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Vacci nes The present invention relates to a novel use

of a malaria antigen to i nmuni se agai nst mal ari al
waoeeasss’ The i nvention relates in particul ar POT/ERB®05/009995

use of sporozoite antigens, in particular

ci rcunsporozoite (CS) protein or fragnments thereof, to

i mruni se agai nst severe nalarial disease. Malaria is

one of the world's major health problens. During the

20t h century, econom c and soci al devel opnent,

together with anti mal ari ¥acdmespai gns, have resulted

in the eradication of malaria fromlarge areas of the

wor | d, reducing the affected area of the world surface
THE B E R TR O HEl | ws of 2 gralasiy agligradp agmunise against
mplagall diddag) TheGidentibi relsesiin phreichlecotthadseloy sﬁﬁdﬁ)rtb ahtigea$, in

palraﬁlmwc?m \POQ%HL: ?éé)gﬁgoteﬁ]leowﬁla%m%‘rt? tl@réo %m um@e %Qam&t severe

I'n-ar
1nma@dﬂh%ﬁﬁ¢estlnates suggest t hat there are mell in
excess of 1 mllion deaths due to malaria every year

[
VA SO AR BB B Diing Mt SR B B0 ecBhSimic
arfdi spein bdevhloghlkentgtogethbrevith abiahalaBdl@ninpaigihd, Bave ragutked trethe
allenges. it s to th |nte nat.i anal, heal t
crR RO AR et PP e oo B the G o pet S Uye BTRtAEY prsp g the
warldl sur B g Brofl 0% 1 E/9R MR6 SENTRs, fiven eslga%de@guraaaﬂ, SloMACR is
to avail abl e, affordable and previously hi

praieF iy By af g At ‘H%”CbF o sl s hion pegple il be
ll\hﬁé‘lﬂt dedYstlefBalhFa fsrhe(m%] 4.0f cli&h légt es s g#{g?&aé’ﬁéﬁ% are

are found to control I's di sease, orts
welhprayeessioédimilioaddatbhduedo guiana\cabry yread ann:dethp staggeripg economic

h 2 vul bl
oo bR e P et Peh R R R & T or e of

the disease is caused by the protozoan parasite
nost of -

S B TR NN N ORI A
mgﬁndaPﬁg?g]ﬁ?]?ﬁmeﬁtycme%nS FoR S Eridigark WRIIS hrith raiB ¥rom
the emergence of widespread resistance to available, affordable and previously highly
effective drugs, to the breakdown and inadequacy of health systems to the lack of
resources. Unless ways are found to control this disease, global efforts to improve health
and child survival, reduce poverty, increase security and strengthen the most vulnerable

societies will fail.

One of the most acute forms of the 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
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
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conpl etion. The infection of man is initiated by the
i nocul ati on of sporozoites in the saliva of an

WO pdoeo2as7 nosqui t 0. The sporozoites m grate t oPCTEP2005/009995

liver and there infect hepatocytes (liver stage) where
they differentiate, via the exoerythrocytic
intracel lul arstage, into the nmerozoite stage which
infects red blood cells (RBC) to initiate cyclical
| i e t . i S
SEEEHNES PRy e PRS- S A AT TR R b e
rapiicaipaiit 88 asexublhdodBdgen The spoteialcompltpd byahedibeyndstion of a

whi ch .are ingest.e .t he mosquito, where they devel
P Rp g et i R R B g SRl ebtaetig e b fescestedy
thePEYsQEiR), WdisrehiéycdevBlog Habegh DsetiBeofSstloky Artie Slidnbio pkb&uce

sporozoite stage of P.falciparum has been identified
spesozgifes Whick prigrate 1o Hegalivasy glandral ari a vaccine. The

maj or surface protein of the sporozoite is known as

circunsporozoite protein (CS protein). This protein
Thaspolrerie sthgmeld’. /eripriogshad bagrdidensdigd ae enk fasential taeget ef 4/

- L NS r : L0, e 3D7

il NS oSS AN e b Rh s RGP ] 1o
cit@@BporoZdie powingiOS droteim). STliaprotediiasiteerc tlanal; exgpressedlardy

havi ng.a central. | mmunodoni nant eat. regi o
SCABFASER ST AH e O SUAE 0T TRl AN SRS ReiPr doHeo A Gagpeapet .
Moll./BiScHRH. Phradi S13E 1 $32000M1 98v) f THE PSP roMQRERALID7T is _
Asn-Val - Asp-Pro. In other strains the nunber of najor

charrstariserbby havingsh eeniralimssingdorpspnt repeat Iggion cp@PRYng @
te%@?ég?iﬁ@ﬂw-xm-ﬁsﬁ-@m ﬂ’eﬁéaté@lod'otghgc% b'u?inftérﬂ%ks%&l with 5 Imngﬂ%peats

m nal portion (_ZOITpOSG non- r etitive amn
AsieVdl-4 sprien de othge stragmsathe dumaler Phmajoe pehinines sepeats tvanes agfvell

t.he rotej.n. axoSm t hKIl i.n i al.ogi cal s; ~RTS, S .
i P PR beich, TSR Pl PG ke Pkl [ portion
cagpstdpimntresdtitiee arhfhd AcRindquedcs desigmitdd/asttherepBsless portion of

aﬁyanced mal ari a vacci ne candi date being studi ed 4.
the i SProlte ne specifically targets the pre-erythrocytic

stage of P.falciparum and confers protection against

infection b P.falcigarun1sporozoites delivered via

Glaxpomibisline Pielogisalsi RTS8 Stredlanwageine bessd pn Catreteinghas deane
mﬁfgphév.e}f) Héﬂtts@xg%l ?g‘?gﬁjd 1§garlré}ﬁlty e %hva%)é&ﬂ%ylréga Vibcine

sem -1 ne a
candidate being studied *. This vaccine specifically targets the pre-erythrocytic stage of

P. falciparum, and confers protection against infection by P. falciparum sporozoites
delivered via laboratory-reared infected mosquitoes in malaria-naive adult volunteers,

and against natural exposure in semi-immune adults >°.

RTS,S/AS02A (RTS,S plus adjuvant) was used in consecutive Phase I studies undertaken
in The Gambia involving children aged 6-11 and 1-5 years, which confirmed that the
vaccine was safe, well-tolerated and immunogenic 7 Subsequently a paediatric vaccine
dose was selected and studied in a phase I study involving Mozambican children aged 1-4

years where it was found to be safe, well tolerated and immunogenic ®.
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RTS. S/ ASO2A (RTS S plus adjuvant) was used in
consecutive Phase | studies undertaken in The Ganbi a
wo owehssy chil dren aged 6-1 1 and 1-5 years, REU/EPR005/009995
confirmed that the vaccine was safe, well -tolerated
and i nmunogeni ¢ 7. Subsequently a paediatric vaccine
dose was sel ected and studied in a phase | study
i nvol vi ng Mozanbi can children aged 1-4 years where it
was faound .to be, safe, |l .tolerated and i,nmu eni ¢
HES Byl e, 07 T R qni o asiFV g eop R qUBHeaL iy Saused
b)DP.?bQ@ﬁairm i ¢pditiohs of wamlraldixpeasewodd s&fhirdynore than a single
P.falciparumin conditions of natural exposure uld |
artiggiyiapd Wogldaeq MU tiRie JR1igens FRPF RN URlS STagey A dis Ragasite
lifhElepbgeant i gens representing multiple stages of the
VsParasite_life_cycle (Page: 3 Webster, Daniel and HlI,
mbstera Paniekindpig gpddan ViSt Rrogesas with agw analasaciapeises. Bull World

eGSR AR B 14- Bl D PSS D0 ea o . Save

the lohil dtere Natuixiet 2006 Aug 004 38(F602D4030, ROBL)IsOUEn!a) gentrtllhheld

al so been a. general | el d concept that, an i gen.
ot B StatidtE A o5 T o e bR gt tghe Hibite would
ndide Agd prefemedihdiga@to Revidb profdcabe kgt siveieGRdRadedsiREOM €18
protection_agai nst severe di sease, since severe
digrage tisaused by Atrxudl stpe avaKirarnd pracey BRL Y] anbigengriych as CS are
mﬁ%ﬁ@%&%&BﬁQ&MEM%m@QBhQ§Q§ such as CS are not expressed
on asexual stage parasites. Surprising results have

now been obtained with a pre-erythrocytic nmalaria

q. i ' in Af ri [ Dy, . has .
SO By LA hs AR A LS LS Bk o
tridBinGiongg Adiican ohildren. nibhasdiekly distoteedttha theaQ® prosdin based RTS,S

i nfecti on_.under  nat ur al ex?osure.but | so Eﬁotecti n

vagginf £t conferingondy Brofsel] g aeInsf infscign under paratal gxposyg biyRiso
prBteb BdiLAdamstiivideRpéctiufoMNRichIaNRsY eslistdBy RT/RIcsha¥@% C CABdren

experienced fewer serious adverse events,

whesspived the TiSohvaccing gxresigaqed fewenseiieustadneise ¢venin
. el udi . At . _

Bl Bllons, B s ot Rblons Al ARt Do yap id those
injthe¢admtgoup. severe mal ari a di sease coul d be reduced

by this CS based vacci ne was unexpected and

surprising. Severe nalaria disease is
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.

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.

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
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described in the WHO guide to clinical practice (Page:
3 Wrld Health Organi zati on. Managenent of severe

woredoan2ems? a practi cal handbook. Second editi onPCRORHNS/009995

ht t p: // nosqui t 0. who. i nt/docs/ hbsm pdf ).

