Title: FLAVIVIRUS VACCI NES Abstract: The invention provides flavivirus
vacci nes and net hods of maki ng and using these vaccines. 14Ju420068y 2006 WO
03/103571 PCT/ US03/ 01214 5 FLAVI VI RUS VACCI NES Field of the Invention This
invention relates to flavivirus vaccines. 10 Background of the Invention
Flaviviruses are small, envel oped, positive-strand RNA viruses, several of
which po8&®Ytent or potential threats to gl obal KPP0 Héalth. Yel | ow
fever virus, for exanple, has been the cause of epidenmics in certain
jungl e |l ocations of sub-Saharan Africa, as well as in some parts of South
Anerica. Al though many yellow fever .15 infections are mld, the disease can
al so cause severe, life-threatening illness. The disease state has two
phases.. The initial or acute phase is normally characterized by high
fever, chidls, headache, backatheviRusvhecmzhes, | oss of appetite, nausea,
and vomting. After three to four days, these synptons di sappear. In sone

patients, ,
Field of the Invention

This invention relates o flavivirus vaccines.

10 Background of the Invention

Flaviviruses are small, enveloped, positive-strand RNA viruses, several of which
-pose current or potential threats fo global public health, Yellow fever virus, for
example, has been the cause of epidemics in certain jungle locations of sub-Saharan
Affica, as well as in some parts of South America. Although many yellow fever
15 infections are mild, the disease can also cause severe, life-threatening illness. The
disease stafe has two phases. The initial or acute phase is normally characterized by
high fever, chills, headache, backache, muscle aches, loss of appetite, nausea, and
vomiting. After three to four days, these symptoms disappear. In some patients,
symptoms then reappear, as the disease enters its so-called toxic phase, During this
20  phase, high fever reappears and can fead fo shock, bleeding (e.g., bleeding from the
moufh, noée, eyes, and/or stomach), kidney failure, and iver failure. Indeed, liver
failure causes jaundicg, which is yellowing of the skin and the whites of the eyes, and
thus gives “yellow fever” its name. About half of the patients who enter the toxic phase
die within 10 to 14 days. However, persons that recover from yellow fever have lifelong
25 immunity against reinfection. The number of people infected with yellow fever virus
over the last two decades has been increasing, with there now being about 200,000
yellow fever cases, with about 30,000 deaths, each year. The re-emergence of yellow
fever virus thus presents a serions public health concern.
Dengue (DEN) virus is another example of a flavivirus. Dengue viruses are
30  transmitted to humans by mosquitoss (mainly by dedes aegypti) and are the cause of a
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
observed in some areas (Gubler, “Dengue anci Dengue Hemorrhagic Fever,” CABI
Publ., New York, Chapter 1, pp. 1-22, 1997; Butke et al., Am. J. Trop. Med. Hyg.
35 38:172-180, 1988). Four serotypes of Dengue virus (dengue types 1-4) circulate in the




synptons then reappear, as the disease enters its so-called toxic phase.
During this 20 phase, high fever reappears and can | ead t ol&hdyc06 bl eedi ng
(e.qg., bleeding fromthe nouth, nose, eyes, and/or stonmach), Kkidney
failure, and liver failure. Indeed, liver failure causes jaundice, which
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syndrome ( DHFFE53)f ?p§°5 nﬁ“ %oep 8% 0gi cal di sease occurring in
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is neurotropism which is the enS|ty of t virus to invade and

i nfect ner voEPéicfrF‘é"s‘ﬂ‘Eclﬁfmﬂ"F?éd“Wg "Fﬂéﬁl%‘f‘? Bsdonctionaf these geiint ect i on can
result in i anmnm‘bmmmm%mp@mappm&%bembiraadﬁpmdplﬁparﬂaeﬁ cord (i.e.,
-encephalitis vi ai red consci ousness, paralysis, and convul si ons. "The
second bi ol ogi cvn}l property of flaviviruses is viscerotropism which is the
propensity of t h&omd flavigirases arapvimedly savehtromd (et s West Wile wihg odheslareor gans,
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exhibit both properties (such as Kyasanur Forest disease virus). However, both

neurotroplsm 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.




20 infection can result in inflammtion and injury of the |iver

(hepatitis), kidney (nephritis), and cardiac nuscle (myocerdilyt208§, | eadi ng
to failure or dysfunction of these organs. Neurotropismand viscerotropism
appear to be distinct and separate properti es of fravivinses. Sone
flaviviruses @fl r| I neur ot.ro uch as, Wsst i.le virus), others
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structur a$096118?9e3ﬁ9 " 13‘@‘&{?@%‘36 I GyologyeFipldssd ), Ruyen-Taprinceih Newofrek, 1895, and seven
non- st r ucteitak I ngr@twrmémgmwﬁoteMﬁumwngédqﬂglewm&emﬂuhéﬁre&ted cells
cont ain pr&ge rane (prM protein, which I's a precursor to the M protein.
The fl avi®iTtrs proteins are produced by translation of a single, |ong open
reading frame to generate a polyprotein, followed by a conplex series of
post-transl ational proteol ytig cl eafvtﬁlgﬁs gf t he pol yprotein, to generate
mature viral proteins (Anberg UGV | . 73:8083- 8094, 1999; Rice,
"Flaviviridae," In Virology, Fields (ed ), Raven-Lippincott, New York,
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-virus (e.g., a yellow fever virus vaccine strain); a viscerotropic flavivirus selected from the

group consisting of Dengue virus, West Nile virus, Wesselsbron virus, Kyasanur Forest
Disease virus, and Omsk Hemorrhagic fever virus; or a chimeric flavivirus. In one example of
a chimeric flavivirus, the chimera includes the capsid and non-structural proteins of a first

- flavivirus virus (e.g., a yellow fever virus) and the pre-membrane and envelope proteins of a
second flavivirus (e.g., a Japanese encephalitis virus or a Dengue virus (e.g., Dengue virus
1,2,3, or 4)) including




reduce viscerotropismof the flaviviruses. These flaviviruses can be, for
exanpl e, yellow fever virus (e.g., a yellow fever virus vecolyzetstrain); a
viscerotropic flavivirus selected fromthe group consisting of Dengue
virus; West Nile virus, Wsselsbron virus, Kyasanur Forest Disease virus,
and Orsk Henorrhagic fever virus: or. a chi.nmerl | avi yirus. .In one exanple
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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.




protective Immoral and cellular imunity. In one aspect of the present
invention, there is provided a flavivirus conprising one ot4July»0es
attenuating nutations in the envel ope protein hinge region of the
flavivirus, wherein the flavivirus into which the nutation is introduced
conpri ses (' )Ilfaﬂgt‘ﬁgrta e% Af%ﬁé Jrgs\ér?trlm)éhtrlolﬁsth \é%cg‘!)\gt?edﬂ &ﬁo’& o}( 1%111 %l (i) a
chimeric flavivirus i NoN-Struct U oteins of a
yel | ow fﬂ%vquqyeahﬁjmpth@i mbﬁlaglmtradmtnermmﬂm@bvwxr@tmenmlwb hingelengue Vi rus
or a Wes 0 sent

i nvent i o;neth hﬂl}a\éblﬁ gﬁt o %& %gh d%b'ﬂe%(se@%%&dd t[l?"Pl%lﬁ‘r&c’) Sécm ﬁggﬁ?ﬁ% av% ‘\b/ol?rl sesv acci ne,

t he met h@@n@etrvpﬂqws ferwgf viim$ vagdine stragn wrrathmtehe fiaviawiseompesiggthespsl ape hi nge
POuCy THS Pl Bakind B4V, dl<f L SAPRLUAGREALLPLAMop AL B (1) 521 d
flavivirus conpri'ses an intact ow Tever Wi rus vaCC|ng trarn or a

chi mer i ca fl4ngyd yius gs2 Westplilesimg anCh(el) mb@ivclomidngen@mersmutamxm piesepriot ei ns of a

yel | ow fﬁ’ﬁ&mé’é&&‘é e@ﬂé@ﬁ%ﬁ%&%&a}’% %tf'ﬁggfffﬂgo&n ﬁﬁ f§LRfmo0f @ dengue
virus or | e Virus alrd enve ope I'nge reg Sn mutation is
pr esent Mﬂs4§161a1t2|7ﬂéi,aiadél963%83@fwelﬂmfﬁemvwﬁea agd 2ohefidehguad wiris;ani no aci ds
correspongi 4 gnd 196- 283 of yellow fever
Vi rus; aﬁ‘lﬁr?gﬁgmg%gpde?gﬁfdﬁd%%ugé\ﬁr%uéguéﬁ am no acid 204 of dengue-1,

dengue-2, or dengue-4 virus. 14 July 2006 WO 03/ 103571 PCT/US03/ 01214 O her
features and advantages of the invention will be apparent fromthe
foll ow ng detail ed description, -:the drawings, and the clains. Brief
Description of the Drawings 5 Fig. 1 shows plaque size variants produced by
Chi nmen' VaxTM JE FRhL3 (l arge plaque, Panel A) and FRhL5 (small plaque,
Panel B). Plagues were stained using rabbit anti-JE antiserumfollowed by
anti-rabbit 1gG horseradi sh peroxidase. Fig. 2 is a series of graphs
showi ng survival distributions of YF-VAX(r) and ChineriVaxT -JE '
constructs, with and without a nmutation at E279 (M)K). Four day- 10 old
suckling mce inoculated by the intracerebral route with (Fig. 2A)
approximately 0.7 logic PFU;, (Fig. 2B) approximately 1.7 login PFU, and
(Fig. 20 -2.7 login PFU. Fig. 3 is a graph of regression anal ysis,
nortality vs. virus dose, showing simlar slopes and parallel lines for
viruses with (FRhL5) and w thout (FRhL3) the Met to Lys reversion,
all owm ng statistical conparison. The F1thL5 virus was 18.52 tinmes nore 15
potent (virulent) than FRbL3 (p<0.0001). Fig. 4 shows the results of
-independent RNA transfection and passage series of ChineriVaxTM JE virus
in FRhL and Vero cells. The energence of nutations in the prMeE genes by
passage level is shown. Fig. 5 is a three-dinensional nodel of the
flavivirus envel ope gl ycoprotein

4a




20 ect odomai n showi ng | ocations of nutations in the binge region occurring
with adaptation in FRhL or Vero cells. The sequence of t h&t ik 2806/el ope

gl ycoprotein (strain JaQArS982; Sum yoshi et al., Virology 161:497-510,
1987) was aligned to one of the TBE structural tenplates (Rey et al.

Nat ur e 375 291-298, 1995) as an input for autonmated honol ogy nodel i ng

bui | di ngVBP1B! et hod of Segvbd (Segnent Match 25 BYEGENES  usi ng LOK
software (Mol ecul ar Application Goup, Palo Alto, CA). Detailed Description
The invention proyldgs zZJ &uaauaﬁ%g@@&m@&v&mm'bk93%%9 ggi ruses and
chinmeric flaviviruse avin ne or nore nutatrons t result in
decreased vi $dlevisg Ael %ﬂlpwsfhﬁfm sphdthe plifE.ng such fIaV| viruses, and
nmet hods for using these flaviviruses to prevent or to treat flavivirus

infection. The nutation (or % tions) .in the flavivinmes of the invention
is present in the hinge regi = 8protein, which we have 5 14
July 2006 s\WO 03/}Q§5EﬁwPﬂﬁﬁUﬁﬂBﬁﬂ&&i&&&hﬂwﬁﬁﬁhﬁV&ﬂ&JﬂEMﬁaUﬁgﬂeternining
V|scerotrop| descri bed
further, %E%F]gﬁﬂ¥%%ﬁﬁ§3%3%¥mgﬁ%gqg%?Biﬁ%ﬁ%ﬁgk &%gﬁ %@ﬁhsed in the

i nventi on |sa@%ﬂﬂ&MwmmyﬁdhWﬂMWW@%mbWU@@ﬂnmynﬁmbBmpm%¥Qnade in the hinge region

of the envel ope gfg ﬁzs\ﬁﬂsériis$ﬁg&$hs§hdwlﬁfg%%ﬂvﬁﬁﬁmﬁﬁtﬁ%fﬁam® ahdre Asi bi
i nfectious clg eﬁé)arx an i nfectious clone of another | d type vi rul ent
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system (see bel owig bﬁamqfr@mesﬁonh@ﬂ)d!@,mtﬂsj)vs Orve dese, simwiing simiferat | ons f ound
to decrease mbp%gﬁfd‘i}%ﬂb?ixﬁe&op\ﬁm&é}%d{‘tﬂzﬂtsﬁMB%M&&F%%?&@ME&@EW' ntroduced into

a vaccine strain (e.g /D), and these nutan fe tested in an aninal
model ~ syst enfesigp. allqugémm%foewar&%%ﬂ@lwﬁﬁwwaémmq en) to deternine
whet her tiie p@ak{viriiag) fasFRBL.Jpau@).decr eased viscerotropi sm Mitants that
are found to haye C sed viscer o sm can then be used,as new vacci ne
i rai ne that hayErbReHE e RelReras e A R Redie R8T o of

vi scer ot r opi ShimerdWkot™-1Eoviias in fFRilvand Venwd sdls. THeammerganoe dfembtaadintle t he i nventi on

i'ncl ude ot he %g%b Lnei fl.ayi viruses, such as Japanese encephalitis,
Dengue (sero %?assa?/ﬂ y D@a{tl | ey encephal itis, St. Louis

~encephal itis, V\é§tg wpéﬂeeﬂmﬂwalrmehoméilm@pmweﬂqpsglmmqtemEheus Vi r uses;

tick-borng fle@ddbxﬁ&ﬁélﬁ%ﬁglo@éﬁﬁﬂo@ﬁu@%ﬂ&:ﬁ%hﬁgg ﬁﬁ}fg%ﬁal itis, Siberian 20
encephalitis, Russian_ Spri ng um‘rer encg}g& asanur Forest Di sease,
Omsk  Henor r HEBFHon FERRBE or Yege T glbp peuongs géﬁawvewg vesprotem Rt t ar ov,

- Hansal ova, ApO@ArSIarn Gumiplyghi et sli, Va6, 16 BE7\580, 1 98T PwakialighS®® ohid Bt he Hepaci Vi rus
~ genus ( €. 9. rheRAL] Suftarbi R R at, Wekre 375201298, 1995) as an input for

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




of these viruses have sone propensity to infect visceral organs. The

vi scerotropi smof these viruses may not cause dysfuncti ont4gulyzooal -
visceral organs, but the replication of 25 virus in these organs can cause
virerni-a and thus contribute to invasion of the central nervous system
Decreasing the viscerotropi smof these viruses by nutagenesis can thus
reduce fﬁgppmﬁﬂilities to invade the brain and to &SY¥¥¥ephalitis. In
addition to the viruses |listed above, as well as other flaviviruses,
chineric fhﬁ&hﬁ&iHggﬁﬁﬁﬂﬁ%ﬁﬁﬁghggﬁggﬂﬁnq£eﬂﬂ&§mﬂﬁ&ﬁ%&9@§@that decr ease

vi scerotropi sm re I ncluded”in the invention. These chineras can consi st
of ‘a fl avi viigwniidn ag descabep fehsa®llows avi vi ns) in which a structural protein

