Viruses
25 Development of the ChimeriVax " -JE vaccine began by cloning a cDNA copy of
the entire 11-kilobase genome of YF 17D virus (Chambers et al., T. Virol. 73:3095-3101,
1999). To accomplish this, YF 17D genomic sequences were propagated in two
plasmids, which encode the YF sequences from nucleotide (uf) 1-2276 and 8279-10,861
(plasmid YF5'3'TV), and from 1373-8704 (plasmid YFMS5.2), respectively. Full-length
30 cDNA templates were gencrated by ligation of appropriate restriction fragments derived
from these plasmids. YF sequences within the YF 5'3'TV and YFMS.2 plasmids were
replaced by the corresponding JE (SA14-14-2) pr-ME sequences, resulting in the
generation of YF5*3’TV/IE (p:M-E’) and YFMS5.2/JE (B’-E) plasmids. These plasmids
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met hod of Reed and Miuench (Morris-Downes et al., Vaccine 19:3877-3884,
2001). Univariate survival distributions were plotted andidbivzaé@d by | og
rank test. 15 14 July 2006 WO 03/103571 PCT/ US03/01214 Monkey nodel The
nonkey neurovi rul ence test was perforned as descri bed by Levenbook et all.
(Levenb Vgﬁ 5*{]53 . Biol. Stand. 15: 305-313, 1987%@and oscrl bed by WHO
regul ati SN safety testing YF 17D seed viruses E J. Cen.
Virol. 76:2749 5 2755 1995). This test has previously been appl ied to the

eval uation ofy(hy; y%ﬁﬁ%ﬂn@%nu&%smﬁh@@@fAﬁp@ﬁﬁﬁe on FRhL3
virus were descri ed nath et al | nfect. DIS ,1: 37-50;

2001; Mbnath fé‘@%tswer%tﬁﬂ‘i‘@‘ f?NfBI@S@lW"YL"@é@%mW? © perfor med at
Sierra Bi onecu116ﬁ&aﬂs@@non(a$pmk5v,as ;N\&Jcedamaﬁ sipagontioter.t TransfebtBn oFood and  Drug

Adm ni stratio r at requl s (21 CF.R, Part
58). 10 On Da‘{)]pk%ggge[h %‘"ﬁe{ﬁéﬁ[‘)? %\a@h&%esﬁgﬁ erf%&éc{sﬂ}wel ghi ng 3. 0-6.5 kg
recei ved a5 S|erlﬁgtr@orauqnosmemtan@wu@inm@%mhmmdmle@ﬁ@rﬁlﬁeffﬁFWTMJE Vi rus
WL O € NOhrled el sy M LiAlE oy B0 WKEi) subty he frontal

| obe of the brain eval uated daily for clinical signs and
scored as 0 (43 s 5%‘)"0"111336@6@)%‘b’aY’VﬁWb?O“@a‘ﬁnﬂ'g‘)’a“@ed?sﬁl gh- pi t ched voi ce,
i nactive, sl O.stﬂEEa\f"Dﬁvmi)s“(a§ﬁtﬁiéﬁbmmmmy$1V&6&ﬂ§?ﬁ@revibﬁslydcﬁtﬁ'Bdedl nati-on, |inb

k , I | b, . L ysi h l'i ni cal
Score Tol eachemstitdy et eloR Ao iE SRR S e EEY) o g ihe

- cl inical lecmasecfmffmm%medlsﬂ@nt—PIgrﬁomsiPsteuthl’Ethmrmwe)@%an of the

I ndi vi dual mﬁsp%ag RERLER or aibtililigo. b@;egﬁmge%geﬁ@w% WB¥%ik! aque assay

~in Vero cell sera co day 31, aninmals were
“eut hani zed, pEFMASER) wips brinpdlrmpiertisdastyuy 0’5%}(:1@@?"65@6?“&' 20 fol | owed by
- neutral - buffe(ﬁogﬁlaug;{})‘ys‘;n%aglpm, and necropsies were performed. Brains and
spi nal cords were 1 xed, sectioned and stained wth gal | ocyani n.
Neur ovi rul ence was assessed by the presence and severity of lesions in
vari ous amsat osatieﬂa&ctefiam@atzés@ns of the central nervous system Severity was
scored within ea tls I VWHO (Wang et
al., J. Gn. Viro ms?%l E @%gggsﬂig-ggjgsqgﬁég@ﬁﬁidﬁ%gﬁkeggmdeed1 3 smal |
f ocal | nf | anmterobigoyditesiéd iutagenesisns deacribedAmemr ebals J. Vgl 73584-8#a#¥éd or | ost G ade .

2: Moderat e: BHRAE 2 §ﬁ§£@@h§@g§@d@ha &Lﬂaﬁ{ﬁgﬁk?ﬂ mmmﬁa Reion Neur onal
changes or |o0ss ects not nore ori.e- neur on Grade 3:

Severe: neur ofFPa%““EIFP&HEjééogd? 2417%)@"%‘1*%1@ VFﬂ@gyéisll %370 E?Pl)ﬁ@ﬁﬁ 30 noderate
focal or d(lfftbiﬁﬂatéﬁfdx@ﬂﬁk@ﬁﬂag@ﬁb&ﬁ@ﬁﬂa@i@ﬁ@aﬂmﬁ&@d%ﬁ@fhﬁl ng "more than 90%

' I()l;lf Pglrjr:rg{] 3!‘3 rf@ﬂ%{dﬁ%?% 5??&11 z%tsltglgenesmtkl}g(Clon?e ﬁ %bll %ltc? lKJJEA) Hd%ﬂg%%?ctleogd Severe

primers synthesized at Life Technologies {Grand Island, NY). Plasmids were sequenced
across the E region to verify that the only change was the engineered mutation. A region
encompassing the E279 mutation was then subcloned from the pBS/JE plasmid into

25  pYFMS.2/IE SA14-14-2 (Cecilia et al., Virology 181:70-77, 1991) using the Nhel and
Ehel (Kas ) restriction sites; Assembly of full-length DNA and SP6 transcription were
performed as described above; however, RNA transfection of Vero cells was performed
using Lipofectin (Gibco/BRL). '"

30- Sequencing
RNA was isolated from infected monolayers by Trizol® (Life Technologies).
Reverse transcription was performed with Superscript IT Reverse Transcriptase (RT) and
a long-RT protocol (Life Technologies), followed by RNaseH treatment (Promega) and
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16 14 July 2006 WD 03/103571 PCT/ US03/ 01214 Structures involved in the

pat hol ogi ¢ process nost often and with greatest severity ey 28@si gnat ed
“target areas,' while those structures di scri m nati ng between vvi | d-type JE
virus and ChimeriVaxTm JE were desi gnated "discrimnator areas.' The

‘subst ant | aq3p a constituted the "target area' and the caudate nucl eus,
AP,

gl obus 5 putanen, anterior/nedial thal alfHE&Ys, |ateral
thal am ¢ nucl eus, and spi nal cord (cervical and | unbar enl argenents)

consti tut ed , JiRGrA TR PRAiinaHEAMBN{ ¥RNEdR, &ld s@hencin Qiiﬁe?swegUgs Infect Dis.,

1: 37-50, 2001 as previ ously shown for YF 1 Levgg}?{gg . Biol.
Stand. 15: 30%sgnedusingFFYAD strain Feaprach (GneBamk AGT TR PoBReg ?Sﬁ%re done by a
si ngl e; expesA1804e el Wudasict FRbdBankMOesyibrEnubbér DOeKS ) a6 refnecdsr BER ment  code.

S t 10 for t. dt t
O L Y e i B

- conpar ed # tdsmgbmébummmMamewmseact@lhm@qheﬁbned@m he brai nstem

(et ef of | hCRkRe b Al bPInd AYBSLAMAB YGRS pOnS; Tedulla; and

cerebel  um t omeni hges were al so examned. Statistical

conpari sons TrerARbmd B ﬁﬁW%W@@Y@H@%ﬁé@e‘(@%? O(Gractdrdet area,

di scri m nat ghfvkeas, and target + 15 discrimnator areas) were perfornmed by
Student's t test, 2-tailed. In addition to neuropathol ogical exam nation,
the liver, spleen, adrenal glands, heart, and kidneys were exam ned for
pat hol ogil€ ciangessybandnengnlizeiingesscopy. CGenone stability 20 To ascertai n

S Lne generl s ot Dl sersfl whl\ersled s Gl PRI Sl cuBE of Gesp BT TOr ot

spots' in the vac eno are usce to mutation, nmultiple
experi nment s Ge%ﬁﬁﬂpéﬂom@mmsrﬁﬂ\mmwcw Qi?\édﬂllsﬁellelowﬂ%‘fiect cells and

the progeny M{h&gh%osgﬁrnhﬁédﬁﬁem@@mw a's&oﬂd&vérﬁyﬁﬂidﬁbdl@@dﬁhl@3wr conpl ete
genom C seqguencln assage_|l evel s. Passage

or med _at w.an
series were ‘6‘?%&‘“&‘1&?@1%“ %“@W&““?F%ﬁ@ftgﬁfwﬁ el % o5 FRhL or

Ver o- PM c¢&l Ilﬁewo{izegrdeaianﬂamsagfbtﬂf Vichiae VA: 1368513884999 r f ormed at | ow MJ in cell
cultures grown in T25 or T75 flasks. At selected passage |evels, duplicate
sanples of viral genomc RNA were extracted, reverse-transcribed,
anplified byP®@Rmoamdwidie prM E region or full genonic sequence

determ ned. 30 P@éaTH Bﬁsﬁ@ﬁﬁlﬁu%k%fdlékﬂ@eﬁfa%nﬁc@m%&tlﬁ@t viruses by
enpirical passage The chineric YF/JESAl14 Chi meri VaxTM JE) virus

recovered f résfanionady-Y weg nppised dewith (@Rﬁf_@?"f\ﬁ&g’%%g“éﬁ Sequentially in
f1 ui d cubt ureEmeivaikheEpcoafiubtswia (ddsd 4.8 fbg,d FY ind OGMAthout (3.1 logse PFU)

the E279 mutation. An equal number of mice were inoculated with YF-VAX® or
diluent. Mice were followed for iliness and death for 21 days.

Suckling mouse model

25 Pregnant female ICR mice (Taconic Farms) were observed through parturition in
order to obtain litters of sﬁckh'ug mice of exact age. Suckling mice from multiple litters
bom wifhin a 48 hour interval were pooled and randomly redistributed to mothers in
groups of up to 121 mice. Litters were inoculated IC with 20 pL of serial tenfold
difutions of virus and followed for signs of illness and death for 21 days. The virus

30 inocula were back-titrated, 50% lethal dose (LDsg) values were calculated by the
method of Reed and Muench (Morris-Downes et al,, Vaccine 19:3877-3884, 2001).
Univariate survival distributions were plotied and compared by log rank test.
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WO 03/103571 PCT/US03/01214 an MO of approximately 0.001. As is described
bel ow, at passage 4 we noted a change in plaque norphol oghJulxzi@h was
subsequently shown to be associated with a T4G transversion at nucl eotide
1818 resulting in an amno acid change (MeOLys) at position 279 of the E
‘protein. (? @Sﬂues were characterized at each passage | evel and cl assified
into 3 (% %‘6 es based on their sizes measured oh HHV’%Z“Iarge L - >1.0
mm nmedium M- 0.5-1 mm and small, S .- <0.5 mm). The pl aque size

di stributiomMmas, sater m ned by counting 100 plaques. FRhL3 (3 a passage)
virus contained 80-94% L and 6-20% S pl aqu At 5 passage), a
change in pl aque%%@?@%‘“ﬁ’é‘t‘]@‘@f@ﬁw eﬁ?&?ﬁ@%ﬁ?ﬁ%@% @%%t 40 pl aques
conpri sing >@5%K¢f:kétlaleJtmélasmnﬁllaﬁpoeémmaha:hdprmcﬁﬁdgywm The FR1L4 virus
was intermed| ﬂsffﬁ%‘h)étes%) H'?'i s v%usGeQ{@a& 2 81 S %'Ecﬁ 76: genomi ¢

sequenci ng of’ rmnstra mut ai |on at E279. The
full genofre Héﬁsl%ﬁ)suﬁust@éq&mslmbmmhﬁmﬁl@e\@hnﬁmpﬁhmﬁfﬂfhﬂfar ef ul

| nspection f gro,codonahehi @lemm&%wemgedm%ﬂehms@ws the only
det ect abl e nutation gr esent in the virus, 9genoms consensus

sequence of PHes-bfyt Bisy]330: ?@%@Q“@He%‘@é%‘@dﬁéﬁq%lg%f Y JBE conpared to
t he parental we\ﬁeﬂf&&é&&ﬁﬂeﬁaﬁmﬁmdmm @Spwusr)(a&bfdmgmﬁemalffmdaﬁd Virol.