Cl assification of children according to the WHO based
definition for severe nmalaria identifies children who
are very sick and at hi gh risk of dying. High ri sk may
tpq %aken.t mean, ut a 3 W or reatﬁ §$ ¥ g

Fir PHEITHBIFES P IAE %acé"\%& e BT Sf""&%‘ eReate gk
prevalehddf G h feetinsh. This 64 1Inl’3h£‘r§|coxﬁmsﬁfi’&ﬁ$)r@m@ afids B rhdlfia e
to wane gor to do so slowy. At the end of the 6 nonths

vp{nieeRy o Sambandes wich pegesyet atigor Bhaliiegy was short ved °2
efficacious as there was a significant difference in
the preval ence of infection. This is in sharp contrast
Tﬂlﬁf@fﬁf@ﬂ@\nrm@ ipyengpr piofiidagtha upeo friaRiasmalinm eeteges vdvich is

V. e efflcacy

SERER ROl TR b SHRAGEREBL { Bord BRE MR ol 01
npnmﬁabtd&soﬁarmedlwenf foa viRlcamringlagamsasevegenalaviy difeabes in

ressed. at thro c stage, preferably a
oGBS apher el S el adie B oo "rmd canrent
for vaccinating agai nst severe malaria dlsease in
conbi nation wth a pharmaceutically acceptable
Tha jnygatian is Par&auﬂ?ql)éfoncq'ﬁ%d b &ssurigs ﬂ}es‘“?}ﬁ"?ftCP elisexete,.

{;g,@,;,ﬂﬁg%aggth reduci ng the incidence of severe P.

ci parum di sease. The preferred target popul ation
for such a vaccine is children, in particular chlldren

AP RS G e SAEE AP e 880 S

5I?ezirabﬁaigmaamdmmiallgehﬁldra'mmgreirsgEﬂgemay be sel ected from
any antigen which is expressed on the sporozoite or
ot her pre-erythrocytic stage of the parasite such as

Plfétablly VRS PIadiAdtBum BitleR i9PP YulchorpnbigRR. i s sel ected
fromcircunsporozoite (CS) protein, llver stage

antigen- 1 (LSA-1), liver stage antigen-3 (LSA-3),
L N
otheepreshdlvor yidntage o€ therparaatte uak a$ thediver stage. Preferably the antlgen
is 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.

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).
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stage (in addition to the erythrocytic stage). Al of

these antigens are well known in the field. The
wanilcmesssTay be the entire protein or an i MUNBOERPZN05/009995

fragnent thereof. |Inmunogenic fragnments of nmalaria

antigens are well know, for exanple the ectodomain

fromAVMA-I. Preferably the Plasnodiumantigen is fused

to the surface antigen fromhepatitis B (HBsAg) A

pr en ven ion is
A e et Eurdapise BS VEdion by et BTG Rl o SroaeCs)
pioketd &idaib pyeférablly hethfe @610 &fa teybHy Prdteln mimt}emAgM m- aHB@e‘t\gnay
The antlcgéen may be the entire CS protein or
b¢ e cte weteumrrpgﬂé hereoiginelHeing @ f'raga’@mtfgagawmﬁ ﬁétheé?s
profe @hf&h\ﬁ&g&lamfsm%%rf&s%d thee fused together.
Preferablythe CS protein based antigen is in the form
of a hybrid protein conprising substantially all the

% Jrz?Jl raréosr r%Ee'iﬂ dﬂec?!mt Ql? S%t rf?ﬁﬁb&ﬁ%brﬁ ﬁgt%ﬂ?l 0H1n\'1smg

our r emr e
substanitidycatli thaGttemmagal cpnmoamﬂ t}tei(es mreiradeolamac@em fbuirammore

hepatitis S A Preferably the hybrid protein
R F4PEasS oL E ki RO igom ang. BB s Gindgsn fsom
hpatiGsB\WHBEAg). Prefelaslyans hﬁirid)brdit@ﬂ&bﬂ@ﬁb& ats@qﬁelﬂee which contains
C-termnal portion of the E;oteln particul ar

ate lgqﬁbkﬁtoaawmawlg}s Which iy yystentially ppmalogowsyte .tlefrpm%p@son of
the rc@tp%ﬂam ng lpyl%aa; %ﬁbs%nttsnmm Ltﬁe eq&%gal brifoR®f the CS protein

g@rop obi ¢ "anchor sequence. CS protei n may
indiedes e Eftempinuy deyoid pp tmmydmph@bld gndhposequénee CTheC Ripratin

mllél/ggéd o?cfgfrtﬁlgla)a(t 1t h%nrrl] 5' sdfr n%?erﬁr@nral use in the

ifonis a pro S a portion of
the CS protein of P faIC|parun1substant|aIIy as

orre ding .t o ami no, aci ds 2Q7-395 of P.falciparum .
MOgPERBRD tlhﬁlg}‘l?r{f’elﬁo?l“ofﬂ{ 576N thedByeRIRGES A Rretgiiguhieh eqmprises a

péttion SIHBE Y protsRb PN fhd; Wﬁm\éh&teﬁltlhllﬁ@@orﬂehﬁ&ﬁ@fngtt@ atlM® acids
N-term nal of HBsAg i nker rise a portion

20 3P o Sl eip v clom é@@\feﬁié@wceeéeﬁg ét(§aqpelrs eusbsupra)

A g e UL 80 LR AP oo

patoRitpre’? flemdiBdtad in WO 93/ 10152

Preferred CS 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.

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

¢ A methionine-residue, encoded by nucleotides 1059 to 1061, derived from the
Sacchromyes cerevisiae TDH3 gene sequence. (Musti A.m. et al Gene 1983 25
133-143).
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(wherein it is denoted RTS*) and WO 98/ 05355, the
whol e contents of both of which are incorporated
wheooeiozosRy ref erence. A particul arly preferredrtmyBrPiods/009995

protein is the hybrid protein known as RTS which

consists of: A nethionine-residue, encoded by

nucl eoti des 1059 to 1061, derived fromthe Sacchronyes
cerevi siae TDH3 gene sequence. (Musti A m et al Gene
1983 25 133-143). Three am no acids, Met Ala Pro,

derived from a nucl eoti de sequence (1062 to 1070)

Creearigde Minb A€ids,| MY Alg PRS, @eeebdrfronkl§ atklédide Qafiehett 06©
hybrid gene. A 'stretch of 189 ami no acids, encoded by
el LT 88 by the clomiproredieasehioeab R o b dkengo7

to 395 of the circunsporozoite protein (CSP) o

Pl asnmodi um fal ci parum strain 3D7 (Caspers et al,

supr atretcinf B9 anonaedids, e@iogipd enowdimd désyl 07l ¢d bﬁt’f rejgresenting

1638 t.o 1640 h d
constiettn2 a0 B bt IRpRiRBI RO LA oF plR A
Thr ﬁ&ﬁparaﬁ@@ﬂﬁdmxcmpefs@ow §85a)1641 to 1652, and

representing the four carboxy term nal residues of the
hepatitis B virus (adw serotype) preS2 protein (Nature

280: Aﬁgn'i_’ilr%]a%rd h?@%codeébé%ﬁ@%&ﬁegfl&%ztg 1850 Qﬁaat%g'b%he cloning

encoded by nucl €0ti des 30, d Specifying
t he Bogrdotesised tyfcohgpmt iheihgbml géineus (adw ser ot ype).

Preferably the RTSis in the formof mxed particles
RTS, S. The preferred RTS1S construct conprises two

pal ymmahmmcﬁﬁ&anm] $hi Rat, eAdoded bhigetized 641 to 1652, and
si mul taneously and during purifjcation spontaneous|

f or nicBSHFHEE te Parertogy é&r@"@{ Fesidbesrof dhe paite) B virpslaghr s

pr ot &4t R&e hESi@R|(MatBrspssBds i | st, nost
prefera {)ﬂép f(I:)ertew(siiae I n such ayﬁZst RTS will be

expressed as |ipoprotein particle. The preferred
rect Rls{sreqtch XF?Z%tarﬁciE(g gmds 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.

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).

The RTS protein is preferably expressed in yeast, most preferably S. cerevisiae. In such a
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 S
expression cassette. The resulting strain synthesizes therefore two polypeptides, S and
RTS, that spontaneously co-assemble into mixed (RTS,S) lipoprotein particles. These
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.
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preferably already carries in its genome several
i ntegrated copies of an hepatitis B S expression
wW@2ms02948€7 The resulting strain synthesizes theeEEP10685/009995
two pol ypeptides, S and RTS, that spontaneously
co-assenble into mxed (RTS,S) |ipoprotein particles.
These particles, advantageously present the CSP
sequences of the hybrid at their surface.
Advant ageously the ratio of RTS: S in these m xed
particles is 1:4.The invention allows the use of a
Thé¢ imgtmionallaws eheant biyesingla nalaviaaaiige,in 6 Odcirg, yorit@rwaaithat

e e At s hogEb gt L B fepred fr (B eratlon! prOFegr piaricalar

pRGRHS hgahRY &EreWiRARS 8n adBrdBRAEOK MR M Snvthiibh thBRfore, the RTS or
i nvention therefore, the RTS or other antigen is

othereaniigeibisypraferably ghesofpamalarinantigen gethe Veaccinge vaccine. In
anot her aspect, the invention provides the use of an
antigen froma single malarial protein in the

Imaothenadpactethe invantmedireddesthe figrofas entigenfeoca siagle omlarial

agai n sev mal.aria. The | arial protein. be .
pHH Bthe RE" GG dicame Bl ik e B Deshit e matara
The abatial, présdid-rhay beRAR of H}‘B/brb (:)jtei%ﬁﬁl deslcﬁé’ed&ld erdWﬁighﬁlﬁr%f €S pdkein,

it 1.s.CS protein, i ybri orm as. descri bed herel n.
AV B SA S s oot ReBraR bl et b g s
dQkrikRHeEliNg severe mal aria which nmethod conpri ses

adm nistering to a subject a conposition conprising a

mal aria antigen which is expressed at the

- er.) ‘ i uv . i .
e o e e
msihb{l eahpriszs edrommistatimgno a pubgéot b atahyositiontdompaigiag ik amd@ antigen

escribed herein. A suitable vaccination hedule fo
whER T fxBereedioh fshrs utiroroRE sbes SREATMHARs A ardero o1
adjOSRE aed asdREEbRE he@din. OTHR pra¥etdY Subje€ts YR childRBViRERrably in the

mal ari a magé(f be defined according to the WHO gui del i nes

agedpnges dencebgd iRt i ce (supra). I'n the study described
herein the criteria for defining severe nmalaria were
derived fromthe WHO guide to clinical practice and

Agpisablg vespinatipn sshedudbior ugsdh dve. inyentioh mchidenthe pdmindyation of 3

docsL:é'S‘H\%@gnee,alér%%émmm{%@i a defined in the study were
require

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.