E or proteins) h?@n&%ﬁﬁbl&ﬁﬁh@ﬁﬁ:@s M@t%ﬁiﬁb@use&&rtﬁeﬁﬁd%ﬂﬁdiisﬁﬂloﬁrgwdﬁt ur al dpr otein

or proteins) of a second virus (i.e., a_.test or et erm ned virus,
such as a fI%{%W‘N?%??“W@?(’&%ﬁ‘@?“?ﬂ@%meﬁ?]g?Ogﬁﬂﬁ%gﬂesi st of a 6 14 July
2006 WO 03/ li0B8&ids dind,/c\gsSMha AGiBiZifettiha elsdan en hiectivhsalone ef af@hegwild-a yel | ow
fever-virus)_in.which.t r. @@ﬂ] t el fhaYi¥if Us have been
repl aced mﬁt??%?%ﬁ%ﬁ*ﬁ?ﬁﬁ%mﬁw%%o_efﬁ?g% °§h§%§g%8% Ja%esgye¥%%s (e.g., a
dengue Vi r ussy§tdm @), infapsierendor oukspmadel sytems) poridegtify yiges effepinge vi rus, or

anot her virug Bm. RSARY nQfiscdrdIRfin FoRksdU) o RABhR, Bkdhidief E protei n of
whi ch has a Hfﬁggﬁtggjoﬁ nu?%fﬁon §§n5 gt%?ibed ﬁ%iei . .The chineric
viruses can %ﬁﬁ?ﬁﬂingﬁﬁﬁmﬁHV“@Hﬁﬂ?ﬁﬁ??%ﬁ“@WmG*?Qﬂﬂﬁﬁ“ad %Bfler ably, the virus
agai nst whi cdetails)nwnRi ok Yaore Sufaabg Find t6 ddchiese Siaeerotepiad oftithavikimperited st ruct ur al

protein(s). A specific,exanple of. a chj i c.yirus.tha be included in
- the vaccine§m3ﬁ%ﬁﬁgémp%$§ﬁgg:ﬁeﬁgmﬁﬁ%q?gﬁﬁbﬁp gvgpmﬁ%ﬁ%ﬁgéggcine strain,
YF17D, in wnetimsmedgisdepr(og g nhiBicaasd/ot dreonkypragtleystemh rvigtepden 1 epl aced
with the pr %}Qﬁ@tﬁéﬁhﬁﬂ@ﬂt&% h%&é&éaﬁ‘éd@i&&d%{ﬁﬁﬂ'ﬂ&a& thdt kD ffind T AL 1 ON as

descri bed herel n) anot her flavivirus, such as a Dengue virus (serotype
1, 2, 3, or bayedegeasediissmotiopisia pradlien bg used As peys vacqipesiraingthaghays r s, St Loui s
felncephal 4 Sindfér?ﬁddﬁafetwldﬁd’ta?ec}éaﬂeﬁBﬁﬁls@ﬂﬁ&gﬂﬂﬁtﬂﬁﬂ.S Vi rus, orI any (r)]t hferI |
flavivinms, suc yeoly) of. those . st ove. For .e e,. the foll ow ng
chimeric flavivi %@ﬁ’gﬂﬁﬂ?%ﬁs&gﬁ@”ﬁg“ﬁgﬁ@?FFﬁ%mﬂT%ﬂe%ﬁggﬁﬁ§¥7can Type

Cul ture Col |eotk floviviAT,GEh as Tapavesn ersehditis, enggie (se@iypes U4 Marasunder the terns of
t he Budapest ' t : | . . : 1998, can be
used to nakéwéé&%%%gﬁﬁgS%%@ﬂf%%gﬁ1g§ﬁg§§%?ggéﬁég%g%i&% éevg? 17D/ Dengue
Type 2 Vi r usihengirmentick-bopw Gryivirsiss sich ey Cont Besepearaeephaiitin Shgjanand  Chi neri ¢
Yel | ow FQNeren&ZMié@R@saﬁﬁﬁ)ﬂg%mmﬂcéphﬁiﬁ% ikt FgesVDsddse, Ol JE Al . 3; ATCC 20
accessi on nupber ATCC VR-2594). Detajls_of malting chineric viruses that
can be usedimerhagic vk ovping il Lomassyy eaishi gbse Tﬁg%ﬁﬁBFé?mﬁwdlnternational
~appl i cat i onSHypP¥ahbciS8 §£10:3 bescrrveh thiHepddn®aY aR2ds., epditiOnsikkprdl et al ., J.
Virol. 73:30%§&£101 1999 i.ch is in orated by reference

/ - each of. CRL N\
hereinin i tos get ﬂmrsgri}i?\_fe s0iné propﬁnsgly 90 infect wscerai organs, 1he eiscero opism

_ these viruses may not cause dysfunction 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




" As is noted above, nutations that are included in the viruses of the

present 25 invention decrease viscerotropism |In one exanpldgulybisse

nmut ations are present in the hinge region of the flavivins envel ope

protein. The pol ypeptide chain of the envelope protein folds into three

~distinct domains: a central donmmin (donein 1), a dinerization domain
(domai n MOYYENG an i nmunogl obul i n-1i ke nodul e domef T8RN 111). The

hinge region is present between donalns | and Il and, upon exposure to
aC| dic pH, 3Q undergoes a confor anl Gehhgadesi gnation
"hi'nge") invofved in e( BFUSi On o Vi rafv and ‘en osomal menbr anes, after

virus upt akeﬂmmhmmmmpryﬁ%%w@%@mﬂﬁﬁﬁﬁﬁﬂwm@ ope ami no

acids are_pre3gple ﬁrﬁh(ﬁﬂ?]agézﬁﬁ%ﬂeﬁﬁh@%m#ﬂﬂ@ﬁms of RbMEXAEHues, anm no aci ds
48-61, 127-131, an é}?llowfev s (Re%/L et al i 7 14 July

2006 WD 03/ 1675y 9t thesormendensd berginfheniprelsip of3vpish Y3 h5ae Rny of these
am no aci gs, d@mwam)mumwmﬁgcaaMﬁﬁeﬁa:ﬁnnjs:on(mmﬁomqfrvmsqoondl ng am no

acids in oth ‘efeé{‘lrtﬁvtb\e/‘é’%%% e(r;\r/glgé) e ”ux[]gsoh S e SR REme MMlat ed according to

the inventio resul decrease I n viscerotropism
Mut at i ons castblerahmeleniEn t he hi nge regi on using standard met hods, such as

Site-directed 5 %&%Qﬁﬂpﬁofghﬁnﬁémhﬁw@ﬁbédelﬁﬁeo&cﬁmﬁmon present in
the viruses of the  invention is substitutions, ‘b@el’fg’@ﬁ pes of

mut at i ons, SWW“%ISH‘%V@PW&W%‘H@WW%P%H@”D i Ay vvel . In

addi ti on,masaﬁd&hmra@lnmeu@mbmdmmpmmammmmqﬁﬁclu&n@gly or in the
context of ope or re addi tional .mutatjans. e viruses (|nclud|ng

chi meras) of ’é@ﬁ!f’scq?‘?@h lﬁ%(?ﬁan(?%?f %w%a%clﬂﬁ%?%e@guefﬁ%tandard net hods
inthe art. Fs_enntypwamLe4),éapaﬂ€andlaﬁtiaﬂir@s Vost Néspumdthgrit o the genome of a
virus can be, al%?%ﬁﬁﬁr@g 'e&@}gﬂhtﬁ%ssmaﬁahﬁkﬂa%sﬁﬁémsgﬁe di ploid cell

li nes, from w nat'ants of whi'ch progen% virus can then be
purified. Aﬁﬁl‘%@l‘@%@ﬂ@cﬁtWpléd}r?fﬁb’wﬁlgéﬂm%ﬂw}'}ﬂﬁﬁ?é”hf &G ruses enpl oys

git irz 82' 215(115:%%%& w%@Aﬂéﬁan\@@mﬂﬁ}eI@g&gmqmmaumnaahs Vugm&;lon (Rl nsho
, 1201- n_t hi a nucl.eic a e (e.g., an
H’%‘@Efb%ﬁﬂ?sﬁgﬂ‘?g“‘{gi’fét%@ﬁ&ﬁ%g‘ ﬁd?PO?ndi@t ngm 't%r oduced into

RNA nol ecul e

(

-~ the heteropl avgd, @ﬁbdtswwinﬁhesmesdﬁ&ememetdcmwm%ﬂiwﬁwdllabmemw\hl ch the

cell s have begn Eﬂé nucl ease (e.g
an endonucl eggpez tﬁﬁgm rr§8%%t%1°i¥) @M%@dﬂ asHBI%nzonaseTM u. S
Pat ent No. SYEMEﬂ@)lmfIah@eﬂqmedab@Wéﬁ 2Vinsi(VE 453 é3R€ent rated (e.g., by

use of uliorauclssgleéﬁm&mmﬁy D8 of AR} AuiDAGH @r  Wei ght cut - of f
of, e.g., 500 kDa), and the concentrated virus is _faornulated for the

pur poses of Ysef & theinversion apgrosisds fopgxaipplr, & I HSer! 2RPECHBM i ded in U. S.
Pat ent Appl i patjisess/degdiaad PchJS(ﬁBém;&n&eﬁambém srei] 1. MARLA:309451012002, which is

i ncor por at ed refer ruse the i nventi on can be
adni ni st er edlgagg 66&1 E&'%hlﬁ%“8'br%%/rﬂ r%m cehefemm%fﬂl A-adul ts or children at
risk of infecti 00&5@bﬁ@%vebﬂu&k&ﬂﬂtbﬁ%re&@ﬁ@dﬂ@ﬂ&é’vﬁ%ﬂitﬁeIfr&éntt reating

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,,




infected patients. For exanpl e, in the case of yel | ow fever/dengue
chinmeras, the vaccines can be used in adults or children ®@tulyi28d6 of Dengue
infection, or can be used as secondary agents for treating Dengue-infected
patients. Exanpl es of patients who can be treated using the dengue-rel ated
vacci nes_and nethods of the invention include (i) 30 children in areas in
whi ch DERYHEIYE endemic, such as Asia, Latin Aneri BGUSHY2¥he cCari bbean,
(ii) foreign travelers, (iii) mlitary personnel, and (iv) patients in
areas of a SR1Hen r - ' fnd8glAgs i nto which

- the disease %@%ﬁ%ﬁﬁ zgﬁgg%/e%@to g@%ggﬂé@p%%g%%@s? g?“g?_%rngent?na, Chil e,
Australia, papidsfangicongspangding aminpeifeip pthar Alavivitug ey ejors PABIEIR¢aRH357 1

PCT/ US03/ 013\/h lﬁatahadw&e;ng tohe iMeﬁtQh,%mﬁgﬁad,fora?éém p&&b&ﬁh‘ﬁ?d@m&lﬁﬁia&ﬁd States), or
regions iIn Lch It Yy Qe _observead to expa t uture (e.g., regions
et ad wi t (VORBEEETIE IR o Mo oA vty SAEUe P AP SERD | Svent | on.
For mul at i oh adutapdnesisv iOheisamplobf thdigeofwi@itioh pussettanthdarseanfthed out usi ng

met hods t hat . ahd i . N gh"f i cally

accept abl e sol?vulfu?%ﬁé&%or ﬁ%ﬁehf’%eﬁ:’ggs@g#&%tmﬁ#%%{é%ﬁ %egégl@éugfgﬁ wel I known and can
readi |y be adenfeassdfivwelly fnaddifon; 45és nojed sheyr, the innigléans ¢aphe iygseatpipgle of skill in
this art. (Sggin#f céhtext Ao NEbRAIGHEN M ABGEUL | cal Sciences (18s' edition),
ed. A Cennaro, 1990, l\/?ck Pub] i shi gtgtbCo., Easton, PA ) In two specific
exanpl es, the vi rifeEEsegtiachidyesbimerr af thePravrhinfeH e R A ar ™8 di um Earl e’ s
~Salt 10 (NEMEhndadmiethbdsiinte At T dx@mil) HERNNGlolecuhk Yolugfohdingxedm al bumi n or MEME
containing 10% sorbitol .. However. the viruses can simply.be diluted in a
physi ol ogi calgfnﬁmegcacv p 4 'imemt\é\%fcﬁ{’iht(?ﬁ?m%rﬂ%ﬁﬁs’ﬁ%cs P’lof’grr@ell Ell??g or sterile

buf fered sal ilins, fropwiadhdertierumsoaintd o which) pogeny vinsesn thabe peifiedin ni st ered and
fornul ated, fQ6m&%RMM ﬁatp%n{%gﬁmto%ﬁ)%e%m%s eﬁ,ﬁlo§sm%tergylah£&wsﬁcﬁver 17D

vaccine, e.g., as a clari d suspension of I nfected chicken enbryo 15

tissue, or. a*Y® ¢lnEpireerstels NimEiehe 211 20H-1716< 96 dhivaetitflich t he chineric
yel | ow felr/ise(rj nucldid 408 molbhige (;é.?.?ﬁiﬂ%mﬁécufeﬂﬁnésﬁdtﬂiﬂﬁ mg, gerdihe B vi@dT Ni St er ed f
usi ng net hods _t hat. .ar known in.the art, and. appr iiate anounts o

t he vacci nes %%cﬁléfgfﬁ%r@é%&(% - s ik esﬁgﬁmﬂlg”(’&g?ﬁ":ﬁg‘d"%%ﬁ’fhose of skill
in the art. [edls hoxbarpbwtured, hervesied view & toftedtvlid anmieeset(c. o eadonuoleas 0 f or mul at ed
as steri| e aquRos.coRlibONm BO0LRH N REIMARE plOZ A AR nf ecti ous
units (e.g., plaque-formng unr’ts or tissue culture in e’c]t ?’ous doses) in a
dose vol ume &k nurlepsettggated|vings igponcepimaitdde.gudirinesi of plsaidightipausing o fills x anpl e,

i Ntramusciy ahayingdReWEAD YRl of, B! SBKDIBInd e 0bHc§Bnted Hrud@di ti on, because

flaviviruses maa/ ?&%ﬁ%abl e of ipfecting the hupman host via the nucosal
routes, such fgEulpigforfhequrpogss efyaceiaption; Refgjls ofdhis pthod arepyrqvidedsig Ui

" Encephal i ti s Piten?BpglivatidhSeriiNposa/ 48 565sfleiankg ¥, 2000w iSasmragy, Mbnat h

(ed.), CRC P%&sﬂ%b Baca Raton, Florida, 1988, Volunme IV, 177-203), the
viruses can be adm nistered by nmucosal routes as well. Further, the
‘vaccines of the iThydmneds officiavenive cadrhdnissterdsd pimaraproitylgite agtolse or

25 inadulis or children atrisk 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




"can be used re

optionally, adm nistration can involve the use of a primng dose followed
by a booster dose that is admnistered, e.g., 2-6 nonths 1dau200&s
determ ned to be appropriate by those 30 of skill in the art. Optionally,
adjuvants that are known to those skilled in the art can be used in the
adm ni stration of the viruses of the invention. Adjuvants that can be used
to enhan®® PHE> i munogenicity of the viruses incl uBeUS¥M2Myanpl e,

| i posomal fornulations, synthetic 14 July 2006 WO 03/103571 PCT/ US03/01214

adj uvants, suﬁlt}o@sthéﬁldgle Eas%@asoﬂémﬁﬂmmtﬂ@sﬁ”ofﬁﬁem@@ﬁ&hﬁﬁe@'ﬂ@r yl Tipid A

or pol yphospha2| ne. Al thou t hese adj uvanis _ar used to enhance
i nmune respo?@@%ﬂdﬁ%e@%li’t@e&& -8 ZREOpnissted w4 ‘geéﬁ"ygg‘f i‘(ﬁ‘“ﬂ% used with live

vacci nes. |n {daRd6@s@ing Bfthednvitions del | vered via a nucosal route for
exanpl e, orally, nucosal adjuvants such_as 5 the heat-1|abjle tOXI n of E.
coli (LT) or nut afermyletiqnehs vifees gfthq inveptip °’B’é’eﬁ§3€?ﬁl oyiIsing g In

addi ti on, gen%stﬁiﬂ&@ﬂiﬂ&&ﬂcmﬁéﬁéﬁgﬁ:&da%cduﬁV@ewﬂleummhs fantsé Mi t| es can be

inserted into_the viruses. nes di.n toI uch as Gw CSF,
TL-2, 1L- 12, Valc‘f_“efé‘epa%?c'“f‘ﬁfwg E‘?Eﬂ%@ aqrﬁagag?fﬁ I?eéﬁrue'g{ﬁvﬁr?sﬁ&f orei gn antigen
genes to pr odmmumby\ﬂwmfsldlmldmartr @subgskmmnmﬁé’ﬁmcmmmiﬁqeﬂ%sponses or
to modulale 1 feaighdol, ol ARGHES, 1666, VRE BroBfifIcol, Allonsfedl ORI PecAR! | Ul ar

| moral, or nucosal TesSponses. e case of ‘Dengue virus, against whi ch
opti mal vacci 'Pi‘é?li’l@ﬁnth@&ﬁlsqsW&W@at%MW%E%SP%‘HW‘“@rﬁ?ﬂ%??"F agai nst all four

of  the dengueammtcum&ngi%ﬂa&&b FRRIS% h‘tihlﬁdJs%ﬁﬁl aQqummtdﬂEIEMEQSﬁﬂﬁmQ nvention can

be used in th |on f tetrava cGln all of the

chi mer as used?qjhsoglfn@h %Y“élﬁef“ﬁ‘“éﬁ?ﬁl fi?i%‘?ﬁién?:é’l*’f ?%%%H’Ge a nutation that
15 decreases amqa&hlb@dlwtmmlsmsmlelsﬁmdmsmnlebwﬂﬂerddealma nin affther exbripker as can be

m xed to form, felr %anan'e%}ﬁmlﬁérgd%{i tﬁ x@xﬂ%ﬁ &, B0 M Ahdulids fner Ul ation, or
can be adminis ered In ser tase ‘a tetraval ent vaccine, to
reduce the poglipwievrdyD weoiys ¢.8das p plerified aspentien of indpeted ehickencgbehi eve a

bal anced i18MUfGue! &5 RO R veskdBondd Uitufs RlecBBGih @f chldigic iibE ev@nt  chi meras
present in the adm nistered vaccines can-vary. Briefly, in one exanple of
such. 20 a forﬂﬁ‘Fatlon at least 5 fold I ess of the Dengue-2 chinera (e.g.

