VACCI NES COVPRI SI NG PLASMODI UM ANTI GENS The present invention relates to a
novel use of a nmalaria antigen to imuni se against nal ari al di sease. The
invention relates in particular to the use of sporozoite antigens, in
S5particul ar circunmsporozoite (CS) protein or fragnents thereof, to imunise
agai nst severe nal arial disease. Malaria is one of the world' s major health
probl enms. During the 20th century, econonm c and soci al devel opnent,

together with i I d i , | Qet he 10 eradication
of malaria fro%ﬂ%g%g@r%gy%@%@%ﬁsg\?@gmhl%fﬁiéﬂgffect ed area of the
worl d surface from50%to 27% Nonethel ess, given expected popul ation
gromh it is projected that by 2010 half of the world' s population, nearly
3.5 bil | i'lha ppempinegntion telatdb @ d novélmee dfm nalagia sntighetoémmankiseraganits transmtted
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due tq nal ari,a ever ear, nd .t.he staggeri ng. econom c 15costs for Africa
al one Jar SRl S Aot B sk GS Py o oz el (Fmathe gt BT Pt oo 1 ghi | ght

t he gl obdt?!4t@l 4if$E- crisis and the challenges it poses to the international
heal th community. The reasons for this crisis are nultiple and range from
t he ener gefnge: iObnewt dRSPHEAMajLERMIM @oend Duavathk afth eennaf bamedakl e and

previously_ highly 20effective drugs, to the breakdo nd i nadequacy of
heal t h sjég@ﬁgﬁﬁ%@?ﬁﬂaﬁé%ﬁmng%éggU?@E?FNUHT%ﬁgmﬁﬁﬁﬁmﬁﬁégfound to control
t hi s di seasleatigldbalariefrbaildrs: dras ofithy Worl, Fdadidghheaiticiedarkabfsher vi val , reduce
poverty, .ingrease.secuity..and strengt.hen the.nmost .vul nerabl e societies
oI T % BLEARE RSt b LR ek R N b A BB 5 200 by the
pr ot ozoarprgjentashat by Pl 1&bribdi thmwérl ciopartiannneatly &hbillonpesponditsl e for nost of
the mort alydyy, %Hsrvm}étn?%ln@ i o dFR:& Sjurr;.mgstin%a%?;%%&é@atg}gerrrgim falciparton is

conplex, requiring two hosts, man and nosqui _ etion. The
i nf ect i orvedfin peeassiof 1 milien depibgidysyo milard gyeryuteart 408 thestaegspos eszainties in t he

sal i vgy Ofco@frdr REvRG aRfe S SflilaleRt 1o TRS 1 6PAMB it AS M grate to the liver and
there infect hepatocytes (liver stage) where they differentiate, via the

exoerythrocytic intracellular stage, into the nerozoite stage which
i nfects redsdinadngplidhsné BB rh@rid fislsiaad Be chDkigesik pdseabitgat i on in the

asexual hl oodl. st]ar%e]. 'ghe C. CLIR.%éi S csgglpth.et reclls b%/ t‘hlel d‘%f er ent iation of a
nunber of MRBFETE; TEY CRTPRY RECHRIJO'CER FaTs Ut RYEPGANEHEYTEs which are
i ngest ed thyemergence of widespread resistance to available, affordable and previously highly
20 effective drugs, to the breakdown and inadequacy of health systems to the lack of
resources. Unless ways are found to control this disease, globai efforts to improve health
and child survival, reduce poverty, increase security and strengthen the most vulnerable

societies will fail,

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

malaria.

The life cycle of P. falciparum is complex, requiring two hosts, man and mosquito for
30  completion. The infection of man is initiated by the inoculation of sporozoites in the
saliva of an infected mosquito. The sporozoites migrate to the liver and there infect

hepatocytes (liver stage) where they differentiate, via the exoerythrocytic intracellular



the nosquito, where they develop through a series of stages in the m dgut
to produce 5sporozoites which mgrate to the salivary gland. The sporozoite
stage of P. falciparumhas been identified as one potential target of a

mal aria vaccine. The major surface protein of the sporozoite is known as

ci rcunsporozoite protein (CS protein). This protein has been cl oned,
expressed and 10sequenced for a variety of strains for exanple the NF54
strain, clone 3D7 (Caspers et al., MIl. Biochem Parasitol. 35, 185-190,
1989) . Theagpriab d@icmnckdzoim ssdge avhioh BR¢tsirg] bbdod cdic{RBC se thidoye dyelicking a centr al
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as t hed r epertdies ghiplomigragmto dfe spliyety@8npr ot ei n. @ axoSnmi t hKl i ne Bi ol ogi cal s'
RTS, S mal ari a vacci ne based on CS protein has been 20under devel opnent
since 1987 and is currenth\é, t he nost gdv_ né:ed mal ari a vac?i ne candi dat e
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stage of RatadadadifRamMuéinajandre@pfodisofiabectdi®it kgan mst i nfection by P.

fal ci parum slﬁorozoi test del j vetr.ed %i a Itabgr ﬁte%rx-r ar eéjsgdnf(?ct ed nosquitoes
in mal ar i SoRERPETOZATIFORIB RSP | Ths PP Ay 83 REF CRREh P sds8Sur e i n

sem - iurim}meueaﬁhdlfdnsa varidy of_&fraiﬁél’ﬁ; ﬁhﬁ[ﬂ@ﬂﬁw&@,plbnmﬁmaﬂam)al.mshgfgd in
consecutiy, e t. e - g;ﬂ_[m! .nvol ving children
aged 6-11M§1r‘1 10%33?)&/’%%%“??5%?% C!)%?'?ﬂrir&%h]%{%gfot e v%glc'?ne was saf e,

wel | -t ol eshateeldrissshbly havimgaoepanal iomnodSniypeigenspitregronecopmesiig ri ¢ vacci ne dose

was sel eC%g&beﬁtﬂQ A\%}J{.{Mﬁg.ﬂrgr a]lj:gaa@gmtes ik M%Yspia@ée%%: 98 Ahzagelgan children

aged 1-4 years ere It \/va_se ound to be safe, well tolerated and
i munogenf\#i-gal-AspiBige i ptherjstraipsthenymbae, L) o “HoPiP e RERAY 198 25t eve
prot egt i of thdiQBh@eipBlitedl THisS8REBpofiRM $&hnked by an N and C terminal portion

composed of non-repetitive amino acid sequences designated as the repeatless portion of

the C8 protein.

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

20  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 *°.

25

RTS,S/AS02A (RTS,S plus adjuvant) was used in consecutive Phase | 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 paediatric vaccine
dose was selected and studied in a phase I study invelving Mozambican children aged 1-4

30  years where it was found to be safe, well tolerated and immunogenic g



by P. falciparumin conditions of natural exposure would require nore than
a single antigen, and would require nultiple antigens representing nultiple
stages of the parasite life cycle (Page: 3 S5Wbster, Daniel and H I,
Adrian V.S. Progress with new mal aria vaccines. Bull Wrld Health O gan,
Dec. 2003, vol.81, no.12, p.902-909. |SSN 0042-9686; Hoffrman S. Save the
children. Nature. 2004 Aug 19;430(7002):940-1). It has al so been a
generally held concept that an antigen such as CS fromthe pre-erythrocytic
st ages Oftdaeer[1oik aSink; BclivBatlod tHaoh abifievt b@tdpiid it Qidicarfisegetauted provi de
protection a ?i, nst severe difseasg si nce severe 10q'hsease i s caused by
asexual <Y ggg' AP P e toR O SRR PP Y FETUR MO 2STTEK as ©S are not
expr essedngnazeexdal rgtiggenl e asigtns sepreSuntipg insltiplg stages uf hepdnaite now been

obt ai ned ,w t hlengog_%-eryt hrocytic malaria antigen in a trial in young
African chi Pdrenc 1"t has been discovered that the CS protein based RTS, S
15vacéi néVehatr, Demitlend Hot AdndnyV.Briotgeess wonneagadlarst vagamfes Aull dverdnder nat ur al

exposure i [ ) ' - g,y cal i1l ness
cavsed by B PARE HRE2DEE WL B P B RO MR S e

exper i enderhildpge Nagies: LG Augd 9436 L00RNUAL1S, [t brs 5P beniagarerdingsld and severe
conpl i catchas: thdt Qrmrm?énasmmas dsHokited el edfichic ddpadbriicdatai@S@uian the control
group. 20 In Eartl cular, the findi n% that the ipcidence of severe malaria
di sease BUTdNHRCIFERARESE IR PP HHPTOEIBR AR M\ PE HE 2 Ret G e Sect ed and

SUr pricsi NiseasSaMeiised Bpdsaluaistage ARAE ahS pdeBeirbdyedartigers hech WHCS gei de to
clinical npracti cg IilPa)ﬂ_le' 3 W)rl.td Heal th Organi zati on. .Managenent of severe
mal aria, "8 BPEEET EATHAHSE BY 95 Second edition, 2000.
http://nosquito.who.int/docs/hbsmndf). Cassification of children
according, to. th efini ki r : ari.a i.dentifies

chil drengs'u 5IS§5268%%&§?§%6%§3E§{[€5 h’?gﬁg‘%"?ﬁ'ﬁ %&‘gﬁéﬂ’h&é‘ﬁg?l sk may be

t aken t o trdamyabpafrican Gldeor it frsdatnaliscoves tiyhp §S PEOFUPEtldt oY e, the RTS, S

vacci ne gLEdeagqy cAAALAShyRRkdiSEWaih i iB&kibORRe M ared oS mERks0des appears
either not to wane or to"do so slowy. At the end of the 6 nonths follow up
in the  protection against a wide spectrum of clinical illness caused by . falciparum. Children
who received the RTS,S vaccine experienced fewer serious adverse events,
hospitalisations, and severe complications from malaria, including death, than did those
in the contrel group.
290
In particular, the finding that the incidence of severe malaria disease could be reduced by
this CS based vaccine was unexpected and surprising. Severe malaria disease is
described in the WHO guide to clinical practice (Page: 3
World Health Organization. Management of severe malaria, a practical handbook.
25  Second edition, 2000. http://mosquito.who.int/docs/hbsm.pdf). Classification of children
according to the WHO-based definition for severe malaria identifies children who are
very sick and at high risk of dying. High risk may be taken to mean about a 30% or

greater risk dying.

30  Furthermore, the RTS,S vaccine efficacy against both new infections or clinical episodes

appears either not to wane or to do so slowly. At the end of the 6 months follow up in the



trial, the vaccine renai ned efficacious as there was a significant
difference in the preval ence of infection. This is in sharp contrast from
previous trials in malaria naive volunteers or Ganbian adults which
suggested that vaccine efficacy was short lived 623 5Therefore the present
i nvention provides the use of a Plasnodi um antigen which is expressed at
the pre-erythrocytic stage, preferably a sporozoite antigen, in the

manuf acture of a medi canent for vaccinating against severe nalaria di sease,
i N conbi najlj wevaskihdreMaiRRIIAGIOM & GRlclwes AGg0RdaalliBeradi RNt or carrier.
10The inventjon i.s _particularly concerned w.th reducing the incidence of
severe PPTEHRISLAERAT SER kAt FREONREIBITET VA FEEC” BUBN ¥ Fon for such a
vacci ne iwluattkds dr @mpbidnndpiantticisliggesteithd: diceine efficey was sheatieedSf’. age and
especially children 1-4 years of age. 15 Preferably the Picts/nod/um
antigen is a P. falciparumantigen. The antigen may be selected from any
ant i gen \ifiechre be prepnessetiorgnotidee ths perod z Siasmodiym otigarwipthas er yt hrocyti c

st age of i.te i ly the antigen 20is
sel ect ed e%‘ggsr%gﬁt?}% gﬁﬁeﬁg@‘g’%?? g&%%{&a‘é%}(g@%rﬁgﬁf f@gg g{tﬁge antigen-1 (LSA-1),
liver st aopeufipuicpémmedicangr iy vacqinptingrigaiwpongiemalaiagisesde.ahonynous prot ei n
(TRAP)  angmgihalwillBi &Rt SiaNy hagle LM d)cahi.ch has recently been show
to be present at the |iver stage (in addition to the erythrocytic stage).

Al'l of these antigens are well known in the field. The antigen nmay be the
entir e pride@ivant®n iSiaricilBiNQYedthed wWith agiagng thé heidant of séakdunogeni ¢ fragnents
of mal ar i/a antigens are well know, for exanple the ectodomain from AVA-1.
- Pref er abM{/PRE™ & odi um antigen is fused to the surface antigen from
hepatitis B (HBSAQ).

The preferred target population for such a vaccine is children, in particular children under
5 years of age and especially children 1-4 years of age.
15

Preferably the Plasmodium antigen is a P. falciparum antigen.

The antigen may be selected from any antigen which is expressed on the sporozoite or
other pre-erythrocytic stage of the parasite such as the liver stage. Preferably the antigen

20 s selected from circumsporozoite (CS) protein, liver stage antigen-1 (LSA-1), liver stage
antigen-3 (LSA-3), thrombospondin related anonymous protein (TRAP) 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 fragment thereof.