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 uL on Giemsa
stained thick blood films and the presence of fever (axillary temperature > 37.5°C)

>37.5°C.



to have the presence of P.falciparum asexual

parasitem a > 15 000 per nL on G ensa stained thick
whbmed29887 ns and t he presence of fever (axill| aPgI/EP2005/009995

tenperature > 37.5 0C) >37.5C. The definition for

severe nmal aria was the additional presence of one or

nore of the follow ng: severe nalaria anaem a (PCV

<15%, cerebral nalaria (BI antyre coma score <2 ) or

e e.di sease of .ot her ens whi ch coul d
TR o e T otsale R ol T mES gfée pamosaf th
fotloning: Sdversmalarid Meﬂlae(Y‘C&’USlS'%‘) mwrﬂ)malﬂﬁ@@lirﬂﬁb @Bma score

defined as i nabl ity to sit unai ded) ycaem a <

<2) onifeTe discaie o owehqud@yste'm Mhick&pyig 1%%%&13@216 seizures (two
oﬂﬁbx@%%héal@fed%bﬁﬁﬂg SHsQh %e%?éduﬁﬁ%ﬂ honlg???osﬁ'ﬁﬁorg('dgﬁ&d' as

le 1 below. Severe malaria case Inition Severe

lmhllhar foait uAslé&d)alhyppalrya@ml@menan@lfdlaord%ng/dL)« elimieddlyi ng
r a

S FRRRREE s 3 tghadld (BOUSE RS R SRR FB R B, e
coma score after definitive reading correction of
Shyroghlyae ahs defiawan score < 2 and 60 minutes after
control of No other identifiable cause of fits. If
flidelérBthala@ianot Re A%l fdrash@iaCl ousness controlTed
Wah&hia 30 m nutes gdhilvd réadiingncl uded Severe mal ari a
Asexual parasitgm gehddched Jsydefinitive reading No

gt her nore probgbl g, &Rt SRreHrotablb N€SS
cause of illness

Cerebral malaria o Asexual parasitemia Assess coma score after
definitive reading correction of hypoglycemia
o Coma score <2 and 60 minutes after control of
« No other identifiable cause of fits. If fitting cannot be
loss of consciousness controlled within 30 minutes

child is included

Severe malaria Asexual parasitemia
(other) definitive reading
« No other more probable
cause of illness
« Does not meet criteria for
severe malaria anemia or
cerebral 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 < 40mg/dL

- Acidosis Document supportive signs
and/or laboratory readouts

- Circulatory collapse Document supportive signs

andlor laboratory readouts

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.
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Does not neet criteria for severe nmalaria anem a or
cerebral malaria One of the followng: - Miltiple
W@ 00502987 Two or nore generalized convul si ons PET/BPI005009995
24-hour period prior to adm ssion - Prostration
Inability to sit unaided - Hypoglycema < 2.2mol /dL
or < 40ng/dL - Acidosis Docunent supportive signs
and/ or | aboratory readouts - Circulatory coll apse
Docunent supportive signs and/or |aboratory readouts
In accordance with the invention, an aqueous sol ution
Thé prehered whidineatbséitct std@ice gththdRyeRnUs Bdwen BCOd ¥g RTS,S
and conbined with a_suitable adjuvant or carri

POA|G08S: TG DEsfapably Ao Bt 168 Bif A-Se BYestRecipsably dasg Bt pis BTSSo
protef, e b1y iR2 50! M(g%ﬁiqﬂgi foMARLLEY). TR lﬁl[e H?g&red dose for use

_preferred vaccine dose I n accordance wt _
inj aitdren| iopaitsulae tikseen belavp O vergeaRTE age ped mdegmrtiqubrly children

r.ef er S eferabl y.a do f -

oG LB ebecteh® o nePor BlCh e D ShutPh Ry R orf el 40 B is
bdtiveeni O 10@pgRITEIS e HoseTbse prefetably roerSargr lﬁtsl,ﬂ,oﬁ%est fpfeferably a
use.in chi e in particul.ar children below five
Q25 08 R g0 B b kmaBRgmEnT T or en aged 1- 4,
and represents one half of the preferred adult dose.
The preferred adult dose is between 1-100 ng RTS S per
Inpseerdangg pathdhe freerfianhaantigery s cegbredsathig odi uyprifos e2BEY

. I . .
PR AT P ara e M BTN AC R} Brterspgl
stamtlatgeel 4 Bhiciypbiespahsevi t h an adj uvant or carrier.
Preferably an adjuvant is present, in particular an
adj uvant which is a preferenti al
Suitable adjuvants include but not limited to, detoxified lipid A from any source and non-

toxic derivatives of lipid A, saponins and other immunostimulants which are preferential

stimulators of a Thlcell response (also herein called a Th1 type response).

An immune response may be broadly divided into two extreme categories, being a
humoral or cell mediated immune response (traditionally characterised by antibody and
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 TH1-type immune responses may be characterised by the generation of antigen
specific, haplotype restricted cytotoxic T lymphocytes, and natural killer cell responses.
In mice TH1-type responses are often characterised by the generation of antibodies of the
1gG2a subtype, whilst in the human these correspond to IgG1 type antibodies. TH2-type
immune responses are characterised by the generation of a range of immunoglobulin

isotypes including in mice IgGl.
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stimulator of a Thl type response. Suitable adjuvants
include but not limted to, detoxified lipid A from
waryedzessTe and nont oxi ¢ derivatives of |ipid BCT/EP2005/009995
saponi ns and ot her imunostinul ants which are
preferential stinmulators of a Thl cell response (also
herein called a Thl type response). An inmune response
may be broadly divided into two extrene categories,
Qr,.. [ n
B} B PO P e S o PR BT e O R RABR g s of
inghiireatgponse afbaw'tcﬂdirEs OoHi ghrleteemtf i HhL -typs pﬁokmveﬂeyd to fivms ¢he
ate Oor.i se have be termed TH

G5B 0 68T peURT BRI P re o6l Yo ARHET N R levels of

THmMé%yf&ﬁQ@ RpA %o fHBIRh@IndG@RHARA S EhoraFithih&ieredddnsestty R
i mune ‘responses may be characterised by the

aj@Aer at i on of antigen specific, haplotype restricted
cytotoxic T | ynphocytes, and natural killer cel
responses. In mce TH -type responses are often

Thdistirctien PEE] byd TH2-typeriemain cespofseaimobadplats, afd ¢ahdake the

folrxge%a corglmuéﬁ]t Ie V\'hl lt}?ese %é){ﬁ%mlgy rTH reaﬁlgyeasnemg Hugls\etﬁ suplgon an

es are
inhafeaedpenieselticipis dektﬁlbgdaﬁuafe&ﬂg Iﬁadcmﬁma)tryalﬁgli‘orqfredommamly TH2.
i mrunag] ohul i n i sotypes inclu g In#% q %
HBWe Y5, b 15 4P GomRIenYTh EoRR g mEies & Bt ‘H?ém o i

d&@ﬁﬁédqp%%e @fo4tm816ceilve%nw'9_fmo%aﬁmr&mﬁ BRnAIER
cytokines. Hi gh | evels of e cytokines tend to

afdSafinart Re. (HEGETHOnndTHE ells: dé‘dreat mtqrmnfrﬁ)enn/@émmg)wion

n ant whi, | st f T.
g e R i R A el
Tiadltién4l Jr erslpqpﬁms;idnséslhee @@ctdnganwnf{ iR plodiictiec b tae NOF-y

TH TH2-ty I mmune responses_i s not absol ute, .and

CalfingsdReT-DPTPEX F. DXNC CHERRE Rt B iiasFo Aerbwith fis induction
OPT(II{T ?@@S?mn"}uﬂe fe% Vm&syaréﬂot'p?gdu%é(ﬁl%af c\@flé Eu&nl'b@ RRNS. RAontrast,

response I's ‘descri bed as bei ng
Tﬁﬁeupmenmesyarérhﬂsomte@wetudm seenetionyoffiEA, IL@V\HvérIL 1¢ ands

toften con ﬁqP g consider the famlies of cytokines
YTPY BYAE 0 Ph bIg @ ribed in murine CD4 +ve T cel

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

ratio of antigen specific antibody responses.
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.

10



and Cof frman, R L. (1989) TH and TH2 cells: different
patterns of |l ynphoki ne secretion |lead to different
wo eveh2assml properties. Annual Revi ew of | mMmunedDBR2007009995
pi 45-1 73). Traditionally, THl-type responses are
associated with the production of the INF-g cytokines
by T-1ynphocytes. Other cytokines often directly
associated with the induction of TH -type imune
r nses.are n . py. T-cel | [ 1-
AURRBRR NFRLAE b BE SRR Elinla 6t o neCHE Bt e
désegbakiavé0iodroons3 ald WO 931'R091 L-6, |L-10 and tunour
necrosis factor-b(TNF-b) . It is known that certain
vacci ne adjuvants are particularly suited to the
Peetfdriadl BH1L19pe SimHoki@hladtshwhith nldPbe foftiltres Yo @’561&% adjuvants
responses. Traditionally indicators of the THl: THZ
5 SIBab@rfeveUS@ﬂn th PrespphineenHs inslvde ang are potgrestreted ipathe dnlopng.
i nfection includes direct nmeasurenment of the
production of TH or TH2 cytokines by T I ynphocytes in
It\hias loog f¢reknommghit gnlertbaaserialiliphpaysat gende M) ora pdient