10, 50, 100, 200, T%va&%sof%ﬁ'uﬁedﬁ@n?&hbéaﬁmﬂﬁs%%dﬁﬁh ét%@sﬁ:ﬁmfebu%llm her
chinmeras. In this_exanple, the anounts of %ueg Dengge 3, and
P pEpdly

- Dengue-4 chi nlewgm@aeﬁrboa@dwﬁwwwmﬂfﬂ’eawcw %anpl e, the
-armunlts of Dempte;d néhbg:mﬁémsmaﬁgﬁen ]FoVéﬁaMﬂeQWhhrbﬁsd%ﬁﬁaﬁiel ﬁlcaﬁﬂiewe:cl | de)r
exanpl e, a iiQn to. usin ess Den C a east 5 fo ess
of the De P "%553% T‘t%eaﬁuef’%sﬁl tiong ggnta gb’%ﬁﬁnﬁg&fﬁ(ﬂ BBV d 1 ess) can
"be used rel at(egeplbcpte-u’dmmg)mmgmmec@Mn&h@ué@@)@fﬂd&EW&bmea’tOllteast 5 fold
| ess of the D??ﬁpf‘ob%a&ﬂhﬁé@bﬁenr&amplé%&én?lgcula}ngcumgeg& or sy f 01 d | ess)

ative to ue-3 Dengue-4 chineras; or at |least 5

fold | ess of Ioufes. wﬂg@@uh%aﬁmﬁ@wbeww(&w@m%umswl ative to the

) E])e ngue- 3 ;3 E' NBE Rucobal rolBY sudiSasRiRlobal ol Blirbsiko s b1, BlbChorde PhcepRaBERYl €, tO
e C rease e
In The Arboviruses, Ecology 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




30 amount of Dengue-1 chinera relative to the anobunts of Dengue-3 and/or
Dengue-4 chi neras when the E204/ E202 nutati on descri bed herkiyw0d& not
‘included in the chinmera. 10 14 July 2006 WO 03/ 103571 PCT/ US03/ 01214
Det ai I s of the charact eri zation of one exanple of a mutation included in
t he \(f(géf %1) whi ch occurs at position 279 of the envel ope protein of a
yel | ow 4 ?Jlapanese encephalitis chinera, are prpgyl 4L ow. Al so
provi ded below are details concerning yellow fever/dengue virus chimeras,
in which dengyg. %l GIR 2 KDY SHOREmraiyIAlBHtIS, ﬂoﬂ&'h&bg&rﬁ d@lorTOr e mutations
t hat decrease viscerotropism’ | n_one exa nut ation, the
| ysi ne at poBelyphesghezine AJfoyeh dessadinyappare ng't‘lb'luf‘?dé"f“’%é‘f‘?g‘ﬁ'@ ° Dengue- 2, or
Dengue- 4, orre&ﬂaﬂsewaiaaﬁatadvaaﬁm &kpauaﬁabafsedtvhmhwempanmemm n of

Dengue- 3, or ter hhan th pr ot ei ns of

t he ot her Deﬂ%d'g”%%}m\f,gb’ggm“wgg “%bfo’f“ R arojf’mﬁcqsa f'idél%pamg%l sa%l ysi ne can be,
for exanpbe, thshdastabltemmfmqm(lzﬁglmnmeden@ﬂh@rofﬂﬁcané@s@ﬂﬁés near envel ope

am no aci d 29%&&9%3&3&09%&@%0&% Qﬁaﬂlﬁkﬁl&h%awaﬁtta@ﬂ]ﬁe.@can%h' eve decreased

viscerotropis For exa , any of am no _aci ds 200-208 or _ conbi nati ons of

t hese ‘ani no H’éﬁf‘ﬂ‘ém@éh?vﬁé%ﬁﬂ?‘%@ﬂesegﬁ@éﬁﬁ“ﬂm%&ﬁ‘ﬁﬁs@ FHeédit he fol | owi ng:
‘posi tion 20214 K)-13br IDSNGH B idsertdd s thér@iith Z8egn(aiged fenbian s  posi tion 200 of

Dengue-3 (K); and Rosi.Lio 0 of Dengue-4. These
resi dues 15 CEHAHY ?ﬁ‘ﬂ@ﬁ%‘@g %ﬁg‘@fcs‘f"ﬁe&g@wﬁgé&% '5’m“£‘ K&%dey her i ment al
"Resul t's UOYefnbxawpeEiﬁwﬂpmrwpmﬁ@a,lﬂmolaphahuobsalsre@busmra I ncI udi ng a Hi nge .
Region Muitation_2 A.chi mer | eI lo f ever F anese
encephalitis (JEP™ ‘yge“d*ﬁ“w*’f“éfa %mag?)‘hcé? 2"’(!‘f‘c’ by insertion
of 'the prM Em@&ﬁﬁﬁofhﬁmmtymmahm&mﬁﬂedengdﬁeﬁma@-tﬂg@hﬁleumaﬂef strain into a
full-length n E A . t sus |ung
(FRhL) cell sﬁFB’(ﬁs ﬁt i é)gea#;ﬁr “%%@éh eé%rﬁglag%?ﬁ?agrﬂeﬂt gacm@e?r%llsy %Eﬁt aining a 25
singl e Met 3L9f§heaﬂh1m¢m aﬂeﬁ@Swhtfem‘iabﬁtfmnuﬁmcaﬂmlﬁéﬂrﬁtmwﬂaﬁﬁts residue fromthe

SAL4-14- 12 t Qeclehi@s WckidpiCas RHkddRbed Rrbhn. The Shiffrh@tan ¥ ikl t9'¥Bfn @l SO
constructed b site-directed mut agenesi s.. The E279 nutation is located in

a beta-sheet® ?Yalﬁﬁ@‘eﬂ‘irﬁﬁ%”f‘%i’?}ﬂdﬁngt prawletionyr gindhe AdmIRRPEGIn SIS o5 ponsi bl e
for a pH deprikkaade of OBIREIEM victiRato ralletieposkibilitef virdl intisfereqpemat r at i on from t he

 endosore intg the. cyt smof an infected ce ndent 30
“transfecti ongﬁsatgg%tt‘be agfahﬂﬁedgm?mefﬁﬁsee& é“rmg‘v’(’feéfc}“’ﬂhe&?an?ons appear ed nost
frequently chnnénsmgeeenﬂm(tﬁy@drmdactwcw rro. vag| Bl A6 ohe eompR®A3uch r ef | ecti ng
~genomi ¢ ixpst Ry aﬂea&ﬁf&dle@%?&%b@ﬁé%h)ﬁuﬁ&?&”?6‘%0 ﬁ&gmnorswe E279

reversi on cause S f-icant 1 ncrease in neudrovirulence, as determ ned

by LD50 and @éﬁlmﬁalrs léltﬂie it atshehirperasy Bidhip prgople. dhs amptspf the

Dengue-1, Dengue-3, and Dengue-4 chimeras can be equivalent or can vary. 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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14 July 2006 WO 03/103571 PCT/ US03/01214 by hi stopat hol ogy in rhesus
nmonkeys. Based on sensitivity and conparability of resultsl4JuytZi0Gronkeys,

t he suckling nouse is an appropriate host for safety testing of flavivirus
vacci ne candi dates for neurotropism The E279 Lys virus was restricted with-
r espect . raneural replication in nonkeys, as virem a and anti body
Ievgl S (‘&gﬁ@&{ of 5 viscerotropism were signifi czfﬁir’IU§°3f'°ézdﬁced as conpared
to E279 Met virus. Background The study of chimeric viruses has afforded

new i nsights i nt OpLiR of e Gebi@iadf of che Bhmtb ElnRRGE iRNMIBMePT OSPeCt S for
vacci ne devel opnent For exa Ig, nmol ecul ar 10 c] opes_of positive-strand

X npl )
al phavi ruses B wighogsyst Ropition 279 ok g caysippe wotemgteyelag, - 2001: X ong et
aL, Science 2#ai/fapsnSse bicOghatith 9fh¢raarchrdvidadbelowt s srotitdglowtareal , Proc. Natl .
- Acad. Sci. U S, A 88:10342-103 1991:..Chambers, et al.. J .Virol.
73: 3095-3101,gﬁﬂb@@%ﬂmﬁﬁ?’%}??{%’ﬁ%{‘g“af“@"IH’?W%‘PE{“ ich Jragus B SBIE° 2001; Huang
~et al., J.5Vipetins iftid8QR0: MG Dt @O BE)lcdrasisbraenpisra dinpiedatigic ¢fnser t i on of
~structural gegag,saﬁ%gﬁkﬂgg%s%g%ﬁ%,%?bogémg@mg% tgm Igggug_ﬁm s i nvol ved

: . . fo .
in neutralization, ce , fusion, and 1nternalizalion. The

replication ofotiregeE-4chitivdsing atppsiting a2 of e cpygiopegrqtarofiRrnaersthidict ur al
proteins and ik R0 268Ghder thRMEE civelpX RHEIaSE the BYerTReup adrd@ypegls strain, while

- the structural, .protejns.fromthe dqonor genes rd, specific inmunity. The
bi ol ogi cal o reapesfefed p dpipq. o fysing cam b o "@TPE’U%‘E%I“%E&’Q%%IE‘B’F‘% Ol by both the
~donor .and 19 eckgiueriearenveloge ayamwesid 2@y (2@0odsnpes) agalsdestutatedtos wi t h nucl eoti de
sequence differ. ' ] . o 0asl.bl e to dissect out
the functi onaﬁgﬁlﬁgﬁ%gea%ﬂlﬂc%%}x%ugﬁpﬁﬁﬁgQ%?:}ifa_ %Oedg%ﬁdg?%?hlbvi rul ence and
attenuati on. Opipions of hpsyeming agids eandwnutated r Speopio) exappleg drckufigdthe | ncor por at ed t he

pr M E genes  §iliAgd Positibh BRYRY @ hesdub-&ipBsikorMAE ngufd; pdafaness encephal itis
(JE), a detai]ed 55 exam nation vxfas nade of the ro%ue of. 10 am no aci d.

mut ati ons t hat®HeSh gdiperiegs 2904K). 228 h pnd PAUREDERSGS FHesiSiiPeul ent

Wi | d-t ype1JE diabeasytatimted/ with) for Edmple)sngieiie. al ., J. Virol. 75:934-942, 2001).
The virulence factors were defined by reverting each nutation singly or as
clusters to the wld-type sequence and determ ning the effects on

neur ovi r ul endixpérimenad Besyltndul t mi ce i nocul ated by the intracerebral (1C)

route with ici'fyéiﬁwﬁ{eéﬁﬁﬁﬁéﬂgg@aﬂﬁé (t,‘lﬁmérgﬁwudiﬁﬁc"l_fﬁglﬁeéi@n single-site
revertant viruses remaine ghly attenuated, and reversions at 3 or 4
r-esi dues vveré‘—‘-‘#—‘é%ﬂ&i red to restore a neurovirulent phenotype. Only one

si ngl e-si e r&@wmektyant (E279 Met-)Lys) showed any evidence of a change in

\2“()58' \e/\?)cg’B/ \i\nogg?iAcf' gic%mo%év%r&%ﬁga%g;eggep%gﬁtg%mj v%cc!inrflzocm ation. 12 14 July

(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
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PCT/ US03/ 01214 In order to explore further the functional role of the E279
determ nant, we conpared chinmeric YF/ JE viruses that differdet2806this
amno acid residue for their abilities to cause encephalitis in suckling .
m ce and rmnkeys I C inocul ation of nonkeys is routinely used as a test
for saf %% 3?103 IaV| virus and other live vaccines, and g}. uantitative 5

pat hol ogi 8¥1%8ani nati on of brain and spi nal cord FrYeae F“ow des a
sensitive nethod for distinguishing strains of the sane virus with subtle

differences bfﬂus%g i’?’gﬁ&%&ﬂ&ﬁoﬂk& &%’a@é&%i?%mﬁﬁty%d complarabBityQf resuis and.  15:

305-313, 198 m ce ovid nore’ sensitive npdel than ol der
ani mal s, si ntg@@qﬁ%msmﬂw&wﬁe@s WW%E‘?%“H@V“%?ME@VFES age- dependent

(Monat h et  alacoineleandidhed for&&oﬂ(ﬁ:ﬁ% %‘Rﬁ?ﬁl’@ 2R wad fbﬁ:ndit&ﬁ;ﬂﬁﬂrégpeﬁﬁﬁlfl rmed that 10
mut at 1.0n an increase in

the single t- qm.no. ac at . E

neur ovi r ul en@@"‘“)“\%‘l F?ﬂ?‘h’f’l“lﬁ’ﬁke?’ssaslvgﬁtﬁf%"8&1‘%0‘%’1"}%"6]%& T eés'(’?r egion of the E
pr ot ei n, - ¥hi memmplsm@waemgmﬁﬂaﬁlyﬁﬁnccaaMMWﬁMetm$ ormati onal change
during virus penetration fromthe endosone into the cytoplasm of an

i nfected cell (Reed et aL, Am J. Hyg. 27:493-497, 1938). Inportantly, the
suckl i ng nouBasksgeusd shown to predict the virulence profile in 15 rhesus

nonkeys. Based Omhetsﬂﬁyst%hﬁfeﬁd%ﬁgﬁuaﬁ&&aa@ﬁm@@mm»ﬂomﬂ@mg conferred by
a point |on opose that the sucklin se an appropriate
host for saf 1“?%%$P‘%'§P8?pe‘1‘ﬁf&v’ia‘iﬂﬂfgﬁ’d@%8? At ﬁﬂ’g‘i ff“ BTt or neur ot ropi sm
Whi | e enhancilags sfpesttive-strand apteeimsds (MorE2BOvieudt at, Vorvina pHEsa7-8884L 0 have t he
oppos e o L g LT Rl RLPRl 3 BT AR A R lpafased vi T om a_and

anti body 20°re , accé is viral trait
(Wang et al . NatUAcaGeSQI UNG 4. 8B: 10342}3’32@1@12@5@3%@65; Viph{330P & 8Land Met hods

Viruses 25 Dayelapi®ife af 75481 %ﬁzﬁ@ﬁdoyaﬁor Han @t‘&?':nﬁrd?@@:@o}oby cloning a
cDNA copy of the entire 11-Kkilobase genone o F 17D virus (Chambers et

alL, J. Vi r ol 30283000pkpee ‘??f’é)’?"d‘ﬁ"f%g‘fem"?ﬁf S&E@Hﬂﬁqe%?i"’?df‘ﬁgéhevw 17D genoni c
sequencessmeéneelcﬁpléam&@aﬁ:ﬁﬁhntsﬂwbmm@hmmu&scell\dﬁ&cﬁzlﬂermmmd,and he YF sequences
from nucl eot1 22 .6 ..an - 10, 861 d YES 3 and from
1373- 8704 (pPﬁ’?P#Z%"%F m?‘égﬂ’ee%e 8’1’“&"‘”’1‘5&15 “’2’%’31"%“"?6“% terrpl at es
wer e generatﬁeteﬂwandlﬂlg&d&@ﬁnpibmmppmwthemwﬂrm,lwﬂeﬂw@gmms derived
fromthese p h'!"%?f;ﬁ XFioR otaal ki FMb. 2 pl asm ds
were repl acg’@éﬁg@ﬁe (g)g?r espon E t?erh 22 ?)HK/E sgquences

resul ting |nOth@eﬂcg@H-‘é?ﬁﬁﬁWﬂWP@‘QﬁF{Vﬂ&Eﬂ(‘ﬁFwV}W\331\/5 2/ JE (E' -E)

pl asni ds .20 Th@sBarRk 85:8heE whBnibfboth kfued QM TIMRLH BdrdsOBS dohof ks, 93/ 01214 wer e

i gest ed_ seauety Sl ML A SALAISH FRaSALRINS SEnes il nd Bor

and attenuation.