25  Immunogenic fragments of malaria antigens are well know, for example the ectodomain
from AMA-1.

Preferably the Plasmodium antigen is fused to the surface antigen from hepatitis B
(HBsAg).
30



30 A preferred antigen for use in the invention is derived fromthe
circunsporozoite (CS) protein and is preferably in the formof a hybrid
protein with HBsAg. The antigen may be the entire CS protein or part
thereof, including a fragment or fragnments of the CS protein which
fragnents may be fused together. 5 Preferably the CS protein based antigen
isinthe formof a hybrid protein conprising substantially all the
C-terminal portion of the CS protein of Plasnodium four or nore tandem
repeats of piehecGtipéndtbeisain theMiRacents daived ﬂf@@iheﬂrrcu&i@[ﬁbrdizhﬂe ®gyface antigen

fromhepatlt Sh Prefera t rotein conp rises a
sequence R ea n substantially
g ‘B%Eegf“ﬁg’) " G5O %Fyb){éﬁm G @1 %'gipp %?“Sﬁe“m b iall
hom)l ogodst}uecrntuhéZS(bntten o1 paetlthepof, fricliding & fitgreenGS fpgmtred of thelGS parti cul ar
"subst ant ' term rtion of the CS protein includes the C
d&&!ﬁ‘l’l 5\%‘1 {ra%rh%%r?%drbg Sﬁlc{} %etkgp

t erm nus ‘devoi anchor sequence. The CS protein may be
devoi & of the last 12 amino-acids fromthe C terminal. 15Mbst preferably

the hybrIﬂemawere:sfp%m%&eaJhngéms fn%m&@hyﬁld%r&&%&h&smi ch conprises a
portion of the  CS protein artan Substantially as correspondi ng

to anino S&Eﬁfaagalty@*ﬂi@s%wwwpowaw %ﬁ%ﬁa@ prPienP! Blagvredivry &y Q/féﬁP“From the strain

NF54 (Castmers r&cat@bs theSCP r@t)emflhiﬁl@l%dbrﬂmfiﬁt@éﬁﬂmvdn@ i slritld@ adtighd Mder to the

N-termn E:g é@g‘%& E‘ |bp Eﬁ‘}/ conprise a portion of preS2 from HBsAg

20 Prefer B T ( )y bréfeeblydh *Dl l?fﬂte‘f‘ﬁ%m'ﬁfsé%aeﬁ‘?ﬂuei‘%)ﬂmhlCB?falasre as outlined

in WO 3/l 2355260 Miisd acprs@rhah Iis&dbsltaﬁnilheoﬂﬂylbgdudtoph@‘t-&nlﬁmk]riﬁvﬂ‘()nas RTS as

descri be 93/ 10152 " eno d 98/ 05355, the
s B g it ARl 2 G SERALERAIT B e BBt

-whol e con ference. 25 A
parti cul andiydepthe Caermpubs hgnbrdlodtiphmr@hnbw mchth@edmyﬂmm Ghegtpretein known as RTS

whi ch congi %%F%fldOftelas?lgﬁltn e Bt dugmaencoded by nucl eotides 1059 to

1061, der| romt rorryes cerevi siae TDH3 gene sequence. (Misti
A m et al Gene 1983 25 133-143).

15 Most preferably the hybrid 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 ef al, supra)
fused in frame via a lingar linker to the N-terminal of HBsAg. The linker may comprise a
portion of preS2 from HBsAg. '

20
Preferred C8 constructs for use in the present invention are as outlined in WO 93/10152.
Most preferred 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.

25
A particularly preferred hybrid protein is the hybrid protein known as RTS which consists
of:

e A methionine-residue, encoded by nucleotides 1059 to 1061, derived from the
30 Sacchromyes cerevisiae TDH3 gene sequence. (Musti A.m. et al Gene 1983 25
133-143).




Three am no acids, Met Ala Pro, derived froma nucl eoti de sequence (1062 to
1070) created by the cloning procedure used to construct the hybrid gene. 5
A stretch of 189 ami no acids, encoded by nucl eotides 1071 to 1637
representing amno acids 207 to 395 of the circunsporozoite protein (CSP)
of Pl asnmodi um f aki parum strain 3D7 (Caspers et al, supra). An
amno acid (Ay) encoded by nucleotides 1638 to 1640, created by the

cl oning 10procedure used to construct the hybrid gene. Four am no acids,
Pro Val Thr Asn, encoded by nucleotides 1641 to 1652, and representing the
four carboxy term nal resjdues of the hepatifis B viru adw ser ot ype)
preS2 prot ernTﬁ%frﬂ‘P%a%OMetSﬁ‘SP @1@””@7@‘%““{@%%@8}?3@1{)85?6 ami no acids,
encoded by nugbrQthdeshytibldoning ploddlve ko SRBGIcE Yk AghridlgeneS prot ei n of
hepatitis B virus (adw serotype). Preferably the RTSis in the form of

m xed particles RTS,S. The preferred RTS, S construct conprises two

pol ypepti des RIswemmol 139 thimb acide ergydit he uckeddes i (M4 8638 eapsdsantiagnd dur i ng
purification spontan | ¥,.f LM conposi t rti atg structures (RTS,S).
Dshe RTS. pr ot Bk o 27 T B ap i BBt PRLO LG B it or ol y <
cerevisi ae. | feigpmeim strayodl7, (CBSp&s wi d/|supe). expressed as | i poprotein particle.
The preferred recipient yeast strain preferably already carries inits
genonme several integrated copies of an hepatitis B S expression cassette.
The resul ti mgAstaméaioncidyalyheseded by tiviepades | @3ttmipiporapisd py ihdebning and RTS,

t hat §(gont a”e%l-b%écbﬁre%?éd%%&mc‘?thk g;bqidggaged (RTS,S) lipoprotein particles.
These 30particles, advantageously présent the CSP sequences of the hybrid
.at their surface. Advantageously the ratio of RTS: S in these m xed
particles i§ Fofhaminbhiid, BYEVL TRPAR! Lio¥Rd b RucksRicOl642 151430 8¢ Mol ari a antigen
in a vaccine, contrary to what was, previously thought would be required for
t he generati or’iepéqse"é‘%%é@t"f gRbOxy TRIAR TFSIES s heraliy B YiRsag nst severe

di sease. | n aceofpdprs2 Wolch (Na@rei2sy:@ns-spn19deref ore, the RTS or

15
e A stretch of 226 amino acids, encoded by nucleotides 1653 to 2330, and
specifying the S protein of hepatitis B virus (adw serotype).
Preferably the RTS is in the form of mixed particles RTS,S.
20

The preferred RTS,S construct comprises two polypeptides RTS and S that are
synthesized simultaneously and during purification spontaneously form composite

particulate structures (RTS,S).

25  The RTS protein is preferably expressed in yeast, most preferably §. cerevisiae. Insucha
host, RTS will be expressed as lipoprotein particle. The preferred recipient yeast strain
preferably already carries in its genome several integrated copies of an hepatitis B §
expression cassette. The resulting strain synthesizes therefore two polypeptides, S and
RTS, that sponianeously co-assemble into mixed (RTS,8) lipoprotein particles. These

30 particles, advantageously present the CSP sequences of the hybrid at their surface.

Advantageously the ratio of RTS: S in these mixed particles is 1:4.



5ot her antigen is preferably the sole nmalaria antigen in the vaccine. In
anot her aspect, the invention provides the use of an antigen froma single
mal arial protein in the nmanufacture of a medi canent for use in vaccination
agai nst severe malaria. The malarial protein may be any of the proteins
described herein including CS protein, 10 AMA-1, TRAP, LSA-1 and LSA-3.

Most preferably it is CS protein, in hybrid formas described herein. The

i nvention further provides a nethod of preventing or reducing severe

mal aria which method conprises adnministering to a subject a conposition
conpri si a malaria antigen 15which is expressed at the pre-erythrocytic
st age andﬂ’ﬁr‘l“"ﬁt’ﬁc\‘}\?gﬁ"(s ‘hel*“ﬁg"faﬂﬁ‘]gbe arig ABFL8ST VAR RPBRTR YD ‘%@ECI’I bed herein.
The pref &Vds@ﬁkvﬁnum'&lﬁﬁgﬁn a58d Bvied e Ror thprgafeanabdf}prdtdmubxhelpagemnranges descri bed
herein (¥aCCI ation SCh?ﬂH e g ]%s%.etltﬁgslnventlon

i ncl udes pt"f’f@"“ﬁﬁﬂgafﬂs‘ssF‘feé‘i Ao TR VAL HET Gt Mone” font h

i nt er\val sotheSengeeis pafepibl yahamie haardehtigee th theconidh ng to the VWHO gui del i nes
for clinical practice (supra). In the study described herein the criteria
for defining severe malaria were derived fromthe WHO guide to clinical
pract i ce lamubthar @spgitrvbminyentiorirmotidds the upredf gnantizen fram ¢ sieglpmelaial y endpoi nt,
clinical &Q&ﬁ@%@mqﬁufmr@aﬂa%eqt%zm&%r L4 i DRcindidAly, 5ga‘[4@trs@ve'i'eelqé1£rfaed to have the

presence ‘0 arum asexual parasitema > pL on G ensa
st ai ned tﬂ}eewcal%qabﬁ@remmawhe Wd’fthﬁéfofﬁ"@gé‘ﬁﬁ@défmlﬂéﬂféﬁdm@ iPFYtEiy t enper ature

37. 5Q >34MAG, TRAP, ()€1 defigN 1| Mﬂstfaﬂfera%%MﬁE €S pRha, irPhypad fokhes addi ti onal
presence of ne or nore of the follow ng: severe nalaria anaem a (PCV

<15% , ceteBiPedh@taria (Bl antyre coma score <2 ) or severe disease of
ot her body systens whi ch coul d include nultlple seizures (two or nore

general i zed .conv .oNs i.n the ous.. ur s ration (defined as

5i nabi | i t 0% 8¢ ‘ﬁ”r%‘ﬁf %‘HS‘“ aﬁ"fbc%gf’y"é%"éﬂ%‘“ et “°é“r$¥m¥°? P i my/ dL),

cl i ni cal | metbadspeptiesaduonigesizgo a)submctra(mmosow cooprismpsenalafhegigerar e gi ven in

Tabl 6151 b»@l'li%’s expressed at the pre-ervthrocytic stage and an adjuvant. The antigens and
adjuvants are as described herein. The preferred subjects are children, preferably in the

age ranges described herein.

A suitable vaccination schedule for use in the invention includes the administration of 3

20  doses of vaccine, at one month intervals,

Severe malaria may be defined according to the WHO guidelines for clinical practice
(supra). In the study described herein the criteria for defining severe malaria were

derived from the WHO guide to clinical practice and are given in the table below,

25
As the primary endpoint, clinical episodes of malaria defined in the study were required
to have the presence of P. falciparum asexual parasitemia > 15 000 per ub on Giemsa
stained thick blood films and the presence of fever (axillary temperature > 37.5°C)
>37.5°C.

30



Severe mal aria case definition Severe nalaria Asexual parasitem a

anenm adefinitive reading Hematocrit < 15% No other nore probabl e cause of
i1l ness Cerebral malaria Asexual parasitem a definitive reading Cona
score 5. 2 No other identifiable cause of |oss of consci ousness Assess
coma score after correction of hypoglycem a and 60 m nutes after control of
fits. If fitting cannot be controlled within 30 mnutes child is included
Severe nmal aria Asexual parasitem a (other)definitive reading No other nore
probabl e fauReniRly fol 460§§§,alam§s tﬂe%dlmt prssrehée%w@ ofr Rbre3e¥ere mal aria anenia

or cerebral malaria | owm nq) EP e seizures
following: severe malana anaemla (PCV <15%) cerebral malana( Iantyre coma score

<2 ) or severe discasc of other body systems which could include multiple seizures (two
or more generalized convulsions in the previous 24 hours), prostration (defined as
5 inability to sit unaided), hypoglycaemia < 2.2mmol/dL or < 40mg/dL), clinically

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

Severe malaria case definition

Severe malaria « Asexual parasitemia
anemia definitive reading
» Hematocrit < 15%
« No other mare probable
cause of iflness

Cerebral malaria « Asexual parasitemia Assess coma score after
definitive reading correction of hypoglycemia
« Comascore<? and 60 minutes after control of
« No other identifiabie cause of  fits. If fitting cannot be
loss of consciousness controlled within 30 minutes
child is included
Severe malaria » Asexuat parasitemia
(other) definiive reading

« No other more probable
cause of iliness
» Does not meet criteria for
severe malaria anemia or
gerebral malaria
«  One of the following:
Multiple seizures Two or more generalized
convulsions within a 24-hour
period prior to admission

- Prostration inability to sit unaided

- Hypoglycemia < 2.2mmol/dL. or < 40mgfdL

- Acidosis Document supportive signs
andfor laboratory readouts

- Circulatory coflapse Document supportive signs

andfor laboratory readouis

10

In accordance with the invention, an aqueous solution of the purified hybrid protein may
be used directly and combined with a suitable adjuvant or carrier. Alternatively, the

protein can be lyophilized prior to mixing with a suitable adjuvant or carrier.



Prostration Hypoglycema Acidosis Crculatory collapse Two or nore
general i zed convul sions within a 24-hour period prior to adm ssion
Inability to sit unaided < 2.2mvl /dL or < 40ng/dL Docunent supportive
signs and/or | aboratory readouts Docunent supportive signs and/or

| aboratory readouts 10 In accordance with the invention, an aqueous
solution of the purified hybrid protein may be used directly and conbi ned
with a suitable adjuvant or carrier. Alternatively, the protein can be

| yophilized prior to mxing with a suitable adjuvant or carrier. The
preferred vacci ne dose in accordance with the invention is_between 1-100 pg
RTS, S perThgpsé&redpicainpiest bragerdancs with thsnyrgtigrisbetvesigdsio0 pg Bf 2P abl y a dose of
25 pg RTSeSidaE, HoRd frefeibi@hed POIYRTIS, 2Q pRiferfly Hd@se bi GuigdTEGr nul ation). This
is the preferrg% ose for use 5.in chlldnﬁFh in % rti uI?r chil dren bel ow
five yearFCwHP PEyFaing 10 Hetipeltigmd fraplpipng nihisi? BR P geéfad BACTEWd represents
one hal f ipthildr®, ippetianiredidaibelowdds gearsldi@gdune herd@dicadty dhilgtese i s bet ween
1- 100 RTS, r dose re ferably. .5 75 ] S st.preferably a
dose of %%pgg’ﬂ?%eg e?eﬁlg%ﬁ'@hfgﬁr&( iPH: fi”%? f’%“ﬁfi%asef 3111 %ﬁ‘%{f?@%’y‘%f&lsn accor dance
W t h t he Hetweemt-l @hug RES, Sipdridgeenmaers peferablyrdad 7wiig RTHB, red} prefemably ear carrier.