neasurement (at | t i ce) of the | 1l gR2a. .
SRS &Rl 8RR et a0 Eu PR eet Pea y

tokid effey ReA adh-tanderivaticane M, edonspliosphoayldipid & MPLEDroduced
T-cel |l popul ati o t.o produce, hi | evel s of TH -type
10 bxmﬁhﬁéﬁmﬁw ohyr F&t‘%ﬁ“%‘li]‘t? gﬂ%?ﬁﬁ?‘& gRm tﬁe (ﬁG't*%g-end
gRBEb il RRDeaR i FRFedRATbf LGl {1985NAGHLABIYGY And ESPONSes
associated wwth TH -type isotype. Adj uvants which are
Ira@p@smhénwopgép&b@fﬂruaﬁmdgthmﬁ; enusn Pall. Corp., MY, pdBT-H19) and
: cribed in WO 94/00153 and WD 95/ 17209.
h%?gfg)?@g’ﬁ‘gﬁlug@feype i mmunosti mul ants which may be
formul at ed yfjp produce adjuvants suitable for use .in
thﬁrﬁresent}i?n%i on include and are not restricted
totie ' % tohas | ong been known t hat
Wpopgysacchargde (LPS) is a potent
stj myl/tor of\thE 7 m\al t hough its use in
ao+u ant’s) hag ' s toxic effects. A
non-toxic d no bgzsplapryl lipid A
(MPL), p Ar bohydr at e
group and Yhe phosphe®™® fromth

gl ucosam ng,” has beegggescri be% (1986,
| nmunol og ' nd ‘lm Ik | .
0’ (CHao /| §=o Cm0
O (CHo CH |
OmC CHj ] 2 cH
Om=C CHy CH—OH e
(?"2):2 é" | HC
&, (' 1o (c':Hz)m (cl:}m
2o
CH) . C“) l ?
CHy c¢=0
|
(?Hz)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
liptd A (3D-MPL). It can be purified and prepared by the methods taught in GB
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I mmunophar macol ogy of bacterial endotoxins, Plenum
Publ . Corp., NY, p407-419) and has the foll ow ng
w@eodorasse: A further detoxified version of MPRCT/EB20H/609995
fromthe renoval of the acyl chain fromthe 3-position
of the disaccharide backbone, and is called
3- O Deacyl at ed nonophosphoryl lipid A (3D-MPL). It can
be purified and prepared by the nmethods taught in
4 ' f i scl the . .
21??2%%%61 Il%‘lnreo én%? Bﬁg gghlg%% ﬁhﬁﬁ%r%ﬁ?aagﬁ?l og %ﬁ)%§§phopyl lipid A, and 3-
Odecdedayd edrandtsvbarecfnt s t hereof . A preferred form of
3D-MPL is in the formof an enul sion having a snal
particle size less than 0.2mmin dianmeter, and its
AFéfB@ai RmFBEBDIMEL i i theSfoeth SE hiP&RElsion h%%é/s@xlll fcle size
‘Aqueous fornul ations conprising nonophosphoryl [ipid A
leggrifam0.-umfin diametertad &s Frediwdof weppiseiyrd i dm@gwsamg 924292
AQHo ?F&rﬁhﬁkib&%ﬁlg\‘ﬁﬂg %%fgl?o%%ﬁjo‘% | 1&%&%% H%QH{aﬁa& gaxpeebeen
sed 1 n the present Fnventio y be purifred an
deperitedss 80 984867(bact eri al sources, or alternatively
they may be synthetic. For exanple, purified
nmonophosphoryl lipid Ais described in Ribi et al 1986
THeShaRteah) 1ipdpolySacthdpria dyivided; uvaite R sseB@inythe Bfesent invention
di phosphoryl lipid A derived from Sal nonella sp. is
mere bepyTHiEd 1A Prascsse o bictsial seyscoroqRigmativgl ey may be
syRtHelid iFed canhis wutihed msndﬂheg&e}gx BRRCAA ddabAAYRIPEEM 1986
described (H lgers et al., 1986,
(supra), And ﬁ.QADlemyga}@dl menenbospharg| andiggspi®ryHipidjardsrieed fadm
[ e : \ - Br; R 0,549 Q74 Bl). .
St B aRieoN s b dndys BPaE el sl e
lipopplygaabarides BxeMetn dedcrited dHilgery et d/N@98R e dieth. MAércy @Bmunol.,

t .pe used in the present jnventio re ose
YRGB T Rersan el R bmanBoem dosD T erdief oried 037 Banea
pa@ticulld?y RéfelYEdbker@DipdpblysdcohAlRaBRKakli¢ S Aapi ve the

LPS derivatives may be an acyl ated nonosacchari de,

which is a sub-portion to the above structure of MPL
AQRRANIDSHhAT Bs AbSRiRESh &M i ' |

accor%g’nce WISt h t leésiqnesen %gggédsgpmownﬁﬁg&gmgk%ﬁariﬁg%
imaaljnevtamulgnta tvht aneeintiten ghdtructure todbaiof LEBS BubHLser 31-MAL. In
an\(l)\ﬁgp %Eerx‘fa'itive 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.
(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 saponins QS21
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
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(1996. A review of the biological and pharnacol ogi cal

activities of saponins. Phytonedicine vol 2 pp
wWREB6B88837 For exanple, Quil A (derived from ter/beaoks/009995

of the South Anerican tree Quillaja Saponaria Mlina),

and fractions thereof, are described in US 5, 057, 540

and " Saponi ns as vacci ne adjuvants", Kensil, C R,

Crit Rev Ther Drug Carrier Syst 1996, 12 (1-2): 1-55;

P 279
offEe bRepe AR 1 P periioatn MRSERIRoRsEs RS ey oS e
hmichﬁit)aﬁgmmﬁm wiijcht ae ¥ a6 a@d;euuﬁhﬁ\&nt fatﬂ dys%diiﬁNcc:) nRichhesl Use
1 ONn S . en .
o0 i deserbes” S shbe ol (05T TBmaima oy BRI b

cmﬁ&mmeﬁ Qs§1 tah@p&l?@r@d‘te S clodetAR Bé%'f@%'k\‘nbbvﬁ (W@ﬁ/tm&
i1-A) which acts as a potent adjuvant

P@}}@t @tmaéluvaé Gysteamss cograis frasponsio Quils bush ael@§@& andQSY are
déégﬂ%édlm%()%’% 3199 wobe/11pnol ogy vol 146, 431-437).

nat1 ons 0O 1 an polysorbate or cyclodextrin
are al so known (WO 99/10008). Particul ate adjuvant

systens. conpri sin actions of i | A, spch 21 ..
ARHR RS eGP Py el oG T Rhostprlity 3 GRh SR Tepppraining
urmethylgikd €pGtiRfctioties (FOPGT)O TIpiGihARBbbréGatadh foNEHEMe-
stinul at ory ol i gonucl eot j de cont ai ni ng unnet hyl at ed

gueResIRg HIRTIERstde ety Pressey i DY GUPE 1 Knatybinghs ait poheineaan
a wa%w&gmmgte% ) H&Hﬁéﬁ@hhéjﬁdfmﬁdogaﬁ rwté‘ss(% 95)@29!%@

Gis known in thé art "as bei ng an uvant
46538V -Paviseqr @dl, bimnyatoh 1991166620 8&0737@@6 nskig mgitlé@w( s

B e oA PR oSl Bhaunsloo M s B ggion o
BC61do8)d: k46 3n ﬁﬁt’l tirhair effect.alr farthertstuthes, ohgetiv eligdnbelkotidee
DNA fractian of BCG could exert an an ur effect.
YR PO B tiTeatencEy M sto B DI dmAS SMHE der | ved
inkrh@Bs BOEa @Ry effERABEIMGE FitMaing 1S KoY TR dtoEATAsE s@fies
i nduci ng i munosti nul atory effects (both in vitro and

oqngluded, it certria palindramic ssAUANRESs BoRdingiacsned (< meEd cemigd this
ac@x@f& airRe %hhﬂgfe%ptl% SE MHHE W%m%r{&glﬁigl'a{] @asclﬁ{eg} él?l:ldﬁgi ina

tif, carried this activit ecentr
pt(b@catmnub‘y Kmeg, Nnuurm&% niﬂ6a1t9|96 nDemged atabysisdiasl shotat that thenCG
m fl-lrlatg ltc|> & 1tnI 2 rg:rta se uen oN?ex*J nd &74 854%61}065 gre common in

ai l'ed” anal'ysi s £ tyvetesy
bacterial DNA but are rare in vertebrate DNA. The immunostimulatory sequence is
often: Purine, Purine, C, G, pyrimidine, pyrimidine; wherein the CG motif is not
methylated, but other unmethylated CpG sequences are known to be immunostimulatory

and may be used in the present invention.

In certain combinations of the six nucleotides a palindromic sequence is present. Several
of these motifs, either as repeats of one motif or a combination of different motifs, can be
present in the same oligonucleotide. The presence of one or more of these
immunostimulatory sequences containing oligonucleotides can activate various immune
subsets, including natural killer cells (which produce interferon y and haQe cytolytic

activity) and macrophages (Wooldrige et al Vol 89 (no. 8), 1977). Other unmethylated
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notif has to be in a certain sequence context, and

that such sequences are common in bacterial DNA but
wae@oena9se7 i n vertebrate DNA. The i nmunosti mul aPOT/EP2005/009995

sequence is often: Purine, Purine, C, G pyrimdine,

pyri mdine; wherein the CG notif is not nethyl ated,

but ot her unnethyl ated CpG sequences are known to be

i mrunostinul atory and may be used in the present

i@ventjon In certabn.co i nati ons of ”\gg F
CRYEPRBIESEAUENRE 1oh B TR (LIS SRBITBRIE SIS p RAVB A1SC NQB\PEFTY|
stfwnlth 88 emMBkdrh&dulfbyner as repeats of one notif or a

conbi nation of different notifs, can be present in the

same ol i gonucl eotide. The presence of one or nore of

c%@%%n' RS hma@m&vlsﬁg\gﬂammﬁg@@ inisRg solution together

i gonucl eoti des can activate ‘various i mune su
with ¢llee ditiggn (BQUIE02 35| MeCluskik lasd Dabis.chpm odeelently conjugated

|ntefer av Ll 1Vt nd. . .
ol dReeP st R S5 B S ALY Mif p By K s Mgy yaroniae
(Bepeitis Winiiat Ayt g DOpSecantpia BrgzdeMaiaesanot havi ng

t hi nsens se G V. | so now been shown to be
P’f%ﬁfﬁlg&ﬁdﬁ?’a’tﬁﬁ‘n l%ég@%ﬁ%?ﬁ& ated into vaccines,