75:934-942, 200 le. .1 dlu I Rhagues were

pi cked from ‘r%-%%‘ %%3 %0"%%3]’0? ﬁ“ﬁf)el(egﬁ Qgg%% in #I uid cultures

- of FRhL del I@nDae(fittem(Sampl.ﬁfemala)trhean,monkmVﬁ@hmaﬁérﬁrﬁdigamwddlaumdems pl aqued on
Vero cells. ,ﬁgc[l,gﬁge%o i%,iﬁﬂlﬁﬁ%hmﬁvﬁrﬂh@ﬂﬁggﬂg%&yﬁﬁe ghfoom FRNL3 fail ed

and all isolate Sl ze aques produce ority of L plaques

after one roMefdLof musien pf YK @Wfqtheﬁﬂﬂﬁﬂohf’élfﬂ@bmmt HEYSHER?  passage
(FRhL4), \Aheévﬂua@éa YailyGhr c%@magﬁ b 2edQf 0 @ﬁ&%&)l@% cbdt, né@SHNgRSSIi bl e to

i sol ate thes ues by a |Ca.t| L cells. At FRhL5, .the

maj ority of (S'Igg ulvpigsy “E?@b%) S!REFIE’VW Wlmoé’?t%eé‘ -%HYS5 anplification of
both L and Snaomdhwﬁod,uaibvnhlaqasﬁmdmmabﬂtﬁdsm Ty @ralyisly, dedih)STIel ze.  Sequenci ng

the prME ge ool ?%Qg‘t 0 o] eveal ed
i denti cal se%ﬁigarll%grse %}%actﬁﬁrgj rentn[%%ﬁ%?B o esscgrésémgﬁ?gr construction of
Chi mer i VaxTW@gor%mt@“PIIﬁhﬂwmmeamQfdhefmdé‘ﬂdﬂelioﬂlﬁeﬂ# scPRhlL4 or FRhL5S

- virus reveayigdhidiiels Mk alchsiRa tNlgud dsd§ In ko deitsiRing &k cbicibflonlddy 2006 VO

037103571 PCI/ US03/ 01214 Ani nel protocols All studies_involving mce and
nonhurran pr i I Oa daye3l ean%m&egt&a%d, pertused with isotonic saline-5%acetic acid

20 followed by nentral-buffered 10% formalin, and necropsies were performed. Brains and
spinal cords were fixed, sectioned and stained with gallocyanin. Neurovirulence was
assessed by the presence and severity of lesions in various anatomical formations of the
central nervous system. Severity was scored within each tissue block using the scale
specified by WHO (Wang st al,, J. Gen. Virol. 76:2749-2755, 1995):

25 Grade 1: Minimal: 1-3 small focal inflammatory inﬁltrates. A few neurons may
be changed or lost.

Qrade 2: Moderate: more extensive focal inflammatory infiltrates. Neuronal
changes or 1oss affects not more than orie-third of neurons.
Grade 3: Severe: neuronal changes or loss affecting 33-90% of nourons;
30 moderate focal or diffuse inflammatory changes
Grade 4: Overwhelming; more than 90% of neurons are changed or lost, with
variable but frequently severe inflammatory infiltration
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accordance wth the USDA Animal Wlfare Act (9 CF. R, Parts 1-3) as
described in the Quide for Care and Use of Laboratory Anitdakig208 Virul ence
for weaned mce Ten female ICR mce 4 weeks of age were inoculated IC with
approximately 3.0 loglo PFU of FRhL3, .4, or -5 virus in separate

experi ment S/ |n each study 10 mice received an equival ent dose

(appr oxiYPE1%713. 3 | ogj o PFU) of commercial yel | onfFEVE2H vacci ne
(YF-VAX(r), Aventis Pasteur, Swiftwater PA). None of the mce inocul ated
with chimeric vi ' ' reas 70-100% of
control mce mc%%%’ %g&%ﬁﬁﬁ@ﬁ@ﬁ% 4ecfeve150£%ﬁeadngg§?af%§?s or died. In
anot her expeseverishvere @Slﬁia@é‘mﬂvéﬂ@&f Vit iosy sigotyres W‘i‘qﬁlﬂ%{@"e@% 1 |l ogio PFU)

or the YF/ JEzgi. ﬁstaﬁd %&W&ﬂuﬁﬁ%@@emgﬁﬂed}dk@ﬂ&mpﬁ& gnel 9 mce
recei ved YF-VAX(r) (2.3 o ic PF ofdthe mbﬁb goculated with the
chi meric conSPgnEs Letp e Tli“el tar ‘f’g LEFH S HOOH RIS nocul ated with

YF- VAX(r) sdi fadame}afaﬁudﬂm'ﬁﬁﬁalfﬂﬁ:ramﬁwdldus rlngerammhnu'b'\mmlaepaﬂsahd cedperi nents were

performed i nﬁcemcﬁand\iﬁéb‘%g%ﬁggélggﬁ%&&nﬁm dgcgmaggré@ag ‘{ﬁﬁ%th"!tﬁlh and without the

E279 nmutati oh” were 1'nocu oses Into suckling nmice (Table
2) . YF- VAX( r Pum@sugs inéedt- B, 1W650r29f38r36n1@@0@bfrﬁb¢vﬁ1f°ﬂff Réswenbesksér i nents. LD50

and average gu§ Wiof Zand. '151%-3(13“\@3)7) \Qﬁr&méﬁhﬁro N8R nh@hs Raclnybyds. I n the
- first experi ment using.mce L5 virus, containing the single

ol
site reversi 8&‘5@(%?“"5“]99?7"'5'&&“0@]?’9” ng‘BFbB\?F"r“H?“E e SRR KFgi ¢ LDsc of
1. 64 wherieasfor af'geﬁafbe disbihitator bedsSand afgeimgscﬁimnsmmaaamre)@tamwrfaarl y

avirulent, wth onl of 10 mce dving in the roups (Table
5 The nrghmeelmt e et b Ra T el Yad 88R e 0LPT L RR s
Vi rus was shte breinstgnd @ucdei oflegdidlirdiain addition taosubstantia iRl peusyiqdyids; g5 days). A
second exPer | @i u 1RGNt AGTLAIEsdRrUPh %sgasaﬁlstlcally that a

30 single site nutation in the E gene i1s detectabl neur ovi rul ence test
" in suckling mpaaasuoppiiolpgigakscrssiior ‘ih?rEWt’t %tdbqﬁ%rﬂm?ﬁré@as@"déﬁ%e bf age were

&ocul a{/ qul @\s}c‘éﬁh&x{ﬂtoﬁr@@@%t;%&%ﬁ?%ﬁr Em@m Qﬁéﬂg‘d&éﬁf&hﬂ-[ﬂ Eididchte3 (no nr:JMt1 at |h on),
“Chi neri VaxTm rai ich a
si ngl e nut at PSP %@ﬁé ﬁ%’\% "sgfﬁ%?{‘ ragralff&é@l wgtyangigtquigﬁi4 July 2006

WO 03/ 10357 lexdaihtd IO M0IbAd chadies by dipigchiovustagenesi s (Arroyo et al., J. Viral.
75:934-942,2001). The LDso values of the two viruses containi ng t he E279
mutati on were >10-fold | ower than the FRhL3 construct w thout the nutation
(Tabl e 2) i ngieat i hat the E279 Met-*Lys nutation increased the

neur ovi rul ence of the chlnerlc ru e.stati sti I signi fi cant
di fferenc@s To ascertain the genetic stal 1jl1ty of the @/?15 ehunenrc virus, and {o searc y 9

‘hot spots’ in the vaccine genome that are susceptible to mutation, multiple experiments

were performed in which RNA was used to transfect cells and the progeny virus serially

passaged in vitro, wifh partial or complete genomic sequencing performed at low and

- high passage levels. Passage series were performed starting with the transfection step in

25  FRhL or Vero-PM cells, Serial passage of the virus was performed at low MOI in cell

cultures grown in T23 or T75 flasks. At selected passage levels, duplicate samples of

viral genomic RNA were extracted, reverse-transcribed, amplified by PCR, and the ptM-

E region or full genomic sequence determined.

30 Results
Generation of single-sile mutant viruses by empirical passage
The chimeric YF/TESA14-14-2 (ChimeriVax™-JE) virus recovered from
traﬁsfected FRAL cells (FREL;) was passed sequentially in flnid cultures of these cells at
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5 between the viruses in the survival distributions (Fig. 2). At the | owest
dose (. 0.7 logio PFU), the YF/ JE chineric viruses were sidgdyRP@ant|y | ess
virulent than YF-VAX(r) (log rank p<0.0001). The viruses with the E279

Met 3Lys mutation had simlar survival curves that differed fromthe FRhL3
virus ng rrutatlon) but the difference did not reach statijstical

si gni fi C4NEE"FT'og rank p=0.1216). However, at hi ghBT"H8¥UE(-1.7 and -2.7
10 login PFU), the survival distributions of the E279 mutant viruses were

- stoni Tl cant |y, ok LS5GaE a@@wﬁﬁ@&ﬁwy C?E&lﬁelo“mi&sy@bﬁw@ﬁomrch@%éty ratio by

virus dose reév I'opes and par al aéagress % ines (Fig. 3):
The FRAL5 vi mﬁaqwa@ormeloezwimhré@ssms?qeenﬂbﬁb@mw(bwﬁsm h3Y¥ FRAL3 (95%

fiducial |imMgSveidt nebtiderhi sl ARk acxcﬂ&ad\gb(ﬂmyl,;ww ovi rul ence test
‘None of the 20, nonkeys |nocul ated with ChineriVaxTM JE FRhL3 or FRhL5
~viruses develpﬁsﬁé’ﬂzg% ReEBP®=8ncephal itis, whereas 4/10 nonkeys inocul at ed :
With YE- \AX(r) deiess &ﬁemagbim‘lzedﬁea;hga&g(lbveemmgsiﬁbdetIMGﬂtegm?Ss 15- 29, which
‘resol ved within. 6 d Wﬂfébn i ni cal scores
“were signifi é’%“‘%?“‘geﬁum%)e{’?w%%d?ﬂ&%g%%xﬁ% T30 o

roup than In the t wo
Chi meri VaxTr aﬂd&iﬂ?g%@uT@Smﬁeﬁ@mwwedml?m‘éﬁ@éwmedbﬁoﬁﬁ‘@éﬂ score between

gr.oups recei \{)!a&ﬂ cMﬁaEﬂd@ﬁﬁMWEﬁdmd%wpla&thﬂ he E279
nmut ati on (Tabl e é% ere We 0 dlffer ncecﬁ t@ g Egnges during the
experi nent bR P%"H@’é’f a0y 975 s desEipt 8?8‘55 88K nat i on reveal ed
no alteratg opsqpRé colmpmfg,>ssapbﬁm1ma1plmqmmﬁyq1ambmmg 1). Bhe BRAE.cvims wgl ands

ttributable.to t tYEen; ¢ :
15 stopat hol odtemkinth Pl P Sl L BB RE MG bGE 00 OO0

si gni fi cant I Wthlvgdweinmne@tednSlsgl@metshOhefrEzfﬁ)ﬁﬁeﬁ%l grmeemweﬁ vv| th YF-VAX(r)

than for Lot TR c%eri'&lﬂ%ﬂt%ecﬁ%ofc%ﬂlhetégﬁml The combi ned
target + d| sc m nat or scores SD) YF- VAX( r ﬁéﬁ (+ 0.47). The
scores for tﬁ@’@ﬂdrﬁ[ﬁﬁhw&ﬂ%@ﬁmb@“(‘@?@m%ﬂ (E279 Lys) were

0.29 ( 0.29), erfoﬂle c&seQﬁQQe&ueﬁ& of MEFMAXE s Yeveud nd déis@tabl(a Puddyps (p=0.00248 vs.

