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Vacci nes The present invention relates to a novel use
of a malaria antigen to i nmuni se agai nst mal ari al
wale@easmw3l The invention relates in particul ar POI/EP®08/060505
use of circunmsporozoite (C protein fromP.fal ciparum
or fragments thereof, to imunise infants agai nst
mal ari al di sease. Malaria is one of the world' s ngjor
heal th problens. During the 20th century, econom ¢ and
soci al devel opnent, togetyigiinggth anti malaria
canpai gns, have resulted in the eradication of malaria
fron1|arge areas of the world, reducing the affected
Thﬁgr ?1}%' uilveeéng on relia{‘;ees ﬁ[g 2{?8\2% t%é%(r)fo d mﬁllglrl'fl ar%%gen% %Iﬁum%e aggmst
maddril 6@6&6 Th@ﬁlvbyloa(}al@teh&i ﬁartixfulztrh@thmlsd: df drcpoPpdrazdiRiCs)
near] y 15 billion_people | be living in areas
IQUHA BB AT OF FAHBEAN efor. | PRHEe i8bifrhepios! malarial
dishggest that there are well in excess of 1 mllion
deaths due to malaria every year, and the econom c
costs for Africa alone are thought to be staggering

L e e

andred cadl Idavdldsprﬁdns, tagmhdr lwethcin Inhebaripé Sarnﬂialg)ﬂslm'e tr@utth:bin the
|nterna health co it rea t hi

erqgGuBp RO Fwﬁflrée A PR i B ALt the

wdﬂd@@ﬁm&?&n 1524 t§ tza%c eNdn@th@bé@ Lakh expRictipop@ablich @beth it is
previously hb%» ef fective drugs, to the breakdown

prejpied thaldedfde palbpf theararld” %@@P@#@n’tf@aﬁlﬁéﬂbdbkn 9¢0ple will be
liv dj%SiR lz{feggalh? %léa]?ﬁgdf ?@X&snﬁ{tced f %{ﬂ%n{ %ﬁg‘%ﬁsh e(gjﬂ%:lﬁit?%re are

ease rts to inprove
xwﬁbhvxmmiofkm@hcmdgﬁmemtyqmahuaeﬁsgysﬂauﬁnhgmandnmcoysﬁn

n t he st vul nerabl e, soci.eti
E Qe B O BR e BE AT d R QR iehbiseveed g Us
doszhﬂﬁmpybtozoan par asi te Pl asnodi unfal ci parum whi ch
I's responsible for nost of the nortality attributable
to mal ari a.

These figures highlight the global malaria crisis and the challenges it poses to the
international health community. The reasons for this crisis are multiple and range from
the emergence of widespread resistance to available, affordable and previously highly
effective drugs, to the breakdown and inadequacy of health systems to the lack of
resources. Unless ways are found to control this discase, global efforts to improve health
and child survival, reduce poverty, increase security and strengthen the most vulnerable

societies will fail.

One of the most acute forms of the discase is caused by the protozoan parasite
Plasmodium falciparum which is responsible for most of the mortality attributable to

malaria.

The life cycle of Plasmodium is complex, requiring two hosts, man and mosquito for

completion. The infection of man is initiated by the introduction of sporozoites from the
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The life cycle of Plasnmodiumis conplex, requiring two
hosts, man and nosquito for conpletion. The infection
woRommmoss i nitiated by the introduction of spPCDEPIN&860505
fromthesaliva of a biting and infected nosquito. The
sporozoites mgrate to the liver and there infect
hepat ocytes where they differentiate and nmultiply, via
the exoerythrocytic intracellular stage, into the
sal TR FaWid & a%ﬁ@l%cﬂ‘:\@ fn%EtiduBf Q6L $pdr65 il RPHaE ) IR li(VBng)d thQe
Initiate cyclical Ication in the asexual bl ood
lnfsctégpatoth@ veherd dicy élffs%mnph@taedl nbl}itlnlheflécmhﬁ femeewthroamlcon
1ntracel?1%lar statggsln%mﬁnererozzgftet: seta%egvgltn%}?lelbec (ej% r%)g et %@B%g Uftiate
cy&lrbayreﬁﬁcaﬁbﬁ) in the aagll oslatiges Tat cellay QSmpmddhgz tht dgut

produce sporozqites whi.ch mgrate to the salivary

dl%firealﬁlﬂ‘“"ﬁrﬂ 2 WHBhS 2 W@tht%?déq&?f“%égﬁﬁ%“aﬁﬁ [ Sepemgyres,
whident ideb QU Bpthd nRALERS, whbrcltREARY B tiaro B Alckids ¥AFEI D6 the

Vaccination wth inactivated "(irradi ated) sporozoite

midgly thpreduestonrezeitesiwiddrairge &t besilonnaglaitst
experimental human malaria (Am J, Trop. Med. Hyg 24:
297-402, 1975). However, it is has not been possi bl e
Thp rsm'rbi:cﬁalstage aﬁﬂla{vmgdzami}mabdzeyl ilantified uf apdtomteal eargeao€a malaria
for aria for. the ul ati on based this
Vgt owSE B0 SIS sl SCTapBie 3 pgs o iduced
protBdtRh aBMht3&FerRE AL himeh nfahSia SRAY. PZIGbh.OVIES HYRPAN2FBEA(02,
ci rcunsporozoite protein (CS protein). It is thought
197%). Bloviongo tvebpsingt besa DeptllE Pragticalel anshlogistisn o namafacture a
valédgrge[: 18’ g{ta agi%‘f%r thé‘geede ggﬂﬁﬁg&fbﬁg%i%ﬂjthﬁ%ér@&%lo@ éhﬁlgylﬁé
irrgdhgedsporozvitgr.at es to the liver. The CS protein of
Pl asnodi a species is characterized by a central
repetitive donmain (repeat region) flanked by
Tho @iy sreREhdet Jry@indTitiOs poMzb i RikRb ) adEIELUERHEOKYite protein (CS
(Gtermnu l}gi] fragments. The CS protein_ in P.falciparum,
prq’fa@) alt isdhoyeat tOrt@pé‘é&qudelg ithsrmetHEY apdinypgien 9f the prospapig during
its %@éég%cai}ro@"cﬁé%ﬁﬁmhﬁfé%fﬁ’ﬁ&ﬁ%ﬁ&ﬁb?HIQ%SEBlY@ﬁFd ﬂﬂ@araﬁaﬁo% QMere
vari orms or part the’ circunsporozoi t
it iprgodtes tn theTwer.of t hese vacci nes based excl usi veI y on
the central repeat

The CS protein of Plasmodia species is characterized by a central repetitive domain
(repeat region) flanked by non-repetitive amino (N-terminus) and carboxy (C-terminus)
fragments. The CS protein in P. falciparum has a central repeat region that is highly

conserved.

Several groups have proposed subunit vaccines based on various forms or parts of the
circumsporozoite protein. Two of these vaccines based exclusively on the central repeat
sequence have undergone clinical testing in the carly 1980’s; one is a synthetic peptide,
the other is a recombinant protein (Ballou ef a/ Lancet: June 6 (1987) page 1277 onwards,
and Herrington et al Nature 328:257 (1987)). These vaccines were successful in

stimulating an anti-sporozoite response. Nonetheless, the magnitude of the response was
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sequence have undergone clinical testing in the early
1980's; one is a synthetic peptide, the other is a
wo e@obioaant protein (Ballou et al Lancet: JunBCBEP2008/060505
(1987) page 1277 onwards, and Herrington et al Nature
328: 257 (1987)). These vacci nes were successful in
stinmul ati ng an anti-sporozoite response. Nonet hel ess,
the nagni tude of the response wasdi sappointing, with
disa nt‘ﬁ%‘:%tﬁ%‘&ﬁe Qe B 3 Oh i gﬁaﬁ@%%% eﬁtallathﬂhermore the
urthernore, the absence of ostin of anti bod
abjcagedfs'badtioe” sildnsibodpelavels mﬁt@@ubsmsenamctlemﬂmdsemts phin vitro
viitro, | Q rolife asgsa uggest e
ly n?.phocpdie ﬁ%@r&%g ass?ys SHRSES e{e@g}rag Et cee@? g%’ Mos 9 %ese Voquré[eers did not
redolgisé thaumarue oo maiht fcpge atFurtEtmtdﬂceﬂl%fﬁ:atﬂﬂ&f taédeit®@adyccines
of these two vacci nes S marg with only one .
wa§ PRl Y GRS WPIHE;te?fo{] Eg s dpe RGP HERig These
vaddiRI e ¥ BRI WAGS nbREQEQ LSy WRthEr not pursued any furt _her
WD 93/ 10152 and 98/ 05355 describe a vacci ne derived
fromthe CS protein of P. falciparumand it clear that
W1 888, PRRN0 SO0 DI E S IRACILONR 08 hOES protcip of .
vacci nat 1 on ‘agal nst parum usi ng
faldpsaim feldt tlbﬂrtbat nhers e baks sonkepppers mhdeabwaﬂ@(ﬂﬁ: Vaccmatlon

oot Th b arEIE B et doenh oL Beti sl ShpheEd et Bhos.

vatinsts aons.shor exanpl e the NF54 strain, clone 3D7
(Caspers et al., Ml. Biochem Para3|tol 35, 185-190,
1989). The protein fromstrain 3D7 is characterised by

Th(la:gj‘rébir} ﬁnigcﬁﬂtﬂ ﬁJZcz}aWr}ﬁg ng&mﬁflr&%g@geg 5850 kenced 0r4aO

a tetrapeptide ro repeate
vati¢tge$ sthrs ﬁont@mthehhs NF StMistrinnf dome mh@}aspeepaaiﬂ sMol. Biochem.

PRt PSP ORr) TR PEG a3t e i aOF R Pl e Vine

celOS ithin@RodoMThnt EBitadioR Bth dlbﬁslihg Stefrhpplied Ay Aan Abh-ard
C term nal ortlon conpose of nonrepetltlve am no
repgated 48 digise héfe@teéﬁ@glisgfh‘é&tb éO%émleerew&e%%nr‘é% sAfi?ol?Ilor dnother
strsllﬂfth@%u%glt (ﬁi hj or(ba §5r1] Ire@élté \Ql?legbso\kl él? rel §51t10n.
aria vaccin pr oteln een un
Thmmr@imwﬁmn is fladed bsaﬁ I\hmﬂ G srouat mmbly carhgosedsi non-
a vacC

S i R SR R S g T R
stage of

GlaxoSmithKline Biologicals’ RTS,S malaria vaccine based on CS protein has been

under development since 1987 and is currently the most advanced malaria vaccine

candidate being studied®. This vaccine specifically targets the pre-erythrocytic stage of

P. falciparum, and confers protection against infection by P. falciparum sporozoites

delivered via laboratory-reared infected mosquitoes in malaria-naive adult volunteers,

and against natural exposure in semi-immune adults >,

RTS,S/AS02A (RTS,S plus adjuvant system) was used in consecutive Phase I studies
undertaken in The Gambia involving children aged 6-11 and 1-5 years, which confirmed

that the vaccine was safe, well-tolerated and immunogenic ’. Subsequently a pediatric
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P.fal ci parum and confers protection against infection
by P.fal ci parum sporozoites delivered via
wo adwonatsr y-reared i nfected nosquitoes i n mal aPCHEPZENE060505
adul t volunteers, and agai st natural exposure in
sem -i mmune adults 5 6. RTS, S/ ASO2A (RTS, S pl us
adj uvant systen) was used in consecutive Phase |
studi es undertaken in The Ganbi a i nvol ving children
va@@RdiRe fad s dlana sﬁﬁ?erdﬁn a‘ﬁfﬁés%h sGRAPiAVOIESL M@%&m&bﬁl children
vacci ne was safe, well-tolerated and i mmunogenic 7.
ag@hbéeqmem&kvlaWpeﬁmadﬁJMNﬁ&EMmBt@@@@dwaéns@hmnﬁeu and
studied in a phase |I study involving Mzanbi can
children aged 1-4 years where it was found to be safe,
WQeI0D6/029 8817 ate @i badak clof RIS Ry@Iticat &verdh24006h0 QRBEST | to 4 years
descrlbes use of RTS,Sto treat severe malaria in
ofggfi-1dren 1 to 4 years of age. Severe malaria di sease
is described in the WHO guide to clinical practice
(Page: 4 Wrld Health O gani zati on. Managenment of
Scwary aratarialigpdcas descpbelonithealVHi2 geido tokelinBeatpraetice dPageoth,
t S
R L S e R U T
Sedc&fdl adittonp20000ohtts Amesqmitostha rmtédolcdhlmstm pdfesChrkdifichtion ofktdldren

sefieTp eethe ST eine ttod s o e s ot T
vekygckO@ af high kl@l@bf &Jibe YH I s QR b'égﬁ&l'nlo thehiaMaz 2B, e

the overal | efficacy of the vaccine against infection
gregees riskdpigBat ed to be in the range 45% as neasured as a

delay in the time to on set of detection of parasites

in the blood of a relevant child. The percentage
Inﬁmdﬂécﬁhmdsa@akhﬂmﬁnhgmﬁbﬁhnuhsaa@qum&soVﬂaHhﬁkaanghhe

of. 35% and.t he erc ction i nst ere
Ve e A R SRR oM B I et B TR PR G agfpy i
theetihé ﬁ)a&ﬁ/sev\@isdeft&ﬁﬁﬁ of purReeSinshe b186d af PRIdvast dfldatrpat 18
nont hs. (Alonso et al Lancet: 204, 364, eggge 141

percentagpprotystiongginskiitigal deespaged thormee andythe parcentage
pr@gélohr hstts%@m‘éﬁﬁa ﬁgf:z%\é e Hothe 9% 1g@ e '5(5‘%%1@9 Le'vglrbf efficacy

et mee age and general vacci ne efficacy agai nst
wan dourgay persiscior nipeadd ofsbauti 18 oslkagdlonsogoed danent; 20Ha364,

page Mﬁal %0 gbgi angiancet 366 pages 2012-2018.)

In the 026 trial there was no evidence of an interaction between age and general vaccine
cfficacy against non-severe clinical malaria discase, suggesting that efficacy did not
significantly change with increasing age. However further exploratory subgroup
analysis was carried out to estimate vaccine efficacy in the younger age groups that carry

the brunt of malaria disease.

Interestingly this sub-analysis seemed to suggest that efficacy against severe malaria may
have been higher in younger children in that trial. There was no suggestion from this
analysis that the protection against infection or general efficacy i.e. retarding the

development of clinical malaria symptom generally was better in the younger age group.
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significantly change wth increasing age. However
further exploratory subgroup analysis was carried out
W 0008821980Bt € vacci ne efficacy in the younger apeT/gPmopes0s0s
that carry the brunt of malsaria disease. Interestingly
this sub-anal ysis seened to suggest that efficacy
agai nst severe nalaria may have been hi gher in younger
children in that trial. There was no suggestion from
this analysis that the protection against infection or
general efficacy i.e. retarding the devel opnent of
Asdhi avitbainventprs raifeaavgyﬂpmlm ng enbirialvhgcingdss heent g'ven' tn inﬂaets
uné{erlfﬁ]eg%%? O%q %Plga{ Icl)lgIRt\)/eé é)g reﬁlseonﬁ alélclggln% %gteel\’l/téag '[(%XICII[’y C[_OI’IC%I‘I’IS Of
expﬂ”fdﬁa‘ntdl ianageioad contdinihg aovul alarandf andeasiesasics thacthe thingne
potential toxicity cogcerns of. experi nment al

Sysft%ﬂ?l figntyis dmpghr G s posECtyapialestenagaisf gplarial infection

wdullEQ diRFed Blaid MR cinald eT RYstb 8@ hvdnf 31SyddSn nfilEdaur €
and thus no effective protection agai nst nal ari al

forinmfations.dor eyempl deenpeisingiQS8d apg/os NFd- are oef geaerabn uscithie

pe&%ﬁﬁ%c&%“‘ﬁ%‘?&ﬁ V§%8¥§rgﬁ%ﬁtg:ﬁkﬁﬁﬁg?réﬂaweaotléle? relgﬁl{}ﬁﬁl

npl e conprising gener

saMS@deMspedlatrIC vacci nes. Instead vaccines for

infants generally enploy the ol der al um nium salt
adj uvants. However, a trial in Ganbian enploying a

HOWRNE b @il %Ghﬂﬂ@laﬁpﬁ@ﬁ)y‘i@% ﬁ@lﬁfl@(li@ﬂle|s@f66"\ﬁf§srﬁe§foﬁﬁ&ﬁln6
to 11 months (Al onso ét al Parasite |muno

infaute 7gerd tog2gnagghs (Alpnso gf edarasfte immapaegy, r13917s ?5/355 PoR1) dn
are-ggggi%ﬁg 9? l‘?ﬁsﬁ@ sn)‘?lqn %Q%ﬂﬁ?i@@lga@ gg\%h @'ﬂ%}ggﬂe&%n afglaii‘éttﬁrst

ttac aria in ren age
atthdvedmyhaiacis shiMrem agedsit ted yearsi Neamtlaeleag w&ielﬁte‘st@d irilinfants aged

ths .t results seened to.i icat
6 Pl etk e O Tt ol e SR ab R s malgria in
chil @6£thaeBad B IANMtBE SVB6 /b OLendNBEre hipheNBhn H3adinfM@seho received
i nfants who received the control formul ati on, which

thegpgtrahformulation, ythidh s amdnaﬁa&%tﬁ%ﬁohwméﬁ £ Elg cfffgs Wap@pst
mmdklﬁ%fms m&w&&cw@m hUBGE @ hi gh dose of

A recent clinica r|a (re erred to herein as
038 study) was performed in infants sonme as young as

A 5B R eGSR TSRS i some
young as 10 weeks old at first vaccine administration, with some surprising results (sce

discussion below).