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,

12




fragnents were ligated with T4 DNA |igase, cDNA was digested w thnol enzyne
to allowtranscription, and RNA was produced from an Sp6 PrliyEoes .
Transfection of diploid fetal rhesus lung (FRobL) cells with full-length
RNA was performed by 5 el ectroporation. Supernatant containing virus was
har vest ytopathic effect was observed (generall day 3), clarified
by | ow gﬁ%ﬁ%‘%@éﬁm fugation and sterile-filtered at PCTS 'E}é“ﬁn Fetal bovi ne
serum (FBS) 50% v/v final concentration was added as a stabilizer. The

virus was ti trateﬂoﬁxﬂ%@%mﬁ@efmﬁcﬂﬂﬂm@op@éémd@émfeaneweously descri bed
(Monath et al., Vaccine 1/:1869-1882 99). .The chjnmeric. virus was

‘sequentially compasukebiagriq F W%‘Pat@@‘@ 6&@%5@5@&% forfeEnti s Pasteur,

Marcy |' Etoi |a§bl1tlé§rt@6&ﬁé%)eno€1§halﬁxs i Sudidihgthibecdnt Yhodeysi IE edlatioh obinortkpypr OXi Mat el y
vaccin ﬁ)‘}gt ai ned from

0.001. Commer.ci al eI l.o er (- VVAX(r

Avent i s- Past etiPuE l“f‘ﬁgf‘ﬁ Ve%égfagé' of fpvivapisan 88%%%5%"6?1%%’%\&”@ water, PA. 15

Si t e- di r ect eatnibgigbaesinationpf usn ad sHial widigsua poiityg k scosiliveanetfpd for Lys reversion
at residue EZf Qﬁﬁﬂﬂiu is as described
(Arroyo et al. %n%mﬁj{]g&gﬁg&%%q%4 42 {hggnﬂghif@{é&@sﬁ?g%&@gﬁ&%;l asm d (pBS/JE
SAL4-14-2) cdhtvathepleryak hdicl Stagh 15 40513301 97) o diskling e 8FVids 4 B nucl eot i des
1108 to 2472 fRicé ancﬁliﬁetn oftler anim¥ls/ sk cptBility 40 nelbtropl@il)inwesss used as 20

tenpl ate for si t pe rmed using the

Tr ansf or ner ﬁ?’é"f’ﬁ‘}% gﬁﬁfﬂ’ﬁé?ﬁ“&ﬂ% @@n&gcrﬁs“ﬁfgfé ﬁ{tg CA) and

ol i gonucl et |tﬁha;mgpMdn=eLﬁ amynhh@mmmnlataﬂm_qoﬁﬁrréﬂanmmés@gi es (G and | sl and,
NY). Plasm ds q s at the onI y

change was tﬁg\{%‘;ﬁ%}eﬁ%elrfg%%ﬁugﬁm? 1 A rggmjé?)n g@dg‘%@t&&ﬁgsgﬁdhﬂ% HJ; E279

mutation was msn@mlbb@b@mﬁﬁevnéen@mfwmhopagﬂag@ qsmwsrrrmmnqtrmoe o8 thsYFNVG. 21 JE

SA14-14-2 (Oeeﬁadsareelﬁsaﬂ@kympxa\%%mtea% (K&a &, &n@alﬁ cUFiang4drhe Mel and NO
(Kas 1) restriction sites: enbly o uII-Ieng;t and SP6

transcriptiont @@r%ﬂpmﬂ@Wﬂ}eﬁF@m&ngF@?ﬁﬁhwa’ﬁﬂ?f ° Vs EPe BNA ¢ r ansfecti on
of. Vero ces | shes@Sndakdyk. Giaﬁﬁdnﬂﬁﬁétd@@mldf@ﬂfamﬁﬂn’emﬁ@ubﬁ@/caﬂzﬁadbﬁﬂ Sequenci ng
RNA was isol ated frominfect ers .b Tr| e Technol ogi es).
Rever et andeh BHH O TSP TR T apeab st o e, o

Transcri pt asdes(iﬁl'qfﬂatndrusmcctl@wgldﬁa’r&xfpm@chﬂplsl(nu fe Technol ogi es), followed by

‘Rhasel | treat et i ATt o ) @GR 05408571 PCT/ US0] 01214
| ong- PCR (XL, PCR, Perkin- and sequencing priners were

desi gned usi @Wﬁ@@%%ﬁqﬁwwmﬁkdvﬁ@é’éé iagboiinber K02749) and

JE]: SA14- 3g- %@%@h%ﬁﬁ%%gﬁa&@f}@&@ﬂgﬁ%&%@mmﬂuw lVHQ0195) as g

‘references. PCR D s were gel-purifie aqui ck gel -extraction kit
7?6”?@3%!%&

from Q agen)

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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5 using Dye-Term nator dRhodam ne sequencing reaction m x
(Perkin-Elmer/ABI'). Sequencing reactions were anal yzed ontdaulygdes 310
Genetic Analyzer (Perkin- Ehner/ABlI) and DNA sequences were eval uated using
Sequencher 3.0 (GeneCodes) software. 10 Pl aque assays and neutrali zation
tests Pl‘gggﬁﬂgssfays were perforned in 6 well plates of nonolayer cul tures
of Vero P& Af ter adsorption of virus for 1 hodFYENEaE4t i on at 37C, the
cells were overlaid wth agarose in nutrient medium On day 4, a second

overlay was agded, GoM:iitaMOyit Bsuidfdtlchdhndeads Nreid B2t | Aplophate
pl aque-reduction neutralization tests were perforne )% . 15 e%r evi ously

descri bed ( MiFgReptsvere igpted withTé ONAizase, cDbggas digested 8d nouse nodel
G oups of 8 tlowtQads@iptidnCand RIR &S fbdkcdd Gidmh 886 Hohaea rirenseetionsf | nc.

Ger mant own; Y., e i.no ed |. i £ h L of .chineric YF/JE SAl14-14-2

20 ( Chi ner i VQ%?Y?‘A ﬁ“ﬁf‘%‘ Sl%ﬁg%h?h%eﬂss““ﬁgm ‘iﬁ}ife‘(‘%“oslg‘égﬂ?sd’e’if%‘g%@PFu in) or without

(3.1 | ogi c5 PRUpiropbintionESSmatent eomiaining vitys wegralesteinhisesytoptthiopifeet woer e i nocul at ed

W th YF- VAX(T o leq @eﬁﬂ?ﬁ%yﬁ&%%dﬁ%@-sﬁe@& LoV tloR bndisleif @fisend death for 21
e node mal e 1 CR

days. Suckling nou J o Pregnant fe CR mce, (Taconic Farns) were

obser ved t hr dlfghmy Fetelbpyies seam (FBS) ey finabcogesbgtion Wasedded & 20f  suckl i ng ni ce

of exact age.gsubied THGinkiveetttca by pTatjué 4skly 6 Vdrd delly, 5 prdvidisly dbdribédn a 48 hour
groups of up

1o 121 m co. oppinge. Jares PRS0 o SO R RY L 1 Snfol o

. dilutionsiof paisedis FRIICor VeloloellaGdkrd- 1, Aviefis Sastphir, Mafon Bitsilegirahcddatit h for 21 days.

The virus 30 j I = I ) a1 . hddpe) val ues were
- calcul ated byml[ilﬁ%&b%é%%g%nggﬁégé%&%g%%gﬁ%ﬁ%l r?’ilwsfg%zﬁn%)es etg al ., Vaccine
-19: 3877- 3884, (YPORKR) was ghainad from AventiprRasiom (forgiedy RaptprMCBRE- wer e pl otted and

- conpared by |@@ndugdksi@®dter, 8 14 July 2006 WO 03/103571 PCT/ US03/01214
Monkey nodel The nonkey neurovirul ence test was perforned as descri bed by
Levenbook et all. (Levenbook et al., J. Biol. Stand. 15: 305-313, 1987)
and proscij bestediyecbuagegisl ati ons for safety testing YF 17D seed viruses
(Wang et al., J. n. Virol . 76:. . ' has

previ ously ‘been aglg"lsiccél%mfn%atsﬁ%lgsel%ﬁegéaﬁ%%gg n%ﬁ%ﬁ%ﬁ%#l\%-lﬁa vacci nes, and
results of t dytoligoatirefimnGgeuesiins dyeribed @eroradt Hed VERbHRMOE 2. Cur. Drugs-

nfect. D, dichf o 0mi204 5 40034, Shuudlg the)’@§&j141?4—2113'ﬁe11§@%§)/i8821 1999).

b1 g

Tests were perforned a i erra Bionmedical Inc. (Sparks, according to
the U.S. Foodwamscetiitsd 8kidft Cerias n Veslom BLHGH I8Nt co (CLP)
regul ati ops (tddpifidfoRite-ditated mRfpenesid OMaREchRY wis pettafied Bingkee, 5 femal e) rhesus
- monkeys wei g hf‘rglngfogﬁegs_ itg—'dgcclt(eg m{ltggcegésfé Elq (qun%eiclg g’zlalg Alto, CA} and oligenucleotide

primers syntbesized 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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4 (i nabi

i noculation of 0.25 nL undiluted ChineriVaxTMJE virus with or without the
E279 Met3Lys nmutation or YF-VAX(r) into the frontal | obe Wflulyl2e0tor ai n.
Monkeys were evaluated daily for clinical signs and scored as 0 (no
signs), 1 (rough coat, not eating), 2 (high-pitched voice, inactive, slow
nmovi ng, “F‘{" r}aky rmverrents trenors, 15 incoordination, |inb weakness), and
M9 é“ 2 stand, |inb paral ysis, death). ThePCYHIY| score for each
nonkey is the mean of the animal's daily scores, and the clinical score

for the treal Bk &F PER, Pestintihfer A %Wdl&axﬂ%&q’ﬂen@&gfn@@rdm vidual clinical

scores. Virem a evel S were neasured pl ague ass o cells using
sera col | ect%ﬂ%ﬁ“%ﬁlmﬁlﬁﬁseq?ﬁ‘i%ﬁ?@#%%l“&‘“‘?ﬁé?é%ﬁﬁ@h zed, perfused
W th |SOtOnlsﬁhlm—ﬂE@nﬁg@%é{(ﬁn&mﬁﬂ&&sﬁtﬁiuhﬁmmby)aﬁ&ﬁmh&ls oK fered 10%

f I d d
Fixo, sect IOHBT SREELeRrAOR ooy garaey S P Gl Pt LA 2008 “BeCessed

- by the prﬁsengmﬂi&matdehoﬁmﬁedewnmseapmnm(l’@bs—h"@m{%m cal formations of

the | contrals ARLAUSCIYSERYBI hotel O GREAL Rily el each i ssue bl ock

usi ng the sca

76: 2749- 2755‘31111‘3!@@9)3‘1‘1Q@AWF“CW@H&W%W@B‘B‘@@%PP (@e&%%ﬂdeﬁ) nflarrmat ory
infiltrates.gofiwdk&w neurons may be changed or | ost Grade 2: Moderate: nore
extensive focal inflammatory infiltrates. Neuronal changes or |oss affects
not nore than orie-third of neurons. G'ade 3: Severe: neuronal changes or

| oss af f ¢&t | AlgudBsDOEd ebuiralzaticansis 30 rmder ate focal or diffuse

~inflammatory Chaﬁ%ﬁ?ﬁ%@&eéﬁ&éﬁut fr @gofu{gp&%egcnﬁdg%%p?/%gf neurons are

between wi IMURUHL SrRmAipgRg. Blique @ﬁc'f‘%r“ie“\?ﬁ

changed or | ost vari vere in nmat ory

infiltrati OWGE?GAﬁﬂagﬂQWOMWSMIGW%%Ma%ﬁ%@@ﬁ@'i‘?l?mlﬁir uct ur es

invol ved i n JiRQepat iﬁ%ﬁ&kﬁmd}ﬁn@mym&&coﬁav&ﬁymdm%h@mg@wst severity
wer e desi gnated "target areas,' while thogz% structure d| scrimnating

HRr IS T e RS at ed

" di scri mifatppsviotdlyedscribed TMenathsetidlS Vaoaine BV:186%1582,0099%t i t ut ed the "target area’
and the caudate nucl eus, globus pallidus, 5 putanen, anterior/mnmedial

t hal am ¢ nucl eus, lateral thalam c nucl eus, and spinal cord (cervical and
| unbar - enl arfemdmosse modahst i t ut ed ~discrimnator areas' (Month et al.

Curr. Drugs Inf e@&)upsgﬁstoiOﬁmg’lzllérQeko%(i@ﬁ}mce@ﬁw&{c%qﬁéy shown for YF 17D
(Levenbook et al. St and , 198

neur opat hol W$OW&%Y&5?¢ E'H‘éﬂa%é F%WWM"}‘&““@ YRGE é’l‘l“é%ﬁ?e ri enced

i nvesti ga¢ or(cuﬂaam@wmbwamdsmca&em[ogﬁ@mmoﬁﬁ:ﬂau(saapggm scores 10 for
I’]d t ar, et + ator areas were

t t dj
d(; g?m ﬁggafﬂb&ﬁ S ngmﬁo‘é‘fgr amg'r]l f érg?ewﬁfe |5'§wéd‘%%‘ f’% respect to

.aver age scordieent. @hbﬁemerdpmdfmtﬂln@smdbw&;fus?ﬂdm( nucl e| of the mdbrain in

addition to substantia nigra; pons; nedulla; and

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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cerebel lum and the | eptoneni nges were al so exam ned. Statistical

conpari sons of nean neuropathol ogical scores (for the targsuly2pes,

di scrimnator areas, and target + 15 discrimnator areas) were perforned by
Student's t test, 2-tailed. In addition to neuropathol ogical exam nation,
the liv spl.een, adrenal glands, heart, and kidneys were exam ned for
pat hol ogf%‘”z‘ﬁ% ges by light m croscopy. Genorre stab’ﬁ’waﬁm}b‘ To ascertain
the genetic stability of the YF/JE chimeric virus, and to search for " hot
spots' in thg,Macse genome that are suscepti ble to nmutation, multiple
experinments were performed, in which RNA ak %o tr%)%}‘ t cells and
the progeny vi ru'gheé’é’i“]‘eéflnF‘V““fb]ﬁ‘%gﬁé’dsl?effO ‘?sdlesc By BAF ° conpl ete
genori ¢ sequmnmgkaer flo‘ﬂdﬂmiarﬂtlsimmanrbsnhngismqnﬁmﬂ&gﬁﬂ%vel s. Passage
series were perf.or rtl th t.he ansf 25 FRhL or

Ver o- PM cel Ilg eri arl ssa vmes achtb?g\rf?rotégez?@l ow MJ in cell
cul tures §ro2s, |1995]?2318(§wstﬁﬁ§ﬁe‘ﬁ¢udsk®n apﬁh@@@ﬁl@@tﬂb@lﬂﬂp&%@mvﬂé%l s, duplicate

sanpl es of jﬂ‘s&bessﬂmlso%ms%@%&mamtm@sscrI bed,
anplified by PCR and ion or full m c sequene

det er ni ned. %‘GESR@%‘fP@ b%&sé‘%oil»d‘ﬁo“@ge@%r\\@’%“"sl %"%h'ﬁ?%?ﬂ PkilPises by

enpiri caLI ]Paﬁéi@;@ﬂ’orﬂafat@i&r%bhﬁd@{%d EpAkd NV a2cofdGig it s . ¥/a6dddnd E) Vi lrijs
recovered fr ansf .ct uentially in
ore curt ur 2 AiERREeE Gl dhe e‘lfac%%(@% e