YF-VAX(r)), respe |ve 06 WD 03/ 10357 U803101214 The
‘discrim nator° a n@ﬁ%’%@'ﬁ%ﬁﬁé& g?g‘é“fus&n sgfil %ﬁa or area score for
Chi neri Vai mJE9ﬂFQ4L50@iq)ﬁiabie Bing the MetSLys reversion at E279 were

significantly hi t f ri VaxTM JE
FRNL3 (Table 3). T%EEJ et‘mﬂm xiag‘“’rﬁif‘(rﬁn e E‘Q&d?‘ﬁ’g?ﬁﬁfg’t%@d% o vE VAX(r) was

trenor, whic hmplﬂieﬁb}ypaﬁsﬁﬁlne@ld ¢“§§P&P§§R@fceﬂ%éﬂ€fé‘%b’@‘l‘%@e thal ami ¢ nuclei, or
gl obus pagg ' Qb&ﬁmatm il §&plaqued on Vero cells. Attempts to isolate the S plague phenotype

from FRhL; failed and all isolated I, or S size plaques produced a majority of L plagues
after one round of amplification in FRRL cells. At the next passage (FRhL.), where 60%
of p]aquee were of small size, it was possible to isolate these plaques by amplification in
FRUL cells. AtFRhLs, the majority of plaques (85-99%) were of small size, and
25  amplification of both L and S individual plagues resulted in majority of S size.
Sequencing the prM-E genes of the S and L plague phenotypes from FRhL; revealed
identical sequences to the parent SA14-14-2 genes used for construction of
ChimeriVax™-JE, whereas S plaques isolated from either FRhL, or FRhLs vitus
revealed the mutation (Met->1Lys) at E279.
30
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hi st ol ogi cal |esions were found in the cerebellar cortex, N dentatus, or
other cerebellar nuclei, whereas inflanmatory | esions werdJpgy@ént in the
t hal am ¢ nuclei and globus pallidus in all positive nonkeys.
Interestingly, there was an inverse relationship between neurovirul ence and
10 viscerotro sm of the E279 revertant, as reflected by virem a. The WHO
monkey WPHHBY M ence test includes quantitation HCNNPUHA as a neasure of
viscerotropism (Wrld Health Organi zation, "Requirenents for yellow fever
vacci ne, " Regw,zg,g,p@&% for Bi ol ogi cal Subst ances No. 3 revised 1995, WHO
Tech. Rep. Ser 72, Annex. 2 Geneva: WHO, 31-68, 19 This is rational,
based on obser vafigHdesipygiving mice apdoupRa} Pragies KERIpPLLC ’r’f results in

i mredi at e segpdbil@eoFithabdUSTReA Al Weifas Ma g0 CTRePie3) SsTeriddlingl, " I n  Strode

(ed.), Yellow Fever, aw. Hi w,York, New York, 46-136, 1951). N ne
(90% of 10 ﬁﬁ‘ﬂ%‘)é&é“?%ﬁgﬁ?g{%"&‘a”ryt#? WAl UAX(r) and 8 (80% of 10 nonkeys
~inocul ated with Chinmeri VaxTM JE FRhL3 becane virenm c after |1C inocul ation.
The level of, énrcg L &hemded to be higher in the YF-VAX(r) group than in
t he Chi nmeri Vax JE FRhL3 group, reaching significance on Day 4. In
contrast, onIy ZTE@BWGIGW“P We&’?ﬁ”ﬁﬁeg’e‘ﬁf‘\?@??wﬁ#&%ﬁﬁh%?ﬁgm(ﬂﬁé?g Met 3Lys) had
detect abl e, lopyPIE@yERRNIA, L,Q)H‘lsaiiils(n-léafbh& exﬁb)lmen&lﬂﬂeichemdjﬂamuoel rem a was

ignificantly | t d 4 I
2: 32: f: gggt égﬁe‘%ggnreg)m’ﬁeﬁﬁgoﬁhﬁﬁoé‘ | Oqlm?aﬁn \e/rf“?l it fe‘g Z;eé i ncr eased
- neur ovi M nc esccilb (YF-IAGIE Asants MmMm@pP&)anmp@pwemcm&LS virus. Sera
from 25 ”D”k%ﬁchhﬂe%%ﬁés%ﬁoﬁé? &%.Is LR o M%WM:AE?&BB%%f&H&lEﬁQw ver e

exam ned for presence o que si ze variants. l'y L plaques were

~ observed in @eq“&teﬂwwveiqpmmwﬁ‘@@% IPHn‘tﬂT?éCWBtSW%r eas the virus
~in b|hO|Od of Wg@%ﬁ@&ﬁwﬂmwmﬂsmagnPFEHaméYhﬂwlsxﬁél@sG@B@m%ﬂt@t edS p: aqug
nmor phol ogy. mun ni cit re roups devel ope
homol ogous n&dtipe Y S%@%ﬁ‘ﬂﬁ%ﬁ&djﬂ%@éﬂ ‘b%bl? }IE ﬁ‘l‘%f“l on to yell ow
fever ( YR5VAM6du)ated withifhy cliverClbrvlicis Yerxmddil,Jherefs@l9 (bT¥rof M@y CTM gr oups), with
t he exception o i L5, RAK22F), which was 21 14 July 2006 WO
03/ 103571 Pﬁfﬂk&éf%ﬁ%l ested due to sanple | oss. However, the
geonetric nean antibody titer (GVI was significantly higher in the
monkeys |nocwﬂ;;;nggﬂ,,\/gu5mn§§;@;3 (GMI 501) than with FRhL5 (GMI 1609,
p--0.0386, t-test 5 CGenone stability Two separate transfections of

Chi mer i VaxTM JE RRASSRefte experivpegis e Prrigrasd ihyiigh YRISA aid2 ¢ ‘fns FRhL and

Ver o, andopr ﬁg@e@)huﬂi hfdUbEGut e lﬁm9paﬁaﬁadmesm¢cslats&mgmded Fosep.intd . The FRhL
passage seri es res a{ﬁgg) |ﬁ,@&8§ar an estgere}ere B279 version at FRhL4 as

klmg mice Was Us e Shnitrol ih T

- experiments, LDsg and average survival times (AST) were determined for each virus.
| In the first experiment using mice 8.6 days old, FRhL; virus containing the single
site reversion (Met—>Lys) at E279 was neurovirulent, with a 1og1g 1.Ds of 1.64 whereas
-25 . the FRhL; virus lacking this mutation was nearly avirulent, with only 1 of 10 mice dying
in the highest dose groups (Table2). At the highest dose (approximately 3 logip PFU),
the AST of the FRhL;s virus was shorter (10.3 days) than that of the FRhL; virus (15
- days). _
A second experiment was subsequently performed fo verify statistically that a
30  single site mutation in the E gene is detectable by nenrovirulence test in suckling mice.
In: this experiment outbred mice 4 days of age were inoculated IC with graded doses of
. ChimeriVax™-JE FRhL; (no mutation), ChimeriVax™.JF FRhLs (E279 Met->Lys), or
a YF/JE chimera in which a single mutation E279 (Met->Lys) was introduced at by site-
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descri bed above. Interestingly, a separate passage series (A) in FRhL cells
also resulted 10 . in the appearance of a mutation (Thr-*Lishly2e06an

adj acent residue at E281, and one of the passage series in Vero cells
resulted in a VaHLys nutation at E271. O her nutations selected in Vero
cells were in domain Il or within the transnmenbrane domain. Al viruses
cont ai nIYRYPM¥Hti ons shown in Fig. 2 were eval uat eV F¥HE4adult  nouse
neurovirul ence test and were found to be avirulent. 15 IL Yell ow

Fever / Dengue g hiARfgechdis muy@aaﬁh RESL Reghom, Mﬂzptmennso RS e

Chi meri Vaxf M DENT virtus wasp% duced usmgﬂ& Ng?ﬁﬁ'rs of awld type
strain of dehpuluses sppipigie the B/d swgtion veers >1P- ]Pﬁerf@% R¥PSnd] inserted
into the yel hzﬁhﬁuttﬂ&hnitﬁiéﬁ!(’ramw)liﬁméﬁiglﬂﬁttnaEz?lﬂ)/lebﬁqkbmaﬁm(iﬁease«akhoo et al., J.
Virol. 75:7290- 7304 20 .Ducin ductl Seed vi Fus
for Chineri V§‘ %Jﬂi?d?%wce s ooV The i Olbs%ﬁﬁ HE d}%%%\ng{m ning a single
nucl eoti dé cmethwwmﬂﬂmsu@watdmﬁm@m 2_1)590thelom®hﬂ(r§§llﬂgloed in an am no

acid substi tﬂﬁmotﬂewfﬁmh&ewvﬁeéswa@glgxhﬁcqmlﬂ&én%n{mﬁnﬂ@t@m protein E,
was isol ated and plaque purif The virus exhibited attenuation for 4-day

- 25 ol d suckl PR aths E‘Fﬁ?dﬂ‘éé*ﬁ%”l%?ywqmé‘m]&déwgé%ﬁropl sm) than its
parent  (non- afi%&mtd)ffewd&iuﬁMmmmlamae&),wtmaﬂmmﬂnmmmme into

nonkeys. Anot l o t hout ected, plaque
purified, anﬁamﬁécé gP’gi%aﬁlP %@EB_OF;%/@%?“%% -2 c ?1‘2@%3@ 7 (P7). Thi's
~virus di dOnotogmlPﬁiB,rﬂg@uarwldmtbaﬁmmf@emﬂgmmsw@pemmelgnd@aanﬂyabor atory
.conditions u e[0 cells. However, upon one passage under 30 cGW
condi tions tgiﬁ%?%ﬁé%gm I\\//aster Seed virus (P8) from PV5 stock, the sanme
nutation at posi Apdysisphooriafiix ratig byyirugdase esgled similr plgges g retplshe E, the P8

Vi Hli|s pr Oducﬁgres_lgioﬂliﬂs@(ﬁ P BRTUEERHE NAs Wb lyﬁitﬂﬁesﬂiaﬁp%&éﬁhfeﬁ)’ml | tgd for
suckling mc 05|t conserved in a engue

Vi ruses, can%@g%gﬁ éﬁ?’ﬁ%“o%bll VaxTK 22 14 July 2006 WO

03/ 10357]15PCT/ U803/01214 DEN (serotypes 1-4) viruses to achieve a bal ance
‘between atte %%‘Qgencétggmnogem city of the vaccine candi dates for

hunmans.. Resu scussion 5 Production of Pre-Master Seeds for
Chi mer i Vax- DEN1 Nplitelﬁéls 2(Pmerieres inowiited With CaimerdVanTi-JERREE: oPFRELAB St er Seed ( PVB)

viruses for ENE d%ﬁped%%ﬁgdf%ep@%s,%eréaehh@%nkef’lu%gﬂﬁeanaﬁﬂyfm cation was
started with the virus at Passage RNA transfection. Two PMS

viruses (unclofBdevslopssgradpdsigs QWE‘EFS)é’PtWPﬁF)daWéP 89 “ﬁPBEFﬁ@@Hwﬂtﬁnﬁventl s Vero
LS10 cel I29 aaaymﬁsagmew&duﬁmmgnme@u&hm dceres veed dignlrnkly Digkeginied 10 from