The present invention provides the use of an antigen derived from the CS protein of
Plasmodium falciparum in combination with a pharmaceutically acceptable adjuvant, in

the manufacture of a medicament for vaccinating infants against malaria.

Brief Description of the Figures
Figure 1 shows an outline of the study design for trial 038
Figure la shows an outline of the trial design

Figure 2a shows incidence of general reactogenicity
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di scussion below). The present invention provides the

use of an antigen derived fromthe CS protein of
we@smeBunt al ci parum i n conbi nation with a  PCTI/EP2008/060505

pharmaceutical ly acceptabl es adj uvant, in the

manuf acture of a medi canent for vaccinating infants

against malaria. Brief Description of the Figures

Figure 1 shows an outline of the study design for

Fighd 8b 038 JosQHLi8erc@ o BIRNG cRib KLl ne of the trial
desi gn Figure 2a shows incidence of general

Figuead¢ ogephaoistpysiagiivreo2lpseshoitssalinid¢digancral syfmptomaleported
r eact °geﬁli1r(i:i t el%idgusresg\g:acgirﬁot\{\(/)sn proportion of doses
with sol I'Cite gen 113 synpfloms reported during the 7

Figlay3 posthomacatdiad tffivadyidgtr € 3 shows vacci ne efficacy

dat% Figure 4 shows a Kapl ier curve for 038

I

Figyrg Fi V@*’G%a@%b@wéc%{ﬁ?(g-@- 1l curve for 026
Figd 80 (CORBIAT larRicR) ofilve W26 ki enpaRisiaplian- Mei er

curve for 026 trial (conparison data) In Figure 3 the
FiguapPle pr shywvstasKandan-Mgtce syt foy26 el (eonrsirisegvdaid from
14 days post dose 3 of RTSS or Engerix until nmonth 6
(cross-sectional visit) for the ATP cohort. This
In Fizotadiths tahlibpreaing dstimbites e£€Ewedr afollbeast fr@n déddew @bt dose 3

S ar Engerix-B earance dru nd, h fol |l gy up
of RT3 B Fhagin-trigh ontaet eHar s@ tgpa v Tt o (P oot (s
indts A EASBaRE RIS R dos Y SHFORDS oER R Bika Mdhrance drug and
haend 10| nt eval uating di sease over a tine-frame from

AW ED(tag/ingh DF. iBodh estimates nhViEGpinsignivsiierhang disspsardie
R R e e R

ma@ith 0 Cuyfoif iest eaccimatien Malmonth 6 for the ITT cohort is presented Disease 3.

In Figure 3:

PYAR: Episodes/Person Years at Risk;

VE: Vaccine Efficacy;

CI: Confidence Interval

* time to first episode; the presence of P. falciparum asexual parasitemia > 0 per uL
®time to first episode; the presence of P. falciparum asexual parasitemia > 500 per uL
and the presence of fever > 37.5°C in a child who is unwell and brought for treatment

¢ time to first episode; any level of P. falciparum asexual parasitemia and the presence of
fever > 37.5°C or a history of fever within 24 hours in a child who is unwell and brought
fortreatment

time to first episode; the presence of P. falciparum asexual parasitemia > 500 per uL.
and the presence of fever > 37.5°C in a child who is unwell and brought for treatment
(ITT 0-6)

Adjusted estimates for arca and distance from health center



10

15

20

25

30

atime to first episode; the presence of P.falciparum
asexual parasitema > 0 per nL b tine to first
wepiosoeiw3l t he presence of P .fal ci parum asexuaPCT/EP2008/060505
parasitem a > 500 per nL and the presence of fever >
37.5Cin a child who is unwell and brought for
treatnent c tinme to first episode; any |evel of
P. fal ci parum asexual parasitem a and the presence of
MAIEYE the StxPoPlhisBpBliBLRIOY iOhtch§U4PH r¥fef 13 HalZdh ARLFISH | N
a child who is unwell and brought fortreatnent dtine
(defmed below) epsl/ etadimicat melapa disease éalsf dafingdbdpwhr um asexua
parasitem a > 500 per nL and the presence of fever >
37.5Cin a child who is unwell and brought for
In biccahia@ivhert ltHeTvddeiadtiohdicuating te giclinwdnesn poridas e dcdandl risk of

i stapce from health centerMal gria i.n the. context_ of
m %iasmgep%@}- P O&F Pl ?aﬁiﬁﬁg@@%ﬁlqﬂ& Bpk Pl nfRgHiN RiET
vabdiii6h 10 140 Besh, 26! W), randhbledoisbical 637Rl ari a

di sease (al so defined bel'ow). In one enbodi ment the
vacci nation according to the invention provides a
. £ o . ‘
I AR BRI b M B Tyl BV EBPE bl of
devagingelidiah symptains bématariabudne3Bpect the rBRYS clirdcal disassplader
60.such as 65% In one epbodjnent .the vaccinat,jo
recEUER 403 PEICANES ARt OROBITOV HAeR =} B BB FAPyaH east
ab&l@ 30! ARIsS0G, FricRARRE 66 YiaH RPpokintiR65 8, foll viAR ehcABRE Abse.
the risk of clinical disease after teceiving, for
exanple three doses in a 3 nonth study interval may be

In [)ﬁéjﬂ‘ﬁl? iQ¥neRhe hEAFE fsggg-ég%/%%maﬁgm 50% for exanple 60

such as approxi mat e ow ng the third dose. In
one enbodi nent the malaria is non-severe malaria. In

one enbpdi ment the vaccingtion,.prqvides.a yeduced.risk
In G GrRRRIBBIT YhEmrim Gy Crreadrt o S sleBney fnihgihe
cliaidyl di@& sydiptdtas: ahEleP@lofP REEK MM RelabpdramemiAnd thhe
presence of fever > 37.5C or a history of fever within
prpandgd fayer ¥ 37 8re ons petory ehieveravithiedt howk of naml ari a
i nfection and/or reduced risk of devel oping clinica
synptons of nmalaria is assessed over the 3 nonths
In afid #pedtititadedwad eiskaf imalaria infection and/or reduced risk of developing

clinical symptoms of malaria is assessed over the 3 months after final vaccination.

In the 038 study 3 doses of RTS,S with adjuvant in a pediatric formulation were given to
infants at three time points at approximately monthly intervals (or 4 weekly intervals)
nominally time points 0, 1 month and then 2 months. The latter regime forms one aspect

of the invention.

The vaccine may be administered at appropriate intervals, for example 2, 3, 4 or 5 week

intervals such as 4 week intervals as one, two or three doses.

Many of these infants were very likely truly naive to malarial infection because of

virtually no exposure to infected mosquitoes.
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In the 038 study 3 doses of RTS,S wth adjuvant in a
pediatric fornmulation were given to infants at three

WO 2ove/opBnt s at approxi mately nont hly i nterval BCT/8P2048/060505
weekly intervals) nomnallytinme points O, 1 nonth and
then 2 nonths. The latter reginme fornms one aspect of
the invention. The vaccine may be adm ni stered at
appropriate intervals, for exanple 2, 3, 4 or 5 week
intervals such as 4 week intervals as one, two or
three doses. Many of these infants were very likely

Na sigrlificangpafely oo toreditirssacs Wert egsadomnd belaube matarial Vatcglalbs W the

stuﬁg fsﬁ%\ge%smmﬁar react(%n%?gf(::}tg groqql)%\sg? ael c?rgmsolé\lp uas%%mfant ]yacc net he

TETTIRAaﬂHﬁJTM VieaCA nasis iPastturewbichi dyntsinowathesd tiak fast dlphtherla
reactogenicity profiles to.a comopnly. used |nfant

tetipals ARSI EAGRIER HMBIRE iy OtP S @i AR At{onatpisd dfeinc imgelix-B
contains antigens to at |east diphtheria, tetanus,
pertusis and also simlar reactogenicity to a

Fupibgratorq arsl rivisinglntée Ergeptcst ctcney) of thumehen vegcgnczaameployed in

I 0 f
the\sl(ﬁ‘a%’%%gs:iﬁdé/l \ga%np %ﬁtfég /(%: ﬁhjﬁl#gggg%m%teg%&%% é?tfnglt Jh?n%gﬁ}gfahg (that is
gehadjnoatsederyyia @omparsfoﬁ it@ﬂley:))ntag@rmt(dmh imTadd 3nAharificacy is
b i S e G5 R ) SR GreBy BBy e mor
seRBOUikca3O stk TRl 6%afal WBeRfihd Faciy BRaamM¥Edcidic RhREH was

chil dren galnst clinical nonsevere di sease results
begyfeen AR a@@ r iTA¢ lattgphguscs %ﬂe%ﬁfﬁ@%%aa@hn%ﬁe"efe clinical

mdMHY S?’ﬁl;f)?r i fa{%‘a ndt éf?iigyl%%ggﬁgt%\%fe 122w 3¢ %a;rE?rfArﬂJeh Gl a

I gu al nst non-severe clinical
subralhedywsamstlym@%cmal alrhabs ﬂm:tvaechﬁatmamf thegaesest ins@vien eeems to

rmed as a sub-an IS i.n
wof@iep el iR R R S o B e TRRaL BT of Ml in
comP¥oh itOhcTBREH ghQuptih ﬂﬁ§£tﬁﬁ}eaﬂd%ﬁh@mfo%jiﬁ%h@ﬁn@)fn viab@nated

risk of acquiring non-severe clinical formof malaria

oldef; clilsligrbini iR &2k he control group in this study and
furthernmore in conparison vaccinated ol der children in
the 026 trial. Cinical malaria is defined herein as

Clingsabmalyrie & efinthbdreiaras wlﬂagreﬁter tBdn Cequalth 3813 °@sathuml asexual

a %%?rg%gte Ign Ija Zﬁ&faézfr);% f)%% cl aqugerrnhetqﬁ %EP %E renso?en eexramp c with a

sensitivity and specificity of greater than 90%).

Also surprising was the fact that the percentage protection against infection seen in the
038 trial was about 65% (Table 3), which the inventors believe is unprecedented and

unexpected as the comparable result in the 026 trial was about 45%.

The efficacy data in the two trials (038, see Table 3, and 026) was derived from
observations periods that differed in length.
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sensitivity and specificity of greater than 90%. Also

surprising was the fact that the percentage protection
wa@g@pnzst3i nf ecti on seen in the 038 trial was aPCIEPBB060505

(Tabl e 3), which the inventors believe is

unprecedent ed and unexpected as the conparable result

in the 026 trial was about 45% The efficacy data in

the two trials (038, see Table 3, and 026) was derived
MAILRMInARESH MathisQRBsteREE iR Rptefdkd &ﬂ%’r R&daDPlasmodium

 ength. Malaria infection in this context is Intended
Jaltiparugt parasitecranydetosed balactPicadeastipuod iédctdrpEilalnor passive case
de qg?ﬁkkﬁﬁnia detected by active detection of infection

4%& 15 I 'passi ve case detection (PCD). At the three

nmonth nonitor tinme point (that is 3 nonths after | ast
vacci nation) |ess.than 20% ahout 17% of the jnfants
AEEBTGR AR (rOBHOT R BRAPGMab S de%l?t‘r]l}%af‘f% lashecemaign G than
2080081 BV i GiantO LadcHaRAN the MalRRARAEIIKOR thOOITHFIBI showed

than 40%in the group that had received the '
any gigpaefanetigontcomipaysede metd ban 40°has theaemr thathag nepcived the
co&@@gmﬁ@&mhﬂ¥§&ﬁﬁﬁﬁ?ﬁo the conclusion that in fact the

opti mal age group for vaccination to provide

protection against infection wth malarial parasites

and .cl i ni cal laria is infants. .Infant .in_the .context
TR iR e Sk &0 B BT b b e e DB RS roup
fordyac@natfbn t& pr(ﬁlide7prot§etio%a aggclgst idbctidwitd halaid) pal'g%iteslaﬁld clinical

17, 18, 19, 20, 25, 30, 35, 40, 45, 50 weeks old. More

madyEdp frifeds | y, about 10, about 14 and/or about 18 weeks
old. In one enbodinent a first vaccination is given to
an infant at approximately 6 to 10 weeks after birth,

Infsotcih tlxescoh@xtweftks spdaificanen ennddi Inpaat swhsecbnd 1, 2, 3,4, 5,6, 7,

s Yo e ke 141 B eED 1, Roabnoad 25 BRI FRo R Mo

sp&iiaadi, rapotit @, bidut d4 Y06 bati Bweédks gidven to an infant
at approximately 14 to 18 weeks after birth, such as

16-18 weeks.
In one embodiment a first vaccination is given to an infant at approximately 6 to 10

weeks after birth, such as 10 weeks.

In one embodiment a second vaccination is given to an infant at approximately 10 to 14

weeks after birth, such as 14 weeks.

In one embodiment a third vaccination is given to an infant at approximately 14 to 18

weeks after birth, such as 16-18 weeks.

A boosting vaccination may be provided after the first course vaccination has been
administered. This boost may be administered 6 to 24 months after completion of said

primary course.
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A boosting vaccination may be provided after the first
course vacci nation has been adm ni stered. This boost
woreyoloz19adm ni stered 6 to 24 nonths after conpPEl/EP2008660505
said primary course. Wil st imot wi shing to be bound by
theory, the evidence available in this 038 trial does
not suggest the anti CS titers were significantly
different to those observed in the 026 trial, even
whileH&widhihg BI6E SRnaLY b8 e AMEndSavaile InthR3B8 kil does
data up to 3 nonths post ‘dose 3. Thus it may be
nopghgaent igeoti £ wesvows signifipantlyaliffereet to doss plscitved irafhe 826

il APURREL P58 R RGP Do PP monts pos
dosqgcification is intended to nean that the infant has

no or very |low detectable anti bodies to the CS

protein, for exanple as deternined by ELISA or that

Thu' 8 ntf RV ARag3BuyB PREidd L ralariaSab @RSORARE Enthits before
bel i eve that it has not experienced infection by

sigRiffcantgiapaplgrrgraraioinasigodectioatal . A | ow | evel is
bel ow the cut off |evel defined for a relevant anti CS
ELI SA. See for exanple Corden et al J . Infectious

NabDicsie alsecoh @260 thid kpdcdhiTdatidd 8Snwendcdito wicae khaaithe Infant has no or

I nfectious, D seases 1998: 178: 1139-1 144 for. furt
vep BBl bR Brde Tt Ok (atnamglsdagetenined s PETsA or
thaA$REREanOk sb Z@uﬂgﬁ}{zﬁﬁﬁ ik asablcad btlice Y@ it Hal ot Rp@hsed
treated with the vacci ne are nave, such as 75, 85, 90,

infogfiaybyg g cinpirugt PISEPeSt n#faly be advant ageous to
protect an infant from exposure to nalarial infection
by sprayi ng honmes and |iving quarters/bedroons and the

A lomklevaldiig below sleatut cfif dkyebdafimedi$or DDFlevaAlt tugtr @&tHDIBRA 0See for

ox s Dcihen o) el DS BaPe T PR AT i 5

InfeBtsR6 Digh e 1990 aF8: B3P0 4MRyt fasisdr shfomfatiot R tdldioh €@ suitable
i nffant nave until the nmlaria vacci ne can be

as}mi ni stered. Interestingly in the 038 trial there
seened to be a suggestion that there was a correlation

In one aspect of the invention at least 65% of the infants treated with the vaccine are

naive, such as 75, 85, 90, 95 or 99%.

After birth it may be advantageous to protect an infant from exposure to malarial
infection by spraying homes and living quarters/bedrooms and the like with insecticide
such as DDT. Alternative or additional protection can also be provided by bed nets,
which may also be treated with suitable insecticide. These steps may assist in keeping

the infant naive until the malaria vaccine can be administered.