Is generally admnistered in free solution together

with free antigen (W 96/ 02555; MO uskie and Davi s,
Slsthprrmun@srt"@dm @e@rﬂqssnl@é apaNganaycbe fermiatas taggiar yipcarriers,

su%ﬁ élﬁg‘é?dm QPOXI 0?1 ift q&/a\@r%mu%lo%@ra?‘nh OF it s@ﬁg mcludmg

umnlum Hepatitis surface anti
aleiraim ssltsr:(sla:h as Btuazmlumthywrdxll@m Edr eghmple, 3D-MPL may be

romtefieoy AR B Berarods R Beo a0 B L SRS iR el

95/@@5051&182\/1/1 rhdy bbaerdmrgig,&ouﬁyuﬁimna&teﬁwu}mhal‘épdeﬁ)l hbrﬁﬁhﬁﬁiges
vvater emul si ons or netall

hwemsaﬁ‘ﬂ@ 93 M ﬂ'M"s‘éﬁtﬁrse"tléﬂ%‘ﬁ Y 8?”&&%1@ em‘um (WO
98y $H'8a% iR maf B¢ fo%amdemt%wxb aV TR RESup AL Mth Al SV ah

al um ni um hydroxi de (EP 0 689 454) or oil in water
supha)| o Vo thotiioncatomicicapriayy.: QS21 may be advant ageously

formul ated with chol esterol containing |iposones (WO

96/ 33739), oil in water enul sions (WD 95/17210) or
Cainbimafj oS o9 Bhﬂnﬁﬁ’c&ﬁmulam@rme frefetrod, Mo batiedama tdmbhation of a

mg)r?c?p\fliogph%yl ?1|pid Rafd & sa;pomnaderlvaglve Wd §)oo1 53; WO 95/17210; WO
96/33739; WO 98/56414; WO 99/12565; WO 99/11241), more particularly the
combination of QS21 and 3D-MPL as disclosed in WO 94/00153. Alternatively, a
combination of CpG plus a saponin such as QS21 also forms a potent adjuvant for use in

the present invention.

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

An enhanced system involves the combination of a monophosphory! lipid A and a
saponin derivative particularly the combination of QS21 and 3D-MPL as disclosed in
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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supra) or with other cationic carriers. Conbinations
of i mmunostinulants are also preferred, in particular
wa@2menissmt i on of a nmonophosphoryl 1ipid A andP@I/EP2005/009995
saponi n derivative (WD 94/001 53; WD 95/1 721 0; WO
96/ 33739; WO 98/56414; WD 99/ 12565; WD 99/1 1241),
nore particularly the conbination of QS21 and 3D MPL
as disclosed in WO 94/00153. Alternatively, a
conmbi nation of CpG plus a saponin such as Q@S21 al so
forms a potent adjuvant for use in the present
A g)ﬂl\tﬁﬁlfafl? Potedtudsuvastibindhttonddydiviap QSQY SABVEPL &chttffbﬁerol in an

or exa a conblgatlon f nono hos E?ryl ﬁ
mbsnévaé?raemtgbswwsmnbf GeVReP/ it aisapdiietrefamed fopmulggion
MBS SHsbgM | nvol ves the conbi nation of a

nmonophosphoryl lipid A and a saponin derivative

particularly t he conbi nati on of QS21 and 3D-MPL as

el ‘
i e S L R
QSthﬁ)i—MPng)rltogeOsownh af E]@mmsmd;alscl osed in WO

96/ 33739. A particularly potent adjuvant formrul ation

i nvol ving QS21, 3D-MPL & tocopherol in an oil in water

AEIBiHE19 M bife éhetpairhdh@of the pherid HivEAiZdiDtharads pidvidsdtteake of
preferred fornmulation for, use.i.n the invention

depgyatieripig AddTarodoXie AeRNaHYS %ﬂl%ﬁpmosfe@e%mébemnophosphoryl
il %%Wﬁbﬁ%'ﬂ%‘?eo‘?ls%eas 8- mefn%hbmahbn Q?tg]a’me?rg‘ld\ﬂ: kiglH as

together with an alumniumsalt. Accordingly in one
de@mdmduhmm, farfthe menyiactereof a vapeametipothe preaeriionof sevstd rieldria
gkh use of detoxified lipid A or a non-toxic
J%rlvatlve of lipid A nore preferably nonophosphoryl
I|p|d A or derivative thereof such as 3D-MPL, in

PrRF SaeB g AR KTt B OSALi o f or ¢ he

prevention of severe malaria disease. Preferably a
saponin is additionally used, preferably Q52 1.

Prefegbby tislinveptien fupberrirdeys ofiHe vaskamalyion 95 Lippsomen
wat er erul sion or |iposones.

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

1. 3D-MPL, QS21 and an oil in water emulsion.
2. 3D-MPL and QS21 in liposome formulation.
3. 3D-MPL, QS21 and CpG in a liposome formulation.

The amount of the protein of the present invention present in each vaccine dose is
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
1-200 pg most preferably 10-100pug. An optimal amount for a particular vaccine can be

ascertained by standard studies involving observation of antibody titres and other
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Preferred conbi nati ons of adjuvants for use in the

present invention are: 1. 3D-MPL, Q521 and an oil in
wowdoen2ssul sion. 2. 3D-MPL and QS21 in | i poSONBCT/EP2005/009995

formulation. 3. 3D-MPL, @21 and CpGin a |iposone

formul ati on. The anmount of the protein of the present

i nvention present in each vaccine dose is selected as

an amount which induces an imunoprotective response
re‘%on@«%ﬁé g&l&_)@é f#oﬁ%%nr% a@xq}{lﬁllap\?ac&hgtgp I:Jbge%‘s will po g%%ﬁlqjﬁcewe a
bapeiniaboat 4 wmksu,cfgﬂmswecﬁbmpﬂatnﬁéﬂoam elvemjn ek hmmtlmrfonmstlongm a

e o RO ST g pieip R e
h@péigbwabl y 1-200 ng nost preferably 10-1 OOrg. An

opti mal anmount for a particul ar vacci ne can be
ascertained by standard studies involving observation

TR va@&%b@(ﬁqﬂe bvEditRR n%{}qae%&%éde@pﬁp%?§ vhrnet§ Up}ofﬁfeg Such as oral,

Fol | ow ng an initial “vacci nati1 on, “su Jec S WI_
topicel; subsblapequecuiiopeal dtypiseldy mitmva@m@t infraygnefss, irftaiuscnda,

mermi(sglp?u%ﬁlg al?ogt‘? d%rn%’i%[lalw% égg)g lgs for as long as a

et on exi d anmounts of RTS S
protein are also as given hereinabove. The vaccines of

t he .i nvention be vi ded. b of a,varll
I i 08 G SO Tic Db feteruticn THe (AR UT A s Gergan is
pﬁﬁxé‘lﬂy Gad ddy ek&ﬁﬁ@l@@drﬁ&h}d witﬂbfo@ﬁﬂﬁ@%ccnhmcfnadgﬂﬁ%ﬁﬁna
i ntranasal, sublingual, intradermal and via

merg g tagy\PronhylaGHE KasemaliPTa RTEYENtK dpFfRescthe kelthood of severe
nﬁﬁgg@gg#glc The invention described herein is

primarily but not exclusively concerned with

prophylactlc vacci nation against malaria, nore

arti. u ar 0 vacci nati on r event
APRBAAE bRt R PR as ke s e Bienls g P b e iRVentiSh
arAWlle]ﬂbWﬂﬁrEthB A EAdaRlide taldkymple 0 abbeff&ar V@i f@éparation
,ex0|§|ents for in the inventjon are well known in

isghRerii deagiibertie e geatc BaptpAnmolngY-eYol & Yageipg Pesign - the
subaRi€ hiEadPVaREIPREI 0N eliRe SNSRI dhd ARSGHAND PRNiA Press New York,
Phar maceut i cal Bi ot echnol’ogy, Vol.6 1 Vaccine Design -
1995e New Trends and Developments in Vaccines, edited by Voller et al., University
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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subunit and adj uvant approach, edited by Powell and

Newmran, Pl enum Press New York, 1995. New Trends and
woewelozg3sENt S i N Vacci nes, edited by Vol l er etP@l/EP2005/009995

Uni versity Park Press, Baltinore, Maryland, U S A

1978. Encapsul ation within |iposonmes is described, for

exanple, by Fullerton, U S. Patent 4,235, 877.

Conj ugation of proteins to nacronnlecules i's

di scl osed, for exanpl e, b% thte U. S. Patent

4,372,945 and by Arnor et Pley). s, Patent

4,474, 757. Exanpl es Nhterlals and Met hods Study Area
Mbheridls and M@bodzonduct ed at the Centro de | nvestigacao

em Saude da Manhi Va [Cl SM (Manhi Va Heal t h Research
Sk@pliFL) , in Manhi a District (Maputo Province), in

sout hern Mbzanbi que between April 2003 and May 2004.