-Q}’SSLLS at PERIAXD ghotd thah LG bR Eon B S uRP TR\ o RifiGlncdin” OUNDS O

~ clinical score between groups receiving ChimeriVax™-JE viruses with and without the
E279 mutation (Table 3).
There were no differences in weight changes during the experiment between
25  treatment groups. Pathological examination revealed no alterations of liver, spleen,
kidney, heart, or adrenal glands attributable to the viruses, and no differences between
treatment £roups.
Histopathologic examination of the brain and spinal cord revealed significantly
: higher lesion scores for monkeys moculated with YE-VAX® than for ChimeriVax™-JE
30  virus FRhI; and FRhLs (Table 3). The combined target + discriminator scores (+ SD)
for YF-VAX® was 1.17 (£ 0.47). The scores for the ChimeriVax™-JE FRhL; (E279
Met) and FRhLs (E279 Lys) were 0.29 (1 0.20), (p=0.00014 vs. YF-VAX®) and 0.54
(+.0.28), (p=0.00248 vs. YF-VAX®), respectwely
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purification and sequenced across the full genone to assure |ack of

mut ations. Cenerally, if a clone contained an anm no aci d Bubt2D@@ti on, it
was not used as a PM5 virus candi date. O her-clones were prepared and
sequenced until a clone without mutation was identified, which was then
subj ected to plaque purification and 15 sequenci ng. Sequencing For
sequenci¥¥¥5Ha] RNA was extracted from each i ndi ¥HU4#%%Y¢r us sanpl e
(generally 0.25 m) using TRI-Reagent LS (Ml ecul ar Research Center) or
Trizol LS (2 20mRldkif 630606 aldcOMifdiben) + ARinHhBSRbYGE b 0. 20 M of

RNase-free 'vvat_er: extracted en used as a tenplate for

RT- PCR. The @m¢iVaxyoRERELs aenipining e Metp E¥F pyemop $E2 BT SE8Ie®YY anpl i cons of -
i‘ 3 l(<b i E |) el hh:hz(nftli %ésc&r&yf&l@hneﬁ)laxmmmgaﬂﬂﬁ)anq One- Tll;lbe RT- PCR

it (Roche). e RT- PCR fragnments wer urifi usi Agui ck PCR
Purification kit REGaRfEmyton R mg %@%@W%ﬁ‘g’%ﬁ”ﬁ%gﬂ‘&“&hﬁui ck 25 Gel
Extracti on kiniy réfciclesiong of thiSeqbelng, thofarhie asddi, ongobmepablideodle clesi ng CEQ Dye
Term nat or %ﬁ&? ic%ﬁ%li'o%p\%r?g rblli]%]ﬂlé é?a%%ﬂma}texag%&at&%'oﬁlgéde@ﬂenﬁf YF-specific
ol i gonucl eot e.gprl Mers o Bot 1 positrve ahd negative orientation to read
bot h st r andsnuglei, whames imfiphingon ksiogaqugerrednhip the dalewic ¥rlepprdalobtss were purified
usi ng DyeEx SQiiahs ik posifitd and resol ved with a CEQ2000 aut omat ed

sequencer (Becknan ujter). 30 Gener at ed, sequenci ng .data.were aligned and
anal yzed with SeH‘EFé"ﬁ‘PrS}é’r‘h@?‘l')ﬂSE‘G@YF@%B%@‘}SQ‘PEB{’}WW&REP&? Bt i de

=

- het er ogenei tvigeottdpisi of BYEXY e@eintdd kaflestbicty vRenkie (The BOENe@ky Si gnal was

. observed in all _.chro oqrans r.epresenti.ng bot - m nus- st rand

~sequenci ng &3 |68%eg€g¥lﬁ§u‘j%ﬁquﬁn3%§° o%" G#T%E%S%ﬁﬁpgﬁoslolzm As is
shown i n Tab{Worl8 Hedlth Organicition BReqeRmyity fosyeliovdferro vackiss/Rearipmentt at i ons, but

acquired 5 43} B0k S AN RvikdIQb6Y, QERNRLE Wp. ¥irld Mabdie, envel ope protein

E by P5. Interestingly, the only nutation that was stable (further

sel ected) atCmew: WHY: 11HS. B89 Thin jf miignghbased op gbsempptiopsflad miacersbrdor | nent

st argi ngi$ r2 gﬁ&»ddlaﬁdu(i&ﬁl@ i idhmddi 'itélﬁrdiﬂglbf&:&aﬁlﬁ)ﬁsﬁled(@ilielﬁl&l, ‘Aile V?e;’smrre W}Jt ati onf (K

‘to R at E oSk {1 i n e ih . Vero c ' rent clones o
Chi meri Vax- D%Q%‘ @Q—’ }f?lpﬂx%g‘é“’ggﬁg&e}@!%?ﬂn 1 BEY Y%fﬁé‘&ﬁ%@t‘@” B‘ﬁ%que

puri fi cati on9eaxbf Ieqorkee ddeudeted with VBOBAER mg 8 80vapofildentliefsy nut ati ons. The

~nmost  frequ ' y@? ek 5 >F). & i Welol ich occurred in

- clones A B,eiH ,‘lﬁggﬁ%ﬁ%ﬁ?o OMH%F%%E%%;)%%&R&%#%&% ound in clones E

~and F, as welpYel efyirgmiia teaded iodp bighswin e \TS\AX® piep thandmths GimatVaEs11 (F>D) was
only foung iy p,%aaﬂ%sgmﬁcah&%ﬁm%im%ﬁast,@@@ fféém free from

oS ek st 2 oL R LS bl o ViU v
: 4), and the mean viremia was significantly lower than FRhI ; virus on days 3 and 4 (and
nearly significant on day 5). Thus, the FRL; revertant virus displayed increased
neurovirulence, but decreased viscerofropism compared to FRhL; virus. Sera firom
25 monkeys inoculated with ChimeriVax™-JE FRhL; and FRhIL; were examined for the
presence of plaque size variants. Only L plaques were observed in sera from monkeys

_inoculated with the FRhL;, whereas the virus in blood of monkeys inoculated with
FRhW 5 had the appropriate S plaque morphology.

30  Immunogenicity
, All monkeys in afl 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 (F_Rth, RAX22F), which was
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substitution at E204 reenerged (only after 1 passage). This nutation was
stabl e when P20 virus was sequenced (Table 5). Cones contdalulyi20gs t he E204
mut ati on produced 15 larger plaques (-2 mmin dianeter) than non-nutant
viruses (-1 mmin dianeter) (Table 9). The original construct of this
virus at Vero P4 (previously shown to produce a low |evel of virema in
monkeys VHPEH Cont ai ned the same E204 nutation (GRTARMYYEt al . J.
Virol. 75:7290-7304, 2001). The role of this rrutatron in the biol ogy of the

virus could ngstedbdee%ndege%sggg?&wev o%%?%%cq]eeg@% %(b gsr gi nal

construct coRlraine I ona ation (nucl eot | to G causi ng an
am no acid chﬂlﬁ'@@lﬂﬂ@mHﬁe@@emmocumgwlﬂe@h&e@leWmm%r on; b) the
neur ovi r ul enggPfeot REoRE @sipal construct was evaluated only in 3-4 week
old mice, which are not sensitive enough to reveal attenuation of 7
Chi meri Vax- DEN1 virus or any other ChinmeriVaxTM DEN viruses (CGuirakhoo et
al ., J. \fsrot;gna;z&gt&,ago 7304, 2001) and c) there was no Chineri VaxTM 25
DENT virus (w thgut mutati . ar i {, eferm ne changes
- in neurovirulen 055‘?”?}?8‘% g ? hlmen ﬁ"en%&%gq}é?epf oem?/dru?%agh&gr nce chineric
viruses are mpémmudgemmmWwepme&%ﬂ mor e
sensitive ! of oo badlpesbif bruiGineibncd ofins10YSrolnibh oyt £8L SUbLI €

differences in _neurovirul ence of different clones. 30 24 14 Jul y 2006 WO

03/ 103571 PCrruibgabgednrcpelye SW@I&P(BW%&FGE?F&@) irfRAIslicalso sselebyi r ul ence
test, usiipg. 131114aﬁﬁﬂﬁm@éfqnﬁiaﬁ&(?‘hr%l@@ﬁrf@lhﬂjﬁﬁnta@ﬂﬁbatEﬂlQﬂ&&lefoest to ensure

t hat neurovi m ence of the virus vector
C(YF-VAX(r)) %@Ef"aged;e‘?f)ﬂ erolfﬁlﬁr%ﬁq?eﬁﬁair\%i& ""' giﬂBé@guse all chimeras 5
const r uct ed mswatioss selfaddtidVeyes ceﬂswhemtdomamﬁﬁmwrﬂsr)ﬂxatrmsnmtbmt rulent for adult
mce (3-4 V\Bcﬁﬁﬁm Rh estcgh dﬁﬁh%ho%’ﬁ{ﬁéz%e%?%ﬂwﬁﬁnﬁedﬁﬂf' fy subtle
changes in neuroviru ence chi meras associ ated single am no acid
substituti on‘§°“5qWufeﬁwleﬁcﬁéqstanéwefquuwgm‘?%eﬂw 4-10 days of age are nore
sensitivesto m nor changes in the genone of chineras, which are involved
in virul ence In t he course of deveI op nt of Chi rrerr VaxTM DEN vi ruses, 10
several nut ats e FC— Ot st yling O taflen 51| 4 chi mer as
(Qui rakhoo eSunﬂiagg J. \f roI 75: 7290- 7304, 2001) These nutations were

corrected in all_chiner nd the Qnst L d vir except for DENT
chi neras) were su‘%ce&s{’g ﬁiy eval uaPm‘E or a?%{uﬁgmso rmf?&'ogenr city in
monkeys. Djesuaroofdemuabmtust@uoéﬁ)iBEiN&dqallmmmuand]hrsentedmweum| on of this

chi mer a Q&E&m%&?%ﬁ%%ao%ﬁi@ ﬁp} Wik {S\E"S 7950 1304T8gosftNd 15 coul d

therefore not r| ng plaque purification to produce a
PVS _ During production of a Pre-Master Seed virus for ChimeriVax™-DENI in Vero cells, a

l.U

clone (clone E) containing a single nucleotide change from A to G at position 1590,
which resulted in an amino acid substitution from X to R at position 204 on the envelope
protein E, was isolated and plaque purified. The virus exhibited atienuation for 4-day-

- 25 old suckling mice and produced a lower viremia (viscerotropism) than its parent (rion-
mutant) virus when inoculated by subcutaneous route into monkeys. Another clone
(clone J-2) without mutation was selected, plaque purified, and used to produce a PMS
virus stock at passage 7 (P7).. This virus did not undergo any mutations when passaged

. under laboratory conditions up to P10 in Vero cells. However, upon one passage under
30 - cGMP conditions to produce a Master Seed virus (P8) from PMS stock, the same
mutation at position 1590 (A to G) emerged. Similar to clone E, the P8 virus produced
laxger plaques than P7 virus and was attenuated for suckling mice. The E204 posiﬁon,

which is conserved in all dengre viruses, can thus be manipulated in ChimeriVax™.-
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for DEN1 chinmera, 10 different clones (A-J) were sequenced to identify a

~clone without nutations (Table 5). Al but one clone (J) tolhtv@efed 1 or 2
mutations within the envelope protein E. Representative clones of DENT

chineras were evaluated for their neurovhul ence using 4 day-old suckling
m ce (Table 3) Animal s were inoculated by 20 the i.c. route with two 0.02
m of unPEY, 1:10, or 1:100 dilutions of each ERTHEPPEY DENL virus and
observed for 21 days. The actual doses were determ ned by back titration

of inocula 'rbﬁ@é&ﬁ}é&mto%evéaﬁnﬂmeﬂﬁ&ﬁaahﬁoﬁmal | clones except
clone E exhibited Ssiml|’ar neurovirul ence for 4 day-old mce with average

survival ti magmpegscity ef theascine sandidfes forRWPant-nan t hat of YF- VAX(r)
(p<0.00lusing I MP software, Version 4.0.2). 25 Clone B (E204K>R) was
significantly | SS 4 .rulent than all other DENL clones (p<0.0001).