Interestingly in the 038 trial there seemed to be a suggestion that there was a correlation
between the level of antibodies generated and protection provided by said vaccination.
Infants with CS antibody levels in the highest tertile had 71% lower hazard risk of

infection than those in the lower tertile.
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between the [ evel of antibodies generated and
protection provided by said vaccination. Infants with
weoaeiodbody | evel s in the highest tertil e hadPGUE®2008/060505
| ower hazard risk of infecttton than those in the | ower
tertile.ln one aspect the invention provides a use of
the vaccination for generating an appropriate anti body
response to a CS protein, for exanple wherein 80, 85,
90, 95, 96, 97 or 98% of infants vaccinated accordi ng
to the invention have anti-CS anti bodi es above the
In degf itsneql tlmjinvcm"tibn ﬂ)rcm'ides fore o@hevminaﬁm A gemudingaw t hat
ap%rggrl%te %ntC?lé esp%l%ste I C%% téclgtie/?lh%)r eﬁ Q¢ gv er\?:gncfg:qj Eé{bog 25 96, 97
or 98 o f &sfaiin @adeinated aadftddlﬂg BT hﬁ/ehﬁ(ﬁf leat beti-CSl antibdides above
emhodi ment_ t he .anti body r onse i s su [ . .
thepéggw@a LT g G el 40k EL1S s pedpa “r%FfLE?f f%éﬁ mslifige! 1519,
ab& RHE BRnfH 18 Kib&lft 4GhdIhCaHer FRERIHgANE MstABciHALMI AR &E one
infant. In an aspect the invention provides use of a
Inmﬁkﬁnh%mpmmSﬁ@ﬁaﬁmng infections of an infant with
mal ari a parasites and/ or del aying the devel opnent of
clinical synptons of malaria. The tine to the first
In omd anbcaiimaftehﬁ eirmifbodsplieslﬁﬁhee Brsufficicni toqiro‘ﬁéd: arddacalaisk of or
gxa |.e be asur ¢ CQQ res I on node i-fTh
mal4HAL e 9D pad/pbg E‘Eﬂ aﬂs 3 EONER MK e hY
i ncidence of clinical nmalaria fromP. falciparun1 such
as severe and/or mld forns thereof. Nevertheless in
In g aspgetfbe Ve DEYBdSiUsM ot vAgr e dorpslekiyaetinfspticng & aw tnfant
wi na#f-ﬁlhﬁﬂ)ar%ﬁﬁg Ertﬁeal?% c%fa}yﬂl%r{ge?' &é@%foﬁr%@: iy C!llﬁICFl'\g?Hl ‘?‘oqﬂsecgﬁnalarla

aria s as a I ni ca
Thergilnerto het fivat mapea mddctisev@r@le of kBni€F naadriagensfoaccorié by
e.invention nagg?gaused in conjunction wth

n“3ﬂ5?¥8$n%% P@&#ﬁ§8P l-from any antigen which is

expressed on the sporozoite or the preerythrocytic
stage of the parasite life cycle such as the |l.iver
The finygatior ig ﬂoa@s@alﬁﬁy goncerpse “g&harg@lcmth@ gygidenceqf ghipicyl malaria

frohl BE ﬁ@{l A5, PR b@s% 6:1{,5 aﬁ Al ’foﬁlﬁrtﬁ)éfp&‘s ?&Qgﬂt}{élé'sﬂna&n%céspect

anony S protein , nmerozoite surface proteln-
the(iME‘Fﬂtl)onmmldﬂdjp@oteﬂ@m@gmniz’t@hsuaﬁsawtqmmmfmon-sewamdmabneaI
nmerezoite antigen- 1 (AMA-1) which has recently been
show to be
Non-severe malaria is herein defined as all clinical cases of malaria that are not severe.

The CS antigens according to the invention may be used in conjunction with another
antigen selected from any antigen which is expressed on the sporozoite or the pre-
erythrocytic stage of the parasite life cycle such as the liver stage, for example liver stage
antigen-1 (LSA-1), liver stage antigen-3 (LSA-3), thrombospondin related anonymous
protein (TRAP), merozoite surface protein-1 (MSP1) the major merozoite surface
protein, and apical merezoite antigen-1 (AMA-1) which has recently been show to be
present at the liver stage (in addition to the erythrocytic stage). All of these antigens are

well known in the field. The antigen may be the entire protein or an immunogenic
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present at the liver stage (in addition to the
erythrocytic stage). Al of these antigens are well
wheee2i981 t he field. The antigen may be the enpPCT/@P2008/060505
protein or an i munogeni cfnagnment thereof. | nmmunogenic
fragments of malaria antigens are well know, for
exanpl e the ectodomain fromAVMA-I . I n one enbodi nent
the P.falciparumantigen is fused to the surface
fra@ﬂltehtgﬁ&egfr QHﬁrhﬁegédlé fr n?bn&sﬂﬁﬁ@ﬂﬁna aﬂﬁ%@nsaare well know, for
Ci rcunspor ozoi te (CS) proteln antigen suitable for use
example e qstoslomain froméMiAdn is in the formof a fusion
protein with HBsAg. The antigen may be the entire CS
protein fromP.fal ci parumor part thereof, including a
In f)nea@ﬁlmﬂiman the gt intides iGBsql otied Sy favdantigemraymbe

f used er. In_one enbodi t the CS prote ased
hepgitis éﬁ_ﬂ?gs 5] n e GgPmsRoZD “ﬁ%g Hoﬁf‘rb%néllgﬁn %W‘H‘l g g
thesﬁ%@&hﬁﬁibérﬁiohk ﬁl the th@ o@atfﬁs'ié'ﬂ P3teiPRIth HBRA! %f ThB&ntfeen may be

prot ein of P.fal C|]par um four or nore tandem repeats
thexfntirheS e tyin diogl B ficingivor onparbtherco b gichlingmtagopgat or

rBLARSP AT ] LAMNERA Al BulfiorD) . I one

protern conpril %es a sequence whi ch
contains at | east 160 am no acids which is

substangi al | agous ,to.the Cterm nal ort.ion of
In Bhocredmarrale S Prr P antienes Bt oty prorgihe
co&phﬁﬁg@m{anﬁaw d10Me Ot tetniBal GartRinQIfehd'CS Ef‘dtém e8Pt AR Sarum,

term nus devoi'd of the hydrophobi c anchor sequénce.

fouros mEge tspdererapean gt the CPavrelict igmmungdomppgnt regiop ging Ahe surface

ane gfggln‘?ﬁ rp%%)l%grq{%g gf ﬂ%n{: é%h]{tﬁgfuglotn%&kﬁ%%mlphQes%%g%uence

or use nvent
whiich cwnpmrrstae laast\/i/lti()cahquutsn&lﬁsh & splntantiotly bémolhgouS%o the C-

a|Cl arun1substantia||y as
tmﬁ%?ﬁ@%%@ fﬁﬁc% o aci ds 207-395 of P.fal ci parum
3D7 cl one, derived fron1the strain NF54 (Caspers et
al, supra) fused in frane via a linear linker to the

In Rerfigylas ‘apstantiallpalKgthe Erernying pertiongy thednppiotean inghidegthe C
terﬁlllllusQi vdi H%f e%?&rogﬁ&ﬁlp thcfh[)to ﬁ!ﬁ%%@‘gl’héa(?g:&&tégl Gésdevmd of

constructs for Int sent invention ar@

thalast! 1I2re d4 (suchd QZB/am@ﬂgS@cldstwmltlmE grinynasui t abl e is the
hybrid protein known as RTS as described in WO
93/ 10152

In one embodiment the fusion protein for use in the invention is a protein which
comprises a portion of the CS protein of P. falciparum substantially as corresponding to
amino acids 207-395 of P. falciparum 3D7 clone, derived from the strain NF54 (Caspers
et al, supra) fused in frame via a linear linker to the N-terminal of HBsAg. The linker
may comprise part or all of the preS2 region from HBsAg.

A suitable CS constructs for use in the present invention are as outlined in WO 93/10152.
Particularly suitable is the hybrid protein known as RTS as described in WO 93/10152
(wherein it is denoted RTS*) and WO 98/05355, the whole contents of both of which are

incorporated herein by reference.
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(wherein it is denoted RTS*) and WO 98/ 05355, the
whol e contents of both of which are incorporated
wheooeiomoby reference. A particularly suitabl e fPRSI/8P2008/060505
protein is the fusion protasn known as RTS which
consists of: A nethionine-residue, encoded by
nucl eoti des 1059 to 1061, derived fromthe Sacchronyes
cerevi siae TDH3 gene sequence. (Musti A.m et al Cene
A ﬂac-}ﬁghlgrgr d3p1¢ 4Rhon pr-(m:ﬁ{sﬁ R AufiOn ﬁﬁ)‘téjﬁ' knd¥et aRES BhRh consists
derived from a nucl eoti de sequence (1062 to 1070)
ofcreated by the cloning procedure used to construct t he
hybrid gene. A stretch of 189 am no acids, encoded by
nucl eoti des 1071 to 1637 representing am no acids 207
t® 29etbfoniRacsithic; vdided BY Midl@tident (590 Q@P)ic@&fcd from the
Pl asnmodi um fal ci parum strain 3D7 (Caspers et al
s upSagchromyes gerewisiag JDIT3 geng Feamirpese dMUBH At ctabPrreel983 25
16383594640, created by the cloning procedure used to
construct the hybrid gene. Four am no acids, Pro Val
Thr Asn, encoded by nucl eotides 1641 to 1652, and

rep senti.ng t erm nal r.esi dues e
hep RS Loy o Al P e TSt b A FE e RlaeS
280:10 80 2r3de, by tBY Obning PHroztdiet 6edad carBuarthdvybal fdse.
encoded by nucl eotides 1653 to 2330, and specifying

the S protein of hepatitis B virus (adM/serotype) In

O1€ 4§ [

o £ e TRl B ol h JRels Rl T | EEHR7 LG

exaaplie o307 $€39% viohpatoppepiodes IﬁﬁtSlna(ﬁ)SPSoitMatmcaizm

synt.hesi zed 51q§% eousl and spontaneously form
rrﬁ@%lf’{”é”’b%‘?t‘} aép"srt? t%ﬁfP@- (RTS S). The RTS

proteln is preferably expressed in genetically

engi neered yeast cells, nost preferably S. cerevisiae
ot  Pincining aaid 68iys encorled byrerleptiessto3s Ror@‘w pieatgg by the cloning

eXpé?o%%&gc Adlth Qc?r%'tr%t‘%@hfn@%ll geﬁé e (also referred to

I mMunogeni or a virus like

e Four amino acids, Pro Val Thr Asn, encoded by nucleotides 1641 to 1652, and
representing the four carboxy terminal residues of the hepatitis B virus (adw

serotype) preS2 protein (Nature 280: 815-819, 1979).

e A stretch of 226 amino acids, encoded by nucleotides 1653 to 2330, and
specifying the S protein of hepatitis B virus (adw serotype).

In one embodiment the RTS is in the form of immunogenic particles of RTS,S.
The RTS,S construct may for example comprises two polypeptides RTS and S that are

synthesized simultaneously and spontaneously form composite particulate structures

(RTS,S).
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particle). The preferred recipient yeast strain
preferably already carries in its genone severa

w0 ndoegeBed copies of a hepatitis B S expressiPCI/EP2008/060505
cassette. The resulting stnain synthesizes therefore
two pol ypeptides, S and RTS, that spontaneously
co-assenble into mxed (RTS,S) |ipoprotein particles.
These particles, advantageously present the CSP

The mw}%ﬁl Qb0 ¥Rt de@in éeﬂ@t'lcrallgéﬁélﬁ&@ed yeast cells, most
Advant ageously the ratio of I'n these m xe

profenabliyc e@ewsae fmlf’wéa(wrmres in fﬂuchlathqss RAS WIéI\b@d:Xprkmedtahe

lipBhrotefil Satti qf also el uref gllntals ehuhd %rrlrlche 1c§e orT, Vlrus ‘?ﬁée
PPRSTILPTHE G ooF e parti¢les ‘Boos £

paitiRte)NOheprictiricy refipiéh @/eﬁﬁstﬁn@bﬁfeﬁlabm blr¢adly cofrict heitdpyeasme

tein i ds st b|||ty nd/ or .assi sts reprAﬂu0|bIe
SeYﬁhaﬁ &?tﬁ%rf‘ﬂﬁa cﬂlﬂeso? }r?Qat&i‘So‘? g eﬁpreﬁqu’e‘iaﬁséf%@h‘i/re@ BT d

syRhQiRL ﬂlei@bfre(‘i@ﬂ ﬁ)@lyﬁelﬁﬁlei\l'st AR TR khat 5@9%@@5@ &Uﬁsgéh@blgﬁﬁto
proteln of Cl parum In one aspect t he y rid

mlmchFéﬁSnS)rin@mm pirgelepnkhase parbieles, raép%wtgegmﬂlx presang thet(hd
[
Se(ﬁl’%ﬂéﬁ{ %E’ﬂ{e?ﬂblg@ gél%l?Sl&:ga!rpg ggg%ﬁg%ge&?sh{ ﬁfé?%fbt ogerﬁrast %\}gi’g’nese
miké&epdiydied id, fpr etagiphe by contain a C-term nal fragrrent
fromthe CS protein of P.falciparum Whilst not
wi shing to be bound by theory it is thought that the N

It @BEli&vell BlafihR heeseitd Jf iR GEBEd ki cfLRERAH dHhHE@ B BES the®yrmation
i nclude several T and B cell epitopes. |n reconbi hant

of hedt Y. hparbieice hoastirfhe immpneganisty atthe § Sareteinqortaueldle hybrid
prétB8. eﬁh@&%ﬁ%%&?&%ﬁf&gﬁoﬁﬁclpﬁstﬁa{n\ﬁ%é rﬁ11§ % QJS@@ )

expresse oteln xanpl e severa
3, 4 or 5 am no acids may be |nserted at the beglnnlng
er.m.n f the prote 0 aci ar,e
AT PP b oSG B B ont ey B DA Ay Goprorein
of ®XAlmbHuRe MVAP. In addition to or alternatively 1, 2,
or 3 such as 1 amno acids nmay be inserted into
t hebody/ m ddl e of the protein, provided that the

In t@'ﬁée Aopldt¥n ; nB ﬁgﬁt[ﬁa?%on@ﬁgg]or?esor'n%fy %Qﬁﬂinﬁk F¥m t?é c%ntral

r ot ei not affected. The use o
regren off 7. dalv%mzmnn eFdesanplodd? h?e|4e5 ey, &193w nixee fapeat units.
conbi nati on with one or

Alternatively the hybrid protein may contain a C-terminal fragment from the CS protein

of P. falciparum.

Whilst not wishing to be bound by theory it is thought that the N and C terminus and the

central repeat fragments may include several T and B cell epitopes.

In recombinant proteins often unnatural amino acids are introduced in the cloning process
and are observed in the final expressed protein. For example several such as 1, 2, 3, 4 or
5 amino acids may be inserted at the beginning (N-terminus) of the protein. If 4 amino
acids are inserted at the beginning of the protein they may for example be MMAP. In

addition to or alternatively 1, 2, or 3 such as 1 amino acids may be inserted into the
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nore ot her vaccines commonly admi nistered to infants

| ess than 1 year of age, for exanple to provide
w@e@vmeeBon agai nst one or nore the foll ow ng: PCT/EP2008/060505

di pht heria, tetanus, pertudss, neasles, oral polio

and/ or Hepatitis B. For exanple such vaccines may be

given at age 1, 2, 3, 4, 5, 6, 7, 8 or 9 nonths as

appropriate such as 6, 10 and 14 weeks. In one aspect
bo@PhddIOEARE pMAGE] &V RE QY hARadS it PR igh&ieRta@nal |y

wth an oraP pol o vaccine. The nalaria vacci ne
imgeioegatiaty. efche protdimare mpi atversaly afficestod-be used in

conmbi nation with a BCG vacci ne, for exanple given 1, 2

or nore weeks before the vaccine of the invention.
Th¥ascofites malagib vascia dkcribel ihere nBGG It i0 cotigipatiért wih Bne or

vacci ne may be given at about 1 week or |ess post
T pUET VARRBRS SORGRIY AR JeTE forBRBR TR R Vighee; Bt
ex8th¥I8 o hrdvRe PG oh APaivdt bhe BNRbRahe RMEwWHg: BRh et @R,
vacci ne then the vacci nes may be given sinultaneously
pegysis bsaslest Sral polio agl/qyHaopatites %-aﬁ@f cxpaple sudtheaccines wey hagiven
[ e§ S€ g t]
o B Y s G RS Ry Bl S0 OB Pl B tn e
aspoceaidm@ifint caiepicipsevide das DITRwsHér dptignal 1yt wieh apeat padalhogine.
ef fective anount of a vaccine as described herein, to
infants to provide protection against infection and/or
Thd @¥:@4rRPRIaBEnEAdcBidERI to TR @Fdion MaStildodReBe VRAGE hibdHatiOM with a
schedul e for use in the invention includes the ) )
B¢ tnasinst foaeramplegiven dokesmerk Wegkehatfere thi vaspige abthe Anvention.
intervals. In the alternative enbodi nents of the
i nvention one, two, three or nore doses are enpl oyed,
Vagtiveysuth aPoraBpoly, BEG dhd/of HeBatars Broaceinwaedydeagpamtat about 1
ostin f the sane nay be enployed to conpl enent the
‘W§g89%5 (FﬁﬁFy“course of vaccination.It may al so be
appropriate to use general good practice for the
revention of malaria in conjunction with the nmalaria
B¢ pelagia yascinserf theoinaeniion Begi cpingepiuagtiootitanogher gageor
B e e SR AR BB, 725 or
mdrb daysragan. Hhealatteromayhe onbayuidy eres intdractichef 388w or alore

such practices
vaccines.

The invention also relates to a method of treatment comprising administering a
therapeutically effective amount of a vaccine as described herein, to infants to provide

protection against infection and/or developing clinical malaria.