- PCT/ US03/10 1 20aiDegyri, A0} neafe, &@palathmahlsey&)w@ﬂns 3A%.5 ke igeivdpisibgld bel ow, at
passage 4 %&%&%@a%ﬂmaﬁﬂu&@ﬂsﬁ%mu FRLRE AR B ing Bop@s subsequently

shown to be associ ate transversi on at nucl eoti de 1818

resul ting i neirLamayigioneq YF-¥AXR o thavixmiallehe of the bigis Mopksis werd of the E
protein. 5 Fﬂvaﬁue@amwmﬁms@ﬁmrsb&ﬁ% flno 6136 1RREHAGR, nb@W@lg), and cl assified

0 S e ek S RS LB SRR SE oy O (Targe, L 2.0
di stri butts onnmmmuemmme@yme@mwmgom lupii[afplms,dedﬂmﬁ% (3 a passage)
thange 1 n i A Bl Ych bley R e GRS aufcoorbl il Bl 2052000 .
conpri si ng >889cothe thanepiEraip lﬁéheaqﬂ!@ew @ftﬂileolitﬂl‘(i@ﬁ@hmqa} scoffhe FRIL4 virus

- was i nt er megeahAevelihrkid nftihbeh B u@&ﬁg{ B0G o dsinp bedfiRted biibals geNOM C

sequenci ng of the  FRhLS vi rus denonstrated a single mutation at E279. The

ful'l genone T0n S8 et Al anipads espred W@H@W@‘%ﬁ“ﬁﬁ‘&e SRR 2 ef ul

i nspecti an fielllovsed)ﬁil}mutﬁeblﬁ‘fe&gemuﬁowahn, aﬁ@:ﬁbfzﬂoﬁsﬁ&%ﬁa bafonﬁd&l Braivgandt he only

det ect abl e nut g %n Egr&ﬂ& |n t he vi rus The f }k‘u enorre consensus
PRt & hilt

sequence of SP TP Getipned an Is%lﬂed“g FEoSEF Ry P 8hs

assessed by the presence and severity of lesions in varions anatornical fonnatlons 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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conpared to the parental YF/ JESA14-14-2 chineric virus (Arroyo et al., S
Virol. 75:934-942, 2001) (Table 1). Ten large, nmedium arld JuyaPes6 pl aques
were picked fromFRhL3, .4 and _5, and anplified by passage in fluid
cultures of FRhL cells. After anplification, the 20 supernatant fluid was
pl aqued_on Vero cells. Attenpts to isolate the S plagque phenotype from
FRhL3 f 9%¥d%5Hd all isolated L or S size plaques Bf E'ala majority of L
plaques after one round of anplification in FRhL cells. At the next

passage (FRhL4), : I & 1t was possible
to isolate these %gﬁegglggﬁdm%nﬁh@g%g%%ggsnﬁoﬁm%%ﬁ%% ls. At FRhL5, the

mej ority of pveirsse deggnatd dyreahiipas’ whiledhpst JruatprysdliscipigatiDEbei¥ise i f i cati on of
both L and Swll@%mmlmm]ﬁg&%xm%%&@&@nﬁem@iﬂﬂa%rﬁ@asS‘I‘ﬁeb ze. Sequencing
the prME genes of the S and IT@%E’%%A Qt%eno gl ngrep Rg 3 reveal ed
identical setfdntipues geusipgedihs ficas %%?‘f SIS BB oV const ruct i on of
Chi neri Va)sTl\/bdali;en\menicﬂaﬁdlﬂﬂ:@laﬁtqueseus Sandraﬂﬁldnﬁcmmiauemndmmalléﬁﬂm or FRhL5
virus revealed. th al; Jul'y 2006 WO
03/103571 PCLF? edd%bfg é“kgﬁgméﬁ%n oc01i 5%%19?.35%?%@1%&#%1 Tving mice and
nonhuman pri fert Ssugpkfeet. E’@nbii’cftoelﬂ’ol)rﬁs reeciowhdbevedonY i HD(Hyenbasgt Ani mal

Vel fare Act {195 Gidr and 15’%1353 193?1) ﬁﬁﬁne %logi@éie\%aﬁaﬁda@wer&unsl@yé or Care and
- Use of Laboratory |s. . |ru or vveane@gl anemale ICR m ce
Y Sgpre

4 weeks of aifes W@Wﬁ%&ﬁsﬁﬁa@ﬂ“ﬁ“@ B e St ¥8H o PFU of
FRNL3, .4p Ofor tafpetdieh) w&cmmmaﬁlew@euemmmw ardagwaadersiheicir 10 i ce

i d i val ent I
el Tow fever SatmRE RS CRRe AR Vi RefeTia Fstier B8 Berielat or Py - None
of the m ce inbeidtan @ublelvﬁthdmlﬂimmmﬁd:hmﬁqwmﬁ@h@memw@n@ #f illness or
di ed, \Ahereaéeéazargﬂn%d fzepﬁ,ﬁleﬁlﬁggdwaaa@s%exan&%ué@ﬁsﬁ@ Wibdtisgls o/AX(1) devel oped

paral ysis or anot eri nent, mce were inoculated IC with
" FRhL5 (3.1 mgqn@emﬂwleﬂmal%%\@ﬂr WW&F@%W@“CEZFP@‘% At Bnt (4.0 logic
PFU) ?nd 13 rrmscﬁimhﬁ@ﬁarea@dveﬁélﬁe%&x&arb» Studends § 104 12GailRE U adddone of g hg En6C°e/<) 15f
‘inoculated with t ner.i tructs reas_61 7 0
mce inocul ﬁ?’ﬁ’aat@ﬁ?ﬁg}?a\?ﬁmw&%"ﬁqn@% v %ﬂ%ﬁ%&‘ %%a?t e ho M ce Two
~separate ex peamnimehibspathelogc ¢hengbryiigid rimosedpiyc h YF/JESA14 14-2 chinmeric 20

viruses with and without the E279 nutation were inoculated |IC at graded
doses into suckling mice (Table 2). YF-VAX(r) was used as the reference

control in tRBg38esmbiliy
20 To ascertain the genetic stability of the YF/JE chimeric virus, and to search for

‘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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experinments. LD50 and average survival tinmes (AST) were determ ned for each
virus. In the first experinent using nice 8.6 days ol d, FR4Bly¢P¢s
containing the single site reversion (Met-)Lys) at E279 was neurovirul ent,
with a logic LDsc of 1.64 whereas 25 the FRhL3 virus lacking this nutation
was nearly avirulent, with only 1 of 10 mce dying in the highest dose
groups {WI% %). At the highest dose (approximat ePS7$MPc PFY), the AST
of the FRALS virus was shorter (10.3 days) than that of the FRhL3 virus (15
: days) A SECOH O?ng TOX] m@etly(y\ﬁﬁ iyigﬁ&%gﬁei&&r B%&gﬁémgn&éaa\é%kéy

statlstlcally ngle site mutation in the E ?ﬁ?e I's detectable
by neur ovi rulna}meem@mologhwbﬂkﬁﬁsﬁtjew@ésmwi‘F?bf’ﬁﬁs%c‘aéeﬁ % outbred mice 4

days of age WelGerdiddQEaskiadash s Ereilitnd inlhin 3lRE adkDStiRe Met->Chd) arer i Vax TM JE FRhL3
‘(no mutation), Chinerli VameJE FIthLS5 (E279 Met->Lys), or a YF/JE chinera

" in which a siPPRjioB2M e EBR®ES79 (Met->Lys) was introduced at by site 19 14
July 2006 SO 03/ 1@:gies werPChkfakiGdad 820 daschipe lewd ed chusifiedichedshtezofith r oyo et al .

J. Viral. 75: 934 GESIZZQSO%%, P‘?"“}”?@g’fﬁé’?h%%“ﬁ&e“&aﬁn N sMigihises contai ni ng

the E279 rruta on Were s an FRhL3 construct without the
nut ati on (Tabhdasnﬂl,i, Si~rrdiS c)i ﬁ@emﬂmswﬁéﬁlﬁmwﬁ?@ﬁm%bwwgbw i ncreased

the neurovi rgkhﬁd&@%@i (E'h%ss@ Giﬁiéb&named{stﬁmﬂmﬁﬁe 2R IS@lagleat st i cal |y
significant f er,ences t he surviyal distributions

ween t he Vl%usfﬁfi

(Fig. 2). At TRHe G o) ﬂﬁ’é’ége(mp‘ﬁl“"is‘?c(‘f’@? oot P the HRETEFRE RS chi meri ¢ vi ruses

~owere signidi @&queb@brdpﬂﬁ@m%wmmﬂnqmpwﬁamg) 1) Irmag@'RhLavmspaso 0001). The
viruses with, the 79..NRj L ] curves that
differed fror’f‘}t "’I%—Brﬁ?}’ftl\%/?1 smgtg)&ﬁur?aﬂtpla%ﬂg ﬁg[%do 08§qgéx¥frlgret1rllece di d not

reach stati Ma&m@w&ﬁ@am@e@b@@nﬁ@i@ ﬁEb@ﬁlllZiI@}ﬂGCQWer at hi gher

doses (-1.7 %&qenogufﬁ'le%Qhﬂ,sQﬁh@raﬁﬁﬂ)careﬁﬂhﬁ‘sp&H&nvfbr\/o%ﬁon(ﬂbt&h{eh&éj}t' ons of the E279

nut ant viruses were significant| é ferent from irus. Analysis of
mortality raWP@ﬂwﬂW%yaﬁb%‘@erdé eableapptabipprpsat indpeorins, Tharal I el
regressi ofs | ighRme bdnbelsus Ee)luen&h;ethl?ﬁhﬂévwsweaimsde’t&taﬂamhmm mor e pot ent

virul ent) than 3 Jmt5365 an 4, p<0.0001). 15
ﬁ/bnkey neLrO\?P’PR?f F?rf‘é p?‘%’éf‘amgg@fﬁ 2 FBmST W}Wo O?t%d%%a ed \?\Ath :
Chi ner i VaxTM73:834FRn [2801p¢TablRLS vi ruses devel oped si gns of .encephalitis,
wher eas 4/10 m)nkl%%lsdf rﬁ%gﬂ%%@\%w\ffé) a&exﬁereyhgﬁlﬁhmgﬁmlwﬁq Afiade 3 signs

(trenors) between r esol W thin 20 "days of onset.
Mean and naxmmnlnﬁeéf@mssegemﬂwwlt@rmfm}&eA#whﬁfe%t% hi gher in the

YF- VAX(T ) 20" QbiRmbtai Ruit wastﬂmauadw\r@h 1B, rA&éﬂ?ﬁiE ﬁtﬁl&ﬁfﬂﬁwlﬂﬁcple Jikftigenas Nno
difference in clinical score en a% el vij n |l£n%urasl VaxTM JE
viruses wit h SpdRiGsdHisdnd ph o a@?@‘érﬁff 8 ‘(‘ﬁ‘%?glagla@? paq

after one round of amplification in FRhL cells. At the next passage (FRhLs), where 60%

of plaques 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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There were no differences in weight changes during the experinent between
25 treatment groups. Pathol ogi cal exam nation reveal ed no @JugRédd ons of
liver, spleen, kidney, heart, or adrenal glands attributable to the
viruses, and no differences between treatnent groups. Histopathol ogic
exam nation of the brain and spinal cord revealed significantly higher

| esi on 0P or nonkeys inocul ated with YF- VAX( r'}m?lﬁg%mf"ﬁr

Chi nmeri VaxTMJE 30 virus FRhL3 and FRbLL (Table 3). The conbi ned target +
di scrim natoy,sgores « SD) for YF-VAX(r) was 1.17 (+ 0.47). The scores for
the ChineriVaxTMJE FRhL3 (E279 Met) and. FRhLS %}%&79 Lys) were 0.29 (
0.20), (p= o.oooMSW@?Slﬂfiﬂl‘Wﬁéﬁef‘}d“&ﬂ%&m@.Wteiﬁ‘?f? el I0h '00248 vs.
YF-VAX(1)), hR&DeedviheheyUssA0Anldal felfyte RAQECHR, DAt 1335 AdscREUiI3101214 The

di scrim nato rea.score and copbi hed.target + discrimnator area score for
_Chi neri Vai mE’?E% (E%e?gﬁfeaol?g‘i’bﬁg"' Igm ¥ 3Lys reversion at E279 were
~significadtly higher than the correspondi ng scores for ChineriVaxTmM JE

FRhL3 ( Tabl eﬁlmc;%pw%dqziéymt omin nonkeys inoculated with YF-VAX(r) was
trenor, whic 5 Nbfy reflect | esions of the cerebellum. thalam c nuclei, or

gl obus pal | i dus. TrReferplelR mips Lyegksghiee Fere maaiaba 4C Witk @rogIABY 2 t he
cerebel | ar CREf eXU of BREOE RloRk Wisas indkpafitcR@feribarscinedch amdy 10wddeei , wher eas

i nflammatory | esions wer resent in.the t Le nucl el and gl obus

pal lidus in W‘V%B’éﬁ%ﬁeégﬂ?gﬁéwtg‘fmfe?ﬁﬁér ce’%"t%?{/y?m?ﬁrglrglggﬂ\ﬁas ah i nverse
“relationsifi pviseite/@RVAXR, Avantis RelstenSeviftwtix PA0 Notef e oiice gpéuatedof  t he E279
revertant, agif ShdisliilesBonth L AmIe il GBI U mience 1 es!

i ncl udes quanh ation of Virenta as a measure of viscerotropism (Wrld

© Heal th Or ganiveeafed pith YRV derlmpedparalypis grdfef ol anadipepperimee H8i®  Requi rement s
_ fA or Bi gl Oglcéﬁlsre@H&&E@E@@%ﬂéﬂéggla{gﬁ?mﬁﬂml?@@siﬂgiﬂiﬁlﬁmgevaelgt Ser. 872,
Annex 2, neva: \WHO -.68, , i.S .S I.Qna ased on

obser vat i onsH2go JFL ?rﬁgé?‘%?cﬁﬂvedl%gg'\/‘?%ﬁﬁﬁ'ﬂ?ﬁ‘%gr]f%&‘elg??ﬁ’%ﬂ‘?’ﬂ‘c‘? nredi at e seedi ng
of ext r ansur ibculated Stk the (hhaiclc@niructs bevemddlywistels 6I(67%Gtofmite (ed. ), Yel |l ow
Fever, MG aw Hill 'Iﬂ\?ﬁf . .New York, 46-136, 1951). Nine (90% of 10
nonkeys inocllﬂ:'%attaegmw Vég (r) and 8 (80% of 10 nonkeys i nocul ated

wi th Chi meri VaxTM JE FRhL3 becane viremic after |1 C inoculation. The |evel
of virem a tepgded. hobg.hi.gher in the YF-VAX(r) group than in the

Chi neri VaxTM 20 JE FRhL3 group, reaching significance on Day 4. In
contrast, only 2TFopgrals=pe ﬁ&’ﬁ?ﬁﬁ?@“&%@ﬁ%%%@%Q Met 3Lys) had
det ect ablm, Viewdéshei ald witht? e B379(uhibdibiewerdioculaBtiClah grade® ddsesdits €M & Was

significantl ower n %? I rus an days 3 an and nearly
si gni fi cant %“ﬁ‘l“ﬁéii‘l"%;ﬂg"rﬁﬁs, " ’}% ﬁﬁﬁlf’efagstgeel)\é%?e?cﬁﬁ?nq{\?ﬁ?&gmdi spl ayed i ncreased
neur ovi m encexperments.deies asisedagy e Get b O3 were datgpaimedfot el IN. 3 virus. Sera
fe rom ﬁg dﬂgg‘;ety heW&ﬁ&t@;ﬁﬂm&tLﬁg%e%%%@fa,whﬂﬁiﬁ&wmag@mE.EQLS wer e
R : 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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presence of plaque size variants. Only L plaques were observed in sera from
nonkeys inoculated with the FRhL3, whereas the virus in bldolg28¥6 nonkeys

i noculated with FRhL5 had the appropriate S plague norphol ogy. 30

| mmunogenicity Al nonkeys in all three groups devel oped honol ogous
neutralizing antibodies 31 days post-inoculation to vellow fever

( YE- VAX¥9 938831 p) or Chineri VaxTM JE (Cii meri Va) SBHAs), with the
exception of 1 animal (FRhL5, RAK22F), which was 21 14 July 2006 WO

03/ 103571 PClydioPfiblbacbfl (ARyo &%ﬁhaﬂmﬁwﬁgsh@@@mj ernb DS valdospeneer , the

geonetric mean antibody titer (éMI' $Pén|f|cat hi gher in the
nonkeys i nocHoafess sRppiRing R EX0 “3’@'5’?)”? oYy il 30 169,
p--0.0386, t witiestthe miatics (FbE2)ShdRMidg ity iholRR09 MepFilya tnetafiondeshed t | ons of

Chi meri VaxT ége%ovw?nlﬁ%&ﬂpméxpor ITEd I e\%&psta%f%caﬁ %uﬁg;ﬁ dlﬁgre&l@és FRhL and

Vero, and pr passed as Is FRhL
‘passage séri bawdn fhesoistsdulihe survivpldisiibatvoe(Figf 2)t héthB‘@W@ttioeﬁi,(eﬁéllqsn at FRhL4 as

described ab méw/ﬁ&m@q}uyesv&eggﬁﬂaﬁg@esm&%wm@a in FRhL cells
also resulted 10 pear ance mutation (Thr-*Lys) in an

- adj acent res%oé?f’mtz@f"m&?ﬁd‘“@ﬁ@EBPM@E'%Y%’&%‘&‘Q@%‘E‘I‘IF@W Vero cells
resulted in &Mafﬁhtw&fefmma&mmmfs&&Y@mu&&@mutmmmnmmalemt ed in Vero

cells were i Ln III tran Al viruses
~ cont ai ni ng Ogln%gl‘ﬁ_mglalé eéer osetﬁ? g (ﬂ?gdul t nouse
neurovir menbgorﬁéimmmmmmbﬁmmﬂtemvenmtmkeem:re SlazﬁﬁclalLﬂyYel | ow

- Fever/ Dengue L FkﬂglvMQI ng H nge Region Mutation Summary
Chi mer i Vaxf %ﬁ?}vﬁﬁrus was produced using the_prME genes of a wild type

strain of dengueAPall(FiSrOﬁ31°fEaPPl§%§lSBE‘7mFé‘{§?@Y“é’@di‘“ﬁﬂalglws?fﬁquhl&lIand] i nserted
into the yel hg:;mzﬁue%@q@s) Vihd R { ik ws18.37 tides BRRIpbOR BvirGleht) thakhoo et al ., J.