I nt erestingly; P& 2 nutations identified in the original DENT
chi nera was tiheluER0 4 MeRagetbedds pruChinaiVaBER] xinusags | nduced a | ow | evel of

hi mes wlevel of
o monkeys . (Gt kg pecpuiet it ol (8 i SBINAREN, | " one .

whi ch did notca@eﬂﬂua%rfolhwy %ﬂuwﬁwwwmﬂ%mﬁﬁ e5°85¢ @) gni f i cant | y

| 953 virul en]'E oitﬁﬂﬁﬁifsfe\!&@ﬁ( 'I‘)voPMS‘deﬁs}(ﬁmEheﬂatBZIlggdécImBa:ﬂPWere was sel ected for
roducti on of the,c

PCT/ US03/ 012 POt @%}E‘E’ﬁwg’e? °8%~“ea§'i’a8ﬁa¥"jﬂ%\¥s R ’?{””93? He 2i ng

ant i body l(ps;fmmsmn)usafpasshgem |C&one®EN§sswwpm@®§aﬁan3mndsem&qihe ef fect of the .
E204 nutat | 0 %&@Jﬁ%ﬁcﬁ@%ﬁd@ rﬁéffuglgé}{b &%Jsuré & éf'n{uﬁﬁt%nﬁa assessed by

~inocul ation I mer | viruses w | one E, P6) 5
or. wit hout (&em@lwfamyewme@mwmﬁqbwmw@%mtgae%ﬁa 1 chimera

E) Chi mer i V?X %M'clndlddﬂcgﬁgﬁ%ngﬁvere:b%%&eiﬁ né&liuﬂtﬂﬁclgﬂv?ﬂi&@g ag a contlrolt .
ecause its virema an i Ci iles al ready been eval uate
in monkeys adtuft %ﬁﬁﬁ?‘bﬁ?ﬁ%ﬂ g“{‘] é%ﬁ‘? {‘q"tecPB th 3 ot her

chi mer as) 1% acejuereing.Gui r akhoo et al . . Virol. 75: 7290 7304, 2001). 10

G oups of 4 rhesus nonkeys were |nocul ated with 5 login PFU 0.5 m of DEN

chineras (Table 7). Virem a was neasured (by plaque assay on Vero cells) on
“sera obtai néddgubreimn Day 2 to Day 11 post infection. Al nonkeys inocul ated

wi th DENL PMS v'fowéq{e@@ﬁmﬁmb%%c&ﬁm&hm\mﬁﬁa@a&s 3ufprcand 2/ 4 nonkeys
- inocul ated with cl one or _uncl oned viruses, res ectl vel §/’L§ ecane viremc

(Tabl e 8). THeRIYY: Qﬁé%)ldls’ﬁ! TRicRepgeptd,S (ylglequir Besp dur ati on
(8.5 days)o OfsinMlaf redbm fbfl Glcolapd BestRddkey = :ﬁlDEmTasEéb@wateﬂaHaem gnificantly

:1 Ieg ngt |( \F; el 3) 3 iﬁ‘iﬂ@?gﬁ% Q“%‘sgg%%la gﬁﬁ&}é’}g)}f{f-gc][&h %@5%€ge8gg%§a%gfn”a in sone
- nonkeys, al | amplifieriidl fore desviaipop edplicens bf-al-3 i in ngth(fiabodys [fhqueh ¥) agai nst
horol ogous v 'vﬁﬁiﬁﬁ%&tatl: Ye-Tube RT-PCR kit (Roche). The RT-PCR fragments were purified
' o using QIAquick PCR Purification kit (Qiagen) or agarose gel-purified using QIAquick
25 (el Extraction kit (Qiagen). Sequencing reactions were done using CEQ Dye
Terminator Cycle Sequencing kit (Beckman) and a collection of YF-specific
oligonucleotide primers of both positive and negative orientation to read both stran|ds of
-the amplicons. Sequencing reaction products were purified using DyeEx Spin kit
(Qiagen), and resolved with a CEQ2000 automated sequencer (Beckman Couiter).
30  Generated sequencing data were aligned and analyzed with Sequencher 3.0 (GeneCodes)
software. Nuc-leotide heterogeneities were registered only when a helerogeneous signal
was observed in afl chromatograms representing both plus- and minﬁs-strand sequencing

reactions,
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neutralization assays, sera fromeach group of nonkeys were heat
i nactivated and mixed 20 with the honol ogous virus (the salelulyi200¢ that had
been used for inoculation of animals in each group). Consistent with the
| evel of virem a, the neutralizing titers in nonkeys imunized with the
PMS vir ﬂg}%'ﬁt,]hout mut ati on) were higher than the other 2 1%Irzoups
p=. 0. 00 PR sera of G oup 1 nonkeys (i nmuni zedPG P UABDENT chimera with
2 nutations on the envel ope proteins, prMand E) reveal ed the | owest
neutralizing tit g sBéwn(id ®dless, B3 unclodiPg snisia@ rof1Rte dif@uchEs, bagt at i on may have
further attenuated the virus. (p=0.0045)...These exper.i.ments. denonstrat ed
that there nPGHFIEEmEO 4 ’é‘?:‘?m%{g‘?t%?gﬁ’f?@]m%%e e&héfoﬁg?rf’%ngl%y N Vi ruses
bet ween 1) t Dereytigply, theicdy wiiation thetvas stébid ftthe séleted) at BIfS wanbed0al i zi ng
anti bodi es | g, IRAKRY Seas3Athe? bl BHE AT 806 Snire IR @ B MOUSE AN

e IJ[y R ne E

vi rem a/ i nununogeni cli keys (c was attenuated for 4 days old
mice and 30 iaverrddhd samenoyadien (Keig B) ot BE04ppsitiombaingsslectyienlerardlyi ng anti bodi es
than the PVB Vi I Ysifferddidi6ids of (Rishe ARALIIINI (WITPRdre feRbtedBy@RecOflaqié @1 | ar age) . 26
14 July 2006 WO 03/.103571 PCT/ US03/,01214 I n.suy ry, the mytation at E204
resi due of CHEFEPIHSEPRAISERGEe WY%P‘?S?WEWI?%‘%%?"% f°fhe DENL chi nera
in vert ebr at gednas bmtati@svas tho B251 [fY>F) bubstititian, arkith osventdrimdlangs @, Pesponses. ’
~ Mut ati on of i i i i L. i I serotypes

(Tabl e 10), Wl P rofi i Fgs (KGR AR bl Bl o SRARHE SOVOLVESS,
‘phenot ype¥ aprsioopivimases Tho mutatinrai Bl bagid wesanlifovad ntlepgs€ 214 D-Conpar i son of the
ani no aci d digik@HeRC ol Nad 48 B Pl B 10, GWERE Wia Raserdsed RIL3_and

Chi menVaxw JE FROLS5 virus wth published sequences_ of JE SAl4-14-2

vacci ne, wi | §4p\phibis yirusatap prpgpeed figmEd (RMR) unger sOMB mepuRgRaneg e8¢ r us. 10

Chi meuVaxT"" subktinktih 43260 veenfefdBd @nly bt 5 ffsap@)) ThiSastpneRdiabiewdas their entire
genones and e.nmutati on at I/ s the. onl ifference found. Virus
FEEEEEEEEE 1 1%&“?@3?%*2’2%3&%83%&?2’@@“@# %gdr“i B Pl n 3 £279 Wbt
FKVASGHWIR Chirgaeniadacs TV it infRirier) B27 @iyt SSHI R i Bla@Aa)i(Table 2
POKTFKVTSGOWR o S o hacto Bk KBS BB ol By SOV o ELESEIAK JE |
Nakayama4LEl TPEQKAI _Nl_tayap?'uan S. et al. 1990.  Virology 177:541-552 2 N H.
et al . 1994, leyel ofyisgmiayy meskeysyplio qonppined b gme BRYapation(Cyiraey ekdldney 15 3

Ai hara S. et yafirol. 19296-7304.12061).CaR &se T 118HOnukidBn infdolddy of B wruhanst er

could not be understood previously because: a) the original construct contained an

20  additional mutation {nucleotide A to G causing an amino acid change from H to R} at
M39 besides the E204 mutation; b) the neurovirulence of the original construct was
evaluated only in 3-4 week old mice, which are not sensitive enough fo reveal
attenuation of ChimeriVax-DENI virus or any other ChimeriVax™-DEN viruses

~ (Guirakhoo et al,, J. Virol. 75:7290-7304, 2001); and ¢) there was no ChimeriVax™-

25  DEN1 virus (without mutation) available for comparison to determine changes in
neurovirulence or viscerotropism phenotype of the virus.

Since chimeric viruses are attenuated for 3-4 week old mice, we developed a
more sensitive test (using suckling mice of 4-8 days old) to test subtle differences in
neurovirulence of different clones.
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ki dney 4McAda P. et al. 1987. Virology 158:348-360 20 27 14 July 2006 WO
03/103571 PCT/ US03/ 01214 Tabl e 2. Neurovirul ence for sucklitgpiy#ce® of

Chi meri VaxTm JE viruses with and wthout a nutation at E279 and YF 17D
vacci ne Mous Virus, passage Intracereb Average LDso Experinente age and
E279 ral _dose Mortality (%) Survival (Logos (days)am no acid(Logrs Tine
PFU) PFUYBEYW3YYE vax(r) 1. 1510/ 10 (100)8.40.11 8. 68CIEERIRY 50) 10
0-0.851/10 (10)14 Chineri VaxR*-2.601/10 (10)15>2.6 JE, FRhL3,1.61/10(10)13
E279 Met 0. 60/ 1, M vhurile 450110(0) N A Chi medVaxT -3. 010/ 10(100) 10. 31. 64
JE, FRhLs22.08/ 101_&80) 11.25 E279 Lysl1l.02110 (20)14.5 _02/10(20)16

24YF- VAX(r) 0. 9511/ Glfe?t’m)e@?‘&@h%"eﬁ%‘.‘%éﬂ“fe’t & @ rerforgulaFd o 17) 10

release test to ensure that neurovirlence of chimeras does not exceed that of the virus
vector (YF-VAX®) used to construct ChimeriVax™ viruses. Because all chimeras
5 * construocted so far (with or without mutations) are not virulent for adult mice (3-4 weeks
old), these animals cannot be used to identify subtle changes in neurovirulence of
chimeras associated with single amino acid substitations. In contrast, suckling mice of
4-10 days of age are more sensitive to minor changes in the genome of chimeras, which
~ areinvolved in virulence. In the course of development of ChimeriVax™-DEN virusés,
10 several mutations were observed across the genome of all 4 chimeras (Guirakhoo et al.,
T, Virol. 75:7290-7304, 2001). These mutations were comected in all chimeras, and the
reconstructed viruses (except for DEN1 chimeras) were successfully evaluated for safety
and immunogenicity in monkeys. Due to instability of DEN1 plasmids, the
reconstruction of this chimera (without mutation) was not accomplished on time, and
.15 could therefore not be fested in monkeys. During plaque purification to produce a PMS
for DEN1 chimera, 10 different clones (A-T) were sequenced to identify a clone without
mufations (Table 5). All but one clone (3) contained 1 or 2 mufations within the
-envelope protein E. Representative clones of DENI chimeras were evaluated for their
neurovirulence using 4 day-old suckling mice {Table 6). Animals were inoculated by
20 the i.c. route with two 0.02 ml of undiluted, 1:10, or 1:100 dilutions of each chimeric
| DENI virus and observed for 21 days. The actual doses were determined by back
titration of inocula in a plaque assay. As is shown in Table 6, all clones except clone E
exhibited similar neurovirulence for 4 day-old mice with average survival times (AST)
significantly lower than that of YF-VAX® (p<0.001using IMP sofiware, Version 4.0.2).
25 Clone E (E204K>R) was significantly less virulent than all other DENI clones
(p<0.0001}. Interestingly, one of the 2 mutations identified in the original DEN1
chimera was the 3204 X>R substitution. This virus induced a low level of viremia
(mean peak titer 0.7 log;e PFU/m1) for 1.3 days when inoculated into monkeys
(Guirakhoo et al., J. Virol. 75:7290-7304, 2001). Clone J, which did not contain any
30 mutations and was shown o be significantly less virulent than YF-VAX® in 4 days old
mice, P=0.001, was selected for production of the cGMP MS virus.
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Chi medVaxTM 2. 697/ 12(58) 10. 62. 5 JE, FRhL3, 1.694/12 (33)11.5 E279