A suitable vaccination schedule for use in the invention includes the administration of 3
doses of vaccine, at one month intervals. In the alternative embodiments of the invention
one, two, three or more doses are employed, given 1, 2, 3,4, 5, 6, 7, 8 or more weeks
apart. Boosting of the same may be employed to complement the above primary course

of vaccination.
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were used in conjunction with the RTS, S based mal ari a

vaccine. As the primary endpoint in the 038 trial,
w@bdionioz®B1 epi sodes of malaria may for exanpl e PEI/EP2008/060505

required to have the presenee of P . falciparum

asexual parasitem a above 500 or above O per nL on

G ensa stained thick blood filnms and the presence of

fever (tenperature >37.5C). The definition for severe
It ﬁ@y ﬁgé Be WOprfa%to%@%eﬁal g@é‘d I%Q@hc% rf@r tRE E{%%}ﬁi%n%% nﬁﬁ%a n

or" nore of the severe mal aria anaem a (PCV
corjuBeon votrtbb nalarlﬁaflaqnmﬁadge(smladﬁlyrem dénstiprsetcevordd nclyde
prac%cers 58 dé{ﬁiﬁ?ﬁ&%ﬁ)egir%oenilszeg? \évg[ﬁ d%’sect}/m&es and/or errélﬂ }{mga%ed net to
reduo@thislexp@se dfithd ndividvalioabs madquiroes. 51)1 theﬂ)?@&flﬁlaht}oplractlces

(defined as i.nabi. gl ty t %I t un i ded),. hypogl ycaem a
WeESUSS i pongipnchpn Wit RLY-S besqdrinalana ‘ff“’%lﬂ}%pect ed

aci dosis or C|rculatory collapse These are given in

Table 1 bel ow. Severe malaria Asexual parasitem a
Asghepriimaryehpaint ip éher(ﬁédfrlﬂgchm@hammdeﬁ of malgo ey fordzemple be

B8 (PhRRA e GRUER /b oy e Aot PRl FRAD0 of sboye 0

per ;ehdn ﬁigemmstaemﬁdl thiok dbfooll i gyt eaipacsaind of GonB(taomdrguc?
3930 i nutes after control of fits. No other

[ ifiable If fitting cannot be controlled cause of

|l oss of within 30 minutes child is consciousness

i ncluded Severe nmal aria Asexual parasitem a (other)
Thy definitipn {as spwesimalgria Mgy ofoherande wclyde Bigpresence of one or more

of the following: severe malaria anacmia (PCV <15%), cerebral malaria (Blantyre coma
score <2 ) or severe disease of other body systems which could include multiple scizures
(two or more generalized convulsions in the previous 24 hours), prostration (defined as
inability to sit unaided), hypoglycaemia <2.2mmol/dL or <40mg/dL), clinically suspected

acidosis or circulatory collapse. These are given in Table 1 below.



cause of illness Does not neet criteria for severe
mal aria anem a or cerebral nmalaria One of the

wo edoboway: Miltiple seizures Two or nore genePEl/ER®A8/060505
convul sions within a 24-hour period prior to adm ssion
Prostration Inability to sit unai ded Hypogl ycen a
<2.2mol /dL or <40ng/dL Aci dosi s Docunent supportive
signs and/or |aboratory readouts Circulatory coll apse

Docunent supportive signs and/or |aboratory readoutsln

Ud C VV

A o o ohy BP SRR R ey be used direct !y
agembi ned W th adgmitivabtfliad] uvant or carrier.
Al'ternatively, the protein can be |yophilized prior to
mxing with & stFnaBFé ddfuvant or carrier. A suitable
vacci ne dose ,i nNgoARF HRRCK ML the invention is
between 1-100 ng antigen e.g. RTS, S per dose, such as
5 to 75 ng of aemusgefllegsRTS, S, particularly a dose

f 25 Ilg Uf alltl €T € RTS S |JI U‘CIII, fUI CAdl IC LI
GEgPrab 500 ni® (PTRAPTPRGURREF or mf ST sROre iter
nidddia cul arly suidfabive réaisg of ant ég@eptidosf PPoElatdnhie and
formul ati ons according to the invention is 25 ng, for
exanpl e in a°fi Aamayesiufd of 0.5 M Minurseer %%]H@E?fﬁt?r
accordance Wt 21[\15'3%& [a\égtlfi@rb?@ t herrafifih O&RndtHeCoRPsIRAd

and

. . [ ]
wi th an adjuva or car o ' o
cause of loss of within 30 minutes child is
consciousness included

Severe malaria ¢ Ascxual parasitemia
(other) definitive reading
e No other more probable
cause of illness
e Does not meet criteria
for severe malaria
anemia or cerebral

malaria

e One of the following:

Multiple scizures Two or more generalized
convulsions within a 24-hour

period prior to admission

- Prostration Inability to sit unaided
- Hypoglycemia <2.2mmol/dL or <40mg/dL
- Acidosis Document supportive signs

and/or laboratory readouts

- Circulatory collapse Document supportive signs

and/or laboratory readouts
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Particularly an adjuvant is present, such as an
adjuvant which is a preferential stinmulator of a Thi

w0 ye/oew3ponse. Suitabl e adjuvants incl ude butPEDEP2008/060505
limted to, detoxified lipits8l A fromany source and non
toxic derivatives of lipid A saponins and ot her
i mmunosti mul ants which are preferential stinulators of
a Thl cell response (also herein called a Thl type

In GESRAAGENith A ihVBRNDE, HSGALAS Sl HSnOp @Ay BhY hidRth may

Into two extrene categories, being a hunoral "or cel
be el diteedy anrthepmebinedspitng le‘(abkaidlwaI@ma kcqyics Waltaoateelys é}d

oo Byl IRBBENEE, R SOUE A0 ARLLSERSRERINL G ARl bod es

en’'’s
effectors of protectlon THI type responses (favouring
the cell .nedi ated effector i mmune.responses
A gujtgkleva fg@ © {1} 36FRARGTgY S AATHQY i et&@@%ﬁtlﬁﬂawnﬂgen

ed Rﬁ”@@ﬁe@hose&‘ﬁc‘h%g@ td 7 g bY PR UL RE SIEHROBIETy HﬁbfseQﬁ% ng
characteri sed by the generatlon of antlgen speci f

of peffca ey Bd Sreprotals e xegpplstin R P& to15( Vitreid fore‘mdatlon)
natural killer cell responses. In mce TH -type
responses are often characterised by the generation of
A particiatl establt dbdved faeRgensubpadperic fdninhktionsnactdrdinguorete

t hese. rre ond to.l e ies. TH2-type
iy 2P aSpBREBmr o Ehon s¥BET QO By the goner 2t on

of a range of i mmunogl obulin isotypes including in

mce Igd. It can be considered that the dr|V|ng force
In pehispect imeccdelppecopiie the ifentiopthe apiigentsy praabipgd Witkamadjuvant
Orgﬁﬁpinses are cytokines. Hgh levels of TH -type

cytoki nes tend to favour the induction of cel

medi at ed i nmune responses to the given antigen, whil st

i | evel,s of .TH2-type . cyt okines 't to favour .the
papticd ey FE AT it i en eSS dih b B o
stihlRitd}io$ b ITAC typRAcPbnsbH  and TH2-type imune responses

is not absolute, and can take the formof a continuum

bet ween these two extrenes. In reallty an i ndi vi dua

Su@aﬁll: aGHPRRY heiahe b nﬁnﬁ&moa\a%gm | f t'péfrsiﬁ%ﬁp LB A% non-

el ng "pr edom nant or pre
toxic derivatives of lipid A, sapomns and other 1mmunost1mulants which are preferential

stimulators of a Thl cell response (also herein called a Thl type response).

An immune response may be broadly divided into two extreme categories, being a
humoral or cell mediated immune response (traditionally characterised by B lymphocytes
producing antigen specific antibodies and T lymphocytes acting as antigen specific
cellular effectors of protection. TH1 type responses (favouring the cell mediated effector
immune responses) and TH2 type response (favouring the induction of antibody

response).

Extreme TH1-type immune responses may be characterised by the generation of antigen
specific, haplotype restricted cytotoxic T lymphocytes, and natural killer cell responses.

In mice TH1-type responses are often characterised by the generation of antibodies of the
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However, it is often convenient to consider the
famlies of cytokines in terns of that described in
worwne198D4 positive T cell clones by Mosmann BETEP2008/060505
Cof fman {Mosmann, T.R andi®offrman, R L. (1989) TH
and TH2 cells: different patterns of |ynphokine
secretion lead to differentfunctional properties.
Annual Review of Imunology, 7, p i 45- 173).
1e352GIbtpeNahilsY in thEhumbyY BBsd &FRABIE o RIA t?ﬁéﬁﬁfb@@h@g AR pe
the production of the INF-g cyt oki nes
imuhg mshosyt @' chardiefsed Yy dici gseeratdt efn rdngeectftlmmunoglobuhn
md?sesanMHllnnnceﬁfﬁ i nduction of TH -type i mrune
resporises fare no pfoduced by T-cells, such as IL-12.
In contrast, TH2- type responses are associated with
secr n I]-6, -10 a t unour
It ‘H‘QE’FG%‘P% %trt{*%@fmeg BC)rce bq‘hfndi the ﬂw frteﬁ‘a?qu@Ftt‘é{P fypes of
imKRIGE rdAorREY 4R BRbRINE q{gﬁnévlegt&fqﬁ1%@@&}@%&%5&1@ favour the
stinmulation of” either ype cyt oki ne
inqueB@ropisest meriated tinamg|responsed kche grvsn eftigenewinilgt hightpvels of

TP E0E e R ITMAF (L SRRRSE Pl gL 050 e
anfigamducti on of TH or TH2 cytokines by T |ynphocytes in

vitro after restinmulation with antigen, and/or the
nmeasurenent (at least in mce) of the Igd :lgQ&a

The@Atskifctfn AMHIGSA THPEEHE IEmaR leBRYes i€ ﬁ&@ﬁ%ﬁte-ramd%an gake the
TH -type adjuvant i$ one which stinulates jsolated

form ¢feq qongam aetvsersthey thosatiedchilytealignag|iadividuatpyill spgpget an
BT AR SeR o R BB EN o Drtlohfifouy
Hexgsocitat eftervdonhentddt td g(meldelstbt ‘i}qmﬂhesbcﬁf aytegntes 1n/\ﬂarmshofahz£t

e EBED e G BT eq P o3 e Tsdh b Corise s

T. R @b ofetn TR (193DETH Mninms2 ksl @itk enibhienst oYy niokine
formul ated to produce adjuvants suitable for use in
seqrpéorfees il s aRidmtdliondinieneitie- éWaéRéwmspf fwgmojogyet p145-

n
78 p TRkl e Kt 48 oRARR RN okion of the INF-y
cy®kingdibaT dympliocytee. G)Mrmmeolsmtoﬁﬂm dﬁédtﬂy@ls@hlatddwlﬂsﬁe Im’ductlon
uvants has been curtail oxi
Ofﬁg]lﬂ YRS IS PRPRPISS it P ‘i%é%’c;[fo ﬁ?}g ﬁ)?f L~ ?g I C%PtraSt
THMRkpk redpo Y 6Rhssociated with the secretlon of IL-4, IL-5, IL-6, IL-10 and
tumour necrosis factor-B(TNF-f3).

It is known that certain vaccine adjuvants are particularly suited to the stimulation of
either TH1 or TH2 - type cytokine responses. Traditionally indicators of the TH1:TH2
balance of the immune response after a vaccination or infection includes direct
measurement of the production of TH1 or TH2 cytokines by T lymphocytes in vitro after
restimulation with antigen, and/or the measurement (at least in mice) of the IgG1:1gG2a

ratio of antigen specific antibody responses.
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15

by renoval of the core carbohydrate group and the
phosphate fromthe reduci ng-end gl ucosam ne, has been
walematyed by Ribi et al (1986, |nmunol ogy andPCT/EP2008/060505
| mmunophar macol ogy of bacteei al endotoxins, Plenum
Publ . Corp., NY, p407-419) and has the follow ng
structure: A further detoxified version of MPL results
fromthe renoval of the acyl chain fromthe 3-position
Th9£ t"ﬁ?l -Hips agahatt '1%6W@§%lat@§golht%dqaéelll%ﬁulatlons to produce
O Deacy Iateanno hosghor [ can
hlgbelemlﬁr q)ﬂ‘TIébH}avn @ytpkelpaw ¢h wtlnhléatrrbwhb ellylgea ugmror anddmuces
ang gen sgec1 1¢ grﬁmul%og dpbukrg ig’egsn(gr(fsg aa Ssc())cm 83 tgjﬁ-@-‘rﬁpe isotype.
C>deacy|ated variants thereof. A preferred form of
3D-MPL i.s in th rmof an enul si on aV|ng snal
Adpapapisorhichsrg éanagkeso%rrﬁirreelaé PR et &1 Calh gespenge are
deBRbBOH WO IPONS3GhaINeD bS/1h@c! osed in WO 94/ 21292.
Aqueous formul ations conprising nonophosphoryl lipid A
and a surfactant have been described in WO 98/43670.
Prifdffe B SR A RABRIFRAREDR O Re FEEAKES Pk EER Subife
suipabbcos a&dnfthrajrmaskmcmeent@h ischutfecd arcarot adstretaiad itheefollowing.
they nmay be synthetic. For exanple, purified
nmonophosphoryl lipid Ais described in Ribi et al 1986
It KeS %Hgar)een andly Bthlr dRasddcatai ﬁ@@@&@ﬁﬁtﬂé«@sﬂ% a potent
di phosphoryl lipid A derive rom Sal nonel la sp. is
stighgpgatiob 8 immueg s gpo 2thquadrits usinglpegls haghesarcurtailed by its
to;géé éfgéﬁtsg Se}k d%?&f)?% ;&%}g@&é e oF L?@,glg%%o?)ﬁ&%ﬂéﬁyi s AMPLP SR Muced
bylrerhoval ofithAlcbrercgsbohydratagroup a8 () phidSsha:; frddn It@eceducdatg-end

al ., .1987 Innuno , 00 : 1-6; d EP .0 549 074
afpsamiid b beRgesriogd by Bitaer Uig! fike i ifioey dnd
Imkﬂu@@lsrﬁrlrmw@éyarﬂbdee@emeﬂmmms PlchbmNFibI. o%lﬁom PAI7V419) and

the LPS derivatives that nmay be used in e present

hag the doltqvipg sfFestirfiose i munosti nul ants that are similar
in structure to that of LPS or MPL or 3D-MPL. In
anot her alﬁfﬁaékive the LPS derivatives may be an
1, E8har i which is a sub-portion to the
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Saponins are al so suitable Thl immunostinulants in
accordance with the invention. Saponins are well known
w@odjoawaryss and are taught in: Lacaill e-Duboi s, PGA/BPIN0S/060505
Wagner H. (1996. A review af the biological and
phar macol ogi cal activities of saponins. Phytonedicine
vol 2 pp 363-386). For exanple, Quil A (derived from
the bark of the South American tree Quillaja Saponaria
A RN xi AR S GAEE APE LRRE GO th@FEAEEG thORS1 EfhitHRom the

5,057,540 and "Saponi ns as vacci ne adjuvants"”, Kensil,
3-siten of GeidisaReharith byckDpneg @t is icaltcdSyOtDeargo@d nimophiosphaoryl

. 1: 55, EP Q 362 Bl.. The .ha ¢ .Saponi

R e b e e L LU U

21 b Boeskh irdfednasalgpodieiléses ihs tpedpacatiaf jo dliphdspho@hlipitl € and 3-
thod of their production is disclosed in US Patent

O-fgpeylyicdyarignipnthsitdl Ep 0 362 279 BI. Al so described in

these references is the use of QS7 (a nonhaenol ytic
fraction of Quil-A) which acts as a potent adjuvant
A prgferrgg Sorand i3 - ABYi e thelfieren of apg2uliign hayingresmael brarti¢lp sige

esh BN i hOREmeotab TG KRpdfin wo su120n
Au¥Clsqaeilitions ab@padiSO@msAEPMIs B 1 9D IAQOS ) surPrtdnt Baledleen
adjbuvant systens conprising fractions of Quil A such
descel Qis@lwé)r%ﬁ/woare descri bed in WD 96/ 33739 and WD
96/1 171 1. Another imrunostinulant is an

i mrunost i mul atory ol i gonucl eoti de contai ning ' '
Thg et} lippedys@pdBadilhdalved biideaty{ toQe@s§d inChPresenamvention

R T (e e T ST e
sy@bgtiey Eflt ex‘ﬂﬁ?l‘t, p?%ﬂgrg?%ggghngggbﬁlg é}gﬁzé?hﬁjgﬂged ﬁﬂditbi et al 1986
MUcos rout es : , , . Davis et al,
(Suy.ragn%ﬂ?rﬁo@:%fgglsﬁedmegﬁqsp@rw-%ﬁ@ﬁﬁomﬂémi%&ﬁmﬁm,
SadndridM 90 lis desd A8 in EBUB? AAERGY 49 105k Wth&F drified hhd Wathetic
_Observed that the DNA fraction of BCG could exert an
lipgpalysapehardes hatve bean, deperibed (ilhgars gitaddl ¥, Igylrichélargy.Immunol.,
hi~.gonugl i des ' r gene
g G O D DA T
pagictiadt profbreddbacterivii lipopolgsud chanide iadtjayant THED-MRINOr s of
t hese studi es concluded that certain palindromc
sequences, including a central CG notif, carried this

Accordingly, the LPS derivatives that may be used in the present invention are those
immunostimulants that are similar in structure to that of LPS or MPL or 3D-MPL. In
another alternative the LPS derivatives may be an acylated monosaccharide, which is a

sub-portion to the above structure of MPL.