Virol. 75:72 20 ion of a Pre-Master Seed VII’US
%%ﬁ%éﬁgéﬂﬁ%%ﬁ{’%ne (clone E) containing a single

for Chineri
nucl eoti dé change fromAto Gat position 1590, which resulted in an am no
-acid substit Rat position 204 on the envel ope protein E,

was isol ate PJG{}mlﬁceLt%ffl ed. The virus exhibited attenuation for 4-day
25 ol d suckli ng hﬁ)@@fﬁmaﬁ@@@%m@lﬂ@dWMMWV%MEW@é%srop| sm than its

parent (non- vkl éd'sfghb%f%&iﬂaﬂt@%&E@H@@m@&eﬁs%@ﬂé@ﬂﬁﬁ%— route into

rmnkeys Anot her cl one out nmutation was sel ected, plaque
purified, anHAﬁ@éﬁ"e}OBedpﬁ“’Sﬁﬁﬂ@s QIGPRF@ be\?’i""?”d’éyssl? GeRvhich resoleed yithin (P?) Thi s
virus di @0 N OdlzysbT@EYet) Meainynd Mdkintuh @B cii@NschesSHRdRthifickhifig Bighe Rlder at or y

conditions upe LRy it Qo hay B2 r6SCaimerivhiBGY Gonps U0 QG BASSAGR Under
~ 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

20




30 cGW conditions to produce a Master Seed virus (P8) from PMS stock, the
sane nutation at position 1590 (Ato G energed. Simlar Hauyl26efe E, the
P8 virus produced |arger plaques than P7 virus and was attenuated for
suckling mce. The E204 position, which is conserved in all dengue
viruses, can thus be manipulated in ChinmeriVaxTK 22 14 July 2006 WO

03/ 1035MO B@431sS03/ 01214 DEN (serotypes 1-4) virusBS¥EYEH| eve a bal ance
bet ween attenuation and imunogenicity of the vaccine candi dates for

humans. Results S r [ Ol Bhbaibsd edoreggeds for
Chi nmer i Vax- DEN1 %%ﬁses %rﬁgll Eitigca(t)r?gﬂrﬁlco g%dgg%é pluri 11ialed Pr é’f Mast er Seed (PMS)

viruses for CERFIViER-TEEFRR s cegpningihe et by rexpmsion mEA I HETSHAECAEYt i on was
started Wit hyifldemt thdtdrddponBRSHReFord nRa) xRS FRIRNATa816 BNsf ecti on. Two PMB
viruses (uncloned at P2 and, cl oned, at F;%’&‘H\A@%‘g’ roduced iin, Aventis Vero

LS10 cel l's at padtede symplon bympgkexs okl t‘\?(%ﬁ?ﬁ MO A%Ned 10 from
Aventi s af pasgepet 1dibos of Ee csdelluw, thelsieis nwudd, er gitdnspafiides. dotlear 3 rounds of

pl aque purif.ji.cation. e assure lack of
et tong. | AP AR S B Rk OR R Nl o B T Wt o, 11
“was not usednuglisi, wheppSimigihmaery lesiond ivdw presentip e thaletmis muckei gd globisr epar ed and
sequenced UNtaiidusn it RSBy Ut nutation was identified, which was then

subj ected to plague purification and_ 15 sequenci ng.. Sequenci ng For
sequencing, Vi r afiteRRpRe GI%WP%’BY%SG@?‘BW}E‘B ?fﬁwf‘ﬁ?f?‘m“gﬂ’gefmgi rus sanpl e

- (gener al iy Ovistlrotdp)smwS e B279 RiveriARiog eoflectédDy (vivdatie CTht WHOResigr ch Center) or

- Trizol LS (a 20 simlar reagent fram G.bcao i in 0.20 mM of
"RNase-free vater: eetesg%% Fsa‘%?ng%ﬁﬁ\?%%a éfsﬁ)é“ﬁggrggg‘h%%%}g?@npl ate for
RT- PCR - The @Vurlil Heal{yErganieationa SRequiremkits foexgllomferdr yascing/dieliviiomenty anpl i cons of -

23 kb i1 | eghibiolll 30ERRLSl3 1R, Wao i Re b6 . Liali@ne- Tube RT- PCR
kit (Roche). The - PCR fr%gments were purifire usi ng Q Aqui ck PCR

Purificati orCspa: VBOaH%) 1988 Hislh piamahkiscdnnrbseivaignsfast Mgacertielui ck 25 Gel
Extracti of kidcubfdna@eIR)in imDREMEREIINRG T ERAGII DR Eidetfaneviasi"ng CEQ Dye

-Ter m nat or cle Se nGj n [ { nd.a, col Lon.of YF-specific
ol i gonucl eot%ltﬁ"ge (B‘ﬁ’ %ﬁtﬁﬁ’g’?8¥°gﬁ}§bﬁwp‘g§ﬂéﬁwkaﬁa“’ﬁ%é‘g 11%/62?%5;]} gtmeati on to read
bot h st r ands(8@h) of i dveordeyp lnoebuted with¥FEVRKS ang 8 (8% 0fi10 mogemduct s were purified
~using DyeEx .Spj ' L 060 d . it h. “QE&Z- ' aut ormat ed

- sequencer (Iﬁg%k@rtgﬁ%%mter). %% [ ﬁgécgltﬁe ggc?ﬁ%trllé;}nﬁsg Jat gﬂaere al i gned and
anal yzed wi tlaveBef¢iremie iseded B bphighepin e de\e) X® grovn thaaitthe RiimirdBxTde

het er ogengi t fE@RnIRkRp, rQsHBhiBhnRh Day i el céhee bRy 2@eneads Signal  was

observed 1 Al Lo Ol Og 5 GBS W Aot IRl st and

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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23 14 July 2006 WO 03/103571 PCT/US03101214 As is shown in Table 5, the
uncl oned P2 virus did not have any nutations, but - acquireth Bly2btho acid
mut ati ons (heterogeneity) within the envel ope protein E by P5.
Interestingly, the only nutation that was stable (further selected) at P15
was the 204 nutation. A repeat passage experinent starti n% from uncl oned
P2 virud'Q@P9¥Fyd P15) 5 reveal ed the sane nutation {45t E204 position
being selected in Vero cells. Different clones of ChineriVax-DENL (A-J)
wer e sel ected irect pl | - U fi I equenced at
various st ag’éoé t%dda:“?j%ﬁafn?‘#)e;}%%u 2 e?%’ntg? g%%ﬁegmﬁ%g% Inh?or%g%tg{;ﬁt W?’c’ati on was the
E251 (V>F) suiwifichutly bighenin tigtrionkeyoioesylatedwith FRhE (GHESSON thag withFRhgnd G f ol | owed
by E204 (K>RignmiMebGhouRs, Aeyind in clones E and F, as well as in 10 uncl oned
viruses. The mutation at  E311 (F>D) was only found in clones C and D.
Interestingly, clone J was free frommutations up to P10. However, when a
Mast er Seed Génbinsubtist hi s virus was produced from P7 (PMS) under cGW

manuf acturing, the sa subst i t pti.on.. at reener.ged. .( on after 1
~ passage). This D PP it b G R EE AR B e%s‘%s“(e%l%én%ced (Tabl e 5).
'Clones cont afmicelptraifreFRP0Md Ve, atd pogeprviaecede fesed mighbewiph Bigues (-2 mmin
di amet er) thﬂéﬂ%%ﬂ#é&@&wﬁ'r&ﬁ%ﬁw&ﬁeh@f&Ei'?%s@d’n)at@ﬂ%se 9). The

ori gi nal- construct this virus at Vero P4 {g‘ﬁrgew ously shown to produce a
low |evel ofessgibsdabve Infsrefipaitapeprialspassee e HW“%%%WE%4 nut at i on
(Guirakhao eh rt}l@'a%g,earelmés of\(hz?u@ﬁen (Tﬁ}-ﬂ?;@@raﬁ3@léa§nt2£ﬁﬂéat EFhQind Gledf gf this |

mutation in the biol pg t he virus t nder st ood previously
because: a) Wssﬁgeisafeﬁélﬁf?c?ﬁ@f?slﬁl@ ’ncaovr?f_gﬁﬁg&ggﬂ' Hggﬂg'dg"i?"fri onal nutation
(nucl eot i de dutitionsSeledadsi Vigo cefls were indomain Bl o ilhgide franemantran® R) at  MB9

besi des the 1.QN | : k Qiip@i nal construct

was eval uat%ﬁgéh%%ésg%lﬁeiﬁgoﬁ%%@gﬁl%?}g‘%@?g&wngﬁ “Sensi tive enough to
reveal att cpwstIeAviplenelistand wera formbnge ayitlerd or any ot her Chi neri VaxTM DEN
viruses jfQuirakhoo et al., J. Virol. 75:7290-7304, 2001); and c) there was

no Chi neri VaTM i rus thout mutation) available for conparison

to det er m netehehIgL Hebmen e R HEHh i sm phenot ype of the
virus. .Si nceSopidafyer i ¢ viruses are attenuated for 3-4 week old mce, we
devel oped a norg .sensit, test (using suckl i m ce. of. .4-8 days old) to
test subtle diff r%ﬁg% iD\r?%Ir‘{’éﬂﬁsr ovY U %r‘\lcs:"ég O?Prglig.“fgfméﬁ‘?‘gfﬁtmlglq@ﬁes. 30 24 14
July 2006 WGtai8bdeand L viREKPiISHD isOlk2d 4 1980 is Bhaldadirieited irtethexellow

20 fever virus (strain 17D) backbone (Guirakhoo et al., J. Virol. 75:7290-7304, 2001).

During production of a Pre-Master Seed virus for ChimeriVax™-DEN1 in Vero cells, a

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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The nouse neurovirul ence test, using 3-4 week old mce, is perforned as a
"release test to ensure that neurovin ence of chineras doestdnloty 28§t eed t hat
of the virus vector (YF-VAX(r)) used to construct ChineriVaxTM viruses.

Because all chineras 5 constructed so, far (with or without nutations) are
not virulent for adult mce (3-4 weeks old), these aninals cannot be used
to i dentY9¥"45Bt1 e changes in neurovirul ence of cRFHEFEE 2 soci ated with
single am no acid substitutions. In contrast, suckling mce of 4-10 days

of age are MR E&del 1-¥virkQs FhdRhe LFARRIBSwEA aliigu@ep@ae of chi neras, which
are involved in virulence. In the course of devel opnent of ChineriVaxTM DEN

viruses, 10 dewsrogeiciy pibs Berde GiidsHeEd across the genone of all 4
chinmeras (Guirakhoo et al., J. Virol. 75:7290-7304,2001). These nutations
wer e correct i.n IIJ. chineras, and the reconstructed viruses (except for
DENT chi neragﬁé%?—'g—mﬂ sfully evaluated for safety and i mmunogenicity
i.n nonkeysi [Daeluttion of ¥st-MdostbriSeeyls fof CIOENY apPEEiindses t he reconstruction of this
chimera (w thout ' Yl@ﬁlﬁ-ﬁ (P RRER Bl Al tel 1 15 could
therefore not be I{%&slg&eugg?%hqmn e.&is._ Durin le aqﬁ%ﬂguﬂr)ri'%}lc?ta? n to produce a
PVB for DENFags qptgsfolloys ‘Hﬁ‘ﬂ“‘ﬂé‘i‘% torgyay ik e viggs pidasspggdéifeed to identify

a clone w t hqui RNEHamfdcSddS Td BB GinBds.(unflohed RLH2 20001l BPE) wed) contained 1 or
2 nutations wthin. the .envelope. protei . . Represent af | cl gnes of DENT
chi neras wer @mgwaﬂaﬁvgﬂ’sﬁ?%ﬁogﬁd}ﬁt%ﬁ@o f\}ﬁmgﬁggﬁﬁg%ﬁg%%f@ggﬁe§| d suckling
m ce (Tablte Glom Aeutivet msseger 0. iTlaedriates derbybt@@:d mfige 3 rougds of gegre wi th two 0. 02
m- of undilu : p i I fGhipgLic  DENL virus and
~ observed fortpg%ica%?égd gn%%%cgogﬁﬂé‘og %%m%?gsgggg}mﬁﬂe y_back titration
of inocul a i réeperlyafidlonssenajned psming agid siReitytian, Ttasr wotgsed 839 PMY ones except
clone E exhidid@thidicn Rl cldgUeR\prdpitb g qleafed dnfld¥olvimpitce Wi th aver age
survival tines _AST%, Si nlflgant |.ower tpan tari]%t .of YF-VAX(r)
(p<0.'001usi ngruaRp ¥ F"cewé&%,“’h\? et sypistedip plagus PESTARON Y Eo04K>R) was
significam | wequaskgvi rul ent than all other DENLl cl ones (p<0.0001).
Interestingly, one of the 2 nutations identified in the original DENT
chimera was the E204 K>R substitution. This virus induced a |ow | evel of
“virem a (neé‘ﬁqup‘e?&k titer 0.7 login PFU M) for 1.3 days when inocul ated
i nto nonkeys (G-Fo['@E&Q&nﬁ%%a@@?w#sexﬂécfe@hom&@ﬁ%aigﬁﬁaza'%s @01). done J,

~which did not contain any. nmut ati ons and was shown tq be significantly
| ess vi rul entERgaly O maiies WWE%DWNST“&TR??F%,CBF@@9WIL§&
product i oo OfsinfildrefpEdViRodyISibebatkbdisselPed hfl0.2buhlYof RS frddGvAss/ 357 1

PCT/ US03/ 01214 Sa and i nogeni cj. t irernia and neutralizing

anti body r esﬁﬁ'f?gtg‘iﬁ%fwascﬁfnr}gﬁ%ﬁiuaﬁa g@ﬁih’r v?"%%‘egheieﬁmﬁ%eﬁ?(%?gﬂme effect of the
- E204 nut at i onmplifiey instve petinppe smplicads p&nd-hib ipfength dragimentsd theagh Vassessed by

i nocul ation qf r—lij(tgy ' PR YA PR M B L bodgkone E, P6) 5
or w t hout (3‘{1%% , (%1?%%‘{1%%2%@ (tr%ut a)ti on. The %rﬁll%?%ar?p DEN1 chi nera