Met 0. 690/ 12( 0) NA Chi medVaxnm 2. 8810/ 12 (83)9. 31.45 JE, FRhLB July@8a8112
(92)10.3 E279 LysO0.884/12(33)12.2 -0.112/12 (17)14 -1.110112(0) NA YF/ JEz79
site-3.5512/12(100)9.41. 15 specific 2.5511/12(92)10.1 revertant , E279 L
1.5511/ % 2)10.2 s y0.553/12(25)10.7 -0.442/12 (17)14 28 14 July 2006 WO
03/ 1035 ‘égﬂ% 1%S03/ 01214 Tabl e 3. Neur opat hol ogi caf ¥V Ui on, nonkeys

i noculated I C with Chi nedVaxTm JE FRhL3, FRhL5 or yellow fever 17D

(YF-VAX(1)) afgsfLhhRedethi® Rirt@¥ anQeRRbling dnidairebisedof climsric _
vi rusMonkeySexDosed i ni cal | ndi vi dual and group nmean score' hi s pat hol ogi cal
score | oges Ve YR#ST BBCHPEcr i mi na- Tar get + PFUscore/ Meanar ea3tor ar eas

4Di scri m nat o /0. Bldtict of tiedodatntaieasvisdroropism (viremia) of the virus was

st TR b 0t 58 LR S B9 002>

RT621MV4. 39 3/9® ¥ilp0Ociagd, /7 the E204 mutation. The original DEN1 chimera {ChimeriVax-
DEN-1, uncloned P4, 1999, Group 1) was selected as a control, because its viremia and
immunogenicity profiles had aiready been evaluated in monkeys as a monovalent or a
tetravalent (combined with 3 other chimeras) vaccine (Guirakhoo et al,, J. Virol

- 75:7290-7304, 2001). '

10 Groups of 4 rhesus monkeys were inoculated with 5 logig PFU/.5 ml of DEN
chimeras (Table 7). Viremia was measured (by plaque assay on Vero cells) on sera
obtained from Day 2 to Day 11 post infection. All monkeys inoculated with DEN1 PMS

| virus (Group 3) became viremic, whereas 3/4 and 2/4 monkeys inoculated with clone E
61‘ uncloned viruses, respectively, became viremic (Table 8). The mean peak virus titer

15 {2.5 log)o PEU/ml) and duration (8.5 days) of viremia in Group 3 monkeys (DEN1 PMS)
was significantly higher (p= 0.024 and 0.0002 for peak virus titer and duration,

' respectively) than Groups 1 and 2, Despite the lack of viremia in somé monkeys, alf
animals developed neutralizihg antibody titers against homologous viruses. For
neutralization assays, sera from each group of monkeys were heat inactivated and mixed

20  with the homologous virus (the same virus that had been used for inoculation of animals
in each group). Consistent with the level of viremia, the neutralizing titers in monkeys
immunized with the PMS virus (without mutation) were higher than the other 2 groups (

- p=.0.0002). The sera of Group 1 monkeys (immunized with a DEN1 chimera with 2
~ mutations on the envelope proteins, prM and E) revealed the lowest neutralizing titers

25  (Table 9), indicating that the M39 mutation may have further attenuated the virus
(p=0.0045). These experiments demonsirated that there might be a direct correlation for
ChimeriVax™-DEN viruses between 1) the magnitude of viremia and the level of

' neutralizing antibodies in monkeys, and 2) neurovirulence of chimera for mouse and
viremia/immunogenicity in monkeys (clone E was attenuated for 4 days old mice and

30  induced a lower level of viremia and neuiralizing antibodies than the PMS virus, which

was neurovirulent for mice of similar age).. .
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RAHSOFF4. 143/ 11. 500. 711. 10 RALO2FF4. 131/ 12. 000. 801. 40

RT698FF3. 783/ 11. 500. 641. 07 RA112FF4. 111112. 001.451.73 14 July 2006
RP942FF4. 051102. 000. 811. 41 Mean4. 1211. 630. 711. 17 SDO. 1610. 590. 420. 47

Chi menVax" - RT452M\VB. 551 / Q0. 500. 080. 29 JE, FRhLLRR257MVB. 521/ 01. 000. 140. 57
LOW 1031299ARTS34M\VB. 711/ 00. 500. 380. 44 R1620M\VB. 711101. 000, 140. 57
RT28sMVBYGB B 500. 190. 35 RAJ9ISFF3. 79i | 1 0. 000. 110 PEHUSe301214

RAROSFF3: 521100. 000. 130. 07 RV481FF3. 521100. 000. 060. 03

RT841FF3. 711100. 5%%&%%&&&%%5&41&&&&90@&%@1&131%11'\6%%%@600 450. 140. 29
SDO. 1100. 370. 100. 20 P-value (t T

YF- VAX(r) 0. osxwlwa@zsﬁh@ms@m@@@wwms, ehhoerhyyignis g 28 M M

4.201/00. 500. fdfipifls zJ,- onsERMu&B&ﬁi‘&Merﬂe Slsfﬂéﬁmon@@&dmd%ud_ot #99801RT581M M
4. 171/ 01. 000. 460, 73 4. 32 /0& 000. 660. 8 RR?géll\qE L

ND' 1/ 01. 000. 3%EYE% ?)‘6’65@9?6“ ST

4.441101. omo.w&wﬁﬁf&hmam@omaﬁe.. 120. 06 RT207F F
4.491111.000.220.61 RT490F F 4.341100. 000. 040. 02 Mean 4. 3000. 750. 320.54 SD
0.1100. 420. 230. 28 P-value I T Test) vs. ‘ ,

YF- VAX(r) 0. 024/ 0. Tabot- omparsonyp s gwineesidpifernces indee K proteig of) vs.  Chi meri Vax  JE
FRhL, 0. 343/ 1. CiferiVaou-20F B 22d ChidBHEE™BEERAIL; ivius adth publisBedGrpleaals score: 0= no

si gns; 1= rougl‘bfg@g};m 1@@va&:§1€'vﬂ@@@£éﬂ’an%‘p£é:ﬁ£@% ¥iinGRayarhd\AGL. 1 Ve, sl ow

novi ng; rdin
9 CehimenVax“M-JIE IQRhLa and%&hl.,; vituses were sequenced actoss their entire

genomes and the mutation at E279 was the only difference found.

Virus E E E E E E E E E E

‘ 107 138 176 177 227 244 264 279 315 439

ChimeriVax™-JE FRhlL; E27% Met F K VvV A8 G H MV R
ChimeriVax™-JE FRhis E279Lys F K V A 8 6 HK V R
JE SA14-14-2 PDK" F K VvV T 8 G M V R
JE SA14-14-2 PHK? F. K V A 8§ G H MV R
JE SA14"® L E 1 T 8 G @ K A K
JE Nakayama® L E I T P E Q K A K

_ " Nitayaphan S. et al. 1990. Virology 177:541-552
2Ni H. et al. 1994. J. Gen, Virol, 75:1505-1510; PDK“pnmary dog kidney
15 ' 2 Alhara S, et al, 1991, Virus Genes 5:95-109; PHK= primary hamster
kidney
“McAda P. et al. 1987. Virology 158:348-360
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shaky novenents, |inb weakness; 4= Inability to stand, paralysis, noribund,
or dead. The maxi mum score on any day and the mean score bty 208@ 30- day
observation period are showmn. 3 Substantia nigra . 4 Corpus shiatum and
thal amus, right and left side (N caudatus, globus patlidus, putanen, N
antjlaL 41@!,1 .1' N. fat thalam; cervical and |unbar enl argenents of the
spi nal co | evel s) s Students ttest, two-si detCV¥et¥Bscedasti c,
conmparing YF-VAX(r) and ChinerlaxT.JE viruses. Not done 29 14 July 2006 WO
03/ 103571 10 1l £0&rSdrdibhce Fartduskidy mide bPORiReriVaRBSIESVilBs# end nocul ated | C

Wt h YF- VAX( ryitielt Silte®ini a¥ax/Nnd ¥ F 17BNeimnd FRHLS viruses (for dose
I nocul ated, see Table 3) YF-VAX(r) Control Animal SerumVirus Titer o m