Saponins are also suitable Th1 immunostimulants in accordance with the invention.
Saponins are well known adjuvants and are taught in: Lacaille-Dubois, M and Wagner H.
(1996. A review of the biological and pharmacological activities of saponins.
Phytomedicine vol 2 pp 363-386). For example, Quil A (derived from the bark of the
South American tree Quillaja Saponaria Molina), and fractions thereof, are described in

US 5,057,540 and “Saponins as vaccine adjuvants”, Kensil, C. R., Crit Rev Ther Drug



10

15

20

25

30

activity. The central role of the CGnotif in
i mmunostinul ation was |later elucidated in a

w@ombiozesi on by Krieg, Nature 374, p546 1995. BET/AP10081060505
anal ysis has shown that the2CG notif has to be in a
certain sequence context, and that such sequences are
commpn in bacterial DNA but are rare in vertebrate
DNA. The imunostinul atory sequence is often: Purine,

CdPHbA Afﬂ%‘ﬁ 1696, 7 (P—YL! 'S‘Sdzln'aEEP PY6a fﬁngF@fheWQ&ﬁ@ch Mﬁ%}&@QSﬂ

motif I's not nethylated, but other unmethyl ated
and @ AidBsC aneﬁwfymonx)ofhéull frbarssrermiésatiprdes pattnhrayptenge

adju]yarg% afld ¥h£ Hﬁﬁ% e(g cgf?[fle r ]%ro nétfo?lrfs (é;scriose‘c‘ai Sﬂ'b uri’élrﬁenpg 0 @6570%

anP EEDEIEL.27SBeAllo daﬁcrﬂah@ﬁﬁthmatrbﬂ‘e&,nccﬁ;l it ﬁﬁrusasf Q8peatom- of
one notif. or co ation of different notifs, can be

haﬁ?@%ﬁfra?twnt Uélaf@v@ﬁh adhtict RYERdduvedonysismirogcgnes. Use

of 0381 %ffuﬁﬁér‘%ieQan%@ %ﬁﬁéﬂiﬂ‘é‘ﬂ@ﬁ(l‘%‘lﬂ RiAhYin§ISSE4A28, 431-437).
cont ai ni &%@ol i gonucl eoti des can activate various

Conhinptienss %leandumblsgl@mg)r axeledeafrinkdre plee kewyn WO IR0S).

PaRfcﬁgl't‘E %éd@é%{ %@&? 301%8 Héﬁ‘ﬁ%{}g %4% ggﬁ’}(\ s?lc}?g% Qgillg%r% (?@'fjare

deganlbedmuwmeqenyﬂapaddw%/omal ni ng sequences not having
this consensus sequence have al so now been shown to be
i mrunonodul atory. CpG when formnul ated i nto vacci nes,

Aro$hed ﬁﬂﬁﬁ@ds'tﬁﬁu?a‘ﬁms%hs&ﬁfuﬁgstin{hlzitf)ﬁf%l%gﬁﬁﬂléo@lﬁe tagghher
wth free antlglg WO 96/ 02555; "McCl uski e and Davi' s,
2

unBigihy lyeddrp(e dinaflepitdey (‘@mﬁ”ﬁ}gQP@dS oabrevakion derreytonpe-
o AR ahbbicp 08 ROUTH LRI N, CrG R HoRh i WA bejgg an,
adpivargtiwhes lafimmlsterBd by bd)tbtsysl%micalnd @tucadal routes (WO 96/ 02555, EP

soFAERE e TeSohy. B 0Bl Rl R M)

J.InR@RbNE098 Mtoh(9aK63-67. SHistkichl 1y s Wl bSradtithe thd PNSORRSion of
oi | in water emul sions, and/or netallic salts,

BGGesuld P¥RAL 2 antir Hma s <EEact sin (futhas stidicsy sypthatiqefgonucleotides
deﬁ?’ééirﬁ)&h %@%%’f (ﬁ%ﬂ%lv&:’re &B@A{P Lr b%ﬁ(pahfe Jf%dﬁwn ted with

um ni EP O 6 454) "or oil 1n ter
1mmmubsirmﬁam(y\mfe%/(llom 10Yitro @B mm) Ebe adhem bathesugiidies
conc(fu({nd tf?tt %Qrté% %)a n I900m1%Ssgzqeilrerqclzes nc u 1ng % W@hntral CG motif, carried this
activity. The central role of the CG motif in immunostimulation was later elucidated in a
publication by Krieg, Nature 374, p546 1995. Detailed analysis has shown that the CG
motif has to be in a certain sequence context, and that such sequences are common in
bacterial DNA but are rare in vertebrate DNA. The immunostimulatory sequence is
often: Purine, Purine, C, G, pyrimidine, pyrimidine; wherein the CG motif is not

methylated, but other unmethylated CpG sequences are known to be immunostimulatory

and may be used in the present invention.

In certain combinations of the six nucleotides a palindromic sequence is present. Several
of these motifs, either as repeats of one motif or a combination of different motifs, can be

present in the same oligonucleotide. The presence of one or more of these
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| i posomes (WD 96/33739), oil in water enmulsions (WO

95/17210) or alum (WD 98/ 15287); CpG nmay be fornul at ed
wowaob/oaloam (Davis et al. supra ; Brazol ot-M | | BOT/ERMO&Y60505

or with other cationic carrsers. Conbinations of

i mmunostinul ants are also preferred, in particular a

conbi nati on of a nonophosphoryl lipid A and a saponin

derivative (WD 94/00153; WD 95/17210; WD 96/ 33739; WO

1m%ﬁ§s@ﬂtﬁﬂato?9@e§t%’n&%§:@§ﬁamm &%/oiliuélg(ﬁpd):s ca{ﬁoarcﬁvate various immune

particul arl’y the conbi nation of Q521 and 3D MPL as
subheScinobldmglnatuV@katt 0g3@hicAlpretunatitaréirgn ¥ anddewbiytatytion

oo RerSp et RPN G AL BB IR B Ml SO TR RSt Rea

cpwwnaﬂhlﬁg @éﬂlmwo@mhotsmsﬁqg Mis tAMBERLIS sedubtice@XadkEnovdbeen
conbi nati1 on of rmnophosphor yl lipid A preferably

s WWIW@@QN‘?@F aRfX-h an al umi ni um sal t. An enhanced
system i nvol ves the conbi nati on of a nonophosphoryl
lipid A and a saponin derivative particularly the

CpCowbémiatigated int@82kimgnds 8éxehbly adminbtsicl as &de $ohutivd together

Wil 0B B0 el S5 L OE D RTRET K HOmr S Sohored
to 4iDitigas (WiCsTY/ D6ad), ion fou RE/I3BNBIcarAeiRAL] hCddiiym hydroxide

ot ent adj uvant fornul atl on invol ving Q521 3D MPL &
(Hepaiirariase aniieem Ravis ¢ q/-watrer Bswaol¢iMMan & descri bed i n

PrIONBRLLIRA0. B8, hsonghen sprefer red formul ation for

use i n the invention. Another preferred formulation
conprises a CpG oligonucl eotide al one or together with

suEmpuRGr Yo 5 b ER Hont e of B ol s
sué¢therfer ¢>&rrtpldl‘14j0§@’dest bg 11U®€teﬂémﬁi€1bﬁ§gIaﬁdl/eﬂmlaﬂanicdalfs @chaling
non-toxi c derivative of nor e preferabl
YR AEBh SR FYFR P %Pfﬁi%u%hlﬁﬁlma‘éca V9K PR ﬁél%MP%@%%b%s

forate AYEd - with Qlu%ﬁﬁ'i’ﬁfnrl%ird%'iﬁe"@ﬂ’h) &INBl s A AWt dehu§ons (WO
descri bed herein, for the manufacture of a vaccine for

95tifel Qr @v2hmaphe @cﬂvan’@gmqu' fdindatsé wathghelestetef exntdioingi n
liplogl)fn%:gt(afO 96/33739), oil in water emulsions (WO 95/17210) or alum (WO
98/15287); CpG may be formulated with alum (Davis et al. supra ; Brazolot-Millan

supra) or with other cationic carriers.

Combinations of immunostimulants are also preferred, in particular a combination of a
monophosphoryl lipid A and a saponin derivative (WO 94/00153; WO 95/17210; WO
96/33739; WO 98/56414; WO 99/12565; WO 99/11241), more particularly the
combination of QS21 and 3D-MPL as disclosed in WO 94/00153. Alternatively, a
combination of CpG plus a saponin such as QS21 also forms a potent adjuvant for use in

the present invention.

Thus, suitable adjuvant systems include, for example, a combination of monophosphoryl

lipid A, preferably 3D-MPL, together with an aluminium salt.
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In one enbodi nent of the invention a saponin, such as
QS21, is used in conbination with a nmalaria antigen as
wale@enetyed herein, for the manufacture of a varCI/BER2008060505
the prevention of malaria di#sease and/or infection in
infants or a nmethod of treating an infant enploying
the sane. I n one enbodi nent the invention provides use
of detoxified |lipid A or a non-toxic derivative of
Ad diRbhsbesy AT nvBhel BleaBhbinaRD? HOSBRY S pHoRidid™ Qhd a
derivative thereof such as 3D-MPL, i'n conbination wth
sappngadoivanye moddvlaly tiseambiagtnaf N4 ahd 3RAYIPHen daslosed in
ibed herein. for the nuf act ur e a vaccine for
ORI 5 ant TGS B ohdlict Map R RHAREHIE B By REF0Im -
choladtadt Sontalfiag lipywhick ADQRhsSHscdoste O/ G 26/33739et hod of
treating an infant enploying these aspects. In one
enbodi ment the invention further enploys an oil in
A Pati8llar® 1St QB uQint It RASAIIR $n vl h 2Bk e ,%mﬂ%'t%?h&gl in an
~adj uvants for ‘'use in the present invention are: 1. '
oll3mwyrer cm@is igfekcrbedan WO RSHER Y anshis brither preferr@Foppulation
. in:.a liposomal formulation. 3. 3DMPL, Q521
ﬁngﬁgnggéﬁphﬂgﬁTiposonal formul ati on. The anmount of
3D-WMPL used is generally small, but depending on the

vacci ne fqr.rul ation may be in.the regio f |-100 )
Ansaie e i oo i SR O aneist Tethea g
Qski1t 30NN Br Re6thelasien dnldumdum 28t 25, 30, 35, 40, 45,

50, 60, 70, 80 or 90ng per dose). The anount of

saponin for use in the adjuvants of the present
G ROTRYgRBRR AR feche elidy AROR TP pEfodasey
detdeged lipitA mop eospedd ddryativeyofiipidwdemort irafetabidnmompphosphoryl
lipgfg 36 %9\7618%? %égf suzc%% §§;’M§ﬁ”( ing:gh%ﬁ%ﬁ%l? \Qvith gcr)ﬂah?r%’ an%gg)en as
detdiBENB&Ein Mok 8chahu®lchig® BEL! R0k deShé pretdifioa d)f thafinih FlisRhise

vacci nes of the present invention is generally small
angyqt infsHiemHl WEBn t he vaccine fornul ati on may

In one embodiment of the invention a saponin, such as QS21, is used in combination with
a malaria antigen as described herein, for the manufacture of a vaccine for the prevention
of malaria disease and/or infection in infants or a method of treating an infant employing

the same.

In one embodiment the invention provides use of detoxified lipid A or a non-toxic
derivative of lipid A, more preferably monophosphoryl lipid A or derivative thereof such
as 3D-MPL, in combination with a saponin, such as QS21, and a malaria antigen as
described herein, for the manufacture of a vaccine for the prevention of malaria discase
and/or infection in infants. The invention also extends to an method of treating an infant

employing these aspects.

In one embodiment the invention further employs an oil in water emulsion or liposomes.
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be in the region of |-1000 ng per dose, generally

| -500 ng per dose, and nore such as between 1 to | OOny
w@erodo®el (10, 15, 20, 25, 30, 35, 40, 45, 50, PEODEP2008/060505

80 or 90ng per dose). In one aspect of the invention

the dose has a final volume of 0.5 m. The vacci nes of

the invention nmay be provided by any of a variety of

routes such as oral, topical, subcutaneous, nucosal),

Sulth¥1E @c\/rﬁﬁﬁét{ﬁ)ns loPhdj @mﬁ%%{ &ein 'tH'étﬂr@s@ﬁ‘tSiﬁl/enU%H Q}el ngual and
intradermal | mmuni sation can be prophylactic or

1. theB@ﬁ@BL;Qszhhelmnubmﬂwmwfmé&nm1bed herein is
2.Pr! ‘wgl bgh/ in £1; Ccl)slcj)rsnlaYFor%uﬁl neer ned with

prop ctii'c acci hati?on agai nst nml aria, nore
3. parBD@MPH[QS2DmQﬂmMEaCihﬁmﬁﬁﬁbﬁﬁﬁﬁhﬁ@nt0 prevent or to
reduce the |ikelihood of malarial infection and/or

mal aria di sease. Appropriate pharmaceutically

ThRGR@RARITRE-CPLNs8d & g@ﬁer@ﬂ%‘;érﬁéﬂa BhSdhOfdimSEh 18 vh&igne
invention are well Knhown in the art and include for

fo r@%&&twménmeen therregian & 1< 008ugawst d@sepg]@p@ﬂatlrimug ger dose, such
as \ﬁ%é‘i‘ \% Cdbﬁg%%.{)%o%g éid‘ 15 %9283@5% 99, 458'5826%'?6‘ W029%0ug per

't "and a
dosppr oach, edited by Powell and Newman, PIenun1Press
New York, 1995. New Trends and Devel opnents in
Vacci nes, edited by Voller et al., University Park

Th%’raﬁl%ﬁnt cﬁ@ﬁﬁdnﬁpﬂb?usewﬁﬁ%l a’ﬂﬁlﬂf’ant'sjoﬁthlé prés@&&nvc%ﬂG@ﬁfa&‘ bt ®8
within |iposones is described, for exanple

regref) P%lri AWngpesiospacasrrily | $88ugmr dogs Ajomgysich @ﬁ¥8§0ug per dose,

BRSPS ANTRE ) S 1bGEnt 3ol 0 B 24 0, e AR, o
7OLB(Bor%ag@mtd04¢)474 757. In the context of this

specification conprising is to be interpreted as
i ncl udi ng. Aspects of the invention conprising a

Thé @foahtbfElpen®Ninnaingstahd Sohyd B8t cE Mt tBOSH] iv@nS&ar Gaccines
aspects consisting or consisting essentlally of the

of Fl@méﬁzﬁﬁﬁftm%qn@%m%?n@rﬁﬂy vihelb byedaepgnding o Bsapiingfosmulation may
be %lgpéggon of 1-1000ug per dose, generally 1-500ug per dose, and more such as

between 1 to 100ug per dose (10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80 or 90ug per
dose).

In one aspect of the invention the dose has a final volume of 0.5 ml.

The vaccines of the invention may be provided by any of a variety of routes such as oral,
topical, subcutancous, mucosal), intravenous, intramuscular, intranasal, sublingual and

intradermal.