( Chi'neri Vax using QIAquick PCR Purification kit (Qiagen) or agarose gel-purified using QIAquick

sel ected for

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 all chromatograms representing both plus- and minﬁs-strand sequencing

reactions,
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DEN- 1, uncloned P4, 1999, Goup 1) was selected as a control, because its
virem a and immunogenicity profiles had already been eval falub@0p® nonkeys
as a nonovalent or a tetravalent (combined with 3 other chineras) vaccine
(GQuirakhoo et al., J. Virol. 75:7290-7304,2001). 10 G oups of 4 rhesus
,nonkeysé%f nocul ated with 5 login PFUO.5 m of DEN chinmeras (Table
7§ nmeasured (by plaque assay on Vero E(éwlsgam%lﬁ sera obtained
from Day 2 to Day 11 post infection. Al nonkeys inoculated with DEN1 PVS
v: rus (E G oup 3)I b@(k?ﬁﬁn\&ﬁ‘lr&mscthe%ﬁﬁﬁaivﬁfsﬁxd&lﬂﬁha?dsﬂymﬂﬁﬁéj&ti_r ”gf“' g; edT\r/]vith
cl one or uncl gned.viruses, r ective eca iremc abl e : e
i b ey P PR Ry

mean peak vi | PSRired;Emno 3¢ ’P‘fm‘é’"ﬁ GFUEBEY) frdar BtTon (85 days) of
virema in @mmn@lmﬁah&ymuwﬁmﬁvﬁ&ﬁable(ﬁabers‘tl@md)fatﬂérﬂaﬂlwmgher (p= 0.024

and 0. 0002 1 BB bl LBl bafg B Alboned BS0REH HPLY) than G oups 1

and 2., Despite ema_in anhi mal s devel oped
neut r al i zidng reyrrled s dymervasion(KeigR) %E%MWW@MEWWEI%%I for

neutralization asH@ystc &6 & chiRavAasH A%r@ieleémrﬂyai&tmﬁlﬁemheat
inactivated and m xed, 20 with the horml %ﬂb%r us sarre virus that had

been used. foPa?“ﬁQ'értﬁc%PtoPB‘ﬁlsﬁf?‘e"&?ﬁWF‘gussﬁa OB BSHETt st ent with the
level of vi rﬁaquautnmia&omuthemmxvmsﬁsﬁtﬂimwhnhmmkedwsclonbmrﬁni)zed with the

PMB virus (w d'l?fého%%ﬁi(g?@b h%hwﬁ%ﬁ{dgﬁa&@sﬁgh%goﬁs%%m% groups

‘p=. 0. 0002) . e sera o nmuni ze DENT chimera with
2 - nut atlwnsﬂmnmmv’@le@pfeﬁqmtﬁﬁl @?D)wmnbrrf@ntyw}owgan& t he | owest

neut a1 | 2 N9l Ao Tahk o3 bl 600 89 Hikls ol MBS 1 O Ry have

further attenuate he vir These ex er| nent s denonstr at ed
that there m%ﬁ;?t" @EVH“sdiaF%‘EQ“°@Sf°P@7QM§)Hn@5FGWF SN viruses

bet ween 1) .t E\ﬁsﬂmgﬁlattmme@iergw (oR{rhfeer apuasagé)ememauo@ms sabieltvhaal | Zi ng

anti bodi es i nke S ovi nl ence_o ra for . .nouse and :
virem a/ i nun V@‘@’f‘l‘f’ e’ﬁc‘% (ﬁ%’ﬁ%gyésb"(escﬁogh%l E vvfg%&ﬁ“tng%nl})é?dgﬁgf or 4 days old
m ce and B0 iargdlmatﬁdeSd~?l gwerdidreieg fhanfonvintehviase d et tieatry(Iade ant i bodi es

than the PMSgyin, s DEUL N4 G ionf10 ot 6Srolfce SioW | @r age) . 26
14 July 2006 0o 0535‘7@&109!3&5571 BCT u503/t01§14'(‘ﬁ oélugwgr Botce Rl i on at £204

resi due of et virgia veeinys) a@emnﬁwp%w?%eﬂﬁ%mqt@aﬂﬂwkb@%e DENL chi nera

in vertebrat @Vﬁaﬁvmzwssomww) mraédmm@aﬁimmmdgabf@m responses.
Mut ation of th resi due, whi.c y{)s co&fgrved in g‘bcf den serotypes

 (Table 10), EHPPHSEnERALEERy bt SHES FeeleBn it <BRPRE as wi th desi red 5
phenot ype apdditiopl inatatipnf(ocledtidain Eengpmnumio peidchangalibe Hio RY@onpar i son of the

dd f E FRhL3 d

| ?:Irwr: Prgnelg;(w JE&%%@% esﬁzb‘pmm“ﬁ’% i da g’hw‘ﬂ&é’ee°fu%§ng§£dly&%gﬁté“ M4 142

- vacci ne, wl @IBWE}@BJBEH%W&?km@mmw@mwﬂwﬁwamgmmhm virus. 10
Chi meuVaxT" " sulfmabiif e enitlefiv B vitslor i St ine R DERGiAG 0SS their entire

~ (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.

30
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genones and the nutation at E279 was the only difference found. Virus
EEEEEEEEEE 107138176177227244264279315439 Chi neri Vax|l -JE PRulyR08279 Met
FKVASGHWR Chi menVaxTM JE FRhL5 E279 LysFKVASGHKVR JE SA14-14-2
PDKTFKVTSGQWR JE SAl14- 14- 2 PHK2F. KVASGHWR JE SAW' LEI TSGQKAK JE
~Nakayama4LEl TPEQKAK Ni tayaphan S. et al. 1990. Virolo 177:541-552 2 N H.
et al. 19894305 ey Virol. 75:1505-1510; PDK=pri mi‘FV% @' %4 dney 15 3
Aihara S. et al. 1991. Virus Cenes 5:95-109; PHK= primary hanmster ki dney
AMcAda P. et gh,c. ¥OBdiuiics Ol 0gy 158:348-360 20 27 14 July 2006 WO 03/103571

PCT/ US03/ 01214 TabI e 2. Neurovirul ence for klin ce, of Chineri VaxTm JE
viruses with and TW‘?W“&W“&I‘%?F‘“&?%% g"%’ﬁd\fé&m ne Mous Virus,
passage | nt ra&&&@&sﬁwaﬁ&gﬁath&h@rﬁmeﬁﬂcmmmoamtactddﬂiﬂ%ﬁtheatusdose Mortality

0
(1@) 32&(“? ;/il 1‘% ? &% ‘;“%%)“%“Em o ‘gcg'g‘%%g%‘ P mecﬁp Uge(?ﬁﬁl“%%% 10 (10) 14
constructed 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 to 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 neri VaxR*- 2. 601/ 10 (10)15>2.6 JE, FRhL3,1.61/10(10)13 E279 Met 0. 60/ 10
(0)N/ A -0.450110(0) N A Chi nedVaxT -3. 010/ 10(100) 10. 31. 64 J8 JugRA0G22. 08/ 10
(80)11.25 E279 Lysl. 02110 (20)14.5 02/ 10(20) 16

24YF- VAX(r) 0. 9511/ 11(100) 8. 4- 0.3 -0.059/11 (82)8.8 -1.052/12(17)10

Chi nedV. g; Mz 697/ 12(58) 10. 62. 5 JE, FRhL3, 1. 694/ 125(%33%11 5 E279

vet 0. 6987ABEHYRA chi nedVaxm 2. 8810/ 12 (83) 9. 31. 45 ¥Ee 1. 8811112
(92)10. 3 E279 Lys0. 884/ 12(33)12.2 -0.112/12 (17)14 -1.110112(0) NA YF/ JEz79

- site-3.5512/ 1g Q@@zmﬂr}o cardcity BRerhils i nlutrofirng akilo Onsds) bRUBEAANt ,  E279 L
1.5511/12 (C'#%O’ 0 553/ 12(25)10.7 -0.442/12 (17) 14 28 14 July 2006 WO

03/ 103571 P H’ﬂ” bl e 3. Neuropat hol ogi cal eval uation, nonkeys
i noculated IC w tne%mdﬁmmwonmmamﬁsmﬁem) ofdicvowwwhever 17D

O e e
_ -5 or Wlthout (clone J, P7) the E204 mufation. ’I'he ongmal DENI 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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score' his pathol ogi cal score | ogesMaxi nunirar get Di scri m na- Tar get + PFUscor e/

Meanar ea3t or areas 4Di scrinmnato /0.25daily scorer areas ni4July2006

YF- VAX(r) RT702MVA4. 051/ 02. 000. 511. 26 Connaught RT758MW4. 281/ 00. 250. 010. 13 Lot
# 0986400RT653M4. 071102. 000. 391. 20 RT776MWA. 253112. 001 291. 65

RT621MW4, 343/ 21. 000: 460. 73 RAHB0FF4. 143/ 11. 500. 711.

RALO2FF4AYA%P%¥3 000. 801. 40 RT698FF3. 783/ 11. 500. 641"6‘?“13"3’“”14

RA112FF4:111112. 001. 451. 73 RP942FF4. 051102. 000. 811. 41 Mean4.1211.630.711. 17

SD0. 1610. 590. 420. A AN T 03 MEWE5 L 001500 550, Aol

FRhLLRR257MMB. 521/ 01. 000. 140. 57 LOW 1031299ARTS34MMS. 711/ 00. 500. 380. 44

R1620MVB. 711 15uticetp ofihoP Y dirpaanvBbreipgs asbevtyyirgga and

RAJOBFF3. 79i | AelANGi0s & stES MRREOHr thik & 2ihd, Qic1d Qondea Bl dengue
RVAS1FF3. 521100, 000, 060,03 RT841FF3. 11100 500, 050. 28.

RT392FF3. 761 (SOYBEETrd Moo fusbrasdbihe spaviinpotsgmepawilidsgred 70 100. 20
P-val ue (t5 Tegibnonpes avffopriaifar hind 8ahEE:. @56 000080. 001910. 00014

Chi menVax1' - RT628M M 4. 201/ 00. 500. 570. 54 JE, FRhl 3RT678M M

4.191/01. 000. 120. 60 Lot #99801RT581M M 4. 171/ 01, 000. 460. 73 RR726M M
4. 321/ 01. 000. 660. SR LrERAReNGDING AN BRFTIGEEOCe in D moein of

~ 4. 270/ 01. 000. ArBerRIET BRHE, dnd Cnitbd R, JE GRS Siis #ah RAKBRFseRuences

4.241100. 000. 01‘ 3@8%-14—2 vaccine, wild-type JE strains, parental SA14, and Nakayama virus.
10 . ChimeriVax™-JE FRhL; and FRhlL; viruses were sequenced across their entire
" gencmes 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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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) vs14July2006

YF- VAX(r) 0. 024/ 0..0260. 001540. 024360. 00248 P-val ue (tTest)vs. ChineriVax "JE
FRhL, 0. 343/ 1. 000. 109420. 032230. 03656 Back-titration 2 Cnnlcal score: 0= no
signs; 1= oat, not eating; 2= high pitched voice, |nactive, slow

novi ng; “gfg&gp]gﬁbr i ncoordi nation, shaky novenent E?T"ilﬁo?{ﬂz\ﬂeakness; 4=
Inability to stand, paralysis, noribund, or dead. The maxi num score on any
day and the npgjke 8CRéRoviNBRceliBSud@ngiMite OPSIHMYAaXOUEDG R aBd Shown. 3

Subst anti a nigiffdut a mdtafenrap BS7 Sl ¥ FUTDaAEGIHehal anus, right and left side (N
caudat us, globus patlidus, putanen, N. antjlalL thalam. N._fat thalam;

cervi cal and Ewednent ¢Mbwr §¥ins rassagyf | lbthaeerehp|l Mrathlitc (@ ( Av@ageeyel®) | s Students
ttest, two-dided, hetff¥s bedadEATe §p%r i ng YF- VAK(YYV8hg &9rener | axT. JE
virbses. Nqt done 29P® jurYm e \WSi3/ 103571 10| PERISOS 01214 Tabl e 4.
Virem a, rheﬁus MONKEYS | 1%;(:\}%%{ ea [IfEsWi T N 796 (VRK( 34 or ChoaerijVaxTM JE
FRHL3 and FRHL5 viru$es (for se i npgut-atiegiy @Fc Fabte—3) YF- AX(r)
Control - Aniral Serum Yirus{Titer o m—RE%L/ aal 7 y 123456789 RT7(02ML. 63. 0
RAHBOF3. 32. § RT758M2]13. 20, 8 RALO2HL- S RTeESRP 7 RTH98EL. 0233. 7251. 0
RT776M - RA112F2. 02. 52. 52| Gk M. %58 . 03. 3POGORPONPF1. 02./63% 62. 0 Mean
Titer0.81.42.71.70.90.9 |JE FRAl, 16 . | 1/10{10) 13
E279 Met 0.6 0/10 {0} TNA
0.45 0710 (0) N/A
ChimerVax™- | 390 10/10 (100) | 10.3 1.64
JE, FRhls, 2.0 8/10 (80} 1125
'E279 Lys 1.0 210 {20) 145
0 2/10 (20} 16
N 4 VEVAX® 085 1171 (100) | 84 0.3
-0.05 911 (82) 88
l : 1.05 2z (7Y 10
Chimerivax™. | 269 7112 {58) 10.6 25
JE, FRAL,, 1.69 4/12(33) 15
E279 Met 0.69 0112 (0} NA
Chimerivax™. | 288 110M2(@3) |93 1.45
JE, FRAL;, 1.88 11/12(92) | 10.3
E279 Lys 0.88 4/12 (38) 12.2
011 22 {7 14
EET) 0712 (0) NA
YFlEgesite- | 390 12/12(100) |94 115
specific 2.55 11412 (92) 10.1
revertant, 156 {22 |102
E279Lys 0.55 313 5} 07
-0.44 212 {17) 14
5

28




SDO. 10. 81. 00. 90. 60.4 Animal Senm Virus Titer Lo nPFU ni, Day 123456789

RAJO8F1. 91. 3 RT452ML. 32. 11. 6 RAROBF1. 32. 2221. 8 RR257ML. 9221 Jgly 2006
RV481F2i 1. 81.5 RT834M2.51. 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. 0030. 0650. 745
Chi meri Va&;T‘I,\I/'L}SJIE1 FRHL3 E279 Met Chineli VaxTML- JE FRhL? E279 Lys i mal Semm
Virus - AP ogPFU nL |, Day 123456789 RT628M RAISHFRIE78¥ RT769F2. 0
RT581M RAK22F1. 8 RR726M RT207F RR725M RT490F- Mean Titer0.7030. 80.70.70.8
s00. 00. 00. 40. 00. 0O0A Pval ue0. 331<0. 0000. 0100.0761.01.0 1- = No detectable
virem a; in mablk 3! Baidpathal@ficaleslubtionyasnikegdicedsted 10 eiticCliiroériValj®iiig 1. 0 | 0ogl0
PFU L) ; in Jhe, Ribas yellpetver 4G7 (YVIAXE) and réappsied analpy 3 pogind serum di | ut ed
1:2 or 1:5 wdweydied L[cut-off 1.3 or 1.7 logla PFU/ nL). For the purpose of
cal cul ati ng rREgg-i+ters artd-stands dWW n place of
Test Virus onkey' [ Sex | D viduat ahd 1
15 <1.0, 1.0 was use(rl_l n?pl ace o%é 1. szere@Nd 1. dstohRholbii@0scbid pl ace of <1.7.
- ) logqg Maximum | Target |Discrimina-| Target+
PFU | score/ Mean | area® | tor areas * | Discriminato
f0.25 | daily score r areas
mL
YFVAXE® RT702M M 4.056 170 2.00 0.51 1.26
- Connaught RT758M M 4,28 10 0,25 0.01 0.13
. Lot # 0986400 RT653M M 4.07 110 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 4,14 31 1.50 0.71 110
RALO2F F 4.13 1M 200 0.80 140
RT698F F 3.78 3N 1.50 0.64 1.07
RAMZF F 4.11 171 2,00 145 1.73
RPO42F F 4,05 110 2,00 0.81 141
{Mean 4.12 1 1.63 0.7 117
15D ’ 0.16 1 0.59 0.42 0.47
ChimerivVax™- RT452M M 3.55 110 0.50 0.08 0.29
JE, FRhLy RR257M M 3.52 110 1.00 014 0.57
Lot# 1031299A RT834M M 37 110 0.50 0.38 0.44
RT620M Ml 37 C 10 1.00 0.14 0.57
RT288M M 3.76 10 0.50 a.19 0.35
RAJSBF F 3.79 i) 0.00 0.1 0.05
RAROBF F 3.52 1 0.00 . 03 0.07
RV481F F 3.52 10 0.00 0.06 0.03
RT841F F 3.71 110 0.50 2,05 0.28
RT392F F 3.76 10 0.50 0.67 0.2%
Mean 3.66 0 0.45 0.14 0.29
SD a1 0 0.37 0.10 0.20
P-value {f Test} vs. YF-VAX® 0.037/0.025 0.00008 0.00191 - 0.00014
Chimenivax™- RT&28M M 4.20 10 0.50 0.57 ' 0.54
. JE, FRhls RTG78M M 419 10 1.00 0.12 0.60
Lot # 99801 RT581M M 4.47 10 1.00 0.46 0.73
RR726M M 4.32 170 .00 0.66 0.83
RR725M M oy 10 1.60 0.33 0.67
RAJSEF F 427 . 0/0 1.00 0,14 057
RT768F F 4.44 10 1.00 0.58 0.79
RAKZ2F F 424 1/0 0.00 0.12 0.06
RT207F F 4.49 " 1.00 0.22 0.61
RT480F F 4.34 10 0.00 0.04 0.02
Mean ) 4.30 0 0.75 0.32 0.54
sSD 011 0 0.42 0.23 0.28
P-value (t Test) vs. YF-VAX® 0.024/0.025 0.00154 0.02436 .~ 0.00248
P-value {t Test) vs. ChimerVax™-JE FRhL, 0.343/1.00 0.10942 0.03223 0.03656
¥ Back-titrafion
2 Clinical score: 0= no signs; 1=rough coat, not eating; 2= high pltched voice, Inactive, slow moving; 3= tremor,
incoardination,