PFU m_ | Day Epaihebl/ § o] | Uilisllpat:3g lmmﬂdg@itﬂ%wwm. 132 (8 RALO2F1. 3
RT653M2. 7 RT698F1. 02 g,?%gn.%;}jﬁ?g L do3eA1112F2. 02. 5274880 (’-°91)o
RT621ML. 02. 3. 32. 0 RPSEFEL. 82"8%% 2 fdean| Titero. B1 4, 71. 70° d0. 9
SDO. 10. 81. 0L.190. 60. 2 AN TR =6 VI TIGSIS T1 T erfok®qooP 4L, Day.1123456789
RAJO8F1. 91. 4 'RT452ML | 82. 1]'6" RAROBRE 22224 BsRReb7ME—924 1. 8
RVA81F2i 1. 8]_' 5 0-0.85 1710 (10) o
e | 260 o) |15 26
JE, FRhL,, R BT B EE
E279 Met 06 ooy VA
045 0710 (0) A
| 30 100 (100) | 103 164
JE, FRhLs, 2.0 800 | 1135
E279 Lys 10 510(20) | 145
0 Zi0 @0y | 16
, 2 - 085 |71 (i60) | 64 03
0.0 oi1(82) |88
. .05 BAZ 7| 10
Crimervag | 269 712 (58) 106 25
JE, FRiL,, 169 4712 (33) 115
E279 Met 0.6 0112 (0) WA
o | 288 | T07Z(83) |93 145
JE, FRhL;, 1.88 1123 | 103
E279 Lys 0.88 Mz@Es) |22
AT [T 7
EXTY 012 0) NA
P X AT, |94 115
specific 2.55 11412 (92) 10.1
revertant, 156 {22 |102
E279Lys 0.55 313 5} 07
044 PG R ED
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RT834Mp. 51. 3-- RTB41F2.41.7 RT620ML. 61. 0 RT392F RT288M Mean
Titer0.81.71.51. 00.8 SDO. 20. 60. 50. 60. 3 P-val ue0. 6960. 3860. 33'85.208%50. 745
Chi meri VaxTM JE FRHL3 E279 Met Chineli VaxTML-JE FRhL5 E279 Lys i nal Semm
Virus -Rlar' (LogPFU nL , Day 123456789 RT628M RAJ55F RT678M RT769F2. 0
RT581M %&(Zélli:l 8 RR726M RT207F RR725M RT490F- Mean C‘I’l{t]egﬂ()) ZOSO 80.70.70.8
s00. 00. O %0%8Y. 00A Pval ue0. 331<0. 0000. 0100. 0761. ORCUSEMM4NG det ect abl e
virema; in nost tests neat serumwas tested, the cutoff being 1.0 | o0gl0
PFU nmL); in sonme cases, neat serumwas toxic to cells, and serumdil uted
1:2 or 1:5 wazabldseNeurdpattiblogadifevaluafior) odkeys inoogdtad IOt GliiheriVEBGY-JE he pur pose of
cal cul ati ng rRRak, ERhLar gellamtdves t EYEARX@Rani! aecrapsied on@ay30pest- used i n pl ace of
15 <1.0, 1.0 iwgdatigied i n pl ace of <1.3, and 1.4 vvas used in pI ace of <1.7.
3 Oorrparlson bt Y AX ) £ pgt 5 T—w th
t dnk /Sek’ 3 bse > YCini ; U
Chi meri VaxT l‘g&h 'ﬁ_y %est -tail or?b K o hMo .u.n 03/ 103571
PCT/ US03/ 01214 _ log | Maximum |{ Target |Discrimina-| Target+
PFU | score/ Mean | area® | tor areas * | Discriminato
f0.25 | daily score r areas
mL
YE-VAX® RT702M M 4.05 1/¢ 2.00 0.51 1.26
- Connaught RT758M M 428 10 0.25 0.01 013
. Lot # 09864060 RT653M M 4.07 10 2.00 0.39 1.20
' RT776M M 4.25 an 2.00 1.29 1.65
RTG21M M 4,34 32 1.00 0.46 0.73
RAHBO0F F 414 K| 1.50 071 140
RALO2F F 4.13 11 200 0.80 1.40
RT698F F 3.78 A 1.50 064 1.07
RAM2F F 4.1 1A 2,00 1.45 173
RPO42F F 4,05 10 2,00 0.81 141
Mean 4.12 k| 163 0.71 117
‘fsD ’ 0.16 1 0.59 042 0.47
ChimerVax™- RT452M M 3.55 10 0.50 0.08 0.29
JE, FRhly RR257M M 352 140 100 0.14 0.57
1ot 10312904, RTE34M M 3.7 140 0.50 0.38 0.44
RT620M M 3.7 R 1] 1.00 0.14 0.57
RT288M M 3.76 10 0.50 a.19 0.35
RAJOBF F 3.79 1A 000 0.11 0.05
RARGOBF F 3.52 170 0.00 . 03 0.07
RV481F F 3.52 10 0.00 .06 0.03
RT841F F 37 110 0.50 0,05 0.28
RT392F F 3.76 140 0.50 0.07 028
Mean 3.66 0 0.45 0,14 0.29
sSD a.11 0 0.37 010 0.20
P-value {f Test} vs. YF-VAX® 0.037/6.025 0.00008 0.00191 © (0.00014
Chlmenvax™- RT&28M M 4.20 10 0.50 0.57 ' 0.54
. JE, FRhlg RTGT8M M 4.13 110 1.00- 0.12 Q.50
Lot # 99801 RTS8TM M 447 1/0 1.00 0.46 0,73
RR726M M 4.32 110 1.00 0.66 0.83
RR725M M ND® 110 1.00 0.33 0.67
RAJSSEF F 4.27 . (1] 1.00 0,14 .57
RT7T69F F 444 10 1,00 0.58 0.79
RAKZ2F F 424 10 0.00 0.12 0.06
RT207F F 4.49 M 1.00 0.22 0.61
RT490F F 4.34 10 0.00 .04 0.02
Mean ) 4,30 0 0.75 0.32 0.54
sD 011 0 D42 0.23 0.28
P-value (t Test) vs. YF-VAX® 0.024/0.025 0.00154 0.02436 - 000248
P-value {t Test) vs. ChimerVax™-JE FRhL, 0.343/1.00 0.,10942 0.03223 0.03656
T Back-fitration
2 Clinical score: 0= no signs; T=rough coat, not aating; 2= kigh pltched voice, Inactive, slow moving; 3= tremor,
incoandination,

shaky movements, limb weakness; 4= Inabllily to stand, paralysis, moribund, or dead. The maxdnum score
on any day and the mean score over the 30-day observation period are shown.
3  Substantia nigra.
* Gorpus striatum and thalamus, right and left side (N. caudatus, globus pallidus, putamen,
N. ant.flat. thalami, N. fat. thalami; cervical and lumbar enlargements of the spinal cord (6 levels)
s %ﬂeat‘s ttest, two-sided, heteroscedastic, comparing YF-VAX® and ChimeriVax™-JE viruses.
done
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Table 5. Nucleotide and ami no acid sequences of uncloned and various clones
of ChinmeriVax- DENI viruses and their in vitro (Vero passatfeliy28ehetic
~stabilities. VirusPassageGeneNt. NoNt. change! AA change! AA NoComrent s
‘het er ogenei t yhet erogenei ty Uncl onedP2----No nutations
Uncl oneqisisaRddA! GKI R204Nucl eot i de het er ogenei ty E}%ﬁg&,&y F251Nuceot i de
het erogeneity E1912G t FJD311Barely detectabl e nmutan
E2282C al! 1435Undet ect abl e mutants in sone sanpl es Uncl osedPt yE1590A to &K
t 0 R204 NS2B/abB@E. (Vina)ihedSnGRE8 Bhcuhal ICMIcYRYAKBer BineVogedBi t y
NS4A7237A1 G B¢ kesdRBd ¢ virveds fotgesriesiculsied rpe Tl PLSE1590A to K t o R204

REPEATE17304,] V. %NL eoti de heterogeneity from
P2NS4A7237Al N

=0
o
D
+

1 eot-de—hetgrogenoiiys-hiad par el y

det ect abl e nutant Cl ong"APR, 2 PYEL17/B0& (05 50 FZolposajnell j strand, no
function assj 2E2282C oiA-o 4S5 Bellor-exachor] L apdt--p—-P2 and YF
respectively p _TletI [Nt Vo804 73220) zdlone BP3 1 P7. | PIOE1730G to TV to
F251 Cl one QP3; 19426+p—FEHD P%“_’*l[b._.u; A-+H—at-st+panth- no function

- assigned. CjonerEES, HEEI7806G [ G3TV 40 | F2b L-Jd'"_ne.olz 3 _POEIBP90A to K to
R204Domai n - 1—xaeHodp—of| —hel--inetionAsg—5CHogeFR3MBS T T- -
E1590At oCGKt s ond _(PIETE3VEof § EVITZD I-zbl T -ONeEAP3EI9TPG o TELt 0D311
E2030G 0TVi gH—3Etemanmt-t-H—astnatie - nBg-dad; B3 t-+-h—P4)
Cl onel P3E1590Af 08Kt oRA04 omel JP3T W6]_®/ -8 - p4-2) PG O | ne JPBE1590A to

' G‘(al G K to %.menQ%%ﬁrﬁméﬁgﬁéc' eotide still

Anlmal Serum Virus Titer' (Logw PFU/mL), Day

1 2 3 4 5 [ 7 8 9
RAJIBF - 1.9 13 - - ~ - -
RT4520M - 1.3 2.1 1.6 - B - - -
RARQBF - - 13 2.2 2.2 1.8 - - -
RR25TM - - 1.9 2.2 1.8 - - - -
RV4B1F - - 2.1 1.8 1.8 - - - -
RT834M - - 25 1.3 = ~ - - -
RIB41F - - 24 1.7 - - - - -
RIG20M - - 16 1.0 - - - - -
RT392F - - - - - - - - -
RT288M - - - - - - - - -

Mean Titer 0.8 1.7 15 - 1.0 0.8

8D 0.2 0.6 0.5 0.6 0.3

P-value’ 0.696 0.386 0.043 0.065 0.745

ChimeriVax™-JE FRhLs; E279 Lys _
Animal Serum Virus Titer” (Log PFU/mML}, Day
1 2 3 4 5
76260 - : . -
RAJS5F - : - -
RI678M - - - -
RT769F - - : 2.0
RI5681M - - - s
RAKZF
RR726M
RTZ07F
RR725M
RT490F - -
Mean Titer 07| 07| 0B 0.7 X3
50 0.0 00| 04 0.0 0.0 U4
P-yalug* 0.331 | <0.000 | 0.010 0.076 1.0 10

sfejajofede]e|en

e fs
elatebe]a
plll!lllll!
~f .

IR EEENN LR RN EE W]
e e frdn el

3]s
t
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- = No detectable viremia; in most tests neat serum was tested, the cutoff being 1.010gy
PFUImL) in some cases, neat serum was toxic {o cells, and serum diluted 1:2 or 1:5 was used

cut-off 1.3 or 1.7 logy PFU/mML).
For the purpose of calculating mean titers and standard deviations, 0.7 was used in place of

15 <1 -0, 1.0 was used in place of <1.3, and 1.4 was used in place of <1.7.

. % Comparison with YF-VAX® by Hest, 2-tafled

Comparison with ChimeriVax™.JE FRhL; by Fest, 2-talled
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(J-2)(cGW M) present Plo fronE1590At oGKt oR204 cGW PAS) O one JPI O
REPEATE1590A to K to R204 (J-2)from P7 d ow j P20 FronE1590WuWy?08K t o R204
(J-2)PI G repeat NB4A6966G Tanl7l 1 1NS4A7190WeVil 246 c¢ From the begi nni ng
of the genome: FrontbeN-term nus of indicated protein; nunbering accordny
to Rice g 5 Science 229:726-733,1985. C one h 204 nutations are
shown in os?lgssfletters 31 14 July 2006 WD 03/ 10357?‘3%%98‘1"/28503/01214 Tabl e
6. ‘Neurovirul ence of different clones of chinmeric DEN viruses in 4-day

ol d suckling mce. ChineriVax-MitationDilutionDoseNo. dead/total AST

DENI ( BT) (% dead) Days Uncl onedNoneNeat 5. 011/11 (100)9.1 (P2)1:104.111/11

( 100pabfd 52 NGd1008: BEAmANRALsQuebiofdactoRbi bl Rriduld ébiés binlderi¥Bo. 011/ 11 (1100) 10. 2
O omEENIESdskNea i 8tk Yorb JRQ)S) BrndiPGtie® D1: 104. 911/ 11 (100)9.5 C one

EE204Neat 5. 93/11 (27)13 (P6)Kto R1:104.81/11(g)14 1:1004.01/11 (9)15 d one
JNoheKiat|3. FEHpf 1116 O 0| o 1: ﬁ’l /A" (1100) 11%8ments 1001. 89/ 11
( 82 imbora | YF- R2AXNVNAL 2025 - B Tabl & mdeiond MTOMTOgEM CItY Study in
Rhes;—m@&dﬁﬁkegs, ety e T MEPENT—vig U €S SRl Remaoatgteat—NON- GLP St udy
* 0 GIT VIF 25% | Nucleatide heterogeneity
G oy P I rusMut at | ofy D)S'Iigigz Git " ED 3 Barely defectable mutant
E 2282 Cia i 435 Undetectable mutants in some
: samples
Uncloned P15 E 1590 AtoG KteR 204
NS2B 4248 GtoT GtV
NS4A 6888 CIT AlV Nucleotide heterogenelty
NS4A 7237 A /M Nucleotide heterogeneity
.| Uncloned P15 E | 1590 AtoG KtoR 204
‘ REPEAT E 1730 GIT VIF 251 Nucleotide heterogeneity
from P2 NS4A 7237 AlG 1M 263 Nucleotide heterogeneity
NS4B 7466 Cit PiS 52 Barely detectable mutant
Clone A P3, Pr E 1730 GtoT VioF 251 Domain Il } strand, no funclion assigned
- E 2282 CloA L tol 435 Befere anchor; L and | in D2 and YF
. respechively. {a gap left, ni 7080-7220)
Clone B P3,F7, P10 E 1730 GtoT VicF 251
Clone C P3, P6 E 1912 GtaT EtoD 311 Domeain ilt, a strand, no function
assigned.
Clone D P3, P§ E 1730 GtoT VioF 251
Clone E B3, P6 E 1580 AtoG KtoR 204 Domain ll, f-g loop of, no function
_| @ss.
Clone F P3 M 788 CtaT - -
E 1590 Ato G KioR 204
| _Clone G P3 E 1730 GleT VicF 251
Clone H P3 E 1912 GloT E®D 311
E 2030 GtoT Viel 351 Domain I}, d strand {LIn D2 and D3; |
in D4)
Clone | P3 E | - 1590 Ato G KtoR 204
Clone J P3, P6, P7, - - - - -
(-2} Po
Cline J P8 E 1590 AteG {aiG) KtoR 204 Some parent (2} nucleotide still
{J-2) (cGMP MS) present
P10 from E 1590 AtoG KioR 204
{CGMP MS)
Glone J { P10 REPEAT [5 1590 AtoG KtoR 204
{J-2} from P7 -
Clone J P20 From E 1590 AtoG KtoR 204
(J-2) P10 repeat NS4A 6966 GIT sh 171
NS4A | 7190 Gla vil 248

* From the beginning of the genome. *: From the N-terminus of indicated protein; numbering according fo Rice et al.,
-5 Science229:726-733, 1985. Clones with 204 mutations ave shown in bold letters,
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(0.5 m) 1ChimeriVax-DEN 1M39 and5 | ogs Uncl oned, P4, 1999**E204

2Chi meri Vax- DEN- 1, E2045 | ogs P6, clone E 3Chi neri Vax- DEN- 114Nulx@806& ogs PMS
(P7), done J *: Four nonkeys (2M 2F) per group. **: Q@uirakhoo et al 2001
30-32 14 July 2006 WD 03/103571 PCT/US03/01214 trr i NO a CO OON

o N N Clonti <<.r Y| OhGhr ....... rNrr C cowChm LL

nt - Oot | NEb‘G“?-"’P"lN rNNN E ~MOfrcoM ! ... ... rrrNM PCTUSIST14

Table 6. Neurovirulence of different clones of chimeric DEN1 viruses in 4-day
old suckling mice.