Pr ef er abl i t | i3 ol i cul ar an adjuvant which is a

preferentia I at or ype response. Sui t abl e adj uvants
include but not limted to, detoxified lipid A fromany source and non-

15t OXi(Pf Ciﬁ%éc}éﬁ%y}.c\é%%th%fe iheRhidh A anfSR N UoRSineiuPiRfuvkdiBLAARE T MUl ant s whi ch
are prererenti a
: P Preferably an adjuvant is present, in particular an adjuvant which is a preferential

stimulator of a Thl type response.

Suitabie adjuvants include but not limited to, detoxified tipid A from any source and non-
15 toxic derivatives of lipid A, saponins and other immunostimulants which are preferential

stimulators of a Thlcell response (also herein called a Thi type response).

An immune response may be broadly divided into two extreme categories, being a

humoral or cell mediated imrmune response (traditionally characterised by antibody and
20 cellular effector mechanisms of protection respectively). These categories of response

have been termed TH1-type responses (cell-mediated response), and TH2-type immune

responses (humoral response),

Extreme THI1-type immune responses may be characterised by the generation of antigen
25  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
lg(G2a subtype, whilst in the human these comrespond to IgG1 type antibodies. TH2-type
immune responses are characterised by the generation of a range of immunoglobulin
isotypes including in mice [gG1l.
30



stinmulators of a Thl cell response (also herein called a Thl type
response). An inmune response nay be broadly divided into two extrenme
categories, being a immoral or cell nediated i mune response (traditionally
characteri sed by anti body and 20cel | ul ar effector nechani sns of protection
respectively). These categories of response have been termed TH1l-type
responses (cell-nedi ated response), and TH2-type i mune responses (hunoral
response). Extreme TEE |-type inmmune responses may be characterised by the

gener at i GiraRbe @RLidGRNhA TSRAGIKE fotce bBiapl 16 depeoprast ofl idsedvogytentfoxi ¢ T

| ynphocytes, and natural killer, cell r onses,. | 1 TH|, -type responses
are of t enmEHBETEPPBF St arer H s BN of R RSE Skl ey | g@a

subt ype, indathidutof tdll ridafieh immnetrspsesesao the gypomtigenowhipGiigh lepes oint i bodi es.
TH2-t ype | ne responses.are.ch clerd S i.on of a range of
i munogl Jlﬁﬁ]r%’]?? ‘}lyg’g't"%ﬁ%’?%? ﬁag?uﬁgfer'fg{u?hr?n?ﬁf%%%?aé@ﬁ?ﬁrggesg%g%gwebe consi der ed

t hat tshe agltigewi Nng force behind the devel opnent of these two types of i mune
responses are cytokines. High levels of TlI1l-type cytokines tend to favour
the induction of cell nediated i nmune responses to the given antigen,

whi | st hiT disnegprsof i I R THIHme preRrpeistsdiipt fsoliis A Fan ke Benduct i on of
hunor al | gEURE LRRBGA B8R ednQhdsiB 0RMdmed Threalfih @n MuSiduGlill Qupp&f anTHI  and
T112-type 1 nmune responses i S not ,abso# ut.e, a,lrlJﬁ can({ake t§ hﬁ‘éﬁf ormof a
cont i nuurimBBIGEEERNERGEE it dierridsd asbrpgrreqapinaatly T8 OHEPRYPINGUET will support
an i MmN dvRSB0N & doatenicat 18 eaRibpdfaaicheicmgkipesés enareititt y THI or

predom nantly TH2. 10However, .if i ten conveni e t 0 congider the
fanmilies ‘%SFC“%%‘BW“HE%CP#LYGJ?‘FE CEPBS'L%’P?%)S'&%?&P? ﬁ%@“‘?“ﬂ(t’”r?ﬂ’?"f”ﬁ'eﬁ%m +ve T cell

cl ones by, MespRan RANG 980 frkrand (Abad!z zigrep: fhrtRns afflgnfBokifinaeretidR. L. (1989) THI
and TH2 cel|s: different patterns of nphokin C J C ead to different
functi onalF“Jdngg’fef’" %’ch’o'f&ﬁ‘?fﬁﬁﬁmﬁe?ﬁ"5%%%%0 mﬁlg’ﬁ%‘iﬁ', 4 ?ngfj?éjl -173).

Tradi t i onphdiyionallTHI e réspapansessoaned ais deprdedionpfthe ey producti on of the
| NF-y, L5c t%ﬁhﬂﬁﬁ%ﬁ@%ﬁrﬁ%&%m ChDGE e XU LRES whE I ThatlickbCt | Y

assoc I1 SLolt e
of TH1-type immune responses are not produced by T-cells, such as IL-12. In contrast,

TH2- type responses are associated with the secretion of I1-4, IL-5, 1L-6, IL-10 and

tumour necrosis factor-B(TNF-3).

20 It is known that certain vaccine adjuvants are particularty suited to the stimulation of
gither TH1 or TH2 - type cytokine responses. Traditionally indicators of the TH1:TH2
balance of the immune response after a vaccination or infection inctudes 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 1gG1:1gG2a

25  ratio of antigen specific antibody responses.

Thus, a TH1-type adjuvant is one which stimulates isolated T-cell populations to produce
high levels of TH1-type cytokines when re-stimulated with antigen in vitro, and induces

antigen specific immunoglobulin responses associated with TH1-type isotype.

30
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of THl-type imune responses are not produced by T-cells, such as IL-12. In
contrast, TH2- type responses are associated with the secretion of IL-4,
IL-5, IL-6, IL-10 and tunour necrosis factor-13(TNF-13). 20It is known that
certain vaccine adjuvants are particularly suited to the stimnulation of
either THL OF TH2 - type cytokine responses. Traditionally indicators of
the TH1 :TH2 bal ance of the i mmune response after a vaccination or

i nfection includes direct nmeasurenent of the production of TH1 or TH2

cyt oki nesAbjyvahits whighhexyipad® of preferdntial serhtlaion ot THULdAreponsaateh ant i gen,

and/or th a td 8754 ce) of the 1gG3:1g&a 25ratio of
antigen sgeesgr?b ?c ant ?}B%cfaarr"les onsélggonghus a THl-type adjuvant is one which
stinul ates isol ated T-ceI I popul ations to produce high |l evels of TH -type
cyt oki nesp t ces antigen
specific |I\én$1f§g%fﬁo%éj ‘W“?‘%@%&‘W&%g’ hggygglﬁgogﬂﬂ%d tﬁ&?ﬁﬁlggﬁhlﬁlﬁg&l sotype. 30

Adj uvaht sswsﬁliﬂeﬁt'raﬁeen bapabsnbingtipy infladeand frapotsesingiet &t hofellofinghe THL cel |
response are described in WO 94/00153 and WD 95/ 17209. Preferred Thi
-type inrnunostinmulants which may_ be formul ated to produce adjuvants

5sui t abl eltf@logaheen 1ﬁ‘°t”ﬁg‘abff“&@’ﬁ?‘e‘?%U@H?lWﬁHChFWI(h%@ ISARP'Er e not restricted
to the foldnuMiGGs hk imbas slsing alieRph KNRWR alijl dnts@Bd REOOAG Iy b

| i popol ysacchari d t stiyul ator .of [ ne system

i Phough 6 s Rrobinln frl e Seadior v dnf et ML R of fecs. A
non-t 0&%i chylemovabf thiecodd catidbydravd groghaod eghysphdtd foindthArddMPhg-endpr oduced 10 by
r enoval 1 A phate fromthe

‘reduci ng- %‘LHECFQSP U%’g% b%%{}%?@ﬁg& blgle)% g'gggcs?iq%ﬁdlnﬁglg&ggl et al (1986,

| munol ogymamiﬂhmnbgmﬁhammﬂ ogiptonis, Begtre Putd] CoandeY .0 'h4l9) Midenum Pub] .
Corp. . NYpasRQdndtddd) sdttehas the following structure: HO _ , )10CH2 \40
04C- P-0OH

CHy é:uo
“:-'-H:)u
CH;
15 A further detoxified version of MPL results from the removal of the acyl chain from the
3-position of the disaccharide backbone, and is called 3-O-Deacylated monophosphoryl
tipid A (3D-MPL). It can be purified and prepared by the methods taught in GB

11



/[ H...0n 15A further detoxified version of MPL results fromthe
renoval of the acyl chain fromthe 3-position of the disaccharide backbone,
and is called 3-0-Deacyl at ed nonophosphoryl lipid A (3D-MPL). It can be
purified and prepared by the nethods taught in GB 2122204B, which
reference al so di scl oses the preparation of diphosphoryl lipid A and 3-
O-deacyl ated variants thereof. A preferred formof 3D-MPL is in the form of
an emul sion having a small particle size 5less than 0.2pmin dianmeter, and
i ts met hod 20fo4mpanitaetcttne: diss didtiseh 08 etpartionor Sgioddd82lipidguedas f or mul ati ons
conprisiqunnnpggo§§$or I 4ipid A and a surfactant have been described in
W098436707 T AT EFF H°"°PY popol ysacchari de derived adjuvants to be used in
the present invention 10may be purified and processed from bacteri al

sources, or_alternatiyvely,t.he hetic.For e purified
nnnophosphgrreigrre ?gfgfﬁﬁﬁéq‘gg%?%%%%&%ﬁ%ﬁﬁ%ggé?#ﬁﬁf%gégéﬁgﬁ%%a), and

?S,- P Deﬁaf:lylleatﬂml Orapuroip e sypthio gl its orethel phospfromsel is discprisell 1A\?‘db94/3/1éﬁ2.f rom i od

al mone r : : er purifie
and synt hatE i bEuAEREbRa e e gb R Gnd B AR Bl pEh 10T PO D086,
| nt. Ar ch. deséribed)in WaPR#A®I0. | 1579(4):392-6; Hilgers eta?,, 1987, |mmunol ogy,
60(1):141-6; and EP 0 549 074 Bl). A

The bacterial lipopolysaccharide derived adjuvants to be used in the present invention

10 may be purified and processed from bacterial sources, or alternatively they may be
synthetic. For example, purified monophosphoryl lipid A is described in Ribi et al 1986
{supra), and 3-O-Deacylated monophosphoryl or diphosphoryl lipid A derived from
Salmonella sp. is described in GB 2220211 and US 4912094, Other purified and synthetic
lipopolysaccharides have been described (Hilgers et al., 1986, Int. Arch. Allergy Immunol.,

15 79(4):392-6; Hilgers et al., 1987, Immunology, 60(1):141-6; and EP 0 549 074 B1). A
particularly preferred bacterial lipopolysaccharide adjuvant is 3D-MPL.

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
20  another alternative the LPS derivatives may be an acylated monosaccharide, which is a

sub-portion to the above structure of MPL.

Saponins are also preferred Th1 immunostimulants in accordance with the invention.
Saponins are well known adjuvants and are taught in: Lacaille-Dubois, M and Wagner H.
25  {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
Carrier Syst, 1996, 12 (1-2):1-55; and EP 0 362 279 B1. The haemolytic saponms QS21
30 and QS17 (HPLC purified fractions of Quil A) have been described as potent systemic
adjuvants, and the method of their production is disclosed in US Patent No. 5,057,540

12



particularly preferred bacterial |ipopolysaccharide adjuvant is 3D MPL.
Accordingly, the LPS derivatives that nay be used in the present invention
are those inmunostinulants that are simlar in structure to that of LPS or
MPL or 3D-MPL. In 20another alternative the LPS derivatives may be an
acyl at ed nonosaccharide, which is a sub-portion to the above structure of
MPL. Saponins are also preferred Thl imunostimulants in accordance with
the invention. Saponins are well known adjuvants and are taught in:

Lacai | | e-ddlpoiosis2 Mrapd A\M@e@ﬁbekﬂin R&E L9@bncess fh@\ﬂ;eQJ\ﬂ/QS'ﬁ (atrloe bi ol ogi cal and
phar macol 0! ical activi t| ﬁ %%)I’ll ns. aE}/ di ci ne vol L{)g 363-386) .
%3 ri‘ca

For exanplREMOIiS Fachon of & \fé)d" by BHOAL éys§8’ﬂﬁ‘ﬁ°°,&}?§ ntree
Quillaja (S&Imm&rﬂ)ﬁhehfﬁdstrmad in mndla‘ra!aﬁ@@lomgnﬁdnmlgyfvpl Boet3tke3bri bed in US

5, 057, 540_.and_" Sa S va ne adj.,uvants"” KenS| Git Rev
o tor b e PRRls2P s A pgYATRIT (R BNAN R a0 [ERRIND sl (T ¢ Th
haenol yt i RargapperidjisanQS2 tm3 Camulisi@Slk FtiotsRIf Quiptrsuéh a@SET &dtdSdne of Quil A)

have beeny i c adjuvants, and the nethod of their
product i ongﬁg’g‘ﬁj{"gﬁﬁogfé%ﬂ?tﬁﬁ O%é’?iﬁt No. 5,057,540 and EP O 362 279 81.