Tﬂg‘ﬁapvbgé' %ﬁ@d'técﬁﬁt'tﬁ:esC tro c{ﬁn@é'sﬁgagg@&ﬁ Sgﬁﬁldaq@?ﬂﬁe{)[ﬁ(ﬂ%m

detai |l el sewhere9 imate I's subtropica
(I\dfnémarlr&,qaltb Bz s C%tmmmMamldcar Ristrict @éa}wm Pfavome), in southern

cool season
AP OB PRTISIE I RO, e SRS
berealdasfcabbd maﬁ:ta]]Za&@wﬁEBﬂe Ae enmatahsl sﬂmgaplbzﬂ \i’l%ﬂ?@{ﬂlﬁﬁb@&asons
th ked a S npst ue to al ci parum
a %%ng rég’?-‘/&ﬁisgf‘ 3@“1 %lé’lehﬁ’ /?Prve%id&rgeaﬁaﬂr feel gad HW?%SGH
AR Mg RO fGhd VIAE @L@EEQOOT #nQal(cEh B V211280 %n ViRFenifil malaria

Conbi nation therapy based on anodi aqui ne and
tran§miskied a\sethrfearkecbwisqmbqyamnﬁ@ly(@a)to Psfaidigarfuinr 4nophelaefunestus

PRI Ro! s HORRIBISSAOA R A s TR0 ves 3
CQm@nmmhherap)FMbd tn Geodiaquine dnd sﬂlj)ﬁadme;d\er— el emetbmiredBPhis
ok 5% ot e B PP B SR B BT ASR B ¥l
faHhﬁai tAajacenﬁwdysmihg MahhRa $lebiely C¥aér, the fNO.56d Hferral health

3 hg gllnd ndom sed and caontrolled trial to
fagy t distrikhealth aeyvork srnsislgéailuthey 8 apdphsral healtyposts and a
rufaPoBhifl.0gi cal s' RTS, S/ ASO2A mal ari a

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.
Jalciparum 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 efficacy of the vaccine at two points in the life
cycle and pathogenesis of malaria: infection and clinical disease. These two endpoints
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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vacci ne. The primary objective was to estimte the

ef fi cacy agai nst clinical episodes of P. falciparum
woredoan2esi n children aged 1 to 4 years at fir SPCT/EP2005/009995

vacci nation over a 6 nonth surveillance period

starting 14 days after dose 3. The trial was designed

to exam ne the efficacy of the vaccine at two points

inthe life cycl e and pathogenesis of malaria:

f n and cl di sease.. These n
Pogh Rt Ao deprataidh FRA SR 5 fex ol Aok P IRRlef Bea 55
krh \ﬁﬁrtld of Maﬁlﬁ{:ﬁ afd vasfollbiwegditoadelect ndsoimdgctiods thfoaigh Wicb@Bination
ffrom an area of ﬁg} Km radi us around Manhi a,
AGHYG I PRE Gt YTHEHENSS sessent of the primary endpoi nt
of protection against clinical disease determ ned

t hrough passive case detection at the Manhi Va Heal th
Farsahet 1,504 evtvablasubificts nee glovh Pertneeduship ordep takaye 80% power
r I h
o L TR (AR MO R g Rley 01 598 Ay BB TR
Sfataipadet attackrretwowrfthc: $urvml=_tartch pauglofd 1%an‘mlnerm1trohgroﬁp and

act i v and For,cohort 1,
e BsR PR EPCechieh o 1o AR iB s CRAGERS dro il hesged o
proaide Sm%wmrdete@t aalaatcemte eEHfichOVERTS oe/pmftha@eo@mbh ¥ hevof
vacci ne efficacy of 15%. assum ng clini cal

infegfiensy ddoster sfnfidengedingt el 200 hassumingeitpte of e%w pefestions gf S0%
ovkl MeisOrvkMan&etib@! group and vaccine efficacy of 50%
For cohort 2, 116 eval uabl e children per group were
needed to provi de 86% power to detect a vaccine
; ; .y . oL
s R RS apmOd b RaRp Rt s Bl pARY BB e e,
HodpitaleWininbEBarcados Ethic R%iewé]‘ontrhiﬁeeswdvthfe Ptogrene fqpeXppedpriate

e e wRL BB T GHT Sypites B on COPmiRE” BFe i Vas

coBaﬁ&&i ardight afe IRSVGE CInTedl PR Bcanfddlines, Bh®@ghsohi@red by
Appropriate Technol o%y in Heal th (PATH) Human Subj ects

GhxetaithKlgis Riplegicels et Logal Satety Monijgiend 8 RtrcangdPafety Monitoring
B4 Qlosk1 P vl dohliPaRdShits e @l iff act i ce
g‘ﬁ? o?ég S aeng V\IE(I)S noni t{)ereclS by GlnaxoSmthKI i ne
B| oI og| cal s. A Local Saf ety Monitor and a Data and
torj Board cl osely reviewed the conduct
SEi: fo"’é‘}¢%’é?e'ftr al .
CISM runs a demographic surveillance system in the study area'’. Lists of potentially

ree m

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
with EPI vaccines. Interested parents/guardians were invited to the Manhiga Health
Centre or the ITha 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-
print if 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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Screening and I nfornmed Consent Cl SMruns a denographic
surveill ance systemin the study area 10 . Lists of
w@odoerdsat |y eligible resident children were prPOLER®AS/009995

fromthis census. They were visited at hone,

i nformati on sheets were read to parents or guardi ans
and criteria for recruitnment were checked. These

i ncl uded confirmed residency in the study area and

f L muni satiaon with EPlI vaccines. |nte t ed
ol L e e ey o rh ARG Py T REPREk o Bierraialpyand
bibeH¥igryesté.he 11 ha Josina Health Post. At first visit,

the informati on sheet was again read and explained to

groups of parents/guardi ans by specially trained

childéd weﬂefesibmamm g%%&aﬁomaqem@ DhisQi ¥t At SE alsbRY,

passed an 1 ndi vi du oral conpfehension test designed
hetrmt@dm_e 625%nwenesnaém1m@eddfwetght Br heighirraisorre), Tk rlineally
si %1}1? Canle O It ehrg ro r %:‘g]rté(g\ln ste( g{: a&h@% R%n’%o %y SHF %hﬁ!h?caﬁ})a%meters
El@@himmlbjégts areteeadr(ﬁlsd anthe sydy staaing\whitheeist daydf vaccmatlon and
.countersigned the consent. form Sc eenln i ncl uded
S SO LD THREL Ry BT s IO BT UGH SRS | g

RBMolisati6h Rid G¥mibaribaemat ol ogy and bi ochem stry tests.
Chil dren were excluded from partl cipation if they had

2022 1ghddrgp peask 1 -4 ypass WPk repruitedsnd randepnsse (9 teczzs%ree\/@ﬁ%s of
el{fﬁ%} ﬁ?&?rs &ﬁ?ﬂ\ éa%%dgéétmilm%ﬂ%nﬁ%r contrél §a%91'h§t)on r@@%e at

|n|ca y significant ronic or acute di sease”or
Mabimoa Haaltwﬁ@mwollbggosma Hzialtle Resti Tl rapamusative mas performed at

bl bj e l.ed d
Gk e UPh Yook S B 0 1 H HrBS R umi e

study number and i ndi vi dual phot ogr aphi c

identif] catl rd, Randoni sation and |.nmuni sati on
R5BSocqmis it aky g@@%cw!ewa INRRY YR EXPESPY ip ¢geshig which the CS

proioNt SadaltithdeRGEb4Lald dafRx JORERIn e SbANRE fused N terminal to
RTS, S/ ASO2A candi date nmal ari a vaccine or a contro

the Scotigen of SFeprisiis Brirng (HWsAIE) ter Metadle acasn iseluges the hefused S
onf@PA R (Bl RISl A L0 [GRERM SRR BIYBEAS KRR 2

glca s using a ng sCh

~ Bépinok centzies 6)u g KNForhilised RiTStSsanigemreayistiiutedin|56¢ uLef AS02A

acﬁuevgg{%hr}r? nwta ef e fgnrogscgt?tgmgnng HE 1an§r¥1unos{] mV\Qnts IgD IO&Lg?Conxa Inc.,
WA, USA] and QS21, 50 pug of each). A one-half adult dose was used in this trial; i.e. a

250 pL dose volume containing 25 pg of RTS,S antigen in 250 uL. AS02 adjuvant
(containing 25 ug of each of 3D-MPL and QS21).

Because routine hepatitis B vaccination was introduced into the EPI 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
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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protein 10 '" central tandem repeat and

carboxyl -term nal regions are fused Ntermnal to the
w®2@at2eggen of Hepatitis B virus (HBsAgQ) in a pRCT/ER1085/009995

that also includes the unfused S antigen. A full dose

of RTS, S/ ASO2A (d axoSm t hKl i ne Bi ol ogi cal s,

Ri xensart, Bel gium contains 50ng of |yophilised RTS S

anti gen reconstituted in 500 nL of ASO2A adjuvant (oi

r _enul .sion.containi.n nos
cbylbol BieFing SREST RRRIARE nebqii B fetfins [RNeERS B e iy gpctine
Bﬁﬂ&gﬂdals Rixpngart) Befgianu Full desse (0@l dsdoluind) Rese ik érddo;the
a 250 nmL dose volune containing 25 ng of RTS, S
°%W@?@€Hp|n 250 mL AS02 adjuvant (containing 25 ng of
each of 3D-MPL and QS21). Because routine hepatitis B
vacci nati on was i ntroduced into the EPlI schedul e of

BribAehhP o2 Areng lqplyroz geckineg me_rmhd@ﬁnia@@d intpanpusc@larlyrisrbérs
d%ﬁ)@d R foﬁ%‘fl){lt&ﬁﬁﬁ{g T en!\_#%&%tlﬁ% tjﬁgn ! i‘%ﬂ{tﬁ%&%m SC C?du]e

ccordi ngly, ess 4 nont hs receil ve
Smoathe vhconzs asatese divistdes gpearhindeland 'ﬁohuaiee seciahpracantionsabvere

okl Tane e B TP AU ol Ve Rl Rigoran e

vafhe ANE nmAsiea tef coneanilitid syingdWith! &N @R ut J4pe pRovidCCi ne
(Hi berix GV G axoSm t hKl i ne. Bi ol Qgi cal s, xensart,

ingEyyatiAY- BYS teAw vas aghinvolyedingay |°81ﬁr stpdy ProprduERs eiclyfiner

Sdrhgpa,ggfdmﬂgmmsthecontrol vaccine was the paediatric
hepatitis B vaccine (Engerix-B(r) G axoSmthKline

Bi ol ogi cal s, Rixensart, Belgiunm). Full doses (0.5 ni

pgmﬁgéy g@AuM@Gﬁnﬁi¥%B¢JO the control group. Both
ASOZ2A" and control "vacci nes were adm ni stered

intramuscularly in the deltoid region of alternating
Aftprgach xecsingtior study garicipants yrerrhserVohiEk iphlgest ghe hour. Trained

field Wr?ws@ﬁﬁ@ cﬁlnﬁee Eﬁlq:lsllng %§er:9‘ ég}dfo‘? b tRiee %lﬁ)Wlﬁ]é: Baglﬁ é% record

appear ance and vol une, special precautions were
amtadefns@ eent. (volicitaddbal and gmenahadyme efentswere dpetimensed over this

erlo Eﬁ)so oc?te%iegver& Qr?t gr ceorge%cfgr i daayrs] %ftgrBt e%?l? g?ste[hgrough

C onte an opaque
thie o3 pitaBabibdity sﬁhueﬁlaheaasysms Smtius |aawie\/®dnts (‘S/&IE&) wakddstected

St Ud ragycaen lJ}er:c(:if;’ded t é%lu{] %esstlilxrd;// eétucky cqgl?iren were visited at home
once a month, starting 60 days after dose 3. During the visit, residence status was
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 62 months post dose 3.