4 ChimeriVax- | Mutation | Dilution | Dose No. dead/total AST
DEN1 (BT) {% dead) Days
Uncloned None Neat 5.0 1111 (100) 9.1

1 (P2) 1:10 |41 11/11 (100) 10.2

1q Clone B E251 Neat 5.8 10/11 (21) 9.8
(P7) . | VioF 1:10 5.0 1111 (100) 10.2
Clone C E311 Neat |58 11/11 (100) 85
{P6) EtoD 1:10 49 11/11 (100) 9.5

13 Clone E E204 Neat 5.9 3M1 (27) 13
(P6) KtoR 1:10 48 . |1M11(9) 14
1:100 40 111 (9) 15
Clone J None - Neat 3.6 11441 (100) 10.8
od (P3) 1:10 3.0 1111 (100) 11.3
1:100 1.8 9/11 (82) 11.3
YF-VAX® NA 1:20 2.5 12112 (100} 8.3

25 Table 7. Immunogenicity Study in Rhesus Monkeys, ChimeriVax™-DEN1
viruses, Sierra Biomedical NON-GLP Study

1 Group* | Virus - | Mutation | Dose
(0.5 ml)
11 ChimeriVax-DEN-1 M39and | 5iogs
Uncloned, P4, 1899* | E204
2 ChimeriVax-DEN-1, E204 5 logs
P6, clone E
3 ChimeriVax-DEN-1, None 5 logs
PMS (P7), clone J

*: Four monkeys {(2M/2F) per group.
", : Guirakhoo et al 2001 .
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Pl ague MonkeyMut ati onvbem cl no. Peak titer Durationtitersize tested

(Lt. (mM R18265MYFDENI , 99, 214(50) 1. 51. 56402-4 P4, uncl osed! R¥23940FMB9 640
E204 (  R17572M 320 ) R171114F64n RLR2103MYF- DENI, 01, 314(75) 1. 7251202. 4
R1709RFe E 2566 (EPG 204) RIR261M2560 R17511HP5120 R162104MyF- DENL, 01, 4/ 4
100) 2. R17510RFPMS cl one J, 102411 RIR211 246 '
%1752‘04%?%%% abl e 10. Position of 204 residues i%ﬁ%@l&%axT"LDENl 4 E
protei ns ChineriVax-Am no Acid residues, E protein
200201202203201 20 ¥26:6i2(nd 08utialiiy Taibdsp XS (BERKiCMhkA W mbird VKNKAWW

DEN4 KIVKKKT Wiaith Wik, HRL) (SlGa) ofeliffefedt cld@@s SECHMerdabDERA Quses

Monkey Mutation Ne. Mean Neut, Ab Plague
5 viremic/no. Peal fiter  Duraion titer size
fastad (%) ’ fmmt
R18265M | YF-DENt,99, 240 - |15 15 640 24
i P4, uncloned .
R175110F (M39, E204) adq
RITET2M 320
10 4 RIMI4F 640
Ria2103M | YF-DEN1,01, 314.(75) 17 2 5120 24
RI709RF ?éz':‘;;’““ € 2560
RAR2G1M 2880
) R1TS418F 5120
15 rig210am | YF.DENIO1, - 414 {100) 25 85 5120 1
' RA7EA08F ::j;[‘““e 4 10240 '
RIR2{11M {Nene) 10240
R{75104F 10240
20
Table 10. Position of 204 residues in ChimeriVax™-DEN1-4 E proteins
ChimeriVax- Amino Acid reSIdues E protein
200 | 201 { 702 | 203 205 | 206 | 207 | 208
| DEN1 TIM|KIJ|E K S |[WIL |V
[ DEN2 Q |MJE [N IK A [WIL |3
1 DEN3 TIMIKINIK A [WIMI|V
DEN4 KIIMIKIKI[KIT {wiL |V
What is claimed is:
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CLAIMS: 1. A flavivirus conprising one or nore attenuating nmutations in the
envel ope protein hinge region of the flavivirus, wherein HRlgly2Des/i virus
into which the mutation is introduced conprises (i) intact yellow fever
virus vaccine strain YF17D, or (ii) a chinmeric flavivirus conprising the
capsid and non structural proteins of a yellow fever virus and the
menbr ané& a8 Ssnvel ope proteins of a dengue virus or a West Nile virus. 2.
The flavivirus of claim1l, wherein the flavivirus into which the nmutation
is introducdd &ﬂﬁﬁvirtye@mpﬁsiagpn%ﬂ mmattemating(irruwonsaj@dhmvsl@pai n YF17D. 3.
The fl av f el VRVNE 0 mut ati on

i i nt roeéfﬁiélg%n %)e rﬁ%oﬁsg?géga%?un%wﬂe}e 1 '3vi \%Vlvmés 1(%%’ Whlgh the njuﬁ%é)kggpm d and

_no n- st r ustreduaed cqunises (pintikt )&llyﬁlfb\tﬁrwfrﬁyﬁcciﬁb Slidin a{mﬂDh@r (maﬂbr ane and

envel ope,protejns .of a dengu [ 4. The flavivir cl.aim 1, wherein
Cho 1 | ad iSRG AmER B FAAA P AorstorHel BRiRRse! BaRieT S86T n chi ot ¢
flavi vi nags aITe infdnit@ardc@d AR pPAEind 0N &dnpHE L iiadr 2 WEQNeREu@f a yel | ow
fever virus and the nmenbrane and envel ope proteins of a West Nile virus.

5. The flavivirus of any of clains 1-4, wherein the envel ope hinge region
nmutation is pr 0 - nsi sting of
“am no acids % gfh%tl ca’}u%%géﬁg}seﬂlotﬁghﬁg&ﬁgs. 15%3%%}1%1@218?&&9&%&%%1 127-131,
and 196- Muoéd@nmstaclfwﬁewfwelrusruseambmesmihd’FZOD. of dengue-3 virus; and
am no acid 204 of dengue- 1, dengue- 2, or dengue-4 virus. 6. The
flavivirus of claiml1, 3, or 5 wherein the dengue virus is dengue-1,

- dengue- 2, dengUde flaviirusemia-14 whereliSthe Aavivites ihtovhivh hdsm@itioaliai m S,
wherein the mutation is in the | ysine at. dengue _envel ope am no acid

‘posi t i oAntpEBICEdROmyisesA chiperxpilavivals gompriging d@ﬁgn%d and non-YERYR- 4) . 35 14
July 20 r

subgti t%ﬁtgﬁs ?g élioqy g%rlv#gsﬁdtﬁé%ﬁibz g\\e{?(?/l&?lfgb %E%tﬁ%%d \%}%erel n the

| ysi ne iverusubst i tut ed with arginine. 10. The flavivirus of claim1, 3, or

4, wherein the yellow fever virus of the chinmeric flavivirus is the yellow
fever virus vaccine strain YF17D. 11. The flavivirus of claim1l or 2,

wher ei n sai d4nThafleeiRiriSofichinds Wheeh tBd Badliridiato wiivielhe partgfoatiei n of said
yel | ow fever vjrus vaccine strain YF17D., 12. A vacci he conposition

conpri siHEPIReRe qompyises 4 dhimeic Havjvis comprising thesansid and neRcFtBCHMr maceut i cal | y

. accept a?l’(ﬁelﬁ%f d G0 fetlr hiG8And tﬁéme%?an‘é%%ﬁ bilfeldp@ gﬁﬁéﬂﬁ SAPwRk: Mgl m 12, for

use in i nduci ng an I nmune response to a avi vir a patient.
virus.

5. The flavivirus of any of claims 1-4, wherein the envelope hinge region
mutation is present in an amino acid selected from the group consisting of amino acids
identical to or corresponding to: amino acids 48-61, 127-131, and 196-283 of a yellow
fever virus; amino acid 202 of dengue-3 virus; and amino acid 204 of dengue-1, dengue-

2, or dengue-4 virus.

6. The flavivirus of claim 1, 3, or 5, wherein the dengue virus is dengue-1,

dengue-2, dengue-3, or dengue-4 virus.

7. The flavivirus of claim 5, wherein the mutation is in the lysine at dengue

envelope amino acid position 202 (dengue-3) or 204 (dengue-1, dengue-2, or dengue-4).
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14. The vaccine conposition of claim13, wherein said patient does not
have, but is at risk of devel oping, said flavivirus infectddly208&. The
vacci ne conposition of claim 13, wherein said patient has said flavivirus
infection. 16. A nmethod of producing a flavivirus vaccine, the nethod
conprising introducing into the flavivirus an envel ope hinge region
mutation that results in decreased viscerotropism wherein (i) said
flavivirus conprises an intact yellow fever virus vaccine strain or a
chimeric fl ad vitedlavivimp ef diiny?, twherea fheinabitativn is e substifution of siid kysineei ns of a
yel l ow fever virus and the pre-nenbrane and envel ope proteins of a dengue
virus or a West Nile virus; and (ii) said envel ope hinge region nutation
i s present i . arhedtavivirugof dains® vaeirahl thien guinet ik sutgtitted widnsg®ildeng of am no
acids corresponding to am no acids 48-61, 127-131, and 196-283 of yell ow
fever virus; amno acid 202 of dengue-3 virus; and amno acid 204 of

dengue- 1, denguerhd flafiirtEIR8mA, ¥ SUS whdRin the yellow fever virus of the

chimeric flavivirus is the yellow fever virus vaccine strain YF17D.

11. The flavivirus of claim 1 or 2, wherein said mutation is in position 279 of the

envelope protein of said yellow fever virus vaccine strain YF17D.

12. A vaccine composition comprising the flavivirus of any one of claims 1-11

- and a pharmaceutically acceptable carrier or diluent.

13. The vaccine composition of claim 12, for use in inducing an immune

response to a flavivirus in a patient.

14. The vaccine composition of claim 13, wherein said patient does not have, but

is at risk of developing, said flavivirus infection.

15.. The vaccine composition of claim 13, wherein said patient has said flavivirus

infection.

16. A method of producing a flavivirus Vaécinc, the method comprising
- 1introducing into the flavivirus an envelope hinge region mutation that results in decreased

viscerotropism, wherein (i) said flavivirus comprises an intact yellow fever virus vaccine
strain or a chimeric flavivirus comprising the capsid and non-structural proteins of a
yellow fever virus and the pre-membrane and envelope proteins of a dengue virus or a
West Nile virus; and (ii) said envelope hinge region mutation is present in an amino acid
selected from the group consisting of amino acids corresponding to amino acids 48-61,
127-131, and 196-283 of yellow fever virus; amino acid 202 of dengue-3 virus; and

amino acid 204 of dengue-1, dengue-2, or dengue-4 virus.
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