Al so described in these references is the use of QS7 (a non-haenol ytic

fraction ﬁeﬁot@b,lefe%)ed W%&,Bst%iaﬁt lagn lamm&s%%la@dy mgamme&% c&%ﬁr‘iaﬁ‘éﬂ C vacci nes.
Use of QS21 is further describ Kensi | etal | mmunol ogy vol

146, 431- mhv'a@érﬁspﬁ&twﬂsﬁ@eﬂf Cl&’ilc%ﬁ’\tf abé\"&?@’&“ﬁ'ég"é%‘?s‘”&yél odextrin are
al so knovkiahdde A8#udiBiHA8 inotifs Pasehi i llﬂl\ﬁl Q',‘p'ﬂﬂb KveaRtin By St B BRing @APT | Si Ng

fractions of i.l A, such 7 ar des 96/ 33739 and
WO 96/ 117?1“"“‘%&8’??1%4“5‘?%?@?’?%‘? ﬁ"ﬁ‘iﬂ’fg e @Q%@ﬂ%%l nul at ory
ol i gonucl &3610 ®adearted] Hiringral NIvEE, hm(a)t@d-smwmmwamdees ("CpG'). CpGis

%&A'abtc)ggw ;¥n|r(u92ro]f f1958 ?%’1&@%‘4&}66) %Osg)l'rﬂ%ﬂ@sltw 3 Cngfpl'VB% tﬁa?%%ﬁA@ﬁ%lJrﬂ osffreszgnt)yl P)Ot h

systenm ¢ B6@ cmt.l(tgw an p s ur(eiR. 96/f®21358udl@@ﬂ@@@@@)g@n@dwnéem al .
JI mmunel | %%%gcffmﬁ ﬁ%?g)ene%%eﬁc%@re&@gm%b@caam P¥iuding J- | TTUNOI ., 1998,

161(9) 44 H storica served t hat tgne DNA fraction of
immunostimutatory effects (both in vitro and in vivo). The authors of these studies

concluded that certain palindromic sequences, including a central 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

20 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.

25
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
immunostimulatory sequences containing oligonucleotides can activate various immune

30 subsets, including natural killer ¢ells (which produce interferon vy and have cytolytic

activity) and macrophages (Wooldrige et al Vol 89 (no. 8), 1977). Other unmethylated

13



BCG coul d exert an anti-tunour effect. In further studies, synthetic

ol i gonucl eoti des 15 derived from BCG gene sequences were shown to be
capabl e of inducing inmmunostimnulatory effects (both in vitro and in vivo).
The aut hors of these studies concluded that certain palindrom c sequences,
including a central CG notif, carried this activity. The central role of
the CG notif in inmnostinulation was |ater elucidated in a publication by
Krieg, Nature 374, p546 1995. Detailed anal ysis has shown that the CG

20not i f k@ﬁG&dﬂt&%g’s@qu@nc@@ﬁ&t ﬁivrhgﬁﬁgébﬁfbﬁﬁls%ﬂ&ﬁgﬁave@lwn&Mn such sequences
are common i n bacteri al but  are rare in vertebrate DNA. The

|mmnost|5r‘?ﬁ‘f%f°d’fey“‘§€tj’ﬂ@ﬂ‘€%‘°’iys often: Purine, Purine, C, G pyrimdine,
pyrimdi ne; wherein the CGnotif is not rret hyI ated, but other unnethyl ated

CpG sequences, are to be i mun ti be used in the
pr esent |(FR%WP?“JW’““%§’\Q“‘H° E%FLP%fr‘ﬁg%“Srr‘?@Yﬁ m% §é%'fﬁef Floémé B0 eoti des a
pal i nds onvich ﬁ@quﬁg%ﬁewos%mmemcmﬁmmd ﬁ?hm;fm;trdﬂ)@ﬂovt&bhtﬂyf@rljugtddher as repeats

g; rrgngl Iﬁ'g%lﬁfﬁ élﬁléglﬁ\ﬁ@ ggﬁl.%%r? or onnu]ag:dfv)(tﬁr %mier@&l %l’un@ﬁ\?ﬁ% Ji& sent in the

resence o
i mmunost i G(rliémtmwsyrf@eqmmebmeml akm n@ramkrtgﬂnﬁemtebtl des can activate

various 'W%zl%@%‘i@?‘ﬂsﬁ 1493C44 ?35 r}gsslgggural killer cells (which produce
av

interferon e cyto yti¢c activity) and macrophages (Wol drige et al
Vol 89 (no. 8), 1977). O her unnethylated CpG containing sequences not

havi ngp t N§Rh GARKRRFHTnSEA UEBGR Q&w@n@t wommtéaa@gu@mmamrsbe
i munonodul atory. CpG when faormnul ated into yacci nerally

admi ni st efskas fA saple lpnsemssoti] ip FgiEt Favsiescp °frrF"é£"“a% {5 g‘éﬁg'(‘%\o 96/ 02555
Mcd uski ealafﬂﬁluiaes\éhﬁ(suoﬁupma)unmm @@M%B@ﬂFbl’}exﬂﬁmj: Uga‘tIIBIdm'ﬁapbean antigen (WO

98/ 16247), or f | at e A | um.ni u dr oxi de

( (Hepat i tfogn‘gﬁfF‘?‘é‘ ]Wi“@%? Bg?/@ 4333?_4? ]m 4 VAt |lan et aL,
Proc. Ar at $ACz60)Sg821, m@%pdvﬁ@@&puﬂ%ﬁlﬁl)qted]}ﬁﬁﬁtﬁd&)emi_t@fS@lﬂlhgI mrunost i mul ant s
s TS| RESRACWD N RE i3 TMEAREOARS BEl MO BRI S, Such & Tor

exanpl er enul'sio alllc salts, including
al um ni um?&ibﬂ%%) CeGioay bpsfoaﬂlmdm’lt!miqny@rﬂmFtdlé)WP”F@Bfaé%%ErPﬂ‘I”én 3D MPL may be

fornul at eg, topwﬁil{&mr@ét{émcfayrQE@XI de (EP O 689 454) or oil in water
enul si ons (DV\Q) 95/17210) 1 may be advantageously forrmulated with

chol esterol containi ng 15I i posorres (WD 96/33739), oil in water enul sions
(VO 95/ 1721 inQTondd i (iMEimulants are also preferred, in particular a combination of a

20  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.

25
Thus, suitable adjuvant systems include, for example, a combination of monophosphoryl
lipid A, preferably 3D-MPL, together with an aluminium salt.

An enhanced system involves the combination of a monophosphoryl lipid A and a
saponin derivative particularly the combination of Q821 and 3D-MPL as disclosed in

30 WO 94/00153, or a less reactogenic composition where the QS21 is quenched in
cholesterol containing liposomes (DQ) as disclosed in WO 96/33739.
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98/ 15287); CpG may be fornulated with alum (Davis et al. supra ;
Brazolot-M Il an supra) or wiwth other cationic carriers. Conbinations of

i mmunostinulants are also preferred, in particular a conbination of a
20nmonophosphoryl lipid A and a saponin derivative (W 94/00153; WO
95/17210; WD 96/ 33739; WO 98/56414; WO 99/ 12565; WO 99/11241), nore
particularly the conbination of Q521 and 3D-MPL as di sclosed in WD

94/ 00153. Alternatively, a conbination of CpG plus a saponin such as Q521
al so forns a potent adjuvant for use in the present invention. 25 Thus,

sui tabl e adj uvant systens include, for e onmbi nati on of

nmonophos ghayaularly pitent adivgpidpigpulaypy,m V‘Rﬁégﬂ?ﬁ'&}ﬁe& QEPRAGOLA 241 uni ni um sal t .
An enhancadh s¥sitMsioAvOdv@Bed in V@ ofrvizn@iiddonanotheraréferdghrospheor yl | ipid A and
a saponin_derjvative particularly the conmbination of 21 and 3D MPL as

di scl ose Oﬁqﬁe??dwgﬁ?‘g’ow& or a less reactogenic conposition where the
@21 iss quenched in cholesterol containing |iposones (DQ as disclosed in

WO 96/ 33739 A partic I : | at.d iavol ving Q|21 ,
30-vPL & LaLspReb R LA, AL L A AR Bl RN 1 0 S5 17210
and i s arfdR2heiD-piPéfoetogaier fvith mublamingm stlbr use in the invention. 5 Another
preferred fornulati on conprises a CpG oligonucl eotide al one or together
with QS21, 3D-MPL or together with an alum niumsalt. Accordingly in one
enmbodi mentccerdinglydn onesabpdimeny Ehe PrasstipEplion;ere) BR?VI&%(H“W@OEse of 10
det ox{d i ediokiflRl Hpif A a Ao @RI UQKIatve@Elipid AL ¥ pRferdblyhéhophospidrye pref er abl y
m)nophosphorxl . | 1pid A or_derivative. thereo D- i n conbi nation
|

| stl f such as 3D MPL
with a ndifitfar dervatiye fhemsel syehvs P Ped ’Ffé"rogibﬁ‘f"t"?“o%‘&taﬁaa WRADYER Fure of a
vacci ne f@EkcribbiEhepdin %R fieineinufadture eVevaecimefbathé gredtheas ecverk aidtaef er abl y a
saponin iﬁsegsgdi tionally used, preferably QS21.

15  Preferably a saponin is additionally used, preferably QS21.
Preferably the invention further employs an oil in water emulsion or liposomes.

Preferred combinations of adjuvants for use in the present invention are:
20

1. 3D-MPL, QS21 and an oil in water emulsion.

2. 3D-MPL and Q821 in liposome formulation.

3 3D-MPL, Q521 and CpG in a liposome formulation.

25  The amount of the protein of the present invention present in each vaccine dose 1s
selected as an amount which induces an immunoprotective response without significant,
adverse side effects in typical vaccines. Such amount will vary depending upon which
specific immunogen is employed and whether or not the vaccine is adjuvanted.
Generally, it is expected that each does will comprise 1-1000ug of protein, preferably

30 1-200 pg most preferably 10-100ug. An optimal amount for a particular vaccine can be

ascertained by standard studies involving observation of antibody titres and other

15



Preferably the invention further enploys an oil in water emul sion or

| i posones. Preferred conbinations of adjuvants for use in the present
invention are: 20-1. 3D-MPL, QS21 and an oil in water enulsion. 2. 3D MPL
and QS21 in |iposone formulation. 3. 3DMPL, Q@S21 and CpGin a |iposone
formul ati on. 25The anount of the protein of the present invention present
in each vaccine dose is selected as an anount which i nduces an

i mrunoprot ecti ve response w thout significant, adverse side effects in
typi cal vagpohseia subﬁucsh Fallmdllrfgan\Mdlall vwammod@paadé nY pu@eﬁblw@bem aspecific

I munoge Y t or. not the.vac uvant ed.

Gener al | °°7Sttm a%mngbegﬁ gﬂo‘fl?'udeb[ eat d Ssétséev\?\fylsix mon%ﬁ T8 Fof SJ(fOOm of protein,
pr ef er abl sk 80ihe2@0 Ex k. Wﬁ&hapmamemabkys&@mﬁﬁﬂma@waA@vapt|nal anount for a
particul gy, ?&}ne can be ascertai ned by standard studies involving
observation o antibody titres and other responses in subjects. Follow ng

an initial vaccination, subjects will preferably receive a boost in about 4
weeks, f%eqm%e@aftm@mﬁ&&ﬁngﬁb@%%m BYES M %mvaﬁe@tahr%uffe%cﬁ% dre@ng as a risk
of |nfect|on exi sts. Preferreéd amunts o? S,S protein are also as given

her ei nabd9BcalsubeHEnsPYE AfupRsal (Picalyantaieaii)i laﬁa"ﬁ%a?us@@trﬁmwvlered by any of a

vari ety Ghudn@dst, 8®lisglGh) ind8dehaland Hi0Ripslterysubcut aneous, nucosa! (typically
i ntravagi nal), intraveneous, intranuscular, |ntranasal, subl i ngual

intradermal and via suppository. 10l nmuni sati on can be prophylactic or
therapEuuhmmnﬁhmnhmM&ﬁmﬁmﬂade$ﬁmhbﬂmﬁhemehﬁmhﬁnpﬂhﬂnﬂmhwnhut not

excl usi vel ) rned wi th ct CC|nat in t mal ari a, nore
partl cul af y ﬁ'r mt le Sm”lyva"ccca:[{%nc%':l‘%”;Eh 6@51\5810 Vacmr{a ’0"8 ?g&r gdlte the

i kel i hoadorgf:arggwcely@rngylath Aacdingtwadeprevent or to reduce the hkehhood of severe

malaria disease,

15  Appropriate pharmaceutically acceptable carriers or excipients for use in the invention
are well known in the art and include for example water or buffers. Vaccine preparation
is generally described in Pharmaceutical Biotechnology, ¥Vo0l.61 Vaccine Design - the
subunit and adjuvant approach, edited by Powell and Newman, Plenum Press New York,
1995. New Trends and Developments in Vaccines, edited by Voller et al., University

20  Park Press, Baltimore, Maryland, U.S.A. 1978, Encapsulation within liposomes is
described, for example, by Fullerton, U.S. Patent 4,235,877. Conjugation of proteins to
macromolecules is disclosed, for example, by Likhite, U.S. Patent 4,372,945 and by
Armor et al., U.S. Patent 4,474,757
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15Appropri ate pharmaceutically acceptable carriers or excipients for use in
the invention are well known in the art and include for exanple water or
buf fers.--Vacci ne preparation is generally described in Pharmaceuti cal

Bi ot echnol ogy, Vol .61 Vacci ne Design - the subunit and adjuvant approach,
edited by Powell and Newran, Pl enum Press New York, 1995. New Trends and
Devel opnments in Vaccines, edited by Voller et al., University 20Park Press,
Baltimore, Maryland, U S. A 1978. Encapsulation within |iposones is
described, for exanple, by Full erdxampiet). S. Patent 4, 235,877. Conjugation of
proteins to macronol ecules is disclosed, for exanple, by Lilchite, U S
Patent 4,372,945 by, Armor et al., U S. Patent 4,474,757. Exanples