Immunogenicity Assessment

Hepatitis B surface antigen (HBsAg) status was determined in all participants prior to
dose 1. Anti CS antibodies were measured prior 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.
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Fol l ow up for safety and reactogenicity After each

vacci nation, study participants were observed for at
wo eas2w8e hour. Trained field workers visitedp@hBP2005/009995

children at hone every day for the three foll ow ng

days to record any adverse event. Solicited | ocal and

general adverse events were docunented over this

period 12 . Unsolicited adverse events were recorded
E}A%E _3 Sssxlsmafter each dose through the hospital

Bi dglf Urveill ance system Serious adverse events

( SAEs) vvere detected in a simlar way and recorded

AtHaaldu@hth basbdmethidiyy. suBteiltipcedyistedr lew beer ia opemtidesingt 1997

o Fweni o P e e A B e G S e alif B S pamaragra

andIRRosihe dn SthreORUIREES, gmjech—laﬁaraslqmgars abalﬁaré 24 hour a day to
bi ochem cal  paraneters were npnitored

idgatiy sy Qh‘tt@‘l’a%‘é HpPeshdhepasrpabblpard.4pd 10 %Htewta@émdlsed
d&q;h%néué\mdqpﬁ%phaee%ml ﬁaﬁ%@m@m notransferase [ALT]

and bilirubin at 1 and hs post dose 3.

| mmunogeni city Assessrrent Hepatitis B surface antigen

t i chpant s

0] RS, 5 BLPLOE A AL B30 Eh00Ph e

(apiliany teinﬁerd@ﬁé» 37810 h3dblday solRodd fordetdntnafews bf ©eIsRa Barasites
ort 1 and anti-HBs anti bodies at these sane tine

mpﬂlph%e thip andrilick blpod smgars acvelt psomissecanilaryibepay t est

ddidrimiitioner ﬁe%@&l&ﬁ'&l‘ﬂ ostuin@ (BOV N crABRA Wath@inical conditions

screeni ng. Effi cacy Assessnent” A health facility based

- wanmaringihespitglivatien Mererrdmiseddo dhm Ma@n@eléeralthﬂemer@t adomission a

mﬁlle Q{é?a#%%élﬁy!:a?f hﬁﬂ)‘% %%&Q@baﬁ QH{X agg %&?or{n%%\}/gr 18 rc ofE a hl ca

stardaadistd Sorna.bylaphybikiah [Reaelts ddiHoirzttb@Snvq@ﬁguneﬁi arfmdd: findl

dstaf are avg (_Lab e .24 h8 @ to identif. stgch/ ,
IBOP S SRRt ded P digeharste E’é‘F SHaREInISE RAYcartprhoyt following
stéfdard ftishapdemased docunmentation and appropriate

nmedi cal managenent. All children reporting fever

within the preceding 24 hours or with a docunented

AU O DETRENAL M8y s Byl B o
staftipf suceilntdfon rraimmatlmﬁe@tionbaswothIMarpsra&Qem WaaQeeaed
prgg.u%{p%gael {haa{ é/ombma ion oFamodlaqume (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-Artem®) 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%
months and then monthly for a further two months (Figure 1). At each visit, a field
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

child was accompanied to the Health Post were he/she was examined and blood slides
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determ nation of the packed cell volume (PCV).
Children with clinical conditions warranting
whompiotmBT sati on were adnmtted to the Manhi ca PEBEP1005/009995
Center. On admi ssion a nore detailed clinical history
and nedi cal exam was perforned and recorded on
standardi sed forns by a physician. Results of
| aboratory i nvesti gati ons and the final diagnosis were
co& %teé qﬁf%hvl\n F]eél V\él an ?tlve(;"hfie fg(rd‘]rﬁ:then%?ggvl%netreate\aﬁggfa&ﬂgsrs o?d
sybgit@nd.i on of Infection (ADI) was carried out in cohort
2. Four weeks prior to the start of surveillance for
mal aria i nfection, asynptonmatic parasitaem a was
AGRREQHo R @&UE@Whé’@Jrﬁed’E% thoRths QREY dbaé B @Nbéth cohorts. During that
anodi aqui ne (10 /kg orally for 3 days) and SP
v1§1§ B¥ ﬁqxré tm@grat@r@ g}gqunasdﬁ;)(ﬂ-%@l(egg, s,qgl,ekgergﬁigtermmed and a blood
slﬁ%?ke?ﬁxteﬁam ne 1.25 ng/ kg). The absence of parasitaen a
ecked two weeks later and positives were treated
with second Iine treatnent (Co-Arten(r)) and excl uded
ngopﬁng,% eval uation for ADI. Surveillance started
ays after dose 3, and was carried out every two
weeks for the follow n nont hs and then nonthly for
Teydetermirpargsii PraseRc and %rgm ef R\falciparurs ggepualistages, Gaemsa
4
R B o T e
Estxinkl ativaticanyes matfomesd at fhetHhaspicdl i(lihionef Baadebdnai Bochdmiodd

was collected by finger prick ntos I
PSR e bR g Ty Pobfeinifty fudneSon RS Rt Bro
CHmSlelQ]hlh’grﬂﬁtldcs eJoﬁﬁsolzllté’/ﬂ @(I)ql*ﬁlbcbd @oMﬁe&yﬁUSﬁN ﬂ-&i&d mta)ltbld gical kests were
Heal t h Post were she was exani ne
peforged koing 2EysEx lﬂ?ﬂlyrﬁe]lﬁ?%ﬂ YR ‘?rf"i"?fle’g%‘i’q dppan).
Pickom AN (PER)GvdsmeabRed rne&asr%@easm&focwmyms uéing a
cross sectional survey was carried nont hs after

Hawksdeyhaematgotitreadsh afiersentnfigaien wHaa rmi:@h@enemqnlt genyrifuge.
tenperature and spl een size (Hackett's scale) were
deternmi ned, and a bl ood slide prepared. Laboratory

Anmthddid spebificdfet theriroemgparasité propriremedoe rapaat egaoys were of

mgésilgd%ly%asrta%g;lr%ﬁ)igglusf?ﬁg %ga?esé’abscgrgg&s Gith the recombinant antigen
R32LR that contains the sequence [NVDP(NANP)15]2LR with a standard serum as a
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 pl 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
secondary antibody Evans Blue. The highest dilution giving positive fluorescence under a

UV light microscope was scored.
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stai ned bl ood slides were read foll ow ng standard

guality-controll ed procedures 14 . External validation
womepEssor med at the Hospital Cinic of Barceb@rnBP2005/009995

Bi ochem cal paraneters were neasured using a dry

bi ochem stry photoneter VITRCS DT Il (Orto dinical

Di agnostics, Johnson & Johnson Conpany, USA).

Haemat ol ogi cal tests were perfornmed using a Sysnex

coun Sysnmex Cor porati on Kobe, Japan).

D?”’ﬁ%’é‘“é’iﬁ at’%ﬁ“ﬂf’r’@ f(-l’b/) was measured in heparini sed

m crocapillary tubes using a Hawksl ey haematocrit
Thepritesary zhdintcentuaietiig adtionr , wiat fima teihe fohatnailepisole of

centrif Ant i bodj peci fic. f t he .
WRI@BW f@f@ﬂf‘é” g 'e'a{aadémS?%p%aétde@maéaélw!eﬂ@t
pmseartsq h@Mthafaé‘d@r\Qxﬂ{ sh Sl te@gﬁ%ur@ L3y s ARSAL g‘%gtwce of P.

th the reconbi nant anti gen that contain
éfewem@éequnl\mswy ab®e 2500 pértiH. Bhiseasndefindtigehasieas a

PR TR eRate Dbyl FEOs AL ARy Bl
inéiuﬁq':d t}HBssttgnamhlolﬁ vatyirleefftdasy fue differen defirddorsyof ElihiSA nwdldrta
I@ a{ér {, USAB ElI A from Abbott). For | FAT
eelxé?‘fﬂ‘?wga‘?’ RIe SPOUES. of test sera (two-fold seri al
dilutions up to 1/81920) were incubated with bl ood

stage P.fal ci parum parasites fixed onto a slide.
ABbeselimRnisiiska ngghcadsnily dayieuecint Y oRr s of blipiews in order

toSaBNH YnafBlabRRAY arfdVB&Te é)@{\:é{@s resy dgh %@ﬁ‘s‘énﬁ% lrrlrétehr?é’lprlor to

m%$V|ng p03|t|ve fl uoresc e unaer
lndmsdﬁplenmusmgmeﬁm@bidrmsmomms @ﬁdec‘smaatqhﬂﬁ MG thl P.

B 3508 TR ORGSR BB Brnes
orfd s‘ighﬁctapammrr;]bmhgfacmr "Hle;ﬂakd’ﬂdﬁalﬁloﬁlr@)if ﬁ@«f@& MiﬂSnﬂiné dlhﬁﬂ'ed
t hat, presentq a healt acility with an
fr%&."?!@ gw%erfﬁé{' Yrhzacige 5%?%&%6% fisevess walapia avepsrreguired to
halva b Sex DA /8 ?&&%ara@ﬁﬁéﬁlhﬁﬁ’@ﬁ@ Sth&haye ?o'i)qglefe%se'@fﬂlness The
This case definition has been esti rmted to be

defigionfyas azAPORLLOS sevsTe melaria saemBLREYdAl @%m@lrebr@i tnlabrly
(B?:ﬂ'ﬁiﬂg' ?x%é séo‘?&ki“sj%gi deP&e QRELS ?%F {)t‘ﬂ@r 9 V\éﬁ?a‘%’é{] I%}ﬁ é §i5ies (at

erent definitrons o nica
le@kam morfggenmﬂatlsqdlcengpslsmdeshe previous 24 hours), prostration (deﬁned as
inability to sit unaided), hypoglycaemia (<2.2 mmol/dL), clinically suspected acidosis or

circulatory collapse.