Immunisation can be prophylactic or therapeutic. The invention described herein is
primarily but not exclusively concerned with prophylactic vaccination against malaria,
more particularly prophylactic vaccination to prevent or to reduce the likelihood of

malarial infection and/or malaria disease.
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Study Design The study was conducted at the Centro de

I nvesti gacao em Saude de Manhica (CISM WMnhica Health
woe@eaevhl Cent re) between June 2005 and Mar ch PODEP20081060505

Il ha Josina and Tani nga, twe comrunities about 50 km

north of the town of Manhica, where Cl SM headquarters

are | ocated. Characteristics of the overall study area

and of Il ha Josina have been previously descri bed
A]ﬁﬁ!p?ﬁﬁ:cbhamac i [1%@«':qeﬂbabl@9:9ﬁfe?s o]f‘%xcigﬁﬁ%tfoﬁlse Mage i ehtion

'man J, et al. Efficacy of the RTS, S/ ASO2A vacci ne

arqayell katwrPndkhartiingdhmélaflcfop axammle waee oi dfean dV dicke ps@aiation

.youn fri.can. i ldren.. ndom sed n |l ed tri.al.

is Yy b s e P S oo ARG ThSiB S, SAP6E Slatcife REh - tng

suluniitwhd lad@oarmapproychi aditeddylHohall 268 Siewanad] Plemirh PraacNew Y ork,
he flood plain of the Incomati River. The climate is

19@% bNFB ity aw!l Prvalommnentssip; e nge 5digddy ‘éoql%mﬁla giversity

PafiePR%, BERERR, MAILNOESREN 91 PRGHulARE vAHIERSIsBkYis
cool and drier season during the rest of the year.

desgribed.ifer axemplenby ElbntonsU e Petarti4al 354 7 h Coaragation of proteins to
i Ctri | .
RS (R0} Pl b TR, € Pelnnd SR AALURY
Ariroe eiagdy U Pattnoh 4 20Dl aqui ne and
sul phadoxi ne-pi ri net ham ne was the first |ine
treatment for unconplicated nmalaria until Septenber
In ARQABnREST thik s%@ﬁic@h@ﬂ&%ﬁr’pdsﬁlgﬁﬁ et isteRirBe® asReluding.
conmbi nation therapy (ACT) using artesunate and
sul phadoxi ne- pyri net ham ne. Since 2005, yearly rounds
Aot BEREIb AT SRSl 2 CIiehy A28 BRERCER P Lo said
aspdctsicogistingfor Blealisting ciSamtiahly of ke rElevatt cleownd and vice eendyef
2005, I RS was based on Carbanmates (1 CON(r)) but this
aPNQE Ranged to DDT in Decenber 2006. As part of the
study activities and in accordance with nationa
recommendati ons, an insecticide treated bed net (ITN)
EX&MPEE en t o pregnant wonen at screening, along with
instructions for its use. Both Il ha Josina and Tani nga
Sti/Bedpgr Mary health posts and maternities that provide
basic curative and preventive care. For the study,
ThEaaidyi wasesndedtel wpge adado darouRdgiche el Sakle cRrdamca (CISM,
avai |l abl e, and transport provided for referrals

M }ﬂqi}([egltbi@fqar%lthqgg lpqt\gpffn Jélaf gg(éﬁﬁnd March 2007, in Il}la? J otmhn% and

Taninga, two communities about 50 km north of the town of Manhi¢a, where CISM
headquarters are located. Characteristics of the overall study area and of Ilha Josina have
been previously described (Alonso PL, Sacarlal J, Aponte JJ, Leach A, Macete E, Milman
J, et al. Efficacy of the RTS,S/AS02A vaccine against Plasmodium falciparum infection
and discase in young African children: randomised controlled trial. Lancet 2004 Oct 16-
22;364(9443):1411-20). Taninga is a rural community facing Ilha Jossina directly across
the flood plain of the Incomati River. The climate is subtropical with two distinct
seasons: a warm and rainy season from November to April and a generally cool and drier
scason during the rest of the year. Malaria transmission is perennial with some

scasonality and mostly attributable to P. falciparum. Anopheles funestus is the main
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to CISM The study was a phase | /lib double blind
random zed controlled trial to assess the safety,

w0 povasyeni city and efficacy test of concept oPCT/ER2008/060505
RTS, S/ AS02D candi dat e mal arfa vacci ne when
adm nistered to infants by inmmunisations given at 10,
14 and 18 weeks of age. The protocol was approved by
t he Mozanbi can National Bioethics Conmittee, the

vetiBs Riohdinatibh Mefap9ba B drelnida el g sﬁﬁﬂdcﬁﬂn@%ﬁﬁ%@tﬁ@rﬁme was
and t he PATH Human Subj ects Protection Conmm t

theT firsa | line egfatmena tfpo nngemmibieated snai@roontd 7898 nzhed 2D&lﬁ)when it was
chan&ng {f nI’te]tiBliBSII]ll.lfl;\"Eb%Sg éc?or% -I;{rllao lr%)f‘glllr It}%l_)aﬁ)fye?éﬁg' erﬁtgr‘?g dltesunate and
sulbhzlidﬁﬁieq@hh&fhaﬁﬂﬁnj Shéen oG, )%ﬁﬁytrbﬁlﬁﬁ ofuindebi As&lvandpraying
s nonitored GSK Bi o gl ca cal .Saf et ..
(IR et b e Dy casabiet @tngl,a WF%YPF AgBdRrd by d&aisiyy of

Heafl. BYRHy the HaSIARd GANBUGIMRAD008S WS Swhf bdsB§ dn” C@tbamates
Parti Ci pants Cl SM oper at es a denogr aphi c surveill ance

(YNt )t ithis oo changed fo P Ttim ®eekimlar i2006. ik rat afribd sfdisactivities
an{i’ o4 Qcc%%&éqge #Nﬂﬁ%talug reéD En%gerﬁﬂ%t n%‘ogﬁe H]ts%&]lc dlae[fé:atehmeﬁqlet (ITN)
tudy area,

nancy, resi
wawgwemu Ipd:gnansmmrn @ncetlingqldngeiith insfractions fovatsaisadke@hl ITha
sent ocess

tot art in the informed co
Jogifa it Fagfite et R e R B e PO at o At g iy yrative
an%%’!@l@tlv‘?:f cald. P At stﬁ@'@&ﬂh’%s%@h th¥ed %ﬁiuﬁ@@hesélﬁéli carc was
sought i ndi vi dual consent onl%ﬁ ter the wonen

an}hl@b?eancbﬁamSﬁ@ﬁt wreHidad for eafersdnisr R dhanhins Risict Hewtighagdjacent

to Egheck understanding of the information. They were
Invited to sign (or thurmbprint if not literate) the
i nformed consent docunent. A nenber of the comunity,

o SRS ot Ot Bt R P e Lo e B B st

imiasEntdit ardadfBcadyf REtNBUcGRBRE the ETES S@CSOQDUEhSl@idatenﬂlalarla
and were screened for H V (Determ ne(t

vagqisovhenadstiinistsrqdele iafaats by imapPatipng, glvrer'fl? %195/143?1& Bt yeeks of
agg Iﬁ%c&:\g?tdpb\b e@b oun 0t oﬁﬁééﬂmaﬁmﬁgloe&@goéommmee the

orat or e HV positive were
HorsBIftfé rGlaak beBmhéog@Eémqsrﬁmem €aminhtteeandi tbe $AJH Hioman Subjects

Pr(')\{h alon 8omm%%ee J‘I‘“rlal reg %ratlaoln number is NCT00197028 and IND number is
BB-IND 10514. The trial was undertaken according to the International Conference of
Harmonization Good Clinical Practices guidelines and was monitored by GSK
Biologicals. A Local Safety Monitor and a Data and Safety Monitoring Board closely

reviewed the design conduct and results of the trial.

Participants

CISM operates a demographic surveillance system in about half of the district which
includes both study locations. Pregnant women in their third trimester of pregnancy,
resident in the study area, who would consider enrolling their infants, were asked to take
part in the informed consent process. At first visit, an information sheet was read and

explained to groups of pregnant women by specially trained staff. We sought individual
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for medi cal evaluation and managenent foll ow ng

Nat i onal GCui delines. These included reduction of
wOoikme198D child transm ssion as well as the fPEFEP2008/060505

provision of anti-retro viral therapy to those

fulfilling clinical and social criteria. Hepatitis B

positive nothers were counsel |l ed about the risk of

transm ssion to the offspring and Hepatitis B vaccine
cofi’stentbbr{l&/ e e Affnineshsic@ dnhRdiNRNB0S At ccﬁﬁ’;&rlﬂ%ﬂkﬁg & ALNRETed to

I nforned consent of the nother, and using simlar
chgnkopddisteeding of throiwéorprae. diksy W@d@mﬂcd@d&l@ fmahnrsbnmnt & not

ed bet en 6 nd 12 eks of Thi s ncI
g PR R A TR o 48 il of At

withl th® dasseaﬂ’pitud}g adryd hbeaei infpaitkwithesy @ndusinpuigiodrtie édmsent form.
basellne hae bi ochem stry_ and i nmunol ogy
Thpte fhad g el?fgfar%# SO {?ae&e({n SN iBg Had swerg Sesched for HIV

(Dshiat hona) 1 -PeAbLRS BREaRREAEE UNI-QOY.DOYBY nﬁﬁin?ﬁklotech PLC)
abnormal ities. Because children born to Hepati

ang iieppi e BdBictermmeRbHiksAg, Abbotakabyraiorts).r Werenffound to be HIV
, e

ro BB RERREAH b P bRt OB, o AEMAREE IR i

fommedicaxohluddeh Ardomupaineat foddowmg NdtioBAIGGwaslinest Tigisy ém:luded

| east on ek before startjng study vacci nati on
reqiitiogh 5 Boar S RRTToNER C A ey e o &F apge vira
the@ﬁpng\fhgﬁerﬁIﬁlﬁﬁ&Qhﬁ@dF aiM E&lﬁ%terﬁaglepﬁﬁﬂ Engﬁﬂvepﬁlbf%rs were
t o "enrol nment i ndi vi dual phot ographic

conngehnd sbontathr sk ehirenswassioprie vheqpepg Ancileratitis B vaccine at birth

s included the nane of the child and
WaS%gﬂé}éhttwtng\gE%l | as the personal identification

nunber fromthe census (AI onso P, Saute F, Aponte JJ.

Fol e e RER AR G b wgﬂ?%&fs?'] psipy eﬁgﬁﬁar%%@%sms those

prévivud BV 8¢seAbAY iEAHRL WERSscratdbd IbetvRRRUW ahil o, wheld) bh agfdThis
survival at INDEPTH sites. Otawa; |l nternational

inchedrd | bt ribedied digt aeérph@%wa(l Iepreynationgyd bigod sgngyg by heel
prlep%ravéﬁghghﬂgn%ﬂéd%r %@Q%‘é ha g)qo%t Hi B eRRES M unology

Vi sit activities starte 24 June 2005.
Indlusigrt ciitafiantclvded, empag othdrsor ®$mﬁhg¢$$ati02ﬂ(1@rladchnﬂhaé>sence of

oY PO E H o pdse s 'Bsht LEBUREP thd fi¥iposiive
mo?R0Y are\Wh & RighhRkloBigéonatal acquisition of the viruses, they were not included in
the trial. Among other criteria, children were excluded from participation if BCG was not
given at least one week before starting study vaccination or if any other vaccinations,
other than the first dose of OPV given at birth with BCG, had been given prior to

enrolment.

An individual photographic identification card was provided soon after recruitment. This
included the name of the child and the mother as well as the personal identification
number from the census (Alonso P, Saute F, Aponte JJ. Manhica DSS, Mozambique. In:
Sankoh OA, Ngom P, Nyarko P, Mwageni E, Kahn K, editors. Population and health in
developing countries; vol.1, population, health and survival at INDEPTH sites. Ottawa:
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recruited child reached their 6 nonth study visit.

Procedures EPI in Myzanbi que includes BCG vacci ne and
w@e@b/0PoBi o Vaccine (OPV) at birth, three doseBCDEP2008/060505

Di pheteri a- Tet anus- Pertusi 29whol e cell (DTPw) and

Hepatitis B vaccines, co adm nistered with OPV at 8,

12 and 16 weeks of age and neasl es vaccine at 9 nonths

of age. For the purpose of the study we introduced two

InEREHRAES dte&él(gﬂ?ﬁe%t SGRER cefV@DRINY3 00k DB, 18995 Phndh leélue study

vaccine is fast expanding and i S becom ng part of
numhelalsgleclwt rﬁlge ruerbeng ofit. Afielil eanvigeustentddeen 24\/éur¢e2,00deiﬂhe first

1nftarat LS enroq %d bh 2§ %utglu%qgrgo%m c{]tgr la%naes n. 1t2 éNO q)ep 56{)6 Eg’llow -up

i-onal "~ bene en’ parti ¢i'pa N
activitiad for Hepdbuti¢ slill phsei wiee waspleadd @i Werch OQGOTIEWhMﬂI thh last

s RIS, S has_been shown to i nduce conparabl e
rectr?lwrcgﬂgfeaﬁ]i*ﬁdltnel rL LAt a represents the trial
desi gn and fol |l ow up schems Eligible children were
Preéddakésed the day of the first vaccination wth
DTPW Hi b [ TETRActH b(tm Aventis Pasteur]. Children
ERMér Mozambliqod ylchjdlemBé?Gevja,cciat atd ©rdliPobo 0factine ((f)PV};nt birth, three

dogeiscﬁéﬁlp glaslﬁd E%EI ’obqt 8% Ve tc{:g O e%accmes co-
adBeligtrdMvidrome pes i 2 51dB o wakks Bﬁag(eEalﬂG %dagqeﬁ(zatcmne afPlonths of
Bi ol ogi cal s, Ri xensart, Bel gi unm) staggered by 2 weeks

agq Fiom tSTIPRPese 19 Albrdstasbuwe arteadenst Bioccharses e dtispdigmst Giygn that
f
the e APt K oxtin Gl T OB U ERT 1 8 Fumber
of Aditi¢am, cophtoiek, ved desidstl tQ)'nclﬁEhet camitoed wah iDAP v axdie vwaki prOVIde
I i nve ors,o at es had bee
o DR Yol DAt P B O RE GRS SRechRonr S eiven
todethet Rt @aWwa by IRT IO haUbadd oivvaf td Mrlub@lcambarablaciitReof anti-

roup. recel ved 0.5m of the RTS, S/ AS02D fornul ation
HESR 1 g2 29rrgnist thefrdnlgicsign and o gty wpasshomy skligible children

we@@@%@ﬂeﬁﬁ@ dg?' of tl?e ﬁbép(/ééémraﬁ&? W?t'h@ﬂfw/@flpt[?ﬁf‘RActHleM Aventis

consi sting P. falciparum CS protein central
Pa$taurdie@hlﬁchfpea\terfamdolabb@bkqpateér pi Hal timegif ghs firydsedcingion with

D”lf/ﬂj\xf/usm(tno tﬁ\lg/;a éoseF 8% gﬁheglgi:ﬁ ?@2%?@% lloglcals Rixensart.
Belgium) or Hepatitis B vaccine (Engerix-B™, GSK Biologicals, Rixensart, Belgium)
staggered by 2 wecks with DTPw/Hib and OPV vaccines and administered at 10, 14 and
18 weeks of age. Block randomization was done at GSK Biologicals with SAS software
version 8 (1:1 ratio, block size of 2). The randomization code was released to the

investigators once databases had been monitored, cleaned and locked.

The infants randomised to the paediatric formulation of the malaria vaccine group
received 0.5ml of the RTS,S/AS02D formulation containing 25 pug of RTS,S and the
Adjuvant System AS02D. RTS,S is a hybrid recombinant protein consisting of the P.
falciparum CS protein central tandem repeat and carboxy-terminal regions fused to the
amino-terminus of the S antigen of hepatitis B virus (HBsAg). The proteins auto-

assemble to form a particle that also includes unfused S antigen. Antigen and
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to forma particle that al so includes unfused S
antigen. Antigen andd axoSm thKline's proprietary
we3e202dj uvant System are descri bed in detai | PCT/EP2008/060505
el sewhere (Macete EV, Sacasbal J, Aponte JJ, Leach A
Navia MM Ml man J, et al. Evaluation of two
formul ati ons of adjuvanted RTS, S nalaria vaccine in
children aged 3 to 5 years living in a malaria-endenic
Glﬁﬁ%hﬁﬁl@lfne’lybﬁﬁiﬁpﬂeﬁﬁe AS0Thag&uldds ! Byh@RdQ ﬁ@éé:rlbed in detail
doubl e-blind bridgi'ng trial. "Trials” 2007 Mar 26; 8:
clsgwhere MVRastei BY wWaasadal d, ripntsr B Liggcht heNamarMMsM@iern J, et al.
EV&]I.].\I\% %é%v%ﬁlornmltﬂh ?onres roggt ngf%ntrgsed’ l&g# gé o 1aar1a Va r?eel‘é\lh (%hk}ﬁllreﬁ aged 3
to Bhears efvingaﬂtaerhﬁlahaéﬁﬂeahc Edgi@hof Mhmﬂ@&b%@%ﬂ/ﬂlﬁ randomized

g B(t.m CCij |on delivered in a double
doglﬂ E’iin?lﬁré B g P7M¥§g§d“)partl ci pant bl i nded).

The vacci nat| on team prepared the vaccine and masked
the contents of the s%/rl nge with opaque tape before
Digivabiitivag adihinissgred hyéha oitmmesaldr i aroute emibe gight antero-lateral

th1 ggflgxﬂ%: %ﬁ? SQKS@D topﬁnée?lfxq?(‘“ wé% ral&% ntlé?gre& YiGl u\f glge’cléﬁ Elztero-lateral

he 's di'stinct
thigh CThenRTH ;SnA$(Ea)meageno;t B vaddadtiam dvamhméd im¥ aovield blind

n an ot he r oceduyr.e fter each VaCCI nati on,
i s BliBlo B TEer Dindqadfe RESRYIR. St phafed the
vabdi®) Shd\RhKLH She b&td e of ﬂl% s@/hhﬁéjﬁv@tﬁ (%Eq&oﬁﬁe 8¥YBIY p@dMing the

for the follow ng six to recor dver se event
syringe)to thggilinggat tsm| @rclmmwtlg@ pkthy |1nfa1ﬁv%m§@thé\v‘éﬁ pacciisp gsed in

thd &ﬁ(ﬁr \gglg o‘flldﬁsltlﬂgtoaﬁagéag %rﬂhg Sraca:gﬁazlgg fté;a'n{ %gs f’?ﬁvbg‘hagd and was not

eve were rec ter eac ose
invtofveduig hnyt dtbersaalytpnodedarcl ity based norbidity

surveill ance system Serious adverse events (SAEs)

were detected in a simlar way and recorded throughout

Afth @achl wadyinatdndBiFaitd ®eke @BSGTIdMot et ottehdunl TraRes fitrworkers
solicited and unsolicited adverse events as well as
visgagshecehilda 4t dapg dpyedipdpethe fallowing ﬁl’%@‘?Yétt? record any adverse

ev%ﬁ%ﬁﬁ§'§>‘i‘1‘é té’éﬁ%czﬂ%&%ﬁﬁ@ﬂ Jd%@é‘g%n'ﬂsax%%tr o?&' cﬁxlr grﬂﬂs period.