Mat eri al sﬁaﬁea'al\/gpﬁﬂgﬂéh% Study Area The trial was conducted at the Centro de
| nvest | gaﬁg%lfggg Saude da Manhica [C1SM (Manhica Health Research Centre),

in Manhica District (Maputo Province), in southern Mdzanbi que between April

2003 and "M%Xnﬁ% con-gm:?ed%h@lg%%tr%rd'eWeﬁgu%B el% ggudgﬁgﬁanﬁca%c%%gbeen descri bed

in detail el sewhere9 cl1 mat tropica i stinct seasons:
a war m an@anaichtieadth Rsesarch CenreNidarhéce Disricagylanuto Pagidncs), pepehest | y cool and

dry seasofofhbiqd bith&n 285t 2008 akday Rk, n@éﬁakaegnaﬁpértm%é ainfall was

1286 mm Perennial malarja transm ssion with nmarked seasonality is nostly
due t & p.bepyfisprbsd H‘rﬂetaAﬁlﬁii’H@reeQ“f EhTRAlg ig subrgpieah ity isiagisessonsind t he
esti mat eds @D ka0 seasbmBErH NSt dnder tb lpl, aid dPendrQly c30QR4 MVE%a&& 15Conbi nat i on

t herapy based di aquj sul pha rimethamne (SP) is the
first 1ine t% @g{ﬁgﬂb}’%)ﬁ% % %@?B @H’t‘agff"&ar‘éars‘%a% 'g%dp eregnialyglariay  avai | abl e at
heal th f atmnhmltsm@sthh&dgrmﬂemoﬂabtyﬁ‘shww$luettbé’ JbnplaheaAkigabibtyuloent er, t he 110
bed refer; Eﬁ’ll &%ﬁler a %e e trXaled-I;hteomgfogllcI;rlloglglatpeal t@ Q)teflgmtbgbfg sists of a

further 8 per i S an rura udy Design The
st udy I wasCemtpirgigethetapy @@Qsib)lnembdhaqwe anhywdidindos ng - B)rmhed@mtnﬁ(ﬂﬁ)mj trial to

eval uat e zwﬁrsﬁ%%a&memmna%m&edtra{anﬁadansﬁs rka%ﬁngaﬁible%t&aﬁhol ogi cal s’

RTS, S/ ASQ2A el ari a vacci ne. e prinmary Ive was to estimte the
ef fi cacy agaisisbdisritie cHM éﬁie%@é@a Healp, CCQTST tha k] Qhed eaferrehhealti a i n chil dren

aged |t o HeiN@ATHe ddlrict hdaBi nefR& R bdhdikts 9Na AMEYr 8 PerfbhBRINRN 8k &idd ance peri od
starting r%f'al Qgsylsalaf ter dose 3.
20
Study Design
The study was a Phase ITb double-blind, randomised and controlled trial to evaluate the
safety, immunogenicity and efficacy of GSK Biologicals’ RTS,S/AS02A malaria
vaccine. The primary objective was to estimate the efficacy against clinical episodes of P.
25  falciparum malaria in children aged 1 to 4 years at first vaccination over a 6 month

surveillance period starting 14 days after dose 3.

The trial was designed to examine the ¢fficacy of the vaccine at two points in the life
cycle and pathogenesis of malaria: infection and clinical disease. These two endpoints
30 were measured simultaneously in two cohorts based at two different sites (Figure 1).
Cohort 1, recruited from an area of 10 Km radius around Manhiga, contributed to the
assessment of the primary endpoint of protection against clinical disease determined

through passive case detection at the Manhiga Health Center and the Maragra Health
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The trial was designed to exam ne the efficacy of the vaccine at two points
inthe |life cycle and pathogenesis of malaria: infection and clinical

di sease. These two endpoints 30 were neasured sinmultaneously in two cohorts
based at two different sites (Figure 1). Cohort |, recruited froman area
of 10 Kmradi us around Manhica, contributed to the assessnent of the
primary endpoi nt of protection against clinical disease determ ned through
passi ve case detection at the Manhica Health Center and the Maragra Health
Post . CohBwst. CRhewad wesgeruiiet! @dihadosidalva adositmal and masyy fowithd wread> and nar shy

| owl and afgaomPelnRL bhy Ol AYRARE EaeicARhy RS AEAIMONRT bRuARLECT new

i nfections t?)rough a conbi nation of active and passive survelllance. 5For
cohort 1, ofpQuveaipdpassd wrsilpicect s per group were needed in order to have 80%
power to detect a |ower confidence Iimt of vaccine efficacy of 15%
assumng clinical P. falciparumattack rate over the surveillance period of
11% i n° t hECTERMY lo O aHFP I BRE BREP BFTF NRedecl/n adepbgve B petort 2, 116

eval uabl etoGictidnerer RITideHco Uit WEVEciaLlaty 410 SRl Avirds; Safaipover to detect a
vacci ne efficacy of 50%: géet he preventio \r;\]ilew 10i nfections with a | ower

of .

conf i denc&'FA%HHE Bk BHS GLEFHTRGS° P%gog]f”h‘@ SRRELEMEof 5006 over the
survei | | ancenpdficadof SDhe Farcobach [t 16/ siudhdpihiidretlpdd grotfh @edlatéddanal Mozanbi can
Et hi cs Rey] i e Lt al i.ni c, of Barcel.ona Ethics Review
Commi t t eeP A ?‘*ﬁ@gﬁ%E%ds‘r%&?ﬁ’ﬁ%gﬁ%%ﬁfﬁ%ﬂ PRSI "™h Heal th ( PATH)
Human 18ubjnésctions Prith i dater omfiGoneinit ef20%Hsmmting aahte wesewdofadivot €d0%ccordi ng to

the | CH ki ligake Ragt i ce guidelines, and was nonitored by
d axoSmi t Kﬁ né rOB%‘}g%oegé%(:lgfs. A Local Safety Mnitor and a Data and Safety

Moni toring Board closely reviewed the conduct and results of the trial. 20

Scr eeni NgTRWothéth QhIBErERNSSRNEb Mo ASi@En B8N0 BLARNCEmSHEY @l | ance system
in the stud ts of patentially el ’I?Fgl bl e resident children were

_areal. Lis
produced HP%H%EHE“&C of Bpregiena EftiesyRevigy &otpiee apfl e PREAB OAPBPRYEE i on sheet s
V\ﬁl‘ ekngade]o@ncpegyemlns%mgpmrmjnaﬁsu@m R”rdditiedtieﬁ tmﬁree.rmsgui waxent wgrfe .
checked. These | nc ed c i .r.esidency .in. the stu area an u
i muni sat focg'ﬁu Eéivﬁcﬁoﬁé“lﬁﬂf’ t*{?j@%ﬁ?@%é"‘]"fﬁg@gﬁ é'ﬂd%'ﬁ?se?ﬂds“fa@ P‘Eﬁmgﬁ?g were invited
to fthe l\/afithiniHﬁaﬁh; Biologntls. e\ b:taltSIa@ty_IMbratoﬂmiarimal-dﬂaBafhy Postorindt first
visit, theel ALOLIAE:RaHIGEhaNARe A9MAr fefh and explained to groups of

par ent s/ guar di an y specially tralined sta I ndi vi dual consent was sought
only after they passed an individual oral conprehension test designed to

check yndesst:aRdh g Phed BdiSed Nfor mation. They were then invited to sign (or
thunb- 30print 'if not literate) the inforned copgsent document. A nenber of
t he conmu fStl\g,mgéféﬂnographw surveillance system in the study area”. Lists of potentially

eligible resident children were produced from this census. They were visited at home,
information sheets were read to parents or guardians and criteria for recruitment were
checked. These included confirmed residency in the study area and full immunisation

25  with EPI vaccines. Interested parents/guardians were invited to the Manhiga Health
Centre or the [lha Josina Health Post. At first visit, the information sheet was again read
and explained to groups of parents/guardians by specially trained staff. Individual
consent was sought only after they passed an individual oral comprehension test designed
to check understanding of this information. They were then invited to sign (or thumb-

30  printif not literate) the informed consent document. A member of the community acted

as an impartial witness and countersigned the consent form. Screening included a brief
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as an inpartial wtness and countersigned the consent form Screening
included a brief mnedical history and exam nation, blood sanpling by
fingerprick for haematol ogy and biochem stry tests. Children were excl uded
fromparticipation if they had a history of allergic disease, 5hematocrit
<25% were mal nourished (weight for height < 3 Z score), had clinically
significant chronic or acute disease or abnornmal haenatol ogy or biochem cal
parameters. Eligible subjects were enrolled in the study starting on the

first daym@ficaViaasdyBad &x@Rindieh, BbosaBmsling Bl B ik thy hiviaheiy agd i ndi vi dual
phot ogr aphi g i dentification card. Randoni sation and | nmunisation 102022

chi | dren Hf8eMI%Sfears were recruited and randomised to receive three
doses of either RTS, S/ ASCRA candi dat e nal aria vaccine or a control
vacci nat i sina Health Post. The

me at nhi ca e
r andoni sa "8?%“3}7&5‘3 eﬁg}“?"‘y&rﬁgﬂ’a ’tC‘p@’é'R 'gheal 3 ElStPrsta]e 8llseb?ebckl ng scheme (1:1
rati o, s blleektostitzes8) werd bRINGrBhaidnspls f@ hglghtas 4 dsoredl hadbklegaalle reconbi nant |y

eXPr esSet il it X GaRkpic Pt Rl HEpES Rk Rldock e Bloif L ant-00eM T epeat  and

car boxyl -Yermna regions are fused N term nt1gen of
Hepat i t i sEligible/fubigess QVHBsmgyedumthastp@rsﬁqnmg@nﬁhﬁéirstdmsqf VRgsERiRtesd t he unfused S

anti gen. g%efnlalulm HOS 6y HhrmB FnPinbHRA phd FapRedchiiffalidical O Ogi cal s,
R xensart’, Bel gi ur’r) cont ai ns 50ps 01P | yophilised RTS, S anti gen

reconsti tf@ﬂ"é@"ﬁ"ﬁ‘o%{{ﬂ"m’"“”ﬁ?"oASOZA 20adj uvant (oil in water emul sion
cont aiyfi ng2h BiGIGkeMIBEHOSE ditdl vt iSerdited MitLiendofeed waedelve three\ibses bISA] and Q521, 50

pg of eac f uItdsevvasusdlnthstlaI i.e. a 250 pL
dose vol uﬁ%e’c@‘ﬁgf‘ﬁ%aﬁg %’“3?“%“’505?1?9“58] vapsipayenyeRimf alas 0o adj uvant
(cont ai ni Mgnha Hekith (Oe‘nteemlhaoéslxﬁmewmfoaumhe%m)msa%%saerﬁ;emrdcaut| ne hepatitis
B vaccin nt.r oduced ul.e of Mozanbi que in July
2001, ch?#‘%le%m\i\%gcag"ﬂg?o %ﬂ’gr?f) glhﬁ 50 b?(r%ggge 6?ecei ved Hepatitis B

i mruni sati.on. Accordingly, children | ess than 24 nont hs recei ved as control

vacci s '}Q%)Scl‘,?ﬁs?s%soqfa hw}ﬁe aéeaﬂe%t;mma%u?@gp&@d i DkUAEL ¥RESI ne (Prevnare

Wet h ccCl nes w Jersey, irst and third vaccination

and one dmg@mo Q@Ha}éwan irdpeay aideboafsaminglzpgions a()%fé%?ii Rdemifabier i x Tm
A axoSm t Rk iafeBbOhQaHitEH Hrus (HBsAg) in a particle that also includes the unfused S

antigen. A full dose of RTS,S/AS02A (GlaxoSmithKline Biologicals, Rixensart,
~ Belgium) contains 50pg of Iyophilised RTS,S antigen reconstituted in 500 pl. of AS02A
20 adji,want (oil in water emulsion containing the immunostimulants 3D-MPL® [Corixa Inc.,
WA, USA] and QS21, 50 ug of each). A one-half adult dose was used in this trial; i.e. a
250 uL dose volume containing 25 pug of RTS,S antigen in 250 uLL AS02 adjuvant
(containing 25 pg of each of 3D-MPL and QS21).