The According to Protocol (ATP) analysis of efficacy included subjects that met all
eligibility criteria, completed the vaccination course and contributed to the efficacy
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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Al'l hospital adm ssions were independently reviewed by
two groups of clinicians in order to establish a fina
walec@gnzsss, and di screpanci es resolved i n a cOPCERBMS5/009995
meeting prior to unblinding. Malaria requiring
hospital adm ssion was defined in a child with P.
fal ci parum asexual parasitaem a where nalaria was
judged to be the sole cause of illness or a
a ont factor. The.case defini
Fgr Al s el s B G e HRCH T s Spiedy was
aséskdtl Bitlg QoxaefiessonlBodelPdnd veR R En&f asSIOMBE th¥hhadrd fatio.
wer e rggélred t.0o have asexual P.fal ci parum

Virgineshicserivgs agivsterbioppirds ‘}?BF@VW%QS pge: bedrag ugg, geographical
arkd !lrﬂﬁﬁﬁancyfﬁmgﬁéa'ltﬂ 'c&dtlQ:nTH@im‘ rﬁeﬁm ‘B§ia}<?s AL AR s

mal ari a anaem a cerebral malaria
iny gtigated grapiontty, s@@g @ tegbbage hg Svleqeafelil rsiduals Gfandtilsr
su
oRBen 5L e T ol bt E B B AR g o
adoisssans athe gmu() ctébctived asssssed abing Pmysmoregbstsmmnﬁmdﬂzm&uh normal

hypog| | /d cli.nical | ect

rol PR G ECHER itk i B o 74 4 3005 Eerghled VaPSREF ey was
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that nmet all eligibility criteria, conpleted the

tacci nati on course and contributed to the efficacy
surveillance. The time at risk was adjusted for

absences fromthe study area and for antimalarial drug
Furdeyexplasgtoppanal ysesdnelhdndtangl yseasonak vere makeia o pipatédnt malaria,
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oS ARRtER, MgReL bl T ORE 1 RaemuERLERe g ot and the

proEHi6S 6f p1Ritive Pelasiteddedsinessat ARSIt vase dvalllafidSusind®he Fisher
hazard ratio. Vaccine efficacy was adjusted for

exaptdersf Theedfeetnf dhq teaagaens pn hgsatogriyalyes angsgeometric mean of the
pIRRE BRI S AlerddBfta a%qg%e%s ark O RRdxBn E8NL €. The

proportional hazar s unption was investi gated
graphlcally, u3|ng a test based on the Schoenfeld

Slmel?l{ me %ogol(r))gysv(\)/a eusse% )FI)E glel entloe () reth(‘I@ aélﬁgmﬁ&g B‘e Zpsk started

freyfl Doss OXIE& not iftl}u@é’dlbpakﬁ%rﬁ&@ fromse as8esisdig UsighGind the

P0|ss? %Ie33|on model s wi. th nor nal
estimate effect as not adjusted for covanates.

Anti-CS and anti-HBsAg antibody data were summarised by Geometric Mean Titres
(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 > 10
mIU/mL). Analyses were performed using SAS?® and STATA?',

24



10

15

20

25

random i ntercepts, including the tine at risk as an
of f-set variable. Vaccine efficacy was defined as 1

worowa®2988t € rati 0. The adj usted vacci ne ef fi caRgT/EB2005/009995

reported throughout the text. Further exploratory

anal yses included anal yses on severe malaria and

inpatient malaria, for which the difference in

proportions of children with at | east one epi sode were

conpared using the Fishers exact test. VE was

calculated as 1 mnus risk ratio, with exact 95%
Reswitf i dence interval 19 . The difference in anaenia

preval ence (PCV < 25% and the proportion of positive
Tﬂ%%igléir&ﬁegf‘o'? SoildrRS Al 2“4?%”8\&? in PRSuFes @Y hd 85 et &8h cohort,

the Fisher exact test e effect” of the treatnment on
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th&-:,e n Itﬁasnféfs{s%n%\{ta utat ea:sj[él dg ltl%_)ehs%ucp oa;r]gaacg S toxtt|2 than Cohort
Lintentlon to treat (ITT) analy3|s Ti me at rlsk

started from Dose 1, was not adjusted for absences

fromthe study or drug usage, and the estimte of
VetineShfewas not adj usted for covariates. Anti-CS and

anti-HBsAg anti body data were summari sed by Geonetric

RAESR AR o syt 58T BReRvh a8 Rge
subjdetstin) botb@raps Aiceivtd sinthi@tdesesnesl oral geubxat flicftal adverse

anti-HBs titres (defined as > 10 Anal ys
evRlp & efretfrsBprdrratien. agd SREMOMAA T B9 ew 111 nﬁs@ém (Gadplocal or

&,Eﬂaﬂédvefsefewn@sswé@ run&%msﬁ ndlofaRsh durdfish. SHAWRTIS/AS02A and
Fi gures 2a and : hin each cohort, random sation

cogernlaramdloednmwml sete galamlpﬁé ligfted A Eoton ecrapeéfollpwing T

) BB A AP 509 0
fol]lowMng# e7%ahet 14 (R]%)Sloéﬁ(}ﬁﬁeam@l)c @If]mﬂal solieoxeli adegrse events
an

were_safe and wel | % of
(R B RS SR LELP RG] PR} 80 Hibergumed
followle 5310 9B RRd 2 (B58%) 6ff th€dosasi@h&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.

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 a
significant contributing factor, and all four were in the control group. No serious adverse

event or death was judged to be related to vaccination.
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events were of short duration, and nostly mld or
noderate in intensity. G-ade 3 |ocal or general

wadwensssevent s were unconmmon and of short durP€T/@R2005/009995

the RTS, S/ ASO2A and control groups, local injection
site pain that limted armnotion occurred follow ng 7
(0.2% and 1 (0.03% doses respectively, and injection
site swelling > 20 nmoccurred followi ng 224 (7.7%
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mr epor tggldeSAEs l|e n@tﬁeﬁe RTS, S/(IA}% (%,& grtoﬁga%s ©

2)2B9 HogyCs opd Hﬁsﬁg,eth@: mwrtqge@méwpf the Meacineweas greBer dreeltildsen
be‘II(Iwaing Iqﬁf? ydy: 5 [0.6% in the RTS, S/AS02A group

I'n the control group. Four deaths had
mal aria as a significant contributing factor, and all
v bk L2y in the control group. No serious adverse
eventﬁyﬁ;r death was judged to be related to
vacci nati on. | nmunogeni city Pre vaccination anti-CS
Inghe ABBapalysis pato & qobyt il nthetgevese 28R/ chaldrandyignfirsToreonly

' , I
cHFRRE LI el HEROHRRLS ool MHFAOA (9] R DS ASL BT
artihé9i1mtlk|cahtrdlgvcaip) yialding enmda lvairgmmaﬂﬁcaajaestrrndnasemm
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O R T s DrS) S eroee orpeb 8kt o
44.8vdus-a0a) ghgle Be hisd ofbl@mt iTh 8ndsthnd Istﬁ%e ;{agisﬁag &hong
than 97% seroprotection) (Table 2 For both CS and

chijdeengyith afarst N geelinig WabﬂaMé nQteafferied bitaacciagian ay the
geomhefil hOh RRndfL AWMt oFBRENSRh WAFE43 Y205 081 5 $4FRCYor the

RTS,S/AS02A and control groups, respectively (p=0.915).

There was no evidence of waning efficacy as defined in the primary endpoint over the six
month observation period when analysed using different methods (test for the
proportionality of the hazards using Schoenfeld residuals [p=0.139]). Consistent with
these data, at the cross-sectional survey 6'2 months after Dose 3, the prevalence of
parasitaemia 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

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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In the ATP analysis perforned in cohort 1, there were
282 children with first or only clinical episodes

wore@biozegst he primary case definition (123 in tPEI/EP2005/009995

RTS, S/ ASO2A group and 159 in the control group),
yielding a crude vaccine efficacy estimte of 26.9%
(95%C1 : 7.4% 42. 2% p=0.009) and an adjusted estimte
of 29.9% (95% Cl : 1196 44. 8% p=0.004) (Figure 3a and
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Cl: 6.2%43.8% p=0.014]). The VE estinmate did not
significantly change for different case definitions
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3) i:ﬁe ﬁle/gr{s@engi% oﬁstu%Pﬁl%e atddfteshit \éq}mr&fm%@ﬁoﬁ%‘%ﬁ Sknitar

was 0.29% 1 n control group vs

fot t’ne cvatmilané Rqrsdmsom@roﬁﬁﬁ(ws@mt ve 3RIBBUIS/ pABB3A). gj‘smgphe
ch | dren eas ep

solg RO Rt PP IS BT PPRISSOOT e o0Y Biig AR e Bggregel with

the Best it subigedted Whiihy in e {1806y O thelc@dll 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

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 carry out
further exploratory subgroup analysis to estimate vaccine efficacy in the younger age
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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80.6% p=0.019]). In the RTS, S/ ASO2A group, there were

42 children with malaria that required hospital
W@ehwh®%88N ver sus 62 in the control group (VE=B2I/BP005/009995

[95% 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 the vaccine
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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
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 sfudy participants was lower than

historical background mortality rates in this population °.
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epi sodes PYAR in the RTS, S/ ASO2A and control groups
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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,S/AS02A vaccine,
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
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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drugs had nore rapid clearing of parasites, fewer
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5. The use according to any one of claims 1 to 4, wherein the antigen is a

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

6. The use according to claim 4 or claim 5 wherein the sporozoite antigen is

circumsporozoite protein (CS) or an immunogenic fragment thereof.

7. The use according to claim 6 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).

8. The use according to claim 7 wherein the hybrid protein comprises a sequence

of CS protein of P.falciparum substantially as corresponding to amino acids 207-395 of
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13. The use according to claim 12 wherein the adjuvant comprises 3D- MPL QS21

15  or a combination of 3D-MPL and QS21.

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

water emulsion.

20 15, The use according to claim 13 wherein the adjuvant further comprises

liposomes.
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