&m cal assess ts, 1ncluding r ena
Urfsolno teil edverzasgnedvat reended ddr 30 days pentash aissesthmugh ithe health

i Pird e ALK pobt clbseer e ie RIS vere
defeBi@e fih X -sB0i14) wayAmid reCSrdadthrb@ghdut thicrs@slyWar @ctailed description of
definitions for solicited and unsolicited adverse events as well as SAEs can be found
clsewhere ''. Further safety assessment was performed through haematological and
biochemical assessments, including renal and hepatic function measured at several time
points as shown in Figure la. Anti-HBsAg antibody titres were measured at baseline and
one month post dose 3 of RTS,S/AS02D or Engerix-B™. Anti-CS antibody titres were
measured at bascline, and one and three and a half months post dose 3 of RTS,S/AS02D
or Engerix-B™, Antibodies against diphtheria and tetanus toxins and polyribosyl ribitol
phosphate (PRP) for H. influenzae type b were measured onc month after dose 3 of
DTPw/Hib. Antibodies against B. pertussis, were measured at baseline and one month

after the 3rd dose of DTPw/Hib.
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measured at baseline, and one and three and a half

nmont hs post dose 3 of RTS, S/ AS02D or Engerix-B(tn).
w@\niwleBes agai nst di phtheria and tetanus t oxPCHER2UAS/060505

pol yri bosyl ribitol phosphate (PRP) for H influenzae

type b were neasured one nonth after dose 3 of

DTPW Hi b. Anti bodi es agai nst B. pertussis, were

neasured at baseline and one nonth after the 3rd dose

of DTPw Hi b. Cases of malaria infection by P.

fal ci parum were nonitored by active detection of
Caisgyf eﬁ:matﬂnia( inBicyiom gt Byfqéra's@umewc@smoméwre@tbyomti(VPGD)ecaon of
in egtlon BI%?%:J({S: t]%aesglve gase EigtegtEOUd C’H a‘?{lea’ﬁg fa&f)‘u%? 1Stthe s&uc{y area.
ADIrktoasmaﬂ of (dpegud eisltajo sn&dy @aﬁdapmmttprec&ﬁbkcoﬁﬂhrsm (Kgure 1a).

for parasjtaen. etermnatlon was col |l ected . .
Atjepeh Giskct HP@Sg} 3% %é PRFas Rt 6@%@%%@%?5@9%tl%??@ecﬂve of
th@Rekstite GXhbdeAlY of QRBIA U8 RS Jx‘iel%i’%d@ﬂpergﬂké Wa€Mrecorded.

W th positive slideS were treated wth first |ine
Childesat yehtposisigastiiessweist tredted prtbshise dnoftregimmpt oeagrderd of the

pre§%§r§ tﬁ?%gmtat{j ﬁ@ﬁ%ﬁ %aﬁﬁegﬁﬁgﬁ%?gssggsnéﬁ! of gﬁi qjace??re sta.rtlng the

asynpt onma parasi
ADhﬁallobvaqr edymppesiatiptpataeitacniin vails| cleindd ﬁrearmpmtew & all chlldren

onbi nati an of. anodi aqui / kg/ da
R egnBinie A ot | Dby B St hand roshatt dose of
sul(fa?dékfn@%ﬁhﬁﬁlaﬁm/(Lﬁﬂfa@Qﬂn@)’l’Sn@kg"adﬁtinE 1mgt§arﬁﬂfek§l)25 mg/kg)
I r

adm ni stered two weeks prior to the t final

adgprigersd tRY IyesknBiPToghe Ehgje?fldxﬁn%(dpm of &38%$%&Engerlx-
BTmﬁargéqﬁ d#ﬁﬁxq?rgs c\ﬁg%a ) lRE la@ér #é@f tﬂg dﬁtltgledogg lcnli(fj if present,

resent, treate secon
tretlﬂeé a»mrhtesnd;onudsedreamn@ohzsbénn Coﬁltldtry .Ehily dinienenwivith@u tparasitemia

B0 55 BT Fiikh Gonbtssof 2Rvsret B B agerT RISEAp02D o

En@aiek-BaS a e hOF ARG EY &cyy-othbew covedk 1 1 Geclkh2 weeks The
health facility based norbidity surveillance system

set up at the Manhica District Hospital, Ilha Josina

Thgr}féaﬂ-}iamcﬂg blaff)%l ﬁl?l‘bﬁﬁﬁ't ﬁm‘ve@l bt %%t&ﬁ‘%étijﬁgg lalfﬂé%anhiga District

etection atten ances to
Hdspitil] ik bsinarndd dstegt hcaiﬂnamstsoénaémdm‘@ gise deteetiamaPCD) of

laria, E il ]l ance system %gen esc
it e RS o BrQurHEN B R Gt SR Bl §r ARG Ry, o
suveidiahccAsysMae el been Mebd®ed Jn ®tailaklsevididié QAths@fPU M8ucarlal J,
RTS, S/ ASO2A vacci ne
Aponte' JJ, Leach A, Macete E, Milman J, et al. Efficacy of the RTS,S/AS02A vaccine
against Plasmodium falciparum infection and disecase in young African children:
randomised controlled trial. Lancet 2004 Oct 16-22;364(9443):1411-20). In brief, the
three facilities have 24h medical staff trained to identify study participants through the
personal identification card and to ensure standardized assessment, management and
documentation throughout follow-up. All children with documented fever (37.5°C or
more) or history of fever in the preceding 24h, or pallor had blood taken for parasite and

packed cell volume (PCV) determinations. Children meeting admission criteria were

referred to the Manhiga District Hospital for hospitalization. Clinical management was
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agai nst Pl asnodi um fal ci paruminfection and di sease in
young African children: random sed controlled trial.
wh 20092192004 COct 16- 22; 364(9443): 141 1-20). |PCDEPBDS/060505
the three facilities have 32h nedical staff trained to
identify study participants through the persona
identification card and to ensure standardi zed
assessment, managenent and docunentation throughout
prcfv%édowé'cHRﬁnﬂd stahiid dr ot éhl&jé?ﬁk’mﬁ edmiQ)ar ar@aiséga%e all
or nore) or history of fever in the preceding 24h, or
relpednt forhmati o Wep tbcordké an ftendapdiscalsiotmes. and packed cel
vol une (PCV) determ nations. Children neeting
adm ssion criteria were referred to the Manhi ca
ToDigémiind phHasipd pigbenkoranthalepdityabl Payiloparubd beeikadll stages, Giemsa

managenment wasprovi ded .accordi ng to standard national .
Staw@ Gribdes Ve At gRe atﬁagaaqi g%l&-g@t@ﬂrfd Per ey described

clseRhGENRAIARD MASSLEEAr Hesh ke 1, andek N, SedcdOETBMilhen J, et al.
detern1neﬂ$ara3|te presence and density of P

Effiedei datha it BS S/ Asvasgs | againsirb lesmpdiipie fhleipayor) iFicties and
. e.r f i ) . ' r gl

GRG0 LIRS RN, RSO T st 1

22 Rpo(9r¢3)I1 11208 Biodhemidat piremEersM dreraasliredaisirg) a dry biochemistry

Effica f ot TS, S/ ASQ2A vacci ne ai nst. Pl.asnodj um
phtamsiep e BT I GRS i VAT JORGT & JBSy Cofipany.
USA [1elicBiold 80 QBILS §br& %@Ftbfi’ﬁédeﬁsiﬁ 28K ysrhN &2 Q0411 Qsdunter

16- 22;364(9443): 141 1-20). Biochenical paraneters

(Sybere qerasiaied Kespnlppran)d P Vovet msasused yn peiseisived apicrocapillary
o . ies Joh &
e Fas s B S PR i < r e
performed using a Sysmex KX-21N cell counter (Sysnex
ti be, . P di
BRG] SPSE T i oS b, oA s e o

staRa@TWLISA iubink PRERIabaIrb&T wRE fHelrtddehdn® Bnti DA RBLOHI tBS contains
specific for the CS protein tandem repeat epitope were

theraqeencs dNNPRONNNA AREREThS Astiyi Girop weesctath bt Bddml.  Anti-

HBYA n&iB@d)r kA .eféatﬁgasﬁﬂl: iu%@ a%%réiﬂ%di%%ﬁ&%a I'QﬁUSAB,
sequence [ NVDP( NANP) 15]2LR” The assay cut-o was ‘set

AbdpttDwih B/ astay otroit-seHBs Ky ldmtli odiyPRR wetilsodmesreere measured by
LRSI S 3 EOITERT, Ayt B TSRS ARt e
wolfl eafdRi] BN ELIOAlIvEth WehSayreaseff 8¢t £20Y0.10 TU/ml.  Anti-whole-cell-B.
Pertussis antibody titres were determined by ELISA (Labsystems) with an assay cut-off
set at 15 EL.U/ml.

Statistical Analysis

The primary endpoints of the trial were safety and tolerability of the RTS,S/AS02D
vaccine candidate. All children who received at least one dose of DTPw/Hib were

included in the intention-to-treat (ITT) safety analysis.
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ELISAwth a cut-offset at 0.15 ng/m . Anti-diphtheria

and anti-tetanus anti bodies titres were neasured by
wEkiogMmBt h an assay cut-off set at 0.10 | U ml PCT/EP2008/060505

Anti-whol e-cel | -B. Pertussi3s anti body titres were

determ ned by ELI SA (Labsystens) with an assay cut-off

set at 15 EL.Um . Statistical Analysis The primary

endpoints of the trial were safety and tolerability of

Adies Rhe: iS00 YAGIdD it Rdid@lemartlel 15hGEGh&R Wiln Titres

received at | east one” dose of DIPwW H b Wwere i ncl uded
(GMsp heith P6&NIGlodntieC$ rserppogitivify veaf dtfiped as > 0.5 EU/ml, while

anal ysi s.Anti - CS..and ant i - HBSA i body data were
s QAL et R PR R PR AP o) W 0
Cl. Anti-CS seropositivity was defined as > 0.5 EU M,

whil e seroprotection fromHepatitis B was defined as >
Thg et gfngoncapy ot yageings e%laftfcye YEX §gs \?Pa%? i M 2 dirppegieyply-defined

RepME& Was1yRRTE%h g@AAP‘) ohRsPsatdnv el Kebliinpad PREPAIL(AZP) cohort.
alysis'Plan (RAP) carried out on an According to

Thpr 8T 8cethoftATRjuded hwbiccts THat AR albdigtbilityc prifgee completed the

\biect ‘ i bi L Ly, cri Lo | ‘
AR Tk S B LA AR aSPTR  s
indludeldrafj fikeorAblly pexudd?. fdlepaanalinfsitons detbeteld dudg th ifolsdw-up

| |. P.falci i tions. d ted .. .
peus e R G B st o el B ok R ey Sedging with the
visios 8tudy Monttl &(sppfsxdeBr a ERAREH FollBGLup). RBRrie Mt bnWidduded

_the visit at study nonth 6 (approximately a 3 nonth
in thay anglysigpyere dpipcded by ARf eeP¢Bns i ncluded in this
anal ysis were detected by ADI or PCD. Further
expl oratory anal ysis consi dered vacci ne efficacy
Fugthai exploratbrynampdysisnednaide@divacane kffitacohgaitst tchaical malaria in an

I Ephith it sl R & o @PoR i ouh b SCEERRGH e the dat
oni WhiaRtth€ 09| catRdd tiheint chblefcdl theiw AT B tip GMa28086% .2007).

Addi tional |y, explorat o;ry%anal yses of clinical malaria
Adgitionalhs rexplorrieryi anakypes ofghpicalrmalygp grare perdormsH |ipacupme ATP

BT BB L SSCH ISP Sy o
casvaddmitzonvées clieicelr mglaxiia [Waar fgvere(apédlant enmperati87 >581TCH°CM with an
aséxlal parasitacmia of P. falciparum of 500 or more per microliter. This definition has a
reported sensitivity and specificity of greater than 90% (Saute F, Aponte J, Almeda J,
Ascaso C, Abellana R, Vaz N, et al. Malaria in southern Mozambique: malariometric
indicators and malaria case definition in Manhica district. Trans R Soc Trop Med Hyg
2003 Nov-Dec;97(6):661-6). Other exploratory efficacy analyses used secondary case
definitions for clinical malaria including fever or history of fever in the previous 24 hours
plus any asexual P. falciparum parasitacmia. The time at risk, reported as person years at
risk (PYAR), was adjusted for absences from the study area and for antimalarial drug
usage as previously described (Alonso PL, Sacarlal J, Aponte JJ, Leach A, Macete E,
Milman J, et al. Efficacy of the RTS,S/AS02A vaccine against Plasmodium falciparum

infection and disease in young African children: randomised controlled trial. Lancet 2004
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asexual parasitaema of P . falciparumof 500 or nore
per mcroliter. This definition has a reported
w@emgioziosi ty and specificity of greater than 9POHEBINS/E50505
F, Aponte J, Alneda J, Ascaso C, Abellana R, Vaz N, et
al. Malaria in southern Mdzanbi que: malarionetric
indicators and mal aria case definition in Mnhica
district. Trans R Soc Trop Med Hyg 2003 Nov- Dec;
Oc® 166b: Badua}y. 1494 095, KXRLRTAL BENoR! Il GAC WHRARUFE R o8GRt be
secondary case definitions for clinical malaria
expavtddud iconjribety studpendpostory of fever in the previous 24
hours plus any asexual P.falciparum parasitaem a. The
time at risk, reported as person years at risk (PYAR)
VBwas delfinedtaed atus alsanrcesio f Varidchefisdcy dyas akdpated g digance to
timalarial dryg usage as previous]y describe
he@ Sy prealcaigied; pesprghe ADOHPEOUY depey gd APet%B%et(%IOESO PL,
SaMrlaRapbnteel, Bdach B M@, dilhe), RT S, BIabéf MaRaisAS02A
agai nst Pl asnodi um fal ci parum i nfection and di sease in
vagepmagaist Plesmodinn| falcwarunt avierdioh gedi dsere ipyouwg African children:

> t, .16 : 9 . ¥ i
o R L S N Moo B4 B0 B Rofiliniey
of casidentdUlte stjushyd eswdipoidificicy Visswwasl defig Wed ragredsion miadels, is
the rate ratio. Vaccine efficac s adjusted hy .. .
regpige ARREPRt HEArY f Fssciiharigre St Shae Bk AEREFGE Agtibas tives
onRAEHMEIOUS InYlaflg $efeétRRAGy ARG ARE R d (NIRNSGuF that RREAEH RITSK/AS02D
Aponte JJ, Leach A, Macete E, MIman J, et al. )
by ppmparies,the hagaid ragpSHE) aSoTaty Holbp havabsprise ras gadngihose

s . : . ! . (i ‘
O P R oR GO0 PLRRERR Y ML IR o fani-cs
antliGodR 261B6 46184 4A)x rebacksidn 20)debn dFicadlymanioimpacfonr 8es cexde eof the

The .adj ust.ed ccine effi ,. assessed usin X.. .
g BFB S sl EREawfo bbb FRreghgRDa MG flion against
thd$B edsuttoben¥itsemskaah @fectibR@siah hawilcokbn Rahk S test.

antibody titres on the risk of malaria infection was

evaluated in the group that received RTS, S/ AS02D by
Th]% %m@%'s% \{,qu)agkfglz(ﬁll’ t‘ﬂe %@Jlﬁﬁioﬁ'ﬂ@va&:fine' ﬁ?&ﬁtﬁ tridl V&tlﬁllﬁl 00 subjects
owest response tertile against those 1'h the highest
in cedponpehatl SOV payer &s datedtla daf$creseiimticipngpartien HRdpase events of

oubl i ng. of .anti-CS.anti body. titre.using Cox 0
26F e STE e ke SR 0 P 0 BB P LoRrelB rAd gmore: A
tridl NoF 188 GIRt d1d ChaeROVs thotve £t flet€dd iah Bfdhc WAgain@ndhrid &dsSdtion of
one epi sode of malaria infection agai nst
45% or more assuming an attack rate of 75% or more in the control group over the

surveillance period. Analyses were performed using SAS and STATA.