25  Because routine hepatitis B vaccination was introduced into the EPJ schedule of
Mozambique in July 2001, children aged 12 to 24 months had already received Hepatitis
B immunisation. Accordingly, children less than 24 months received as control vaccines
two doses of the 7-valent pneumococal conjugate vaccine (Prevnar® Wyeth Lederle
Vaccines, New Jersey, USA) at the first and third vaccination and one dose of

30  Haemophilus influanzae type b vaccine (Hiberix ™ GlaxoSmithKline Biologicals,

Rixensart, Belgium) at the second vaccination. For children older than 24 months, the
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Ri xensan, Bel gium at the second vaccination. For children older than 24
nont hs, the control vaccine was the paediatric hepatitis B vaccine

(Engeri x-e G axoSmthKline Biologicals, R xensart, Belgium. Full doses
(0.5 m dose volune) were given to the control group. 5Both RTS, S/ ASQ2A and
control vaccines were adm nistered intranuscularly in the deltoid region of
alternating arns according to a 0, 1,2 nonth vaccination schedule. Since

t he vacci nes used are of distinct appearance and vol une, speci al

precaut i ORGuVERink MSe b&dﬁﬂﬁlHE;ﬁtiﬁs_vaé@&h@dEﬂgebitiﬂ%lF\E‘;&)‘SH]EtBKIQTe thef tr ihal . A
vacci nation te repared the vaccine.and masked the contents of the
syringe V\F‘P}Hg’éﬁ%ﬁ&? 'é‘“)pF‘i‘lb‘fos‘?sg&iﬁ’i?g?f‘ﬁﬁ‘ﬁ%%iw&ﬁg“’leﬁit%tﬁf eam was not

i nvol ved d¢onr@lnyoupt her study procedures, including surveillance for
endpoints. Follow up for safety and reactogen icily After each vaccination,

study participants were observed for at | east one hour. Trained field
wor kers vBah RESSIATE24 hid @niesl vadcinkoree slpeniyterddiptrirowscilirdy intheee fol | owi ng days

Lo 1 eCor did g altorBRNREAR X heco Bk 63 4 8 hHPlaciMflHERER A adver se events
wer e document e 0\_/er thr's pe'r I|O . Nnsol 1 Cl teé aaver se events were
recorded S$iote tiB0vagkines usefl prsrof digtiiet appeseanedAng yeflme. ipechbrrpeatidns werebi dity

survei | | aRes 1S43ire e dofid-Ola nAUNQF B8 nflY ANaSeidRAERIm PRpSegs ected in a
simlar way and recorded throu%gout the study. Study children were visited

at honme orfé@nsanAdHtRd theraments ] TECYHEs &ith 7 ARadRE PEOTtPyri ng the visit,
r esi degc einmhvalshtfon B 2dn ¢RAGKRMo1AAGn HYEROLEEProabdurdoatimgng ed.
Haenat ol ogi Cﬁ.l| and biochem cal paraneters were nonitored on all

partici pattf < eSEAYIcBtRe™Y ood count at 1 nonth post dose 3 and creati nine,
al ani ne am notransferase [ALT] and bilirubin at 1 and 61/2 nonths post dose

3. Immnoggm(v%;@h@@@g;@;gggg cilepatitis B surface antigen (HBsAg) status was
determned 1n all participants prior to 25 dose |I. Anti CS antibodi es were

measur ed Rﬁirorchtvo C_dose , 1t (?ndm%o dtaxsr Skrgsg 6#@2 tg%ntohg “?-2% .dﬁ(ase 3 in Cohort

1 and ant PEEENAASTBEYY UORRAYE VR AR T HdTRTeEc T Ho¥t 2. Indirect

f | uor escefitld abiked odiyedtugsdhil{red-ATPmunerce dete hrithedfollowibgtdys ®otrordt s at

Scr equ ngany adverse event. Solicited local and general adverse events were documented over this

period 2. Unsolicited adverse events were recorded for 30 days after each dose through

the hospital morbidity surveillance system. Serious adverse events (SAEs) were detected

in a similar way and recorded throughout the study. Study children were visited at home

once a month, starting 60 days after dose 3. During the visit, residence status was

20  checked and unreported SAE documented. Haematological and biochemical parameters
were monitored on all participants; complete blood count at 1 month post dose 3 and

creatinine, alanine aminotransferase [ALT] and bilirubin at 1 and 6% months post dose 3.

Immunogenicity Assessment

Hepatitis B surface antigen (HBsAg) status was determined in all participants prior to
25 dose 1. Anti CS antibodies were measured pror to dose 1 and 30 days and 6% months
post dose 3 in Cohort 1 and anti-HBs antibodies at these same time points in Cohort 2.

Indirect fluorescent antibody test {IFAT) were determined in both cohorts at screening.

20



Efficacy Assessnent A health facility based norbidity surveillance system
has been in operation since 1997 13 and is currently established at Manhica
Health Center, and the Health Posts at Maragra and |l ha Josina. In al

three facilities, project nedical staff are available 24 hour a day to
S5identify study participants through the personal ID card, and to ensure

st andar di sed docunentation and appropriate nmedi cal managenent. Al children
reporting fever within the preceding 24 hours or with a docunented fever
(axi || ar yehepasabMsg 37.5C) had bl ood collected for determnation of

mal aria parasites 10in duplicate thin and thick blood snears as well as a

m crocapi ]| lary.tube far determ nation of .t acked.cel | wre (PCV).

i 1 dr o et e e T AR i o SRR st Y80 er ¢ ad ¢t e
t o t he MoamHiiscargdglalestib!i@ed evlanhoa Hedth Gsicoandghaideadth Bettsdt Madiee!l | ni cal history
and nedi caly (X r & [ ornms by a
physi ci an_a.ehh I%esﬁolg?tnég@% ?pﬁﬁ’%g&?g!?gsr’ @Bgﬁtvrgeg{%?lggt ia%%g%%ﬁ%@? ﬁgdr? i%%yatlfo 15di agnosi s
wer e recofeédy sty ahgeipanisghroughl theyesanal iR prad e ensppestapdardisedd out fol | owi ng

st andar d QRih@RAbn HdlafGhprRRSnedfaithargeebRhect i on of Infection (ADI) was
carried out in cohort 2. Four weeks prior to the start of surveillance for

mal ari a i nfection, asynptomatic parasitaem a was cl eared 20presunptively
Wi th a coathidichapodihy RRBGHIRMGLhdRededils PN 0BWvRth b Yodi@Entd @ays) and SP

(single oral dose sul fadoxine,25 mg/k nd rimetham ne 1.25 ng/ kg). The
absence x’b%[?’ LOPEAR % Ao lﬁﬁ%ﬁﬁllf‘gﬁ%@é@émﬁ‘% P?’Bﬂﬁ‘aﬁé?ﬁ’fe? ves were
treat g@l WhidbplRae ointank iHiek HidodaimeRds wellas AniceRipilaly mbefoexcl uded from furt her
eval uation for ADI . .Survejl|,ance t 14 s.after..dose 3, and was
Carriod GerByatey o s PiekEl el PR R Ahila nif Sl SBlRRRE ona t hen

nmont hl y ' f waraatidglhotditelisat onovenoxintiged (d-ihg itaghig) Healli Cose HOwadsiigsiona fi el d wor ker
visited t L: . . rL.ef i di uestionnaire and
recor ded "? gﬁgi%(l!eﬁlc@rl?hﬁggf ea(rﬁgfrlr%)&r'%l.i g’%fnavfﬁgérg%nf'%naé%&g de rile, blood was
col | ect edstdndarflisgsifeqms by p okysisrent Resglisiofl boraipnt ifviestigationpaplethe finaf t he child was

foundi4o &l?gﬁgsii @é"@lrec&fied%n@%s@ﬁa?éeycm‘ficai ﬁyrﬁéemehhgasgmi'e&iomloéﬁﬁorrpani ed to the
Heal th Post™ were he/ she was exam ned and bl ood sl i des ,
standard national guidelines.

Active Detection of Infection (ADI) was carried out in cohort 2. Four weeks prior {0 the
start of surveillance for malaria infection, asymptomatic parasitaemia was cleared

20  presumptively with a combination of amodiaquine (10 mg/kg orally for 3 days) and SP
(single oral dose sulfadoxine 25 mg/kg and pyrimethamine 1,25 mg/kg). The absence of
parasitaemia was checked two weeks later and positives were treated with second line
treatment (Co-Artern®) and excluded from further evaluation for ADI Surveillance
started 14 days after dose 3, and was carried out every two weeks for the following 2%

25  months and then monthly for a further two months (Figure 1). At each visit, a fieid
worker visited the child at home, completed a brief morbidity questionnaire and recorded
the axillary temperature. If the child was afebrile, blood was collected by finger prick on
to slides and filter paper. If the child was found to have fever or a history of fever, the

chiid was accompanied to the Heaith Post were he/she was examined and blood slides
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collected. Al children with a positive slide fromthe ADI were treated
regardl ess of synptons. A cross sectional survey was carried 61/2 nonths
after dose 3 in both cohorts. During that 5visit axillary tenperature and
spl een size (Hackett's scale) were determ ned, and a bl ood slide prepared.
Laboratory nethods To determ ne parasite presence and density of P.
fal ci parum asexual stages, G ensa stained blood slides were read foll ow ng
standard quality-controlled procedures”. 10 External validation was
per f or meqordcteiNQIL E4aRA Wath 2 fsithe elideffroBarcL/DDRGe rBicacdperiesadf par aneters were
measured using a dry biochem stry photonmeter VITROS DT H (Orto C i ni cal
Di agnostiSE‘é‘Ptog‘Bhnson & Johnson Conpany, USA). Haenmtol ogical tests were
performed using a Sysmex KX-21N cell counter (Sysnex Corporation Kobe,
Japan). Packed cell vol u . [ i m crocapill ary
t ubes usi 80%15 > 'Iglrémuspfeé"f g%@ﬁ@ﬁhs?ﬁ%ﬁé%&ﬁ ;D gir] @%@ﬁ%ﬂl *lﬁﬁai%ti on with a
m cr ofaensditoeiiaty toenetanird ang epleshisize Hirtkesss sspeiovetd detefained; prsl adilgadums por ozoi t e
protein tsﬁ@éj%% rQpeat epitope were neasured by a standard ELI SA using
pl at es absor ecf w th the reconbi nant antigen R32LR that contains the
sequence [ NVDP(NANP) 15] 2LR with a standard serumas a 20 reference. The
presence RbotdBsPgeas det erm ned by ELISA with a commercial kit (ETI-MK-4
DI ASORI Ne). Anti-HBsAg anti body | evels were neasured by ELISA with a
comre Ci af, dedmbLSAR: Fbsndel AIUARRAIT) okl dialagia oAkl on, 25 ul of
V\D-

test sera ( old serial dilutions up to 1/81 ) were,incubated with
bl ood st atpanep blopd plidepyreirrdlataking ganderdauglityeangolled grocgthres posi t i ve reacti ons
wer e {@vedli@shl VhlldaidniwhCpdrbaid 2 the 2o§REONERT of BaélboByctewans Bl ue. The

hi ghest dilution givin ositive fluorescence u i,ght m croscope
was scor etframesEy ¥y ‘P‘F%‘?T%‘P’ésﬁ@ agrphipehemisiy ﬁ%ﬁ&&g?%?f%wr@f@ endpoi nt ,

eval uat edClirficat Dhgitdstick, JoBen & iJsi@sdndCdnipeny, USA}. Haé¢rhatlegdal eps wode of
synptomatic. P. falciparu ria, i ni I efined as a
child t haReTigPaSEsE %IQ Sgegk%?a{ﬁtcﬁﬁ?oé@leﬂgty gm%ﬁow%ghgggﬁer%?? 't enper atur e
?_37.5C akukddell prlese@C¥) ohs MeasGed ialheiapaisuimicrgarlialy Was edigteaem a above 2500
per pllS TQ&»&CSF&?%&HQ%Mt%a%!er%ﬁerh:@ﬁriﬁxﬁgtnm with a microhaematocrit centrifuge.

Antibodies specific for the circumsporozoite protein tandem repeat epitope were
measured by a standard ELISA using plates absorbed with the recombinant antigen
R32LR that contains the sequence [NVDP(NANP)15]2LR with a standard serum as a

20 reference. The presence of HBsAg was determined by ELISA with a commercial kit
(ETI-MAK-4 DIASORIN®). Anti-HBsAg antibody levels were measured by ELISA with
a commercial kit (AUSAB EIA from Abbott).For IFAT determination, 25 pi of test sera
{(two-fold serial dilutions up to 1/81920) were incubated with blood stage P. falciparum
parasites fixed onto a slide. Positive reactions were revealed with FITC-labelled

25  secondary antibody Evans Blue. The highest dilution giving positive fluorescence under a

UV light microscope was scored.
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estimated to be 91% specific and 95% sensitive 15. Secondary and tertiary
endpoi nts included the estimation of vaccine efficacy for different
definitions of clinical malaria and exam ning nultiple episodes. 10All

hospi tal adm ssions were independently reviewed by two groups of clinicians
in order to establish a final diagnosis, and discrepancies resolved in a
consensus neeting prior to unblinding. Malaria requiring hospital adm ssion
was defined in a child with P. fal ci parum asexual parasitaen a where

mal ari a weginjrdged stashel kdvwasol e cause of illness or a significant
contributing factor. The case definition of severe malaria was derived
15from \/\Hﬁlespn%gﬂe%aéoﬁ’mf%{vhgét&% REAG LS Simetd the ﬁ%&%ﬁicﬁfs Seugfe malaria were
required to have asexua T af i par um par asi taem a and no ot her nore

pr obabl e YaREEané Pifflcireys maFhie. Aldmical apisode weadefined ayppbidd thet of severe mal ari a
anaen a ({§nizs h9Weali GEHEHL A aMhF}Ht@T;ﬁeﬁinﬂé‘éé’fﬁc%?ﬂﬁe SEYfE 7 ) and severe
di sease of other body systens: nultiple selzures (at 1east or nore

gener al i sElPesimAPsRonssiiaamialbove 2&30 pous!. Diis treaded)itioprebeenat i on (defi ned as
20i nabi | i &sMmbh@d &ivk o¥ARp&RE hnd W/pﬁgéiﬁﬁ%aemc@n&%na R dnfbolnes €11 Ni cal 1y

suspected acidosis or circulatory col]lapse. The ,tAccqr‘di ng to Protocol (ATP)
anal ysi s Bfludsdphessinyatione] et o&lirpgydfer differen defipisionpeficligical grlsiia i ty criteri a,
conpl et edankiRganviniag miRbi@pissiedlr se and contributed to the efficacy 25
surveillance. The time at risk was adjusted for absences fromthe study
area and for antimalarial drug usage, except in estimates for all cause
hospi 1@l Allihespial edrBissidre weteliglepanadnylg iesicatd Mudvbigplups Fplirgade s @fercl i ni cal

‘mal ari a, j considered to be susceptible for 28 days after
The- pr ovi DS HIRFE gt BRe ROl SOARGRERT s 20 TEFSERaefiardFi € et 2ode or
mal ari a iwbbedingMalaya eqiineg ekfilztaloyssina svaaddiesised chilliwity FCox r egr essi on

nodel s a'}ﬁlcﬁﬁﬁmﬁzﬁ&uﬁﬂﬂg@iﬁwﬁﬂa r&h@%‘?‘naﬁh? wggiéaéegt @ettﬁe%ble\é%g j)iﬂﬁne?sf ficacy was

adj usted "for predefined covariates of a ed-net use, geographical area
and di st atié¢eienifisemt ruwituHnglesier Ehe caysdlefrivprot ssvenatalaiavay dsvalssunpt i on was