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.
* Corpus siriatum and thalamus, right and left side (N. caudatus, globus pallidus, putamen,
:l:\" ant.fiat. thalami, N. fat. thalami; cervical and lumbar enlaryements of the spinal cord (6 levels)
. %ﬂeat‘s ttest, two-sided, heteroscedastic, comparing YF-VAX® and ChimeriVax™-JE viruses.
done
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3 Conparison with YF-VAX(r) by t-test, 2-tailed 4Conparison with

Chi neri VaxTMIE FRhL3 by Rest, 2-tail ed 20 30 14 Jul y 2006 WEW3089H3571

' PCT/ US03/ 01214 Table 5. Nucl eotide and anino acid sequences of uncl oned and
various clones of ChineriVax- DENl viruses and their in vitro (Vero
passagesyo BRS¢ stabilities. VirusPassageGeneNt . {:\Ph\go flange! AA

change! AA NoComrent s het er ogenei t yhet erogeneity Unc onecﬂB ----No nutations
Uncl onedPSE1590A! GKI R204Nucl eoti de het erogeneity E1730G f VI F251Nuceot i de
het er ogenei t ylablegl 2@emis ibStsBakek nogibted & wit ¥F-MAK®mt ChimeriVax™-JE

E22820 al! 143k endd®ERhyimsen(fordotednacylaiglpsee Tahda®| es Uncl osedPt yE1590A to &K
to R204 NS2 4‘?&@ GtoV NS4A6888CF TAlI VNucl eoti de heterogeneity

hat-ar Vo PV aV- VIR MV nel.a '
NS4A7237A1 G N m ¥ |W het-et wsmmr@ﬂﬁgm@ﬁgt%}é%g%t—e &K to R204
REPEATE1730d TV P251NuCI eol i ge]l et gregenel [y el 1jom B g
P2NS4A7237Al [a--§ sot-de—hefel efoneii | NSA874650-Rl-S52Bar el y
det ect abl e nuiaRFss] onNe APS, - PYEI/B804s 1 0z8V t-0 [F251pomajn-1{ j strand, no
function assirgrfiEar2282C o)At o1435Bef ot e—aneHort—ahd—t-nP2 and YF
"~ respectivel y e@ap [lef oy O801 /20 z&d[one B8, [ P7. [ PTOF1730G to TV to
F251 O one QP3REGEt9426G-tp-FE-+-0—D33HDesmiast-Hh-a-stranth- no function
assi gned. CIQDEB%@ E17306 {@olV 0 Fab 1 Gl dne EP3. P6EIF90A to K to
R204Domai N et ogp—ot—goranbtioh-2kq-—LHegeFP3MIBEL-D T- -
E1590At oGKtcR204SiI:| ond CGPIER 8f 0 PV 1w F2% [ChdnEeHPSEIOTPG oTEt 0D311
ChimeriVax™-JE FRHL; E279 Met
Anlmal Serum Virus Titer' (Logw PFU/mL), Day
1 2 3 4 4] B K 8 9
RAJOBF - - 1.9 1.3 - - - - -
RT452M ‘- 1.3 21 1.6 - “ - - -
RARQOBE -~ - 1.3 22 2.2 1.8 - - -
RR257M - - 1.8 2.2 1.8 - - - -
RV481F - - 21 1.8 1.5 - - - -
RT834M - - 25 1.3 - . - - -
RTBHIF - - 24 1.7 - - - - -
RYG20M - - 16 10 N - - - -
RT392F - - - - - - - - -
RT288M - - - - - - - - -
Mean Titer 0.8 1.7 15 1.0 08
SD 0.2 0.6 0.5 0.6 0.3
P-vahie” 0.696 | 0.386 { 0.003 0.065 0.745
ChimeriVax™-JE FRhLs; E279 Lys _
Animal Serum Virus Titer” (Log PFU/mML}, Day
1 2 3 4 5 & 7 a 9
Ri628M - - . - - - - - -
RAJS5F - - - - - - - - -
RT678M - - - - - - - - -
Ri769F - - p 2.0 - - z — -
RT581M - - - - “ - - - -
RAKZF s - - - < 18 : -
RE726M - - - - - . - - -
RT207F - - - “ - - z - z
RR726M - - - - - - - - -
Ri490F - “ - - g - Z -
Mean Titer 0.7 07 0.8 6.7 0.7 0.8
SD 0.0 0.0 0.4 0.0 0.0 04
P-yalug* 0331 | <0000 | ©.010 0.076 1.0 1.0

10
- = 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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E2030G oTVi ol . 351Domainl 11, d strand (L In D2 and D3; | in D4)

Cl onel PSE1590At oGKt oR204 Cl one JP3, P6. P7,---- (J-2)PI G (4 2908E1590A to
G (alGK to R204Sone parent (a) nucleotide still (J-2)(cGW MsS)present Plo
fr onE1590At 0GKt 0R204 cGWP PAS) C one JPI O REPEATEL590A to &K to R204
J-2)fr w j P20 FronE1l590A to &K to R204 (J G repeat

§\|84A2396 @71“ 1J 1NS4A7190WVi | 246 ¢ From t he be&%hﬁ%ﬂﬂ&u t he genone:
From beN-term nus of indicated protein; nunbering accordng to Rice et al.,
5 Science 229:726-733,1985. Cones with 204 nutations are shown in bold
letters. 31 14 July 2006 WO 03/103571 1 PCT/ US03/01214 Tabl e 6.
NeurmpiesUNeiMBahd shihid ﬁfd%%n@és%ﬂﬁﬁloﬁgd afid Vah®k blendPbdninkkivisses in 4-day ol d

suc KbEN1GririeSd tHel i Viifol (Vers paakaa) deaibidisiltdeQnDoseNo.  dead/ t ot al AST DENI ( BT) (%
dead) Days Uncl onedNoneNeat 5. 011/ 11 (100)9.1 (P2)1:104.111/11 (100)10.2

C oheV'BEZS IPr§Ext 51 8T !ttl"“( deoers (RRYreh P4No| )5, 011/%Met4100) 10.{2 Cl one
CE3 It 8217 Iit { TP0)-8: 2 17 1947 9T [ holndiaifnd 00) 9. e
EE2Qdiieat (593 127 hamt POk o—RE—Hoh—8 ; it S (9)15 Clone
3 . enelty
JNoneNeati3. 611/ 1[L gl )0121%0. 8 @fB) 1: 10@‘ 011 %-';% Bamyzmmmemmnt
E 2282 Cia UI 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, P7 E 1730 GtoT VioF 251 Domain Il } strand, no funclion assigned
- E 2282 CloA L tol 435 Before anchor; Land ) 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 Domain il, a strand, no function
assigned.
Clone D P3, P§ £ 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 F3 E 1912 GloT EteD 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 E 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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1:1001.89/11 (82)11.3 YF-VAXMNAL: 202. 512/ 12(10018.3 25 Table 7.

1 mmunogenicity Study in Rhesus Mnkeys, ChineriVaxTM DENT 144ulyi28@6, Sierra
Bi omedi cal NON-GLP Study G oup*VirusMiutati onDose (0.5 m)

| Chi neri Vax- DEN- 1IM39 and5 | ogs Uncl oned, P4, 1999**E204

2Chi nmeri Vax- DEN- 1, E2045 | ogs P6, clone E 3Ch| meri Vax- DEN- 1, None5 | ogs PM5

(P7), dSYRSHUSSTL Eour npnkeys (2M 2F) per group. *RCTR§H#3ihoo et al 2001

30 32 14 July 2006 WD 03/103571 PCT/US03/01214 trr i NO a CO OON

SRR I Nyl 6CRROViristch ofiferenPeiBfdiof chimeric DENY Virusds i S8 M LL
nt - Cot i NcoO 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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No. Mean Neut. Ab Pl aque MonkeyMitationvbem clno. Peak titer
Durationtitersize tested (Lt.(nm RL18265MYFDEN |, 99, 214( 50) ¥ oy 2886102- 4 P4,
uncl osed R175110FMB9 640 E204 ( R17572M 320 ) R171114F64n

R1R2103MYF- DENI, 01, 314(75) 1. 7251202. 4 R1709RFe E 2566 (EPG 204)

Rl R261 11HP5120 R162104MYF- DEN1, 01,4/4 (1 1201
R1751'0$|5€/%1@f%ﬁe J, 102411 R R2111M None) 10246 Rl?%%i%%@?ig Tabl e 10.
Position of 204 residues in ChineriVaxT"LDENL-4 E proteins ChineriVax-Am no
Aci d resi duaable. pirethiaiand 200204 ah800 QA BERHIA nbaks)/s mhUnAddEKSW.V

DENZ2 QVENKAWwitDE Mg TN AV of DIk idted W ShiddérataxiDENd lviriseed 1s: 30

Monkey Mutation Ne. Mean Neut, Ab Plague
5 viremic/no. Peak fiter  Durafion titer size
tastad (%) ’ fmmt
R18265M | YF-DENt,99, 240 - |15 15 640 24
i P4, uncloned .
RAZSHOE | oo eona) 840
RITET2M 220
10 ] RurteF 640
Ria2103M | YF-DEN1,01, 314 (75) 17 2 5120 24
P6, clone £
Ri70GRF {E204) 2560
R1B26G1M 2880
) R1TS418F 5120
15 rig210am | YF.DENIO1, - 414 {100) 25 85 5120 1
: P7, clone J, .
Ri7s10aF | OO g 10248
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
0 1201 ] 202 [ 203 205 | 205 | 207
| DEN1

L
[ DENZ
| DEN3
DEN4

]
[=]
==}

Ao

RRXZ

xl=zi{=z|m
1|0
si=gl=E=
<< )<

L
M
L

ZZEE
R{xR|m|=

What is claimed is:
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34 14 July 2006 CLAIMS: 1. A flavivirus conprising one or nore attenuating
mutations in the envel ope protein hinge region of the fl dadidiy208 wherein
the flavivirus into which the nutation is introduced conprises (i) intact
yel l ow fever virus vaccine strain YF17D, or (ii) a chineric flavivirus
conprising the capsid and non-structural proteins of a yellow fever virus
and the ne and envel ope proteins of a dengue virus or a West N |l e
virus. 2. The flavivirus of claim1, wherein the flavivirus into which the
mut ati on is i nt leduecedcoopniping srsol mergatteyatihg mufatiors invhe enyelppeci ne strain
YF17D. 'rotl&qﬁééear}%%ﬁ bElife (Pl];vi% ' %g:‘fe' V\ﬁ}g rﬂg\'n@lr{; hi%tor vlvk?iglll e TilRatldnbe whi ch the
mutatiom I's 1Tmtroduced conprisés a chifneric avi virus conprising the
capsi d dntoduwoed sdmpristuifi pintacpyetiveifager ofrusivaceink otaif ¥R TDyér(iipa and t he

menbr ane_ and. envel.ope prot.eins Ofﬁ? ﬂengue 1%%JUS.,4. The fl qvivirus of

cl ai m 1,Ch{picdiaTrins comprsing the sansiciapdnrshustig! prsteltsiol 4 YeLOW {YeF oduced
conpr i sagrug akdindBdntbrideamt ¥hvelshe GRoTBIRS 8 NEerdsevip@Rtadvandirenust ruct ura
proteins of a yellow fever virus and the nerfbrane and envel ope protei ns of
a West Nile wvirus. 5. The flavivirus of any of clainms 1-4, wherein the

_envel ope hi nge fh‘é.@fan%irPéTb’ftc@&iﬁPl”»JhgreH{tﬁgﬁQ ivlrﬁ'ﬁ i'ﬁp) LR e dGiedichgs ect ed from
g s 1dentica

t he group consi'sting of am no aci iIC 0 or corresponding to:

am no aadntdsiud@l &inprikesintsilyellawdekd Gir@8Gicoie atrgir YTFAAD. f ever virus; am no
acid 202 of dengue-3 virus; and am no acid 204 of dengue- 1, dengue- 2, or
dengue-4 virus. 6. The flavivirus of claim1l1, 3, or 5 wherein the dengue

~virus is denguehé flavidRigsfiaim 10eMERrtBe AOVivRE igtewKicl the Wiutation id he
flavivirus of claimb5, wherein the nutation is in the lysine at dengue

‘envel opdntedupssd eommiisproasshimenic Baypvipussampasig thecapsd andpoggiiactusal dengue- 2, or
dengue- 4)orei35 offlyel e PAQEuBand M fehB¥inkahtt Sy opk btk of MRREEL N t e

mut at i oi)}? 21 aosu%sti tﬁt%%on o?n sa?gje@sén\régw 18% Qphgﬁ% {Eﬁé\;/?w ruggof claim 8,
whereinvirag | ysine is substituted with arginine. 10. The flavivirus of
claim1l1, 3, or 4, wherein the yellow fever virus of the chineric
flavivirus is the yellow fever virus vaccine strain YF17D. 11. The

flavivirus oft, ghaiflavitired of2laiiewhtiinSthé Havivingd in@Nwhich ihd nR@&ioniion 279 of the
envel ope protejn of said yellow fever virus vaccine strain YF17D. 12. A
vacci ne THTHeRS sompsisesARMneTGavivias cpmpriving the capsidand nomestyetugal aj s 1- 11

-~ and a phasBREEHY VR v @ SHELARIhE M AbFdnE and Enlidpd $Rltcind G a WRE NiRECI NE

conposition of claim 12, for use in inducing an’i ne
VIIrus.

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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response to a flavivirus in a patient. 14. The vaccine conposition of claim
13, wherein said patient does not have, but is at risk ofl4ddily@epi ng, said
flavivirus infection. 15. The vacci ne conposition of claim 13, wherein said
patient has said flavivirus infection. 16. A nethod of producing a
flavivirus vaccine, the nethod conprising introducing into the flavivirus
an envel ope hinge region nmutation that results in decreased

vi scerotropism wherein (i) said flavivirus conprises an intact yell ow
fever virus VacBieflavivinug of ¢laioy 7, avherdimtheinautatiomis o syhstitugionpf sagd hyginehe capsi d
and non-structural proteins of a yellow fever virus and the pre-nenbrane
and envel ope proteins of a dengue virus or a Wst Nle virus; and (ii)

sai d envel ope. ihedlaviviigs ofclantt & tviercin thefyshisdn bubistituged veith oigindel d  sel ect ed
fromthe group consisting of ami no acids corresponding to am no acids
48-61, 127-131, and 196-283 of yellow fever virus; amno acid 202 of

dengue- 3 Vi r ug;, THBHavithd 6 Bindl, 304 DiwvhdRAOME ydiowRIGURNS of Bfc dengue- 4

virus. 36
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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