Role of the funding source

GSK and CISM both received financial support to undertake the work described in this
manuscript from the PATH Malaria Vaccine Initiative (MVI) that was involved in all
aspects of the study design and interpretation (as per authorship guidelines). MVI funded
this work through a grant from the Bill & Melinda Gates Foundation. Core funding for
CISM is provided by the Spanish Agency for International Cooperation (AECI).Results



10

15

20

25

30

those wi t hout docunented nalaria infection using a
W coxon Rank Sum test. The sanple size was based on
wo b@9prmBuati on of vaccine safety. A trial w tPCL8B2008/060505
subjects in each group had380% power to detect a
difference in the proportion of adverse events of 26%
or nore if the frequency of an event in the
Engeri x-B(tnm) group was 10% or nore. Atrial of this
RehRE al so had 90% power to detect an efficacy against
“malaria infection of 45% or nore assum ng an attack
Figuaé ¢ sebwy bfteial profiR. BP6 bineofcmibtjrednagl woipc® igfilléhehe cligibility
surveil |l ance period. Analyses were perforned usin

SAS
crifgrig aag Agiavergdot e RvbeHE: PhRwsh g éé%fﬁ@éwesa@ca??ae@ 14 (85%)

ofbcﬁé RcfeBh& ¥Ritlirfd RARS T AloIRUPROME &1 URAELE RS ¥ﬂaeﬁmrdsse of
described in this manuscript fromthe PATH Mal ari a

DNaolitneaceiict Pati60e ofviw Fhitdnen inide RTinvBA382D iand 8P 1(85%) in the
Engelt%h%trng hgrfou%ue aerf:cli] dX € (w%?v ?pnd | g%g rh%r e%oqfolk Ol?[hs @g’nsﬁn was

i nes i'S wor

withdaidn fro@mclvbie cBlldrlen & N RWE S/ AR0XES ghaupndait ¢igit. chﬁldrea in the
funding for C}L provi ded by the Sptﬁnl sh Agency for
ngﬁrﬂ’épnatgf%‘ﬁar Tt Frb?f‘cgl@l‘é‘t‘iﬂ’)reﬁé‘éﬁﬂ € REQRF Yacosp g Pase 2

of RTSHOWS 03 h &r Eﬁgéﬂx BrOfihb e weRddfor MliudRl if 4R AregRNAs. Bascline
worren fulfilled the eligibility criteria and delivered

ch@agemsigh 6 beth gopunshoseresepBd in dtblatls wer e screened and
214 (85% of the screened children were enrolled in
the trial and received the first dose of DTPW H b

Figtac 2¢ slemwsABe pdpbitionfof bhadmmidteieé doden whhe dRbEciB dASAHDM was

rewgffqdoih gth@ﬁJP?q%ﬂ%e ﬁ%Elﬂf nglﬁmB%t R CBfis ﬁﬁﬁﬁ%@ﬁf %15 QRN are

seéréé&?‘écﬁ@}yﬁlﬁd&ﬁisht‘ijcfneﬁsﬂgﬂmteﬁteT%_&o%érﬁ%Q 2 cHil @ bR v@tﬁﬁyaﬁi @B high
ldren in the Engerix-B(tm group. Three children in

anéémlag ripgy grewnsi Jad relagvapiongtion cf isH@pwmsDyasesimilgf after cach
R A R S
solipitcd psmatoen pre decnln&ahtddrin'lfhd:) RESB/AF0ugeupcashtms ndifierce was

TN L L S SN
fol@s- hb%nd@chrf:}QQO@TMrHv&Qr@Bﬂ A i@ar@e RTS,S/AS02D group and 30
SAEs in the Engerix-B™ group. None of them were reported as related to vaccination.
There were four deaths during this same follow-up period; all of them after the ADI
period had finished at study month 6 (2 in RTSS/AS02D group and 2 in the Engerix-B™
group). All of the deaths occurred at home. Verbal autopsies suggest that one death in the
RTS,S/AS02D group was due to septic shock, and the remaining three due to
gastroenteritis and severe dehydration. The wvalues and proportion of abnormal
haematology and biochemical values after Dose 1 and after Dose 3 were similar in both

groups and do not raise any safety signal (data not shown).

For the 214 subjects enrolled in the trial (107 RTS,S/AS02D and 107 Engerix-B™) data
for the EPI antigens responses are available for 151 subjects post dose 3 (76 in the
RTS,S/AS02D and 75 in the control group). There are no differences in



10

15

20

25

30

segregated by random sation assi gnnent. The proportion
of children with pain was high and simlar in al
w@e@aps193The rel ative proportion of synptons WeSI/EP2008/060505
simlar after each injection of RTS, S/ AS02D and
conparabl e i n magni tude (data not shown). No grade 3
solicited synptomwas docunented in the RTS, S/ ASO2D
group, and the incidence was very low in the other
selgfn%%ﬁoﬂ/gégﬁosﬁﬁ/‘it SHOWRLs bét\ﬁ}eénhﬁe Lli%lec@soih%é t\xfooérbl‘ﬁynglde et al,
until end of fol Vom#u on March 2007, there were
magAgRsipt in rhgerRips). $1ABUZIDeg plmlqmerawdcl@d sgaptdctve leels agalnst all
EPqugt? relél%;._ Otscirglll(r:e% c;fl; 1{661 n\)Vl eorf.e 1rtn\p,{1gllzrﬂes¥\$\6vﬁt¥l tl?egr%rtt gr(ljs t%SWhlch they
hatdfaflesrespoalll ow- up period; all of themafter the AD
period had finished at study nonth 6 (2 in RTSS/ AS02D
group and 2 in the Engerix-B(tm group). Al of the
Arfie@s Bad QGE ML R aﬁﬁb(ﬂ@lqgvelsvﬁ%&ﬁlredadgﬁfﬁﬁ’ts(@§§nd§ HB9RS lard tvn in
one death in the RTS S/ AS02D group was due to septic
Tablyg At saiisening 8476 kdd %) ayl 267 4t%)eofttb€ gléett& wethe &ﬂStS/éSMD
VEHhe Y
oo B P SR I B LT Pt BROLCS, foRis, One
moht}alﬂeraddse B, Dsa 76/ 7Weoeingine that rdcﬂvéleﬂ“SQ?/ﬁS@H) Andl ddlectable

n rai se. any .safety signal dat a not
e GlispDet SR LY FUP S E e Amond dToRy By oReebrgerix-
Brang4%Q7/ckN adtden Bt )mddesa e Plost BG(S‘[E%' nRAtH (get'ﬁé proportlon of
onses are available for 151 subjects post
anfiF AN

dose
PasitiveRinRIrSRES K553 Iy rranaps:dihigh (787 Gt the CNGF @e«bglecreased
ThERGGEELER R Gk /nggr%p 1BE® orqup. remalnﬁc(lj low, even ﬂbou?h the IAlpre}(fllence

I nseroprotection/Seropositivity and titers
of slatbg:teblt smilbbchdsendzmmseg toP% ((Ai6de Respaks tavbepasts Bpwasi gpod in

but three children reached
bo@@?g 3#@@?}be | evel s against all EPI antigens. These
three children will be re immnised with the antigens

to which they have failed to resgond. Anti-CS and )
Figiig ﬂﬁh&%@eﬁ@w%@wﬁ dyldren Vidhatlcad oag spinede danalpdp infection

V r | ™
W08 FOEPIOD LTl o oS RO T
upEo gedy xoBtht (A gntdugh 68 mewpefrt:tlmeWyr,e doauné¢msed durtngghisdpllow-up

redGLEL 3PS, RIS SRR R T P S
vaéteicestiadtly@VE) estimate was 62.2% (95% CI 37.1%; 77.3%, p=0.0002) over the 3
month follow-up period. Adjusted by distance to the health centre and community of
residence, the VE was 65.9% (95% CI 42.6%; 79.8%, p <0.0001) (Table 3). The point
prevalence of infection at study month 6 was similar between the two groups (5% in the
RTS,S/AS02D group vs 8% in the control group, p=0.536), nor were there differences
between mean parasite densities (2082 parasites per microliter (SD 5604) in the
RTS,S/AS02D group vs 2579 (SD 6088) in the control group, p=0.85).

Exploratory endpoints contained in the RAP included efficacy estimates for clinical
malaria using different cohorts and case definitions. Efficacy based on an ITT cohort

followed from month 0 to month 6, using the primary case definition of malaria (first or
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anti-CS anti bodi es, while the corresponding figure
anong infants that received Engerix- B(tn) is 4%

W@ 200882193Three and a hal f nonths after dose 3 PGI/EH3008/060505
nonth 6), the proportion of37anti-CS positives in the
RTS, S/ AS02D r emai ned high (98% but the GMI' had
decreased. The anti-CS GMI in the Engerix-B(tm group
remai ned | ow, even though the preval ence of detectable

on%ﬁ&ﬁ@' bERVENGIR m@ thtaQ 586 tﬂ’al(agﬂ sHL) miFEBRI "H%ﬁ:cltee through both

Hepatitis B was In roups (Table 2). Figure
AN &idoRheD 1+ Wies %)’iﬁ)%d%%cﬁﬂ 6f5%z,hﬁll ?t%elvFQ/@%h latrthleleaffltca@’r@tlmates

for 1n1<‘taij?na ailjflqgaf/erﬁ) I fo?tcsttall 1n%q£1! fcf ﬁ%’é% AD% Bf %’[Isoé’y_Ag&D or

$taf ter’ dose
Engﬂ@e Bi'% uﬁ(d $thdyuydsit o esinutkits, ﬁliH‘lfIahleﬁ?olld%Vh@tp&lrlod)ﬁseﬁlan fiie\primary

i nfecti re docunented during.this fo
VEgstingée f%é?\?e‘ﬁlo?h%e RAYISIARR0 By Eig%é 8Ri5Y dﬁtél?ﬁ 6f fapher follow up
fOIEIQQﬁBﬁth Bst Bsc B DY RronT B84 GhdpdR. vacci ne efficacy (VE)
estimate was 62.2% (95% Cl 37.1% 77.3% p=0.0002)

over the 3 nonth foll ow up period. Adjusted by

SR 00 ORISR RS AR gl s o
wagf. Bedl) weTalmerd]) antiFO8 amﬂbmdy ptreyv aiftc&ndﬁSe?f of RIT&CYABORD or
ween.the two

at .s nth 6 simlar rou
Engin P T By AT TRt o VL IR M Eo R GIented during
thfMR-uP 7@ s R3Bdsc M haestCledNBhe cfisbdee NSRSl AIMBEN antibody

mean parasite denS|t|esAé2082 para3|te35§g mcroliter

tltqeswe@d@aber it thetfernger gr 0% B g3 up- /&2 62.550g01dbp thpB@yprd ratio
was lt/hﬁ)\xf'ép gﬂl‘éﬁ’% Hgﬁ;ﬁ%% ‘ghﬁ gllq)%hgg %fﬁe ltl?J é’ﬁtst?lrt)ﬁtlcﬁ{]gpﬁ‘ltiggéles than

Contalned I n I cacC estl nates
amohg mfalak imthk drwea te:rﬁler(@S%i Clf £4%n%0. %%hm(i 835%ankindbhs &vc examined

. i.ons, Effica ed on an I TT cohort .f ol

isE FnPHGHE GG HoRTHIS: TG THE P (P cHES- DotBing of

and&fdhrrmtds OfasOfssdBdt@l ivath (f FckiBétionrianhy rigRios adewofnfé@¥erof 6.4%
nore than 500 parasites per mcrolitre) detected

O dugHs: beP RN 7aAdicpdmies iBg cBs 1B agii-§isotiiers is assgejated with a
19@1/0 ?écf%ct[%nQn B3k oFHEY lﬂﬁ*éctﬁ)ﬁlg gﬁ%&fl 86k gl es for

clinical malaria in an hort starting 14 days
after dose 3 of RTS, S/ASOZD or Engerix-B(tnm) up to

oS B e T BT R AR REL P v
mdHfOWldwiup potied 3fterl adthgletdor0 bV @8mdgizaidns. This faffide@restimate is
higfhgl ltl?avr\ll ﬁll% 45% reduction reported in a previous trial (026 trial) among older
children aged 1 to 4 years followed in a comparable ADI system in the same study arca
(Alonso PL, Sacarlal J, Aponte JJ, Leach A, Macete E, Milman J, et al. Efficacy of the
RTS,S/AS02A vaccine against Plasmodium falciparum infection and discase in young
African children: randomised controlled trial. Lancet 2004 Oct 16-22;364(9443):1411-
20). The follow-up periods in this trial and the 026 trial were not identical, slightly

shorter in the infants than in the older children. Secondly, confidence intervals of the two

estimates overlap.



for 12 nonths post dose 3, i.e. from 3-14 nonths. The
relation of anti-CS antibody titres to the risk of
woradoae®3nas exam ned in a nunber of ways. Fi rBCT/EP200&060505
conpared anti-CS anti body B8tres after dose 3 of
RTS, S/ AS02D or Engerix-B(tm) in the group of infants
where no mal aria infection was docunented during the
foll owup versus those that had at | east one epi sode.
On average anti-CS antibody titres were higher in the
former group (208 vs. 132, p=0.026). Secondly, the
hazard ratio was 71% | ower anong infants in the higher
tertile of the distribution of antibodi es than anong
infants in the lower tertile (95% Cl 8.4% 90.7%
p=0.035). Finally, we exam ned risk of malaria
infection in relation to the increase in antibody
titres. Doubling of antibody titres was associ at ed
with a reduction in the risk of a new infection of
6.4% (95% Cl 10.8; 1.8) p=0.007. Aten tines increase
inanti-CStiters is associated with a 19. 8% reduction
in the risk of newinfections (95% Cl 3 1.6; 5.9).
Based on an analysis of the results vaccine efficacy
for new infections was 65% over a 3 nonth foll ow up
period after conpletion of inmunizations. This
efficacy estimate is higher than the 45% reduction
reported in a previous trial] (026 trifjal) anong ol der
chil drlen aged 1 to 4| years followed iln a conparabl e
ADI sylggem|in the same study area (Alonso PL, Sacarl al
J, ApdiBe=ll,| Le SA, Macet e Mligqan J, et al.
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Table 3: Vaccine efficacy from 14 days after third dose of Engerix-B™ or

RTS,S/AS02D until visit at month 6
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Clinical malaria
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18.2 1.9 17 22.4 0.8 63.1%
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racy from 14 days after third
RTS. S/ ASO2D until visit at
AS02D Vacci ne efficacy
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laria First or only episode
i
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Person-years at risk. Vaccine efficacy estimates adjusted by distance from health facility and community.
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(33.6% history of fever and parasitaema 35 18.2 1.9
17 22.4 0.8 63.1% 79.6% <0.001 > 0 PYAR= Person-years

w@roowioste3l Vacci ne ef ficacy estimates adj usted BYI/EP2008/060505

Table 4 038 trial Efficacy ATP [over a year post dose 3 i.e. 3 to 14 months]
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use acgcordin a one clains 1 to 4, rein the
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of clainmse 1 to 4 wherein the CS protein or fragnent is

199 the formof a hybrid protein conprising
substantially all the CGtermnal portion of the CS
protein of Plasnodium four or nore tandem repeats of
the CS protein i munodom nant region, and the surface
antigen fromhepatitis B (HBsAg). 6. The use accordi ng
to claim5 wherein the hybrid protein conprises a
sequence of CS protein of P.falciparumsubstantially
as corresponding to am no acids 207-395 of
P. fal ci parum NF54 strain 3D7 clone CS protein fused in
frane via a linear linker to the
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N-term nal of HBsAg. 7. The use according to claim®6

wherein the hybrid protein conprises a sequence of CS
w@e@beer3nf P.fal ci parum substantially as corr BEpERZNSIE60505

to am no acids 207-395 of Rfal ci parum NF54 strain 3D7

clone CS protein fused in franme via a linear |inker to

the N-term nal of HBsAg.8. The use according to claim

7 wherein the hybrid protein is RTS. 9. The use
claasording to claim8 wherein the RTSis in the form of

m xed particles RTS,S. 10. The use according to claim

9 wherein the anount of RTS, S is 25 ng per dose 11.

I s B U R L
PlEs@Addiune i oms em valﬂch i$eeprased actoptiarghtoRytd aag‘e dlflnalarlal

wherei n t he adj uvant conprlseEISD-NP

infeejta IR 4P MBRAIN S RPRArAREC e S b l%evéd?wﬁagmre

of b SheRll Aithlr WReH&iiny 1‘ilha%tsaa%hfﬁ¥te}ﬁ£1alflé" rther conprises an
oi | in water enulsion. 14" The use according to claim

12 wherein the adjuvant further conprlses | i posones.

2. 15. %ﬂg u#: %cﬁg&g t(glz ?gn t1 3 &d¥n ? Byt ergeﬁn t%e %rga &)?5%1%1%1%1415 infants

wher el n van ormu
abel@deweck old to about 50 weeks old.

3. The use according to any one of claims 1 or 2, wherein the formulation of the
antigen and adjuvant further comprise antigen is selected from the group consisting of

CS, LSA-1, LSA-3, AMA-1, MSP-1, TRAP, Exp-1 or an immunogenic fragment thercof.

4. The use according to any one of claims 1 to 4, wherein the CS antigen is fused

to the surface antigen from hepatitis B (HBsAg).

5. The use according to any one of claims 1 to 4 wherein the CS protein or
fragment is in the form of a hybrid protein comprising substantially all the C-terminal
portion of the CS protein of Plasmodium, four or more tandem repeats of the CS protein

immunodominant region, and the surface antigen from hepatitis B (HBsAg).

6. The use according to claim 5 wherein the hybrid protein comprises a sequence
of CS protein of P.falciparum substantially as corresponding to amino acids 207-395 of
P falciparum NF54 strain 3D7 clone CS protein fused in frame via a linear linker to the

N-terminal of HBsAg.

7. The use according to claim 6 wherein the hybrid protein comprises a sequence
of CS protein of P.falciparum substantially as corresponding to amino acids 207-395 of
P falciparum NF54 strain 3D7 clone CS protein fused in frame via a linear linker to the

N-terminal of HBsAg.
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8. The use according to claim 7 wherein the hybrid protein is RTS.
9. The use according to claim 8 wherein the RTS is in the form of mixed particles
RTS,S.
10. The use according to claim 9 wherein the amount of RTS,S is 25 pg per dose.
1. The use according to any one of claims 1 to 10 wherein the adjuvant is a

preferential stimulator of a Thl cell response.

12. The use according to claim 11 wherein the adjuvant comprises 3D-MPL, QS21
or a combination of 3D-MPL and QS21.

13. The use according to claim 12 wherein the adjuvant further comprises an oil in

water emulsion.

14. The use according to claim 12 wherein the adjuvant further comprises
liposomes.
15. The use according to any one of claims 1 to 14 wherein the adjuvant is

formulated as a pediatric dose.