5i nvess i ob@ W HID 8 phECRclideal pradid@® Al B%h oPRFEImAR IS oGhReRf el d residual s
17 and ti ne- delgfndent Cox mpdels 18. For nultiple episodes of clinical

mal ari a alfd® HEEHI dP/cBaH Pardiaenia pplnogrhstmosprobetic Guss chdess g usi ng

Poi sson r&ginéiss ived drapedis oMt dic MOLMEBhadr@N POV € O GeBiaSmalhmcl udi ng the tine

at risk an of f-set vari gbl e. Vaccipel_bee{)fdi cac vva@ ,c]ef ined as | m nus

rate ratis. " Phe AjtEF ot VAR &Y NS ‘?é’s?"sé‘%’ﬁr’? BP'E M1y Hbut t he

10t ext . Fest herm@x pénerabited convalniansyis 88 prenobubiddua) aloytsesn @efirséwer e mal ari a

and i ppati gnt .ar | f i.Cr i § Cend roporti.ons of children
P | l'fl%‘ity Fgasjlt%l;l!l aedéggﬁo&ygéé&aﬁ%o(%gg I;‘rglllcf)l/fdg}l: gg.&t%lfllsé&ﬂ%gt%@ ac1c{osls of

w th at |east one eﬁl S ustn ers exact test. VE
was cal cutiele@nzellapsei nus risk ratio, with exact

The According to Protocol (ATP) analysis of efficacy included subjects that met all
eligibility criteria, completed the vaccination course and contributed to the efficacy
25  surveillance. The time at risk was adjusted for absences from the study area and for
antimalarial drug usage, except in estimates for all cause hospital admissions. For the
analysis of multiple episodes of clinical malaria, a subject was not considered to be

susceptible for 28 days after the previous episode.
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15 95% confidence interval. The difference in anaem a preval ence (PCV <25%
and the proportion of positive parasite densities at Month 8% were

eval uated using the Fisher exact test. The effect of the treatnment on

hemat ocrit val ues and geonetric nean of the positive densities were

eval uated using the nonparanetric WI| coxon test. 20Si m | ar nethodol ogy was
used in an intention to treat (ITT) analysis. Tinme at risk started from
Dose 1, was not adjusted for absences fromthe study or drug usage, and the
estimat e gf 1RfhR64 AMBIinRAtmAh U}ﬁ%@éjorfrﬁ)ﬂarﬁ%/f@dhbﬁ-tvﬁ&meéﬂkécy%s and anti - HBsAg
anti body data were summarj sed Geonetric Mean Titres 25(GMIs) wth 95%
a . Seropﬁgﬁss[ef‘\l}?"eﬁg/cwarfﬁgssmF@deé%ﬁnéwﬁﬁqeéaedraarl”amﬂt ey 2% (defined as >
0.5 EU mVaceﬁeémmcghegadJ@f&d Wﬁb%&efﬁ\ﬂf@vﬁ&he@df@E%dharus@.@&dgraﬁﬁﬁi titres
(defined as 18d m_@ | eyi wer e Er or ned u3| ng SAS2 and STATA21 .
Results THE ¥ *aa"%rf@m <4 P DEve Lo B s SRPEPEROGh | n gures 2a and
2b. W $ hi nveagied golbicdlly, usapdodi l&e&dloome@ehtenhtdeehndmusrﬁamahhe gr oups of
children | 181 transm ssion

i ntensi tycq%a‘{?}lta rﬁd’%mo'&}lin t#%g}ngﬁﬁlgya SO%%%%’?'%%OE%%?% %ﬁégﬂalmhort 51. Vaccine
Saf ety RT@H&VS;QSOEMMQIeff@nwscabsessat@mé’snsmrrwgaﬁremadv@ wigblnbrmab| er at ed; nore
than 2% ghactiihieiehs et (@ QHRR of AEAHKPCAbL VallifRMIASA, Local and
general solicited adverse events were of short duration, and m)stly mld or
moder at e $afingdysd rnusyate @Hadde slipstsd apecine efigaydsreposted Berpeisthevent s wer e
uncomgpn @@d of short duration. In the RTS, S/ ASO2A and control groups,

| ocal injection site pain that limted armnotion occurred follow ng 7
(0.2% and 1 (0.03% doses respectively, and injection site swelling > 20
nm occur radthf:xcﬂxbietaionganz@ées (néludéd)ansipds dflsefdde &S&nﬂmﬂmar@smﬁatai, vely. General
solicited adi{ d@ é ever, I’l’(litablﬂ|1 ¥t neOWSI ness anorexi a) that
pr event ed *hEI& 1 e'lre\r}(i’et]? mp%(':%“ﬁ dri%’fw ot nog %%wfii /() and 23 (0.8% of
t he dosescqmpa:tethesufgfﬁﬁ‘ﬁ BARBSERAL adel&wmqabhlagd@&Jb&;nwm@cpamt witedxyct At | east one
unsol i, gi t - { 9 s in the

RTS, S i SPHEEeEnEED: TR GRe B Bty R S st et y

| abor at or yropaliones pesetivaiprratic desiipg at MOPW Birrdianvgbated pomthdddkl ne over the

course of o lQest rh@dfreced? the treatment on hematocrit values and geometric mean of the

positive densities were evaluated using the nonparametric Wilcoxon test.

20 Similar methodology was used in an intention to treat (ITT) analysis. Time at risk started
from Dose 1, was not adjusted for absences from the study or drug usage, and the

estimate of effect was not adjusted for covariates.

Anti-CS and anti-HBsAg antibody data were summarised by Geometric Mean Titres

25 (GMTs) with 95% CI. Seropositivity rates were calculated for anti-CS titres (defined as >
0.5 EU/mL). Seroprotection rates were calculated for anti-HBs titres (defined as 2 10
mIU/mL). Analyses were performed using SAS*® and STATA?',
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There were 429 reported SAEs: 180 [17.8% in the RTS, S/ ASO2A group vs 249
[24.79% in the control group. There were 15 deaths during the study: 5
[0.69 in the RTS, S/ ASQ2A group and 10 [1.2% in the control group. Four
deat hs had nmalaria as a significant contributing factor, and all four were
in the control group. No serious adverse 25event or death was judged to be
related to vaccination. |munogenicity Pre vaccination anti-CS anti body
titres were lowin the study children. The vacci ne was i nmunogeni c,

i nduci ng high antibody |evels after dose 3, decaying over 6 nonths to about
Vi of the, gﬂ jtial level, but remaining well above baseline values. Antibody
| evel s in e control group renmai ned | ow t hroughout the follow up period.

The vaccine al so_i nduced hjgh | evel s of_ ant g Ilb dles (greater t han
97@6seroﬁ?ﬁﬁ@éﬁpgﬁﬁm(¢ﬁﬁﬂ%l?% dﬁOYﬁﬂ"55§5%HW§EQ'W§Qmeﬁ funogeni city of

t he vaccipRiow@astidazemkadd doﬂlpﬁbblé gfb@@ obxlldren aéblermm\hﬁndm‘atomgegge&t’acci ne
Efficacy OIn t.he ATP .anal ysi s d |n th sere 282

chil dren hF?F@FmBmeW ﬁgwﬁgﬁég?le SRS égaﬁeé#M&guF ggﬁ?lnary case
definigion (123 in the RTS, S/ ASQ2A group and 159 in the control group),

yi el ding a crude vaccine efficacy estimte of 26. 9%)(95%C|: 7.4% 42. 2%
p=0.009) and an adjusted estimte of 29.9% (95% C : 11% 44.8% p=0.004)
(Figure 34ceitSafE bl e 3). The density of asexual stage parasites anong
15children with a first episode of clinical malaria was not affected by
vacci nat i RTS,$8S6keang eonmet vaccingrerars sdisngd vildglerntedimerethed 933 elsent ati on were 43

522/ 4 andsuﬂj%ﬂ§§%€’l§\ému&solrece§@§ ame é@%éﬁ ?rﬂ%ewtscglmteﬂd%il&gs respect ively

(p=0.915) o evidence of waning efficacy as defined in the
primary ewepoivers olsper durpiionsing npethomild e giedeity a*tmtéwtpé?fﬁw 99y anal ysed

usi ng,gli féeﬁére%ve%temgﬁveéé eﬁsmm anfl REshBf QRENdnI BRI REys/Afodahwd hazar ds usi ng
Schoenteld residuals [p=0.139]). Consistent with _
control groups, local mjectlon site pain that limited arm motion occurred following 7

(0.2%) and 1 (0.03%) doses respectively, and injection site swelling > 20 mm occurred
following 224 (7.7%) and 14 (0.5%) doses respectively. General solicited adverse events
(fever, irritability, drowsiness, anorexia) that prevented normal activities occurred

15  following 55 (1.9%) and 23 (0.8%) of the doses in the RTS,S/AS02A and control groups,
respectively. At least one unsolicited adverse event was reported by 653 (64.5%) subjects
in the RTS,S/AS02A group and 597 (59.1%) subjects in the control group. Safety
laboratory values remained essentially unchanged from baseline over the course of the
trial.

20
There were 429 reported SAEs: 180 [17.8%] in the RTS,S/AS02A group vs 249 [24.7%]
in the control group. There were 15 deaths during the study: 5 [0.6%] in the
RTS,S/AS02A group and 10 [1.2%) in the control group. Four deaths had malaria as 2
significant contributing factor, and all four were in the control group. No serious adverse

25  event or death was judged to be related to vaccination.
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these data, at the cross-sectional survey 61/4 nonths after Dose 3, the
preval ence of parasitaem a anong RTS, S/ ASQ2A reci pients was 37% | ower
(11.9%in RTS, SIASQ2A vs 18.9% in controls, Pc 0.001). Parasite densities
in these children were sim |l ar between 25RTS, S recipients and controls
(geonetric mean density 2271 vs 2513; p=0.699). Few children experienced
nore than one epi sode and the vaccine efficacy for this endpoint was
VE=27.4%[95% Cl : 6.2% 43.8% p=0.014]). The VE estimate did not

si gni fi caplnhioghiamge for different case definitions based on parasite
density cut offs (Table 3). An ITT analysis of tine to clinical disease
starting W 9 " % p<0.001). In
t he ATP a{%}%ﬁﬁ%ﬁé}%ﬁ ﬂ; &%tﬁg &g/t\a;es ?&rg c&gﬁt@eg&?g%@ggeno eger{%g]?rl“g!( PCV <25% in
t he RTS, s/rrmsmgnngno@mmamhwbpw Teteds aéterrﬁosqﬁ degpRgoVeMEBIBhSAY, [ 959% Cl

- 19. 6% 56,300 Bl 1g9i§|]iévei Eﬁ@er@d’nﬁ %v@%@ve@aseﬁﬁ%meﬁAﬂﬁb&m&@l@l/ 2 was 0.29%
in the control group v .44% in the vaccine group, p=0.686. In the

RTS, S/ ?xsomcwrawowwénmthw@m theyfollel wihesriRh dheYacFiBad®o one epi sode of
severe rra,lnalﬁoh@m@ﬂmeb@s dfAnt-NBs COMEbies GFroikp s}iaherwesewr@em’ien)qmumr en (VE=57.7%

[95% Cl: 16 0.0191 In.the RTS .S/ ASQ2A there were 42
Chi T diren S B PHBIS AR BRSR 0 T gt WL P oe SR DRTPhr sus 62 i n the
cont rol !mm;pMMdEm&&f%,[%% Cl: 1.3% 53.9% p=0.053]). There were simlar
nunbers of all cause hospital adm ssions between the two groups(79 vs 90;
VE=14.4%[95% Cl : -19.7% 38.8% p=0.362]). Evaluation of the efficacy of

t he vacci feeciraEfefiicing tinme to first infection was 15 deternmined in
Cohort 2. There were 323 children with first or only episodes of asexual P.
fal ci par umtmmérfaaamt@foﬁﬂﬁln tahoit hethdRd SerSL FSERAcywolufrsesrdnly66 i n t he
control | .Of o L. A% 55. 9% p<0.001)
(Figure 3%11 dﬁp¥a% g‘e%gﬂ?ﬁ“mﬁ@ Sngtgﬁ"s“?n ﬂ%fggggé%;\so? &OuBar asites at the
time of faddf?inthemnirdarone) peldingn ke Ya@¢1netd'ﬁfécaemtlmaib oBdfP/RTS, S/ ASCRA gr oups

(39507 pt \30,80 1004, pf—g’?%ﬂa) anmaaﬁsw&n%%a@ s@@{g@@dé g, t hose used to

assess persistence |cac Tor 1, the nodel with the best fit
suggest ed@iTg-0Ph (Fipae 1 nd @9319%%4%8'%8@?%1Wéparﬁﬁltﬁ@m%at stabilised

at abouit Afiffen T a BELYABNGRIAE ARRKYFhs Bt affeazle@bmemmaaamétaem a at the
end of followup was significantly lower in the RIS S/ASQ2A than in the

control gS‘ES’H‘ﬁ“‘(’S"?a‘B%l%BS aB@“Wfq‘“ﬁ"’“’Gﬁ“@’l@lﬁfc 4%%%}@& PGl 67/ HhEr feeval ence of

anaeni a aRTHBMIN28 Mdeowies grufYechitctRE (sarisn! 25 group and 0.0%in the

RTS, S/ ASQ2A group (p=0.056). There was no evidence of an interaction

bet ween age and vaccine efficacy, suggesting that efficacy did not

si gni fi camhdrywasnargidenot bhwaningeEiasdyng defagbin thifpridiac) ehdmwidy ever dasiky out furt her

expl ot 8t Ol ntk sgll:v(a?tlfla rno%{»%h%h%na{lﬁgcﬁ?s;ngg&feﬁem gdd@ges?%ﬁ'k acy in the younger

age 33groups £ C ari a ase nong children <24
nmont hs of prgeatienality of the hazards using Schoenfeld residuals [p=0.139]). Consistent with

these data, at the cross-sectional survey 6% months after Dose 3, the prevalence of
parasitacmia among RTS,S/AS02A recipients was 37% lower (11.9% in RTS,S/AS02A
vs 18.9% in controls, p < 0.001). Parasite densities in these children were similar between

25  RTS,S recipients and controls (geometric mean density 2271 vs 2513; p=0.699).
Few children experienced more than one episode and the vaccine efficacy for this

endpoint was VE=27.4% [95% CI: 6.2%-43.8%; p=0.014]). The VE estimate did not

significantly change for different case definitions based on parasite density cut offs
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time of dose 1, there were 3 cases of severe nmalaria anong the recipients
of RTS, S/ ASQ2A (N=173) while there were 13 cases anong the recipients of
control vaccines (N=173) (VE=76.9% [95%Cl: 27.0% 96.9% p=0.018]). The

i nci dence of first or only episodes of clinical malaria was simlarly

anal ysed. There were 31 and 47 episodes of malaria in younger children,

yi el ding incidence rates of 0.41 and 0.70 5 episodes PYAR in the

RTS, S/ ASQ2A and control groups respectively (VE=46.7%[95% Cl: 14. 8% 66. 7%

p=0. 009] )(Taﬁﬁa)agalrmana%woﬂtnﬁeqsunmm,y@s%sﬁ.hmgl&aﬁ, dbf 1tﬁk¢deew@eorf and younger
age gr oups relati onship between CS titres and

ver
mal aria pioot’ é)ls / "s}jéi%/%/ ul?ftoé)a])l Ir‘i‘ ﬂ&ﬁth)Pr jnalysis, T'}?? MREPARTH Y at i 0 per
10-fol d Id’p&b&ﬁ&éadaﬂm@ﬁ)@\f T:Qﬁ%Wﬁﬂae@%.T@‘BQ}Qﬁ%@oup@mﬁﬁln &3 compsD. 708) ; the

hazard ratio 0 S.in the higher tertile of CS
response &3P s&@ K ?/e[é%r{n(lt)ﬁ %rpt{)?@)O?he@ée"%&cﬁ(fiﬁ@ée%? 1.38(95% Cl :
Cl 0. 89- 2ndrith S‘pn@s A.5D% in 1B mu@%roopwﬂmm&i,tﬁ’vﬁ&m/gm@, d=e8d.i r st subunit
vaccine to confer protection in young African children agai nst both

infection and a spectrumof clinical illness caused by P. falciparum The
resul ts shdw R RaVAa02fegreiptberpeigred! dhildwn sihn bidat jpptonsrepistieotsevére ant i gen t hat

i nduces Qﬂ&lmmmnen%@e&nwﬁgﬁ%me&ﬂa‘&%aeﬁ) ﬁmv%%d»géx FRsdki dity, even in

t he absenceoo | ood st ag nponent oun rican children,
RTS, & SR nas 0BT Moy BFSE G0 @om, Serecites BgbHren vih ORI was o i | ar

to thay ObgsieY Gshpitd a@hie¥dnOMSuPRaR IRLEIG! HbipAle=9f 304 Pisg, oragsi,ne. Local and
gener al s%,g%t mﬁ Xﬁ)r& nore common than_ inh the contraol vacci ne group, but
di d not o P5P-8 By Weta FEnigmuse; Bﬁfl]!scausﬁ“ﬁ%gp%é@“??é’%@%eaf e; children
who r ecei tietvofEFapSIAGRAVEX RIS P%aTl: fiewar3sabd; perseap. seri ous adver se
events, hospitalisations and severe conplications frommalaria, than did

those in the control group. As has been seen in other intervention trials,
t he nort abvatuptigratf ¢heaffeag ddthe vadeind yn paringdimp anfirst infegioh @aer t han hi stori cal

backgypung IRhEMuI Yol 2RSe .\v@retﬁi Shild2R U.thﬁtﬁks?g'r o%ty eggodes of asexual P.
Jalciparum parasitaemia (157 in the RTS,S/AS02A group and 166 in the control group)
yielding a VE estimate of 45% (95% CI: 31.4%-55.9%; p<0.001} (Figure 3b and Table
3). The mean density of asexual stage parasites at the time of first infection were similar
for the control and RTS,S/AS02A groups (3950/pL vs 3016/ul, p=0.354). Using the

20  same methods as those used to assess persistence of efficacy for Cohort 1, the model with
the best fit suggested waning in the efficacy of the vaccine over time, that stabilised at
about 40%. The prevalence of asexual P, falciparum parasitaemia at the end of follow-up
was significantly lower in the RTS,S/AS02A, than in the control group (52.3% vs, 65.8%;
p=0.019) respectively. The prevalence of anaemia at month 82 was 2.7% in the control

25  group and 0.0% in the RTS,S/AS02A group (p=0.056).

There was no evidence of an interaction between age and vaccine efficacy, suggesting

that efficacy did not significantly change with increasing age. We did however camry out

further exploratory subgroup analysis to estimate vaccine efficacy in the younger age
30 groups that carry the brunt of malaria disease. Among children < 24 months of age at

time of dose 1, there were 3 cases of severe malaria among the recipients of
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Despite high levels of exposure to P. falciparum sporozoites, naturally
occurring anti CS anti body levels in this population were | ow. The vaccine
was hi ghly i munogenic, especially in children |less than 24 nonths.

Anti body | evel s decayed by approximately 75% over 6 nonths, but at the end
of the follow up period, they were still well above pre 5inmuni sation

| evel s. Anpbng RTS, S/ ASQ2A recipients, we failed to detect an associ ation
between the I evel of anti CS antibodies and the risk of malaria. However,

the hibglh i1, sxﬁsomm—ﬂvg@mytﬂaﬁwekemsahdes Mﬁ&t@kﬂb&edi}ﬁ&it@fe&{tr& and th_e _
possibility .t r ti i muni ty
may exi st"aﬁ%‘feéz?I @P &Ecgﬁg?r[%s)ﬁg\ég q{éﬂg} 9@ erﬁ(f‘é‘ﬁ' %ﬁl\%cm ne i s known
t 0 i nduceoreelylepiseids aﬂcﬁdacd‘ler&pﬁm@mubledrnyewﬂﬁed O"hhewiena\zd)landefd in protection

10t hat were not n ef fi cacy agai nst
i nfection pi‘S(s’deé’SlFlrsrrT'lglg ae'ﬂtyoung‘frﬁ%ﬂcken ks \A%mcﬁieme Fye OESELl 30;7}’6 erythrocytic
vacci n® tapisndagtPiYalRi is he RISSoxH2Aasd emttoll grovips resmenmlyrtﬁéf%dd"/o i%f%ect ed

hepat 0Cyt @p (b, ki HET.-5l0B0P VERLARRNLPRrkhAL WOL RN iG: Blgay St ream s The

results al'so sh rema consi stency between protection agai nst
i nfecti onyoumagsrmueet‘m@% R 49X | d unconpl i cat ed di sease, nalaria
hospital adm ssions and severe malaria. Wile there seens to be a trend

suggestin that ef ficacy is higher_ in the younger children and for the nore
severe enHporiAtoeshin by &vdiores 1 aplpdp B‘OTEB‘font“f?éeW‘FFgﬂ‘b%O'éﬁd%‘Bl nts overl ap,
and Ob@ertva@ﬂd eitib (@Y 191761 $nchddk R ES BhewhsD. Bass €1: e . Bb&&l"ﬁﬂ&ﬂthﬁr otection

agai nst rent. 20endpoi nts st S nmeasur ed
infecti on‘aé?{ b%’orq?rz‘?‘f'ﬁcﬁmg‘érfs\/’é"fa?g mhrﬁgbgg‘fréﬁptpfggﬁeéﬁ’oﬁ%e Vé‘ﬁ‘?"r’ C8cy agai nst
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cases of anaem a. Although the trend was for | ower nunber of cases to occur
in the recipients of RTS, S/ ASQ2A vaccine, 25 the rates of malaria anaem a
during thpis&aissigly were much | ower than expected and this limted the ability
to deigct statistically significant vaccine efficacy for this endpoint.

I nten pronpting of the nothers or guardians to take their children to
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had nore [aRlhaGLRRAY Infl&H caP AEAS InfoBStdiryl @éﬁ[n hEMMIESCONLE s@gd therefore
shorter duratioh of infections. Each o t hese interventions may have had

an i mplct cAHPORFE observed inci dence of anaem a.

In young African children, RTS,S/AS02A was well tolerated and its reactogenicity
profile was similar to that observed in previous paediatric trials of this vaccine. Local and
general symptoms were more common than in the control vaccine group, but did not lead

25  to withdrawals of subjects. The vaccine was safe; children who received RTS,S/AS02A
experienced fewer all-cause serious adverse events, hospitalisations and severe
complications from malaria, than did those in the control group. As has been seen in other
intervention trials, the mortality rate among our siudy participants was lower than
historical background mortality rates in this population °.
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The statistical nmethods we used to detect waning efficacy suggested that
there was 5continued vacci ne efficacy agai nst both new infections and
clinical disease throughout the observation period, and at the | ast
cross-sectional survey there was a significant difference in the preval ence
of infection. This is in sharp contrast fromtrials in nmalaria nave

vol unteers or Ganbi an adults which suggested that vaccine efficacy was
short lived 6'23. There are several possible explanations for these
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uncomplicated disease, malaria hospital admissions and severe malaria. While there

seems to be a trend suggesting that efficacy is higher in the younger children and for the

more severe endpoints, confidence intervals for the different endpoints overlap, and

observed differences may be due to chance. The observed protection against different
20 endpoints suggests that the more easily measured infection endpoint may serve as a

surrogate for vaccine efficacy against clinical disease.

We were surprised not to see a significant difference in cases of anaemia. Although the
trend was for lower number of cases to occur in the recipients of RTS,8/AS02A vaccine,
25  the rates of malaria anaemia during the study were much lower than expected and this
limited the ability to detect statistically significant vaccine efficacy for this endpoint.
Intense prompting of the mothers or guardians to take their children to health facilities
early on in the disease process may have ensured prompt treatment of the malaria cases
and reduced the incidence of anaemia. In addition, Mozambique recently switched to a
30  more effective first line treatment for malaria and children in the trial who received these

drugs had more rapid clearing of parasites, fewer recrudescence and therefore shorter
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cccOit coO0- 01it 2u.. 0.. CLAIMS 1.The use of a Plasnodi um antigen
CS or an inmunogenic fragnent thereof which is expressed at the
pre-erythrocytic stage, in the nmanufacture of a medi canment for vaccinating
agai nst severe nal arial disease, in conbination with a pharmaceutically
accept abl e adjuvant or carrier, wheugish the target population is children
under 5 years of age. 2The use according to claim1l wherein the target
popul ation is children between 1 and 4. 3The use according to any one of

claims loy cl aihgke oMaP ﬁh{bdtdﬁ?arﬁ@bh@ﬂbrlaﬁ |ﬁ|ﬁﬁﬁ@§é¥ﬂ@frég3n@ﬂ1th@@(ﬁ fused to
the surface antigen from hepatitis éHBs ﬂ 4T ?%‘?L{'r‘r@ cor ding to any one

of cl ai meWhich isexprassed At ha@respyibIlic alage porozoite protein

(CS) or a(ﬁ\euleameﬂgsm&cﬂ‘néwnst E@Jeﬁé)lfnalaﬁa'lhﬂsease incombidathg with cl ai m 4
wherein the CS Erotenor rag i farmof a hybrid protein

S
conpr i si ngPRIYBECEHIGLY F?Peaﬁb‘et?‘f’@"é”'t‘é'rcﬁfrﬁélw PP g tagset p “‘%’g"prot ein of
Pl asnmodi ugichfidrgn updier®years endem repeats of the CS protein i munodom nant
region, and the surface antigen fromhepatitis B (HBsAg). 6The use

according to claim5 wherein the hybrid protein conprises a sequence of CS
protein of P. falciparum substantially as corresponding to am no acids

207-395 0% P. fﬁleqjset%[]gépﬁﬁlgﬁo cBin %Wﬁf%@%é%@t fopuldih & dhidresed I n frame via

a linear Tinker to er m nal
between 1 and 4.

3 The use according to any one of claims 1or claim 2, wherein the antigen is

a sporozoite antigen fused to the surface antigen from hepatitis B (HBsAg).

4 The use according to any one of claims 1 to 3 wherein the sporozoite

antigen is circumsporozoite protein (CS) or an immunogenic fragment thereof.

5 The use according to claim 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.
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7The use according to claim6 wherein the hybrid protein is RTS. 8The use
according to claim7 wherein the RTSis in the formof m xed particles
RTS, S. 9The use according to claim8 wherein the anount of RTS, Sis 25 pg
per dose. 10The use according to any one of clains 1 to 9 wherein the
antigen is used in conbination with an adjuvant which is a preferenti al
stinulator of a Thi cell response. 11The use according to claim 10 wherein

the adj uvant %@Wj‘éé%@éor&@gw&lam@%e@n e GOHRI Mrotdiris Fxfs. 30- MPL and QS21.
12. The use according to Claim 1l wherein the adjuvant further conprises an

oil in water enmulsion. 13. The use according to claim 11l wherein the
adj uvant further conprises |iposones.
8 The use according to claim 7 wherein the RTS is in the form of mixed

particies RTS,S.

9 The use according to claim 8 wherein the amount of RTS, S is 25 pg per
dose.

10  The use according to any one of claims 1 to 9 wherein the antigen is used
in combination with an adjuvant which is a preferential stimulator of a Thi cell

response.

11 The use according to ciaim 10 wherein the adjuvant comprises 3D-MPL,
QS21 or a combination of 3D-MPL and QS21.

12.  The use according to claim 11 wherein the adjuvant further comprises an
oil in water emulsion.

13.  The use according to claim 11 wherein the adjuvant further comprises
liposomes.
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